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Reviewing the referenced publications provided by the sponsor, zopiclone showed mean binding
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EXECUTIVE SUMMARY

Eszopiclone is the S-enantiomer of RS-zopiclone (RS-zop) developed by Sepracor as a short acting
hypnotic. It is a pyrolopyrazine derivative of the cyclopyrolone non-benzodiazepine class of cpds.
Although structurally unrelated to benzodiazepines, like them it binds to the GABA 4 receptors and
therefore shares many of their pharmacological effects. RS-zop was originally developed by Rhone
Poulence Rorer in 1981 =
- . RS-zop at the highest dose tested caused 4 different tumor types in 2 rodent

species in the 2 year bioassays these were: mammary carcinomas in female rat, thyroid follicular cell
carcinomas in male rat, lung carcinoma in female mice and skin sarcomas in male mice. In addition,
incidence of liver neoplastic nodules was increased in 18 month chronic toxicity study in the rat.  ——

. — the drug is marketed in more than 80
countries world wide since 1987. Sepracor, is developing the S-zop because it believes it to be the active
isomer with similar pharmacological and toxicological profile to the racemate but effective at lower doses
than the racemate. In meetings with Sepracor, the Division has expressed concerns regarding the tumor
findings with the RS-zop, the sponsor was committed to address these tumors and provide support of their
irrelevance to human safety. Over the past 20+ years since drug application submission, RPR and
currently Sepracor conducted >14 mechanistic studies and consulted experts in the field and provided their
written opinions and conclusions, as well as referenced the published literature. Collectively the
conclusions can be summarized as follows for each tumor type:

L. Male mouse Skin tumors: RS-zop markedly exaggerated the aggressiveness of group-housed
mice 7 increase fighting ? wound formation and encrustations ?  tumor induction {specifically skin
sarcomas). The incidence of sarcomas far exceeded historical control incidence from 12 carcinogenicity
studies. The proposed mechanism of drug-increased fighting in group housed mice was supported by a 2™
study where no skin sarcomas were observed in male mice housed individually (100mg/kg/d RS-zop and a
control group}, compared to tumors observed in another set of mice housed 4/cage at the same dose.
Although this mechanism seems to provide a logical conclusion, the incidence of sarcoma in the 2™ set of
group housed mice remained much higher in drug group compared to the control mice. Additionally, the
incidence and duration of dorsal encrustations in both studies was much higher in drug than in control
groups and exceeded historical range from the same 12 carcinogenicity studies and the severity of
encrustations shifted to more severe in drug than in control group of group housed mice. Therefore, a
drug effect of some kind such as tumor promotion, can not be ruled out. It is of note that perhaps the
finding itself may not be relevant to human safety since aggressiveness has not been reported in clinical
studies but a drug promoter effect remains a concem.

2. Female mice Lung ftumors: the carcinoma incidence exceeded the concurrent control and 4-3
historical data bases. Pathology Working Group (PWG), re-examined the slides and came up with not 2
(as in the original), but 11 different tumor types based on current classification reducing the number of
malignant tumors to half that reported originally (2 vs. 4 out of 52). In addition, tumor statistics were re-
analyzed twice by 2 different statistical firms with the results still significant using the pair wise but not
trend test for combined tumors (adenomas + carcinomas). Nevertheless, though the incidence remained
statistically significant (2 HD vs. 0 in control), these tumors may not be of toxicological significance
because of absence of metastasis, similar morphology to spontaneous tumors seen in single sex, and re-
classification by the PWG made the carcinoma incidence fall within historical range.



3 Male rat Thyroid tumors: follicular cell carcinoma is proposed to be secondary to RS-zop liver
enzyme induction, a mechanism irrelevant to human safety since the drug is not a liver inducer in humans
and thyroid physiology and clearance is different between rodents and humans. Although not all results
from the number of studics conducted were reproducible nor were the changes remarkable, there seem to
be some evidence in support of a secondary effect of RS-zop on the thyroids.

4. Female rat Mammary tumors: 2 mechanisms have been proposed, the 1* was originally proposed
in the early 1980s and suggested that these tumors are the result of prolonged elevation in 178 estradiol
known to cause mammary tumors in rodents. However, this mechanism could not be supported by the
results from the several studies conducted. The 2™ mechanism of carty onset of reproductive senescence
sirnilar to that of the herbicide atrazine, was later proposed. According to this mechanism, atrazine
accelerated the onset of senescence in SD female rats by putting these rats in a state of constant estrus as
a result of inadequate estrogen necessary to induce LH surge and ovulation. Serum levels of estrogen are
either the same as basal levels or slightly elevated but persistent over a prolonged period therefore, leaving
the animal in constant state of estrus. It has been shown that early onset of reproductive senesecne with
the persistent elevation in estradiol over prolonged period increased the incidence and/or early onset of
mammary tumors in the rat. This mechanism in atrazine and other triazine herbicides was shown after
years of investigation and over 40 long term studies with the conclusion that this has been seen only in this
strain of rats known to have large background spontaneous frequency of mammary tumors (atrazine-
induced mammary tumors have not been observed in any other rat strain or in female mice). Sepracor has
conducted several mechanistic studies in support of this mechanism and data has been inconsistent and not
reproducible. The most recent of these is a long-term study in female rats intended to show via
examination of vaginal cytology that eszopiclone and RS-zop cause early onset of senescence. Results
from the 6 month interim were submitted on the 28" of August 2003 and showed both RS-zop and
eszopiclone induced early senescence in >90% of rats with stronger signal in the latter nevertheless, the
positive control atrazine failed to produce its expected response. Although the objectives of the study
were met at the 6 month (vaginal cytology indirectly reflective of rats in constant estrus), early onset
and/or increased incidence of mammary tumors have not been shown in this study and the protocol is not
designed to address these parameters. Moreover, though the 6 month signal for early senescence was
stronger with eszopiclone, mammary gland tumor incidence was not increased in the 2 year rat oral
gavage carcinogenicity bioassay. It is noted that drug effects on female reproductive parameters the so
called endocrine disruption, is common with benzodiazepines and other GABA agonists in absence of
tumor induction i.e. such changes not necessarily lead to mammary tumor formation. Therefore, this
recently completed study (terminated at 10 month this November, 2003), did not provide satisfactory or
convincing explanation for the mechanism of RS-zop induced mammary tumors.

Looking at the overall drug toxicity profile, target organs of toxicity for RS-zop and S-zop based on
results from single and repeat dose toxicity studies, are the liver, thyroid, and male reproductive organs.
The 2 cpds also affected male and female fertility and caused fetal toxicity, behavioral effects in
progeny, and some matemal toxicities as observed in reproductive and developmental studies in rats
and rabbits. The RS-zop, S-zop and the biologically active metabolite S-desmethyl were clastogenic in
in vitro mammalian cytogenetic toxicology assay in presence and/or absence of liver S9 metabolic

activation system. It is of note that all consultant opinions regarding tumor findings with the Rs-zop as
well as Sepracor’s conclusions were reached based on RS-zop being a non-mutagenic cpd. This seemed
to also be the justification used in the Canadian label for RS-zop where these 4 tumors were considered
irrelevant to humans because the drug was not mutagenic. The latter was based on negative findings in
the mutagenicity assays done with RS-zop in the early 1980s. Sepracor had recently conducted the




standard genetic toxicology battery using the RS-zop, S-zop, R-zop as well as S-desmethyl metabolite and
1 or more of these cpds were clearly positive clastogens in | assay and equivocal in another (some
responses stronger than others). More recently S-zop was tested in rat and mouse 2 year bioassays with
negative tumor findings up to the doses tested. However, exposure in the rat study was below the levels
generated with the RS-zop at the doses that caused tumors with the RS-zop disqualifying the adequacy of
this study. In the mouse carcinogenicity study, although MTD was not achieved, exposure was several
folds higher than those observed with the RS-zop when the lung tumors were observed. This provided
some level of comfort to the irrelevancy of these tumors to human safety in addition, results of the
altemative p53 mouse assay were negative.

In conclusion, this reviewer does not recommend this drug for approval. This is based on the inadequate
justification and explanation of the mechanism of RS-zop-induced mammary tumors in female rats and the
possibility of a promoter effect in the skin tumors observed in male mice. The proposed mechanism of
early senescence that can lead to formation of mammary tumors was not adequately verified and
validated. Moreover, marketed benzodiazepine hypnotics acting through the GABA receptors such as
zaleplon and zolpidem are not tumorigenic but cause “endocrine disruption” similar to S-zop. Moreover,
neither of these drugs was positive in any of the genetic toxicity assays. Also, if this is the mechanism
responstble for these tumors, mammary tamors would have been observed early or occurred at higher
incidence in the 2 year bicassay conductd with S-zop. Absence of tumors in the S-zop 2 year rat bioassay
occurred at exposures much lower than those observed following administration of RS-zop at the dose that
caused the mammary tumors, therefore, this study did not adequately assess the drug’s potential
carcinogenicity in the rat.

RECOMMENDATION ON LABELLING:
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Studies not reviewed within this submission: some pharmacology/mechanism of action and safety
pharmacology reports and all studies with S-desmethyl metabolite (refer to IND# —  for review).
3.1 INTRODUCTION AND DRUG HISTORY

Zoplclone induced 4 different types of tumors in rats and mice in 2
year dletary bioassays in addition to mcreased incidence of liver neoplastic nodules in rats dosed orally
daily for 18months relative to control groups. Target organs/tissues for toxicity included the thyroid
(follicular cell carcinomas in male rats), mammary gland (carcinoma in female rats), lung (carcinoma in
female mice), and skin (sarcomas in male mice). In some of these tumors, incidence exceeded historical
range of several data bases. Although RS-zop is not approved in the US, it has been marketed as a
hypnotic in several countries worldwide.

Sepracor intends to develop Eszopiclone, the S-isomer of RS-zop, as a short acting hypnotic with the
proposal that the main pharmacological activity is due to this enantiomer. The proposed clinical dose of
Eszopiclone is —  which is less than the marketed RS-zop range of 3.75-7.5mg/d.
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3.2 PHARMACOLOGY:

3.2.1. BRIEF SUMMARY: see below

3.2.2 PRIMARY PHARMACODYNAMICS:

RS-zop was as effective as nitrazepam in causing sedation demonstrated as reduced motor activity in rats
with EDsq of 5.2mgrkg p.o. vs. 4mgfkg for nitrazepam and more potent than chlordiazepoxide or
phenobarb at EDsg.0f 17.5&65mg/ke p.o. respectively. Motor activity in a separate experiment in the rat,
was significantly reduced by 10mg/kg p.o. dose of RS-zop lasting 3hr. The sedative effect of RS-zop in
this study was similar to that of nitrazepam but greater than that of flurazepam. In mice, RS-zop reduced
expolratory activity as measured by reduced motor function with an EDsg of 11.5mg/kg i.p. whereas, it
was less effective in causing ataxia in the rotarod with an EDsy of 25mg/kg i.p.; very limited information
is available on the effects of stereoisomers. In an in vivo observational study in mice by Sepracor, the
sedative effects were almost exclusively attributed to the S-form with the R-form being inactive.
This indicated that the sedation seen with the racemic is due to the S-form.

In drug discrimination study, rats were trained to discriminate between zolpidem (an imidazopyridine non-
benzo hypnotic), and saline. Injection of RS-zop and a number of bzd all in a dose related manner,
generalized to zolpidem. Similarly, squirrel monkeys trained to discriminate between midazolam and saline;
RS-zop, zaleplon and a number of bzd cpd generalized to midazolam.

Effect on sleep, RS-zop at 2.5-10mg/kg 1.p doses, shortened wake periods in freely moving rats and
increased duration of slow wave sleep without affecting quantity or timing of REM. No rebound of
activity in wakefulness or REM sleep following drug washout. EEG in various regions of rat and rabbit
brains showed that RS-zop at doses between 0.3-3mg/kg induced neocortical spindle activity as well as
some beta like activity (15-30Hz) both are properties of alt GABAa agonists. [n a more recent study in
rats, the hypnotic effect of zopiclone was confirmed as the drug induced sleep without modifying the
normal sleep architecture,

Mechanism of Action:

Most of the information presented here are for the RS-zop from data in the published literature as well as
some conducted by Sepracor.

RS-zop binds non-selectively but with high affinity to central benzodiazepine receptors causing inhibition
of neurotransmission. The pharmacological profile of zopiclone is qualitatively similar to that of
benzodiazepines. In in vitro rat preperation, RS-zop had high affinity binding to hippocampal and
cerebellar sites with K4 of 16nM. Tt also inhibited the in vitro binding of *H-diazepam in rat cerebellar
preperation with the same potency as diazepam and mirazepam at 1Csq, of 60, 35, and 70nM respectively.
In vivo, IDsy for RS-zop of 14mg/kg p.o. inhibited *H-flunitrazepam binding in mouse brain with almost
equal maximurn activity as chlordiazepoxide (IDsg 17.5mg/kg) but 7x less than that for diazepam (IDsp
2.2mg/kg) and 11x less than nitrazepam (IDsp 1.25mg/kg). RS-zop did not bind other central
neurotransmitters such as GABA ,, SHT, or NE. RS-zop showed some differential preferrence to brain
areas of benzodiazepine (bzd) receptor sites such as cerebral cortex (Ki against flunitrazepam was 24nM),
cerebellum (Ki 31nM), and hippocampus (Ki 36nM).



RS-zop is similar to cbnazepam but unlike diazepam, it does not seem to bind peripheral bzd receptors.
Effects of RS-zop are antagonized by flumazenil (the specific competitive antagonist) as well as by
TCVErSe agonists.

Noted that little information were found on binding properties and mechanism of action of RS-zop
enantiomers or their metabolism (see below). The S-form had about 50x greater potency in inhibiting
the binding of *H-flunitrazepam than that of the R-form but only 0.5x that of diazepam. In a study by
Sepracor, neither isomer nor the racemic had any significant affinity to GABA, strychnine-sensitive or
insensitive glycine, muscarinic, phencyclidine, MK801, sigma, or peripheral bzd receptors. A slight affinity
of 7uM of S-zopiclone to M3 subtype was reported (see below).

Similar to the racemic, the S-zop metabolites (the N-desmethyl- and N-oxide zopiclone), bind to bzd but
with very weak binding and neither metabolite has any affinity to muscarinic receptors (see below).

3.2.3 SECONDARY PHARMACODYNAMICS

Sedative Effect:

The sedative properties of the racemate, S-, and R- forms of zopiclone were investigated in CD-1 male
mice (n=10 per group). Doses selected were 3, 10, 30mg/kg for the racemate, S- and R-isomers; saline
0.9% was the vehicle control. Following ip. injection of the appropriate solution, mice were placed
individually in observation cages and were observed every 10min for 15sec upto 1hr postdose. Behavior
was rated according to an activity rating scale that was previously developed using racemate zopiclone
(3&30mg/kg) and chlordiazepoxide (30mg/kg). 3-Way ANOVA (drug x dose x time) was used to assess
the 6 observation times. The study was blinded. A significant dose response was seen indicative of the
sensitivity of the rating scale to the different doses of the drugs. The S-zopiclone was much more
sedative than the R- and similar to, or sometimes more sedative than the racemate. Responses
were most evident in the early periods of the 60min i.e. I* 20min. As time went by, scores of the groups
converged because the sedative effect started to wane, the investigator then droped the last 2 readings
when scores were equivalent among all groups even at the 30mg/kg, and the seperation/differences
between the cpds became more obvious and more significant i.e. the S-form being the more sedative cpd.

Anti-anxiety Effect.

The plus-maze (also referred to X-maze) and the light-dark box paradigms are commonly used methods to
assess the potential anxiolytic effect of a drug. The former was used to test the anxiolytic potential of the
racemate, R- and S-forms of RS-zop in mice. The drugs were prepared in 0.9% saline which was the
vehicle control and chlordiazepoxide was used as the positive control, at 10, 30 or 50mg/kg. RS-zop was
administered i.p. at 3, 10, 30mg/kg the high dose was found to produce maximum sedation of the
racemate in a previously conducted study (sce above). The behavioral measures were done blindly 30min
post injection. There were 7-8 mice for zopiclone and vehicle and 4 for the positive control. The latency
to move into the dark compartment, number of transitions between compartments, and the time spent in
the light compartment, were recorded during the 5min observation period; each parameter was assessed
by one-way ANOVA.

Resuits & Conclusion;
There was a significant effect on all 3 parameters: latency, transitions, and time spent in the light
compartment. The S-isomer produced a more significant effect than the R- or the racemate on all 3




parameters indicative that it has a more anxiolytic effect than the other 2 forms. Similar finding was
reported in previous study where the S-form was found to be more sedative than the R- and the racemate.

Anti-cholinergic Effect:

Zopiclone racemate, S-, and R-forms were tested to determine their ability to antagonize oxotremorine-
induced salivation in mice. Atropine at Smg/kg was the positive control and 0.25% MC was the vehicle
control. There were 10 male mice per group and there were 17 groups which included 3, 10, 30, 100,
and 300mg/kg for each racemate, S-, R- zopiclone, and the controls. Drugs were administered orally 1hr
after i.p. injection of 0.5mg/kg oxotremorine. Atropine produced 90% protection whereas, $- and R-
zopiclone at 300mg/kg produced only 10% pretection against oxotremorine-induced sativation; all results
compared to vehicle control. Oxotremorine-induced salivation was not antagonized at ali of the other
doses of all 3 cpds. Therefore, zopiclone and its isomers do not seem to possess anticholinergic effect.

Binding to Muscarinic Mi1-MS5 subtypes:

Racemate, S-, and R-zopiclone were tested for their ability to bind to muscarinic receptors using CHO
cells. The latter cells were transfected with cDNA encoding the specific receptor. Inhibition of binding of
*H-QNB to each of the recptor subtypes by zopiclone isomers and ICsq values were determined (cpm
counts}. The results showed no or very little binding to muscarinic receptors, no stereoselectivity for
binding, and the 1Csy value ranges were as follows: '

S- 1.3-3.3x10* M
R- 8x107 to 2.5x10°* M
Racemate 72%x107 to 1.7x10* M

it 1s noted however, that in another study, S-zopiclone showed >50% inhibition of binding when neither the
R- nor the racemate showed any inhibition. This inhibition of binding was samll compared with that of 4-
DAMP as seen from the sponsor's table below:

Binding ICs and (K
Values (nM)
Zopiclone Benzodiazepine M,
(+) 26 13,800
{22) {6,900}
“ - —
[Z5) 50 -
(42) -
Diazcpam 13 —
{11} -
4.DAMP — 1.3
— (0.65)

Metabolites of Isomers:

Binding of desmethyl- and N-oxide metabolites of the racemate-, R-, and S- zopiclone were assessed at
the central bzd receptor sites and at the non-selective muscarinic sites both isolated from rat cerebral

Zopiclone | Benzodiazepine Muscarinic Desmethyl | Benzodiazepine Muscarinic
N-Oxide [1Ce & (K) (% Tnhibition) | } Zopiclone {1Cs & (K) (% Inhibition)
Values, nM] Values, aM]
(6} 8.260 17 (£ 1100 10
(6.940) 924
+) 7.520 +) 543 19
(6,320) (438}
) — 12 ) 7,000 24
{5.960)
Diazepam 1Y Diazepam 12
pa (14 P (10




cortex. It was found that the S-zopiclone desmethyl had the highest affinity for the bzd site among the 3
cpds; there was no activity at the muscarinine site. The N-oxide on the other hand, had very weak if at
all, affinity to the bzd and muscarinic sites compared. with diazepam (tables below from the sponsor):
3.2.4 SAFETY PHARMACOLOGY:

Cardiovascular effects:
Studies in the dog were done to assess CVS (one with the RS- and the 2™ with S-zop).

The CVS and respiratory parameters were studied in conscious male beagle dogs following i.v. bolus
administation. Each of the 3 zopiclone forms were administered to 5 males per drug group in an ascending
dosing regimen. The doses were as follows: 3, 5, 12mg/kg; each of the 5 dogs in each of the drug
groups received the vehicle therefore, each dog acted as its own control; the vehicle was not reported.
The following observations were made upto 2.5-3hrs postdose: MAP, DBP, SBP, HR, 6 Lead EKG (pre-
dose baseline and at 5, 10, 15, 20, 25, 30, 60, 90, 120, and 150min postdose), blood gases (pH, pCO2, p0Q2,
HcT, and lactate), clinical signs (upto 24hr postdose), and body wt.

The sponsor made an argument that the findings in this study shoutd be considered in light of the technical
aspects of the study such as animal variability since each dog responded differently to the restrain. Also
stated, was that the observations were made when the dogs were freely moving (released from slings not
restrained). Therefore, as the sponsor proposes, these variations could have had an effect on the
hemodynamic and clinical signs caused by zopiclone. Although this may have been the case, control
measurements (predose and vehicle) were taken and should account for any variability. It is therefore, the
opinion of the reviewer that the findings observed with zopiclone are likely to be drug related and not
secondary to these technical issues particularly since the dogs have been acclimated to the sling prior to
testing,

Results:

Clinical signs: none in vehicle groups.

3mg/kg racemate and S-zopiclone: all dogs in racemate and S-zop were agitated/excited with vocalization
including gnawing & biting and had excessive salivation. These signs reversed by the 3hrs observation
period and dogs were normal by the next day. Signs of excitement were mixed with signs of sedation
noted at all doses with increased intensity as doses increased. Sedation was observed as eyelid closure,
head drop, ataxia, and loss of righting reflex.

R-zopiclone: unlike the racemate and S-form, the R-form did not produce any of the above reported signs.
5&12mg/kg racemate and S-zopiclone: same as those in low dose but with increased intensity/severity
and were seen within minutes of dosing. Similar to low dose, dogs were reported normal by end of
observation period. The sedative effect was more pronounced in the S-form at these 2 higher doses
relative to that seen at the low dose of 3mg/kg and more frequent.

R-zopiclone 5&12mg/kg: signs at the mid dose were similar to those seen with the racemate and S-form at
the low dose of 3mg/kg; some agitation was seen at Smg/kg but considered less severe than that seen at
that dose with the racemate and S-form. At both 5&12mg/kg doses, R-form produced repetitive and
transient sedation in most dogs. The clinical signs were similar to those in the racemate and S-form but as
the sponsor put it "smoother" sedation with less adverse effects in some dogs even at the 12mg/kg dose.
Again, all dogs recovered and were normal by end of 3hr observation period.

10




Hemodynamic Effects:

Racemate and S-zopiclone at 3mg/kg caused a small and transient decrease in MAP in 2-3 of the Sdogs.
As a compensatory mechanism, HR was increased; both parameters were normal/baseline by 1hr
postdose. No significant effect seen with the R-form. At 5 mg/kg racemate and S-form, findings were
more consistent than those at the low dose and included: hypotension in 4/4 racemate group and 4/5

S-zop group. Maximum decrease in MAP of 45SmmHg in the racemate was seen within [0min of
injection. This decrease was normalized in all but one animal that maintained its depressed pressure of 80-
90mmHg through the remainder of the 3hr observation period (relative to baseline of 115mmHg). For both
the racemate and S-form a compensatory increase in HR occurred immediately after injection and
normatized to baseline within 30min of dosing in the racemate (no mention for the S-form). Only 1 of 5
dogs in the R-form exhibited the reduced MAP that was quickly normalized to baseline. At the / 2mg/kg
rapid and consistent decrease in MAP that was 30-40% from baseline immediately post injection in the
racemate and S-zopiclone in all dogs. Pressure began returning to baseline but remained below predose
level in almost all dogs for the remainder of observation period. Heart rate was also increased as a
compensatory mechanism in the racemate group (no mention of response in the S-form). There was no
drug effect on EKG.

Abuse liability: A single study using the racemate, assessed drug discrimination compared with zolpidem.
For complete evaluation sec review by the Abuse liability staff members.

3.2.5 PHAMRMACODYNAMIC DRUG INTERACTIONS:
No studies done.

3.3 PHARMACOKINETICS/TOXICOKINETICS:

3.3.1 BRIEF SUMMARY:

PK and metabolism studies were done previously for RS-zop by RPR / - »» and are accepted
to represent S-zop data. In addition few studies on metabolism and exposure were done with the S-zop by
Sepracor. TK parameters for RS-zop were measured in repeat dose toxicity studies in the mouse, rat,
rabbit and dog and data compared to those from humans.

RS-zopiclone is rapidly absorbed with an oral bicavailability of 40-46% in the rat and 100-115% in dogs (no
1% pass effect in dogs). The drug is also widely distributed throughout the body following single/repeat
oral and/or i.v. administrations to rats and dogs. RS-zop also crossed the BBB in the rat with maximum
plasma and brain levels reached at 0.1-0.5hr postdose. The drug was equally distributed between plasma
and brain when administered at 0.2mg/kg "C-zop with brain bioavailability of 61&79% in m and f rats
respectively. In mice and rats most of radioactivity was detected in the liver, GI, muscle, and skin.
Similarly in the dog, radioactivity was widely distributed but some retention was recorded in

the thyroids and pigmented areas of skin and eyes. Plasma kinetics is a two-compartment open model
with terminal half life of 4-5hr in humans, but steady state after repeated oral dosing was only reached
after the 4™ and 17" daily doses in rats and dogs respectively. Repeated dosing in the rat did not affect
plasma kinetics with the rapid phase of elimination at t,; of 0.4-0.8hr followed by the slow phase of t;;
H-13hr (Sepracor#190-546) but t;,» of 50hr was recorded in Sepracor#190-547. The difference in plasma
ti;2 between the 2 studies was related to kinetics of elimination of metabolites or other radicactive cpds.
Blood consistently had higher levels of radioactivity than plasma. Though repeated dosing had no effect
on elimination kinetics (t,,,), total radioactivity of plasma and blood were higher after repeat than after
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single dose of RS-zop by a factor of 2 for plasma and 5 for blood as well as tissue concentration was 4-
10x higher after repeat dosing. Similar to single dose, very little unchanged drug was eliminated in urine
and feces after 24hr of dose. Bile duct cannulated rats had much less total plasma radioactivity than un-
cannulated rats indicative of enterohepatic recirculation. Most of radioactivity in the rat was cleared by
48hr postdose via lungs (47-55% of radioactive dose), kidneys, and liver/feces {7-17% of radioactive
dose), following single oral or 1.v. admimstration of RS-zop. It should be noted that radicactivity remained

relatively high in the thyroids by 96hr postdose in the rat In the dog, urinary elimination accounted for
30% and fecal to 10% over 72hr in both sexes following oral and i.v. administration of RS-zop; pulmonary
excretion as CO” accounted for 63% of radioactivity in 1f dog following Lv. injection. Plasma elimination
11, of unchanged drug in the dog was 3-3.6hr.

In the pregnant rabbit, single oral dose of 125mg/kg RS-zop was well absorbed with serum levels of §.5-
3ug/ml reached between 4-6hr postdose and similar to the rat, very low levels remained detectable by
24hr postdose. Also similar to the rat, urinary elimination was low at 2-7% and up to 0.7% in feces; the
N-oxide and N-desmethyl were detected in urine. S-zop administered orally to pregnant rabbits at
4&24mg/kg/d during gd6-18 had detectable levels of S-desmethyl and N-oxide (only at the high dose),
however, R-zop and R-desmethyl were below detection limit. Levels for all 3 cpds increased more than
proportional to dose and drug accumulated with repeated dosing. Mean plasma exposure to S-zop after
24mg/kg/d S-zop in pregnant rabbits was 16,874ng.hr/ml and C,,,x 3203ng/ml and S-DMZ
exposure was 20,090ng.hr/ml and a Cg,, of 2487ng/ml. RS-zop distributes to milk in nursing mothers
with milk o plasma ratio of 0.8.

RS-zop as stated earlier, is extensively metabolized in animals and humans by liver P450 (specifically
CYP3Ad4; also CYP2EI in humans), through oxidation with only 10% eliminated as unchanged drug.

Total of 14 metabolites have been identified and isolated in both animals and humans. The major
metabolites in humans are the N-oxide and N-desmethyl accounting for >30% of dose in urine and, in rats
and dogs the major metabolites are those of decarboxylation accounting for >50% of dose. RS-zop is
eliminated in urine and feces in all species tested with total excretion over 48hr as 34% urinary, 14% fecal
and 44% pulmonary of total radioactivity in rats and 31%, 6%, and 53% respectively in the dog. Total Cl is
large at 300mi/min compared to the small renal Cl of 10ml/mun,

Plasma protein binding of RS-zop in humans is around 45% and up to 60% in animals. In vitro plasma
protein binding of S-zop ranged between 29% in the rat to 59% in humans. S-zop did not inhibit CYP2AG6,
2C19, 2E1, or 3A4 and had smal but dose dependent inhibition of CYP1A2, 2C9, and 2D6 when tested
using human hepatocytes.

Studies were conducted to determine TK parameters of S-zop and metabolites following RS-zop
administration to rat and mouse. These studies were done at the top dose tested in the 2yr carcinogenicity
studies in these species and exposure compared to humans to assess risk. Study duration ranged between
7d to 3months and included gavage and dietary administrations. The following table summarizes mean
plasma data from these studies:

MICE: male and female B6C3F1; Dose: 100mg/keg/d RS-zop; Route: Oral Dietary

de A UCO-?.-‘ihr (nghr/ml)

Duration 7 day 90 day 90 day*
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S-zop 5573m/4819f 3911m/1450f 5816m/7070f

S-DMZ 637m/960f 1 147m/790f 1090m/2310f
R-zop 8809m/6893f 5951m/1698f ND

R-DMZ 10,045m/11,856f 17,645m/11,083f ND
N-oxide 6096m/4476f 6834m/2137f ND

ND = not done * Sepracor# 190-530

MICE: male and female C57BL; Dose: 100mg/kg/d S-zop and 100mg/kg/d S-DMZ Route; Oral
Gavage. 100mg/kg/d exceeded the MTD due to deaths at this dose (though sponsor did not
consider these deaths drug related):

AUC 54, (ng.hr/ml)
Dose (mg/kg/d) S-zop S-DMZ
S-zop
100 12,400m/17,200f 2290m/5780f
200 24.000m/24.700f 6090w/ 7900f
300 50,000m/42,500f 9170m/11,100f
S-DMZ
100 - 15,900m/23,800f
200 - 49,700m/66,600f
300 - 111,000m/131,000f

Based on human exposure of 191ng.hr/ml for S-zop and 39ng.hr/ml for S-DMZ measured after 3mg/d
dose of S-zop for 7d, the conservative mouse exposures to S-zop and S-DMZ after 100mg/kg/d RS-zop
dose are 3911m/1450f ng.hr/ml and [ 147m/790¢€ ng.hr/ml respectively, representing mouse to human ratios
of 20x (m) and 8x (f) for S-zop and 29x (m) and 20x (f) for SDMZ.

Mean exposure data in the RAT are summarized in the table below following 100mg/kg/d dose of RS-
zop in the diet administered for 90d (Sepracor#190-510):

AUCDAzqh, (mg/kg/d)

S-zop 12,884m/29.465f
S-DMZ 13,099mv/8093f
R-zop 3960m/6338f
R-DMZ 14,878 /6935

N-oxide 8124m/8285f

Based on human exposure of 191 and 39ng.he/ml for S-zop and S-DMZ respectively, following 3mg/d S-
zop for 7d, the rat to human ratios are 67x (m) and 154x (f) for S-zop and 336x (m) and 21x (f) for S-
DMZ.

The following is detailed review of the above and other studies with RS-zop and S-zop.

3.3.2 AND 3.3.3 ABSORPTION & DISTRIBUTION:

Mouse (Sepracor#190-545): study conducted by RPR in 1978, This was a tissue distribution and
placental transfer study. Female OFA pregnant mice (gd16), were injected i.v. with 2mg/kg **C-RS-zop.
Two mice were killed by immersion in liquid nitrogen, at 2min, and 1, 6, and 24hr postdose, whole body
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sections were taken and slices processed and mounted on a radiographic film which was stored in a
freezer for 7d. Samples were then removed and film developed and examined semi-quantitatively using
autoradiography.

Results:

Highest radioactivity at 2min, was in the liver>salivary glands>kidney>spleen>bladder>lachrymal
glands>intestinal and stomach walls>lungs>striated muscle>brown fat>brain (highest radioactivity was in
the pituitary and cortex), very small label was detected in the fetus. Afier 1&6hr radioactivity was also
detected in urinary bladder and bile duct and by 24hr postdose, trace amounts of label remained in bile duct
and intestinal contents, with very little in bladder.

Rat (Sepracor#190-546). study was conducted by RPR in 1977, Male and female — —  rats
administered '*C-RS-zop either via single oral or i.v. dose or repeated (7d), oral dose at 0.2mg/kg/d.
Blood, bile, urine, feces, and tissues were collected at specified times as follows (table from sponsor):

Route Dosape Sample Collection
Cral, IV | 0.2 mg/ke [ °C)- Blood and brain: 0.1, 0.25, 0.5, 1, 3, 6, 12, 24 and 48 h afer oral
zopiclone, single dose and IV dosing

Urine, feces and expired air (*CO;): 0-6, 6-12, 12-24 and 24-48 h
after oral and I'V dosing

Bile: 0-0.5, 0.5-1, 1-3 and 3-6 h after oral dosing

Tissues ™ 6, 24 and 48 h after oral dosing; and 0.15, 0.5 and 1h
after I'V dosing

Oral 0.2 mg/kg/day Blood and brain: 0.1,0.25, 0.5, 1, 3, 6, 12, 24 and 48 h after oral
(zopiclone,!™ to 5" dose; ! and IV dosing

{*C)-zopiclone, 6™ dose) | Urine, feces and expired air (*CO4): 0-6, 6-12, 12-24, and 24-48 h
Tissues® 6, 24 and 48 h after oral dosing

Oral 0.2 mg/kg/day ['*'C]- Blood: t and 24 h afier each of the oral dosing, and 1, 3, 6 and 24
zopiclone 7 repeated h after the 7" dose
doses

*Tissues collected including plasma, brain, heart, lungs, stomach, spleet, liver, kidneys, genital track, intestines, intestinal
contents, skin and carcass

Radioactivity was determined by liquid scintiltation counting or direct combustion, TLC was used to
separate parent from metabolites and radiochromatograms were assessed by a scanner and radioactivity
determined by liquid scintillation counting. [n vitro protein binding was determined from rats dosed i.v.
and biliary elimination as wel as enterohepatic circling were assessed by collecting bile and blood from
biliary fistula and total radioactivity determined in bile and plasma of rats with fistula at 0.5, 1, 3, and 6hr
post oral dosing.

Results:

RS-zop was rapidly absorbed and crossed the BBB with maximum plasma and brain levels of total
radioactivity seen at 0.5 (male) and 0.1hr (female) and steady state reached after the 4™ oral dose.
Absolute bioavailability in plasma was 42&46% in m & f respectively, and in the brain 61 & 79% nm & f
respectively (table from sponsor). The drug seemed to distribute equally between plasma and brain since
exposure profiles in these 2 organs following either route and in both sexes, were comparable.
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Appears This Way
On Original

PK/Rat, Sepracor#19(-546 (Cont.)

Plasma and Brain Pharmacokinetics after Single Oral or IV Dosing

Male Female

Plasma Oral v Oral v
Totai radioactivity

Crrax (18 B/L)

Tonax () 0.5 NA 0.1 NA
Zopiclone

Ciux (g Eq/L) . —

Trax (h) 0.5 NA 0.1 NA

Tin (h) 0.8, 13 0.69, 12 0.37,2.5, 109 0.67,11.8

Volume of distribution (1.) NA 0.51 NA 0.27

Body clerance (L/h) 1.3 0.5 0.67 0.26

AUC g, (igeh/L) 49 118 92 200

Bioavailability (AUC,../AUCy) 42 NA 46 NA
Brain
Total radioactivity I L [

Crnax (18 Eq/kg)

T (B} Q.5 NA 0.1 NA
Zopiclone

Crux (g Eq/kg) -

Tonax () 0.5 NA 0.1 NA

Tin (h) 057,174 | 0.28,1.6,133 0.83,12.6 0.21,0.94, 8.8

AUC 4, (Lgeh/kg) 28.8 47.3 72.3 91.3

Bivcavailability (AUC,/AUC) 61 NA 79 NA
Animals were treated with 0.2 mg/kg [*C]-zopiclone; NA = not applicable
Plasma and Brain Pharmacokinetics after Repeated Oral Dosing

P Plasma Brain
Male Female Male Female

Total radioactivity

Counx (l—lg quL or ug Eq ng - N

Tinax () 0.1 0.1 0.25 0.5
Zopiclane

Connx (1€ Eq/L or pg Eq/kg) —

Tonae {0) 0.1 0.1 025 0.1

Tin (h} 0.82,102 0.26,1.7,13.6 0.95,10.8 1.1, 7.7

AUCy, (ngeh/L) 63 97 34 61

Animals were treated with 0.2 mg/kg/day of zopiclone (1% to 5" dose)/""C-zopiclone (6™ dose) or 0.2
mg/kg/day ['*Cl-zopiclone 7 repeated dose.
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Almost all of the radioactivity was eliminated by 48hr via lungs, renal, and hepatic routes at 96% in
males and 104% in females after oral'and 100 and 93% in males and females respectively, after i.v.




Following oral repeat dosing, total radicactivity accounted for 90&96% in males and females respectively.
Following single oral administration, elimination occurred mainly via the lungs at 47 and 55% of
radioactivity administered orally or i.v. within 48hr postdose and of this amount, 35-40% occurred within
6hr postdose. Elimination via feces accounted for 7-8% of radioactivity administered i.v. and 11-17%
following p.o. RS-zop similar to mice, was widely distributed with major radioactivity in GI, muscle, liver
and skin and only 2% of radioactivity remained after 48hr of dose. Following i.v. most of radioactivity was
detected in muscle, liver, skin, and intestines within 1hr postdose. Drug kinetics in plasma was
unaffected by repeat dosing and steady state was achieved after the 4™ dose. kinetics were characterized
by biphasic elimination with rapid phase at t;;; of 0.37 to 0.8hr followed by a

PK/rat Sepracor#190-546 (Cont.)

stow phase with t; of 11-13hr. Bile duct cannulated rats had much lower total plasia radicactivity (42-
84%) than un-cannulated rats between 0.5-6hr postdose indicative of enterohepatic recycling. In vive
plasma protein binding was 55% and comparable to that in vitro of 50-55%.

A 2 rat study (Sepracor#190-547; conducted by RPR in 1981), male rats (5/group), received single oral
dose of "*C-RS-zop (labeled at the carbonyloxy carbon), at 0.2mg/kg and elimination of radioactivity
and tissue distribution were similar to the above study.

Table 5.D.3-4 Plasma, Blood and Liver Pharmacokinetics of Total
Radioactivity in Rats after Oral Dosing
Parameter Blood Plasma Liver
C {ng Eg/mL} 854 79.4 1.25
e (D} 0.5 0.5 0.5
t, » elimination (h) 145 50 10

Each animal received 0.2 mg/kg of ["C]{RS)-zopiclone.

Noted that position of the label did not affect peak: levels (0.5hr) but, increased late plasma levels. Blood
elimination kinetics (of total radicactivity) declined with 2 t;2 (biexponentially), of | and 145hr and
triexponentially in plasma with 3 ty» of 0.4, 4.3, and 50hr (table above). Blood levels always being higher
than plasma. The increase in plasma elimination Uy, in this study to 50hr as opposed to_L3br in the above
study, stated by the sponsor to be caused by the kinetics of excretion of metabolites or other radioactive

epds.

A 3™PK study in male rat was done by RPR in 1981 {Sepracor#190-548), where laC-RS-zop was labeled
on the 4a, 5, 7, and 7a carbons.
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Five male rats per group were dosed orally with 0.2mg/kg/d 1“C-RS-zop administered for 10d. Blood,
urine, and feces were collected at specific times as seen in sponsor table below:

PK/Rat Sepracor#190-548 (Cont.)

Data from the single PK study above (Sepracor#190-547), were compared to the current data following
repeat dosing. Plasma and blood levels of total radioactivity were higher after repeat than after single
administration by a factor of 2 for plasma and 5 for blood Terminal elimination t,/; for blood and
plasma were similar following single and repeat dosing (49 & 155hr following repeat dosing compared with
50 & 145hr after single administration for plasma and blood respectively). Peak radiolabel occurred at
0.17hr postdose for blood and plasma after repeat dosing and (.5hr afier single dose. Between 24-96hr

Dosage Sample Collection
0.2 mg/kg/day [ C]- Blood and plasma:
zopiclone, 10 repeated 0.5 and 24 h postdose on after 1%, 2™, 5%, 7% and 9" dose; and
oral dose [each animal 0.17,0.5,1,2,3,6,12, 24, 48, 72, and 96 after the 10™ dose,
(5/group) received 50,62 | Urine and feces:
ug (1.25 mL) of {"C)- 0-24 after the 1™ dose; and
zopiclone (50.62 pig 0-6, 6-12, 12-24, 2448, 48-72, 72-96 h after the 10 dose
corresponding to 7.682 Pulmonary excretion {(expired ”CO;) .
1Ci)] 0-24,24-48, 48-72, and 72-96 h after the 10" dose
Tissues™ |
0.5, 3, 6, 24, 48, 72, and 96 h after the 10" dose

* Tissues collected in the selected time points including plasma, brain, heart, lungs, stomach,

spleen, liver, kidneys, genital track, intestines, intestinal contents, skin and carcass.
postdose, total radioactivity was highest in blood than in tissues. Peak radioactivity in tissues was reached
at 0.5hr postdose except for the large intestine at 3hr. Haif of radioactivity at 6hr postdose was measured
in liver, kidneys, and G1 and the other half in blood, carcass and other organs. Amount of
radioactivity in the brain after 0.5hr was comparable to that after a single dose. Similar to the single
administration, very little unchanged drug was eliminated in urine and feces after 24hr of dosing (0.5-3%
of dose) also pulmonary excretion after 96hr was small at <1% after the last dose. Similar to blood and
plasma, tissue concentration was higher by 4-10x after repeat than afier single administration. [it should
be noted that the the radioactivity was high in the thyroids and present at moderate levels by
96hr postdosel].

Rabbit: (Sepracor#190-549), this study was conducted by RPR in 1978. Only 2 female New Zealand
white rabbits were tested, RS-zop was administered as a single oral dose of 125mg/kg (this was the
highest dose tested in the rabbit teratogenicity study). Blood was collected between 1 and 24hr postdose
and urine/feces between 0-72hr. Resuits showed that RS-zop was well absorbed with peak serum levels
of 1.5-3mg/l (ug/ml}, recorded at 4-6hr postdose and by 24hr levels declined to 0.04 and 0.5ug/ml in the 2
rabbits. Similar to the rat, urinary elimination of the parent was low at 2&7% of administered dose and at
0.3&0.7% for fecal elimination. TLC analysis of urine showed N-oxide and N-desmethyl metabolites plus
other unidentified metabolites.

Dog: (Sepracor#190-550), this study was conducted by RPR in 1978 using '4C-RS—zop to assess the drug
PK in dogs. Beagle dogs (2/sex) were injected i.v. 0.2mg/kg '*C-RS-zop and 6wks later, administered a
single oral dose of 0.2mg/kg "*C-RS-zop. Blood was collected between 0.08-48hr for i.v. and 0.5-48hr
post oral dosing. Urine and fecal samples collected between (-6, 6-12, 12-24, 24-48, and 48-72hr
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postdose. Total radioactivity in these samples was determined by liquid scintillation counting or direct
combustion and amount of unchanged drug was determined by TLC.

Results:

RS-zop was well absorbed after oral dosing with peak plasma levels of total radioactivity of 0.5-1hr
postdose in both sexes. Levels declined biexponentially following both routes. Bioavailability in both sexes
was high at 108-114% indicative of little or no 1* pass effect (table from sponsor):

Pharmacokinetics of Total Radioactivity and Zopiclone after Oral and IV Dosing

Male Female

Paremeters Oral 3% Oral v
Total radicactivity

Coax (g Eg/L) 92 {21.5{0.08h) 154 165 {0.08hk)

tran (B) 1 NA H NA

AUCqm (g Eqeb/L) 550 441.5 770 585
Zopiclone

Cone (1 Eq/L) - 559 89.5 (0.08h) 69.3 110.5 (0.08h)

tman {h) 0.5 NA | NA

AUC g, (geh/L) 136.5 126.5 1835 153

ty, (h) 085,28 0.68,3.9 0.59,3 0.58,2.8

Bioavailability (AUC ./ AUC) 108 NA 115 NA

Volume of diswribution (i kg of body nass) NA 2.2 NA 16

Body clearance (mL/h per kg of body mass) 147 1.53 1.1 1.26

Renal clerance {mL/min per kg body mass) 0.355 0.52 0.27 0.59

Values presented in the table are the average of two anitnals; NA = not applicable.

PK/Dog, Sepracor#190-550 (Cont.)

Similar to the rat and mouse, RS-zop was extensively metabolized with only 2-4% of dose remaining by
48hr postdose after both oral and i.v. dosing. Urinary elimination over 72hr in both sexes accounted for
30% after both routes and fecal excretion accounted for 10% in both sexes after oral and both routes.
Pulmonary elimination expressed as *CO, was 63% of radioactivity over 12hr in if dosed i.v.

Another mass balance study in the dog examined the repeated oral administration of '*C-RS-zop to 7 male
beagle dogs at 0.2mg/kg/d for 3wks (Sepracor#190-551). This study was conducted by RPR in 1982.
The carbon label was placed on 4a, 5, 7, and 7a carbons (#190-550, label was placed on the
carbonyloxy carbon) . Blood was collected in 2 phases: immediately before and 1hr postdose and,
between | and 288 and/or 336hr after the last dose. Tissue and excreta samples were collected up to
336hr postdose. Total radioactivity was determined by liquid scintillation counting or ~ —

and, separation of '*C-RS-zop and its metabolites was done by TLC and guantified by liquid scintillation
counting.

Resuits:

Lhr after the last dose, high levels of radioactivity were detected in blood and plasma at 95 & 130ng Eq/m!
respectively, with steady state reached after the 17" dose at 194 and 295ng Eq/ml respectively, 1hr after
the 17" dose. The blood and plasma t;; of total radioactivity was estimated at 232 and 177hr respectively,
and plasma elimination t;; for unchanged drug was 3-3.6hr. Radioactivity was widely distributed
after dose, there was some retention of radioactivity in thyroids and pigmented areas of skin and eves.
About 12-15% of the last dose was measured in the bile from dogs killed 4hr postdose but negligible
amounts measured at other time points. The drug seemed to be extensively metabolized following
repeated dosing as TLC detected a number of unidentified metabolites.
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A dietary 7d PK study of RS-zop was done in male and female B6C3F1 mice (Sepracor#190-539) to

verify exposure following 100mg/kg/d dose used in the 2yr mouse carcinogenicity study (Sepracor#190-
834). RS-zop 100mg/kg was admixed in the diet and blood was collected on days 6&7 from 3/sex at 11
time points, animals were allowed access to food up to time of bleed. Mice were killed without further
exam. Plasma levels of R-, S- zop, R- and S-desmethyl zop and N-oxide were analyzed using a validated

—_ There were no deaths or clinical signs. Results (table from sponsor) showed adequate
exposure to all 4 cpds following RS-zop administration. Highest levels of concentration and exposure
in both sexes were reached by R-desmethyl followed by R-zop; the N-oxide levels were
comparable to those of S-zop.

Table 5.D.3-10 Plasma Exposures of Zopiclone and its Metabolites in Mice
after 7 Davs of Dietary Administration of (RS)-Zopiclone
Males Females
Analyte AUC,.; Coan AUC, ,; Crnan
_{ng<h/mL) {ng/mL) _(ng-h/mi) (ng/mL)

{S)-Zopicione 5573 4819 |
{R)-Zapiclone 8809 6893 B
{S)}-DMZ 637 560 |
(R)DMZ 10045 / 11856 N
Zopiclone N-Oxide 6096 4476

Based on human steady state exposure of 191ng.hr/mt for S-zop and 35ng.hr/ml for S-desmethyl
zop following 3mg/d dose for 7d, the mouse to human ratios are 29 and 25 in males and females for S
zop and 18 and 27 in males and females for S-desmethyl zop respectively.

A study comparable in design to the above except it was carried out for 90days was done (Sepracort190-
530). RS-zop was admixed in the diet to provide 100mg/kg/d dose administered to male and female
B6C3F1 mice daily for 3months. Clinical signs, B.wt, and food intake were monitored. On days 90&91
blood was collected from 10/sex mice at 11 time points and plasma levels of the 5 cpds (R- & S- zop and
desmethyl zop and N-oxide), were determined. All mice tolerated the drug without mortality, 30-36% of
male and female mice had alopecia, a transient >10% decrease in B.wt occurred after 1wk of dosing but
adopted well thereafter with wt increasing till end of study; food intake was unaffected by treatment.

Table 5.D.3-12 Plasma Exposures After 9% Days of Dietary Administration of
(RS)-Zepiclone to Mice Relative to Maximum Anticipated
Steady-State Human Exposure*®

Males Females
Analvee AUC,.,, AUC,,, Mouse:Human
{ng=h/mL} Mouse:Human { (ngsh/mL) Ratio
Ratio
(S)-Zopiclone SEE0 30 7070 37
(S)-DMZ 1090 28 2310 6i}

*Plasma AUC,.., values were £9] ngelvmL [(S)-zopiclone] and 38.7 ngeh/mL [{5)-DMZ] after
3 mgday for 7 days (Study 190-002 )

Male Female
Analyte AUC 100 Coe AUC 5244 C e
togehimi} farmll It § gl
(S)-Zopiclons 3849 o 7070
(R)-Zopiclone 8950 7620 J
{S)-Desmethyl zopiclone! 1090 2310
{R)- Desmethy! zopiclone 11800 / 13000 /
Zogpiclone N-gxide! 4330 4140
1= For information anly.
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Table from sponsor present exposure and human ratio for these cpds:

Similar to the 7d dietary study, R-desmethyl zop followed by R-zop had the highest plasma concentration
and exposure in both sexes, next highest is S-zop; the N-oxide had the lowest vakies.

The following study (Sepracor#190-510), is comparable in design and objective to the above study except
rats in addition to mice were included in this study. This study was done to determine TK parameters
atter dietary administration of RS-zop to male and female mice and rats at 100mg/kg/d RS-zop
for 3 months. This is because TK parameters of S-zop were not assessed in the 2 yr bioassay following
oral dietary administration of RS-zop. The 100mg/kg/d dose used here because it was the top dose of RS-
zop used in the 2- year lifetime bioassays conducted previously by RPR in these species. Therefore,
results from this study can be used to better understand the relationship between RS-zop and S-zop and
aid in assessing the relevance of using these data in caecinogenicity risk assessment. RS-zop was
admixed in the diet and fed tc —  B6C3F1 mice and .—  SD rats for 3months. There were 24
animals/sex; no control included because only drug PK. parameters were measured. Clinical signs, B.wt
and food intake were monitored. At end of 3month, blood was collected from 3/sex/species at 8 time
points with animals having access to food till blood sampling. A validated ~— was used to
determine R- and S-zop and their desmethyl metabolites as well as N-oxide. There were no drug related
effects on mean B.wt, wt gain, or food intake; all animals survived till end of dosing. The results in both
species showed diurnal differences with maximum concentrations observed at late night and early
morning. Female mice had 37% of the S-zop exposure than males in contrast to the previous 3mo study
(Sepracor#1 90-819A1), conducted in mice via oral pavage where no sex difference was observed in PK
parameters (Summary tables from sponsor).

APPEARS THIS way
ON ORIGINAL

The current sex difference could not be explained and the sponsor stated that further investigation was
warranted. :

PK, Sepracor#190-510 (Cont.)

Inrats, sim™  pp10 53014 Plasma Exposures in Mice after 3 Months of Dietary Al), the
current dier (RS)-Zopiclone i Mean
plasma levt Males Females ed
between 5C Mean AUC, Coan Mean AUC, L G

Analvte (ng=h/mL) {ng/mL) (ng=h/mL}) {ng/mL)

(S)-Zopiclone 3911 . 1.450 N

{R)-Zopiclone 5951 / 1,698

(S)-DMZ* 1,147 790

{R)-DMZ 17,645 / 1,083

Zopiclone N-Oxide 0,834 . 2.137

* DMZ: desmethylzopiclone

Table 5.D.3-15 Zopiclone Exposures in Rats after 3 Months of Dietary
(RS)-Zopiclone
Males Females

Mean AUC, 5., Come Mean AUC, ., Cone
Analvte (ng=h/mi) (ng/mL,) (ngsh/mL) (ng/mL) |
(S}-Zopiclone 12.884 29,465
{R)-Zopiclone 3.960 / 6.338 /
(5)-DMZ* 13,099 8.093
(R)-DMZ [4.878 / 0,939 /
Zopiclone N-Oxide 8.124 8,283 ]

* DMZ: desmethylzopiclone




APPEARS THIS waY
ON ORIGINAL

PK, Sepracor#190-510 (Cont.)
Table below from sponsor present meants.d. of plasma concentrations in the rat.

Table 1. MeansSD Plasma Concentrations {og/mL) of Zopiclone and its Metabolites Following the
Administration of 100 mg/kg/day (R,S)-Zopiclone via Dietary Admix for 90 Days to Male

and Female Rats
Post- SH+> {R}{-}-
dose Desmethyl Desmethyl Zopiclone
Time _ (SH+)-Zopiclone {R}-)}-Zopiclone Zopiclone Zopiclane N-Oxide
(h* n Mean SD n Mean SD n Mean SD R Mean SD o Mean 5D
Males
Q 3 405 236 3 945 935 3 823 598 3 865 593 3 25 255
2 3 425 n 3 286 495 3 8% 319 3 B8l 3 3 8 7Ly
4 3 s 395 1 917 269 I . 114 3 871 144 3 208 980
) 3 210 212 3 443 768 3 199 113 3 2061 106 3 551 641
12 3 44 203 3 m 107 3 258 609 3 300 692 3 355 120
it 3 963 124 3 31 664 3 43 954 3 #65 120 3 6 483
20 1 89 117 3 33 533 3 5% 78 3 651 498 3 490 i
24 1 377 189 3 4710 448 3 60! g7 3 646 203 3243 711
Femples
[+ } 1403 476 3 276 154 3 847 297 3 547 246 3 388 150
2 1 693 436 3 797 691 3 230 3 2% 232 3 198 259
4 3 5M 204 3 255 442 3 i 297 3 120 112 3 1266 112
] 3 472 25.6 3 489 427 3 204 120 3 190 i1z 3 86 161
12 31387 523 3 438 i59 I M 134 3 13 136 3 166 144
16 3 1817 406 3 438 127 1 306 583 3 212 A6 3 413 716
20 3 1933 599 3 392 124 3 594 179 3 508 161 3 31 70.5
24 3 1320 280 3 218 86.8 3 594 877 3 576 156 3 44 158

* Relative to 6:30 am on Day 90.
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The following table from the sponsor compares the rat and mouse data to those from humans:

Plasma Exposures Following 3-Month Dictary Administration of (RS)-Zopiclone to Mice and
Rats Relative to Maximum Anticipated Steady State Human Exposures®

Males Females
Mean AUC, 14 Asnimal-Fluman Mean AUCq 24 Animal:Human

Analyte {og h/mL} Ratio (ngh/mi,) Ratio
Mice
[ (S)-Zopiclone 3911 21 1,450 8
(5yDMZ* 1,147 33 750 23
Combined 5,058 22 2,740 10
Rats
(Sr-Zopiclons 12,884 67 29,465 154
(5)DMZ 13,099 374 8,083 231
Combined 25,983 115 37,548 66

* Plasma AUCq 34, valucs were estimated 0 be 191 ng hml for (S)-zopiclone and 35 ng.b/mL for (S)-
DMZ afier 3 mg/day for 7 days (Sepracor Study No. 190-002) ¢ DMZ: desmethylzopiclone

The highest exposure in male rats were those of R-DMZ, S-DMZ, and S-zop and in female rats, the
highest exposure was that of S-zop; in both sexes in mice, the highest exposure was that of R-DMZ.
When 24hr exposures in mice and rats were compared to the exposure in humans dosed 3mg/d for 7d, the
safety factor of animal to human ratios for S-zop was 21&8 fold in male and femate mice and 678154
fold in male and female rats respectively. Therefore, there seem to be adequate margin of safety in the
rat but not in mice specifically female mice. Similar correlation was seen for the active metabolite, S-
DMZ, in both species. The sponsor indicated that further evaluations may be needed to clarify the sex
differences noted in this study in mice that were not observed in previcus 3month tox/TK study in mice
dosed via oral gavage.

Another study in mice was done to evaluate exposure to S-zop and its S-desmethyl metabolite
(SEP174559), following oral gavage administration of either cpd. (Sepracor#190-525). Male and female
C57BL (different strain from the above 2 studies), were dosed 100, 200, or 300mg/kg/d S-zop (groups
1,2,3) and SEP 174559 was dosed at 100, 200, and 400mg/kg/d (groups 4,5, and 6), for 994, Clinical
signs, mortality, B.wt, and food intake were monitored. Blood was collected from 3/sex/timepoint between
0.5-24hr postdose after the last dose on d90. Animals were kilied without further exam. Plasma levels of
S-zop and SEP174559 were determined using a vatidated = —— method. There were 3 deaths in
males (2 dosed 100mg/kg/d S-zop and 1 dosed 300mg/kg/d), and 6 deaths in females (1 dosed 300mg/kg/d
S-zop, 3 dosed 100mg/kg/d SEP174559 and 2 dosed 200mg/kg/d SEP174559). The sponsor considered
these deaths not drug related due to absence of dose response, however, in absence of gross and histopath
exam a clear cause of death can not be determined and a drug effect can not be ruled out. Hypokinesia,
loss of balance and haif closed eyes were seen throughout the study. Both sexes were exposed to both
cpds (table from sponsor) with large margin of safety to human exposure based on 3mg S-zop clinical dose

for 7d.
Male Female
Dose AUC, 5,4, | Mouse:Human | AUC, z,4 | Mouse:Human
Treatment (mg/kg/day) Analyte (ngeh/mL) Ratio (ngeh/mL) Ratio
L00 (S)-Zopiclone 12400 65 17200 9()
SEP-174559 22490 39 3780 149
) . . (S}-Zopiclone 24000 126 24700 129
(5)-Zopiclone 200 SEP_173550 6090 157 7900 204
00 {S)-Zopiclone 30000 262 42500 223
) SEP-174559 9170 237 P10 287
100 SEP-174559 1 5900 411 23Kk00 [
SEP-174359 200 SEP-174539 49700 1284 HOHOO() i721
400 SEP-174559 L1600 2868 £31000 3383

Plasma AUC,, 5y, values were estimated to be 191 ngh/mL for (S)-zopiclone and 38.7 ngeh/ml. for SEP-
174559 after 3 mg (S)-zopiclonesday for 7 days (Sepracor Study 190-002 ),



TK of S-zopiclone was also studied in pregnant New Zealand white rabbits (Sepracor# 190-416).
Three time mated rabbits were administered via oral gavage 4 & 24mg/kg/d S-zop from gd6-18, clinical
sings, B.wt were recorded. Blood was collected on gd6& 18 between 0.5-24hr postdose and on gd19
females were killed and necropsy done to confirm pregnancy. Plasma S-zop were determined by a
validated — [here were no deaths in any group. No clinical signs in low dose, fecal output was
reduced in females dosed 24mg/kg/d (HD). Mean B.wt and wt. gain were reduced in HD after start of
dosing on gd6 and continued throughout dosing with an overall loss of 160g. Mean wt loss was also seen in
4mg/kg/d dose at start of dosing gd6 but the wt fluctuated throughout dosing with an overall loss of 70g
{table from sponsor). Mean maternal feod intake in HD paralleled the decrease in B.wt and was
decreased throughout dosing when compared to predose intake and intake of LD females (table from
sponsor). Intake in LD was only slightly reduced relative to predose values [initial body weights on gd0
were not comparable and the s.d. was relatively large in both groups] (figure from sponsor).

APPEARS THIS WAY
ON ORIGINAL

Oral rabbit TK study of S-zopiclone (Cont.)

0.15 1
Group mean maternal bodyweight {kg) + S.D. Group mear: maternal bodywweight chanae {lg) 48D,
Dozage (ma/kgrdey) 4 24 Dosuge (mg/kg/day) 3
Day Eroup Dey Group
of pregnancy | 2 of pregnancy 1 2
" 3 3 " 3 3
o 3.65 + 0.58 3.91 2 036 0teé 0.08 2 0.04 -0.08 ¢ 0.08
3 3.2 2 0.9 3.92 £ 0.38 éto? -0.02 + 0.1 -0.02 £ G.03
4 373 ¢ 0.55 3.92 2 035 610 <002 ¢ D04 .01 2095
& 3.73 ¢ 0.55 3.5y 034 4to9 -4.02 £ 0.05 -0.10 ¢ Q.04
7 3.7 £ 0.5 I8 s 034 9 to 12 £.02 ¢+ 0.03 -0.05 £ Q.06
8 3.7 £ 0.5 3.76 2 0.38 12t016 0.04 2 0.05 -0.08 2 0.1
9 171 £ 0.57 1.73 £ 0,37 46 to 18 0.03 & 0.05 9.06 £ D.02
10 3.70 £ 0.57 3.40 2 0.35 4tald 0.07 2 0.04 -0.14 ¢ 0.1
1 3.71 2 0.55 3.86 £ 0.35
12 3.73 ¢+ 0.5 ;.% + 0.4D Group mean maternal food consumption (g) t §.0,
13 LA £ 056 70 ¢ 0,39 .
1% 3.76 1 0.57 5037 Dotage (wefkofday) t‘ %
15 3.76 * 0.58 3.66 £ 0,34
1% 307 £ 057 3.40 2 0,70 pay Group
17 3.8 ¢ 0.5 3.82 » 0,32
18 3,60 3 0.59 3.67 2 0.30 of pregnancy ! 2
025 1|— . . e —— W 3 3
Q 3 4 5 [} 7 3 9
Day of preghax 5 tob 166 £ 20 13 £+ 2%
61012 114 £ S 35 2 14
21015 96 ¢ 27 0+
15 10 18 138 ¢ 14 & £ 59
181013 17 2 37 s 52
&toll 115 1 12 44 2+ 26

W= BT o S TEATE T e
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Oral rabbit TK study of S-zopiclone (Cont.)

All females were confirmed pregnant at necropsy. TK following single (gd6) and repeat dosing (gd18), to
pregnant female rabbits showed measurable amounts of S-zop, S-zop desmethyl (DMZ), and zop-N-oxide
(only in HD). Concentration and exposure increased more than proportional to dose and, moderate to
relatively large accumulation noted for S-zop and S-DMZ (N-oxide was below quantitation limit of
detection). The dose ratio was 6x between 4&24mg/kg/d but exposure increased 43 for S-zop in HD,
22&41x for S-DMZ in LD & HD respectively. Similarly, Cpay increased 39&46x for S-zop in LD&HD
respectively, and 9&19x for S-DMZ respectively (table from sponsor). Dose proportionality and
accumutlation could not be assessed for the N-oxide because it was below detection limit on 1% day of
dosing in both dose groups. Also stated that there were no measurable levels of R-zop or R-DMZ.

(S)-Zopiclons Plasma TK
(S)y-Zopiclone Oral Dose AUC 526 Conax Loexe
(ogslVmlL) (ng/mL) (h)
4 mp/kg/day :
Day 6 (Day 1 of dosing) NC 79.8 0.5
Day 24 (Day 13 of dosing) 7233 3142 1
24 mg/kg/day
Day & (Day 1 of doging) 338 69.3 1
Day 24 (Day 13 of dosing) 16874 3203 4
{S)-Desmethyl zopiclone Plasma TK
4 mg/kg/day
Day 6 (Day 1 of dosing) 748 312 1
Day 24 (Day 13 of dosing) 16462 2840 1
24 my/kg/day
Day 6 (Day 1 of dosing) 490 128 1
Day 24 (Day 13 of dosing) 20090 2487 4
Zopiclone N-oxide Plasma TK
4 mg/kg/day
Day 6 (Day 1 of dosing) NC NC NC
Day 24 (Day 13 of dosing) 906 425 NC
24 mg/kg/day
Day 6 (Day I of dosing) NC NC 1
___ Day 24 (Day 13 of dosing) 716 427 2.5

NC = not calculated; *Median tp,,

Based on these findings, it is concluded that oral gavage administration of S-zop to pregnant rabbits at
4&24mg/kg/d during organogenesis produced measurable amounts of S-zop, S-DMZ, and N-oxide (only at

HD). Plasma concentrations and exposure increased more than proportional to dose and drug
accumulated with repeated dosing.
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3.3.4 METABOLISM:

RPR (1982), compared the metabolism of RS-zop in animals and humans using "C-label at the 4a, 5, 7,
and 7a carbons or carbonyloxy chain of RS-zop (Sepracor#190-556). Drug was administered orally to SD
rats and New Zealand white rabbits at 50-150mg/kg, to dogs at 50mg/kg, and humans at 5, 7.5, 10, or
1Smg. Urine and feces were collected from rat and rabbit (plasma from rats too), urine from dogs, and
plasma and urine from humans. TLC and HPLC were used as the analytical methods and structural
identification of cpds was done using — spectrometry.

Results:

Metabolites were recovered in urine and feces with 80% of radioactivity recovered in urine of animals.
RS-zop in all animals and humans was extensively metabolized mainly by oxidation forming 14 metabolites.
Metabolites were numbered I to XIV with unchanged parent being VIIL. Major metabolites included N-
oxide (XIII), N-desmethylzop (XII), and 2-amine-2-chloro pyridine (). Similar metabolic profile was
seen in rabbit, dog, and human.

RPR in 1975 measured RS-zop levels in serum and urine samples from dogs (2 males) and humans (n=6)
following oral dose of 0.75& 1mg/kg to dogs and 15&20mg to humans (Sepracor#190-554). Blood
collected between 1-48hr and urine between 0-6hr and up to 36-48hr postdose. Serum RS-zop in the dog
were 150&240ng/ml at 0.75 and 1mg/kg respectively, and remained at 100ng/ml at 2hr, concentrations
declined rapidly thereafter. At Img/kg serum level was 100ng/ml at 6hr postdose and undetectable by 24hr
postdose. Urinary elimination was 6% of dose at 0-72hr sample and desmethyl-zop plus 2-3 other
metabolites were detected in urine; the amount of the desmethyl-zop was comparable to the RS-zop in
urine samples up to 48hr. Human serum levels after 15mg dose were 63-130ng/ml at Lhr and 23-
92ng/ml at 6hr postdose respectively, and those after 20mg dose were 44-154ng/ml and 47-90ng/mt after
1&6hr postdose respectively. No parent was detected in the 36hr serum sample. Human urinary
elimination of unchanged drug was also low at 0.5-3% in the 72hr sample, there were several metabolites
including the desmethy! which was found at moderate amounts up to the 48hr samples.

Another study conducted by RPR 3 years later than the above study (1978), compared metabolism
between animals and humans but used unlabelled RS-zop (Sepracor#190-555). Single oral dose of RS-zop
was administered to rats, rabbits, dogs, and humans and blood, urine, and feces collected at specific time
points up to 72hr postdose for parent and metabolite analysis. In addition to isolation and identification of
metabolites, serum protein binding of parent was determined in vitro (gel filtration) and in vivo (equilibrium
dialysis). Concentrations of RS-zop, N-oxide, and N-desmethyl were measured by TLC (Sepracor#190-
554).

Results:

Drug was well absorbed and peak serum levels reached within 3hrs in dogs and humans, 4-6hr in rabbits
and 1hr in rat (table from sponsor). Both N-desmethyl and N-oxide as well as unchanged drug were
detected in urine and feces.

¢
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Table 5.D.3-7

Serum Pharmacokinetics of (RS)-Zopiclone in Rats, Rabbits,

Dogs, and Humans after Oral Dosing
Rat Rabbit Dog Human
Dose (zopiclone, mg/kg) 0.8 0.8/125 0.27/0.8 5 mg/10 mg
Cus (ng/ml) -
Ly (1) | | 4-6 | 2-3 3
Metabolism (Cont.)
Table 5.D.3-8 Urine and Fecal Excretion of (RS)-Zopiclone and Metabolites

in Rats, Rabbits, Dogs and Humans over 0-72 Hours after
Oral Dosing

Rat Rabbit Dog_ Human
Dose (zopiclone, mg'kg) 0.8 0.8/125 0.27/08 Smp/ [0mg
Urine excretion
(%6 of dose)
{RS)-Zopiclone 0.1-2.6 0.15/2.1-6.6 3370728 4-10
N-Desmethylzopiclone 1.4-3.9 L5710 1-174 NS/1.7-55 | 2-8:48-124
Zopiclone N-oxide 0.4-0.8 2-2.56/4.2-8.5 N$/09-29 NS
Fecal excretion
(% of dose)
{RS)-Zopiclone 0.5 0.07-(1.6 0.2-0.5 NS

NS = No sample

From these tables, N-desmethyls seem to be the major metabolite in urine in all animal species and,
unchanged drug was equally important in humans. RS-zop in vitro and in vivo protein binding was low.
Main metabolic pathway seemed to be oxidation of the piperazine CH3, or piperazine-CH2-bond or
formation of the N-oxide. In total, 14 metabolites were identified similar to the above study.

In vitro metabolism of RS-zop in rat was done to compare with the profile in vivo (RPR 1983;
Sepracor#190-557). Rat livers were removed and perfused for 30min following catheterization of the
comumon bile duct and the portal vein. Perfusions were carried out with Smg RS-zop or Smg RS-zop/"*C-
RS-zop (RP 45494), 10-100uCi. Perfusate were collected between 3-120min from 3 livers to determine
kinetics of RS-zop disappearance from this medium. Both the perfusate and bile were analyzed
qualitatively and quantitatively by TLC and HPLC/UV detection and autoradiography was used for the
"%C-RS-zop, cpds. Total radioactivity in perfusion fluid, bile, and liver was determined by liquid scintiliation
counting. Results of this study confirmed those from other studies (Sepracor#190-555 and 190-556),
where similar to the in vivo data, RS-zop is extensively metabolized at 95% of dose in vitro. The major
metabolites as well as unchanged parent that were detected in perfusion fluid or in bile were also present
in urine or feces. Parent cpd rapidly disappeared from perfusion fluid with t,; of 0.23hr with <1% of
perfused dose detected by 90min. About 70% of dose was excreted in bile as metabotites.

S-zop Metabolism and Protein Binding:
Blood-to-plasma partitioning and binding of '*C-$-zop to protein in mouse, rat, dog and human plasma was
measured at multiple concentrations based on MTD in mouse, rat, and dog and on therapeutic doses in
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humans using ultrafiltration methods (Sepracor#190-528). Blood was collected from 3 male dogs and 1
human and pooled at €. ~= 3 (for the equilibrium data. Blood and plasma for mice and rats were
obtained from — ~ )., Protein binding of S-zop in all these species ranged
between 28.8% in the rat to 58.9% in humans over the concentration range tested. Blood-to-plasma
ratios over the same concentration range as that for the protein, were 0.31 in humans to 0.58 in mice
indicative of little or no uptake of S-zop by RBC. The protein binding data were as follows: rat 28.8
46.7%, mouse 36.7-56.5%, dog 31.9-43.5%, and humans 52.2-58.9%. Blood-to-plasma partitioning ratios
were as follows: rat 0.50-0.55, mouse 0.46-0.58, dog 0.44-0.52, and humans 0.31-0.34 at the concentration
range tested in these species (humans 5-500ng/ml and 10-10,600ng/ml for the mouse, rat, and dog).
Metabolism of S-zop (Cont.)

Another study investigated if the presence or absence of R-zop affect the in vitro metabolism of S-zop
using animal and human hepatocytes (Sepracor#190-536). '*C-S-zop 50 and 100uM for mouse, rat, and
dog and 1&2uM for human as well as a mixture of '*C-S-zop + R-zop (50/50uM for the mouse, rat, and
dog and 1/1uM for human were incubated with hepatocytes from these species according to SOPs.
Radio-HPLC chromatograms showed similar radioactivity profiles of **C-S$-zop incubated with or without
R-zop in all species. Comparable percent of radioactivity of S-zop and desmethylzop, N-oxide, and
lactamol were measured in all species. Unknown metabolites accounted for <2% of total radioactivity. It
was concluded that R-zop had no effect on in vitro metabolism of "*C-S-zop incubated with hepatocytes
from mouse, rat, dog, and humans.

The isoforms of hepatic P450 responsible for metabolism of S-zop in human microsomes were identified in
Sepracor#190-516. The metabolism of S-zop in -/+ CYP isoform specific inhibitors was assessed by
monitoring the disappearance of S-zop or appearance of its metabolits using HPLC/UV detection as the
analytical method. Results showed that S-zop is mainly metabolized by CYP2E1 and CYP3A4 in human
liver microsomes.

In another study, the inhibitory potential of S-zopiclone on CYP450 1A2, 2A6, 2C9, 2C19, 2D6, 2E1, and
3A4 was determined in cryopreserved human hepatocytes (Sepracor# 190-518). Hepatocytes were
1solated, prepared, and pooled from 3m and 2f donors. The [Csy values of S-zop was determined against
CYP450 isozymes. The results showed that S-zop had no inhibitory effect on 2A6, 2C19, 2E1, or 3A4,
and only minimal though dose-dependent inhibition of 1A2, 2C9, and 2D6 (ICs, value greater than the
maximum tested concentration of 100uM).

The permeability of S-zop across the human intestinal Caco-2 monolayers was examined (Sepracor#190-
542). S-zop showed high absorptive and secretory permeability at all concentrations tested and did not
exhibit any active transport mechanism in either absorptive or secretory directions. S-zop also had no
effect on the integrity of the cellular junctions at any of the concentrations tested.

The effect of R-zop on the intrinsic clearance of S-zop in cryopreserved human hepatocytes could not be

determined This was because the intrinsic Cl of S-zop could not be determined due to degradation and
limited metabolism of S-zop by human hepatocytes (Sepracor#190-568).
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APPEARS THIS WAY
ON ORIGINAL

3.4 TOXICOLOGY:

3.4.1 OVERALL TOXICOLOGY SUMMARY

Single dose acute toxicology studies were done in mice (oral) and rats (i.v.). The MLD in mice for the
racemate was >3000mg/kg in males and 1500-3000mg/kg in females, for the S-zop it was 900-1200mg/kg
both sexes and for the R-zop, the MLD was >1500mg/kg in both sexes. In the rat, the corresponding
MLD values for the racemate were 25-50mg/kg in males and 150-200mg/kg in females, for the S-zop it
was 1-10mg/kg males and 100-250mg/kg females and for the R-zop it was 100-150mg/kg males and 150-
200mg/kg in females. Results form both species showed that the most toxic ¢cpd of all three based on
mortality is the S-form. Clinical signs were seen in both species with all 3 isomers and included
muscle incoordination, prostration, convulsions, hypoactivity, cold to touch, and labored respiration. Repeat
dose oral gavage toxicity studies of the S-form (plus an arm for the RS-zop in the 3mo studies), were
done in mouse, rat, and dog. Doses were up to 200mg/kg/d in mice, 300/200mg/kg/d in rats, and
25mg/kg/d in the dog; 2.5% hydroxy propyl methyl cellulose was the vehicle in all the species. Death
occurred in 4 female mice after the 1% dose in a dose escalation study, in the {month mouse tox study 1
female mouse dosed 300/200mg/kg racemate in the tox study was found dead on d27 of dosing with
unknown cause in addition to 17 deaths in all dose groups {including the LD of 50mg/kg) occurred in the
TK group. In imonth rat study, all rats dosed 300mg/kg/d S-zop were killed on d6 of dosing and all those
in TK group were killed on d7 of dosing due to clinical signs. Death also occurred in 200mg/kg RS-zop
and S-zop as well as in the 50&100mg/kg S-zop groups. Similar elinical signs were observed in all drug
groups in all 3 species and were comparable between the S- and the RS-zop. Signs included: hunched
posture, lethargy, unsteady gait, piloerection, distended abdomen, partially closed eyes, and
irregular/shailow breathing. In addition to these signs, the following were observed in the dog: vocalization,
abnormal color of pinnae, mouth, perinasal areas and paws, there were also lesions in these areas that took
a week to heal while dosing continued; no clear indication whether these lesions were or were not drug
related. In general, mean body wt and weight gain were reduced at all doses in mice and dogs (no effect
in rats) in the 1mo studies without an effect on food intake. Howver, drug effects on B.wt or food intake
were not recorded in the 3mo studies of all 3 species. There were no consistant and/or dose-dependent
changes in hematology or clinical chemistry parameters and those parameters that reached statistical
significance the effects were small and generally not dose related. [t is noted that in the 3mo studies rats
and dogs administered the mid and/or high doses urine volume and specific gravity were increased and
decreased respectively, the significance of this is unclear. Mean ALT, AST and ALP levels were
increased in all 3 species in all or the 2 highest doses of the S-zop as well as the RS-zop group. Only in
the rat at both | and 3mo studies (though more so in the 3mo), mean liver, kidneys, ovaries and thyroid wis
were increased in males and females dose dependently for the racemate and S-zop. In the lmo study,
mean thymus wt was decreased dose dependently in both rats and dogs, mean testes wt was decreased in
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rats dosed the racemate only and prostate wt was decreased in drug treated dogs (no histopath in the
dog). In the 3mo studies, male reproductive organs and sperm parameters were adversely affected in the
rat with some of the findings persisting till end of lmo recovery period. In the 1mo rat study the following
was observed: glandular and non-glanduiar stomach mucosal atrophy and minimal diffuse
epithelial hyperplasia, pituitary hypertrophy and vacuolation, renal basophilic regenerating
tubules, interstitial edema and epithelial vacuolation in the epididimydes (high incidence in all drug
groups), follicular epithelial hypertrophy, and diffuse lobular hyperplasia of mammary glands. In
the 1 but not 3mo dog study, the only histopath finding was in the epididimydes where sperm granuloma,
spermatocele, and granulomatous inflammation were seen in dogs dosed S-zop at >5Smg/kg/d. The NOEL
in the imonth studies was 2mg/kg/d in the dog, in the rat it could not be determined due to death in the
lowest dose of 50mg/kg/d, and similarly in the mouse, due to death in the low dose of 50mg/kg, NOEL
could not be determined. It is noted that in the 3mo mouse study at end of wk12 at doses
>50mg/kg/d S-zop and 200mg/kg/d RS-zop ocular effects were observed, they included bilateral
retinal degeneration and moderate to severe retinal atrophy in both sexes. These effects were
not seen in recovery animals or in any other foxicity study. The NOAEL in 3me study in the
mouse is 200mg/kg/d in both sexes with AUCg4 of 29,430ng.hr/ml in males and 28,167ng.hr/ml
in females on d91. The NOAEL in 3mo study in the rat was 100mg/kg/d in females and
25mg/keg/d in males due to adverse effects including histopathology observed in males, AUC,.24
at these doses were 9157ng.hr/ml in males and 67,203ng.hr/ml in females all measured on d89
of study. The NOAEL in the 3mo dog study is 2.5mg/kg/d in males with AUC..4 of
5884ng.hr/ml and the NOAEL in females is 10mg/kg/d with AUC 24 of 25,574ng.hr/ml,

3.4.2 SINGLE DOSE TOXICITY STUDIES:

Study Title:  Acute oral tox in mice with zopiclone.
Study No: Sepracor# 198-801/ .— §03-SE-001-95
Conducting laboratory and location: - —
Date of study inittation: not reported; Date protocol signed: Dec 1995/Final report date: Jul 1996
GLP compliance: Yes/OECD
QA- Report Yes () No (x)
Lot# for (+}-zopiclone: 784-62; (-)-zopiclone: 784-72 A; racemate-zopiclone: CH-7360
Purity/Stability: responsibility of sponsor.
Methods:
Dosing: - species/strain: CD-1 mice

- #/sex/group: S/sex/gr Age/B.wt: 4-6wks/18-28¢g

- dosage groups in administered units: racemate: 900, 1500, 3000mg/kg;

{-) isomer: 900, 1500mg/kg
{+) isomer: 900, 1200, 1500mg/kg

- route, form, volume, and infusion rate: oral/gavage/vol not reported.
Formulation/vehicle: 0.25% methylcellulose (MC).
Observations and times:

- Clinical signs: 1&4hr post dose daily for 14days.

- Body weights: d0, d7, & d14.

- Gross necropsy: end of 14d observation peniod.
Results:
Mortality: as follows:
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Drug Dose (mg/kg) # dead per total per dose

racemate 900 0/10
1500 216
3000 5/10
{-) isomer 900 5/10
1500 4120
(+) isomer 900 3/10
1200 9/10
1500 9/10

Based on mortality findings, the RS- was the least toxic followed by the R-isomer and the most toxic was
the S-isomer.

Clinical signs: for all 3 cpds: decreased activity, decreased muscle tone, labored respiration, abnormal gait
and stance, eyes shut, poor grooming, quivering, and prostration. Signs were seen at all doses.

[t was concluded that the most tox cpd based on mortality is the (+) isomer followed by (-) and then the
racemate. The median lcathal doses (MLD) in the mouse for the 3 isomers are:

Zopiclone MLD (mg/kg}
m f
RS- >3000 1500-3000
S- 9500-1200 900-1200
R- >1500 >}1500

Study Title: Acute i.v. tox in Albino rats with zopiclone.
Study No: Sepracor# 190-802’ ~ 312024
Conducting laboratory and location: —
Date of study initiation/termination: Dec 1998/Feb 1999
GLP compliance: Yes/FDA
QA- Report Yes (x)
Methods:
Drug Lot#/Batch#: (+) zopiclone: H1249-21C; (-/+)zopiclone: 9809002,
(-} zopiclone TJ1209-77C.
Purity/Stability: > = for (+) and (-) zopiclone; (-/+) zopiclone: —
Dosing:
- species/strain:  Albino rat/Sprague Dawley
- H/sex/group: S/sex/gr Age/B.wt: 8-12wks/18-2250-350g m and 200-300g f at study initiation.
- dosage groups in administered units:
racemate: 25, 50, 75, 150, 200, & 250mg/kg,
(S) isomer: 1, 10, 25, 75, 100, 200mg/kg,
(R} isomer: 75, 100, 150, 250mg/kg
- route, form, volume, and infusion rate: oral/gavage/10ml’kg.
Formulation/vehicle: 0.1N HCIL.
Observations and times:
- Clinical signs: 1, 3&4gr post dose and daily for 14days.
- Body weights: d0, d7, & d14.
- Gross necropsy: end of 14d observation period.
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The median lethal dose will be determined.

Results:

Mortality: table below shows MLD in all 3 isomers with death occuring within 1hr postdose at 25, 10, and
100mg/kg in the racemate, S- and R- isomers respectively. Clinical signs seen in all 3 isomers at all doses
with no clear sex difference they included: muscle incoordination, prostration, convulsions, hypoactivity,
cold to touch, pale extremities, and/or tremors. The median lethal doses were as follows:

Drug MLD (mg/kg)

Males females
racemate 25-50 150-200
{->-isomer 100-150 150-200
(+)-isomer  1-10 100-250

3.4.3 REPEATE DOSE TOXICOLOGY STUDIES:

Study Title: Oral MTD and 7d repeat dose tox study of S-zopiclone in mice.

Study No: Sepracor# 190-805A1° — #OTIG0512
Conducting laboratory and location’ —

Date of study initiation: March I 1999/March 8™ 1999
GLP compliance: Yes/FDA & EC

QA- Report Yes () No (x)
Lot#/Batch#/purity/stability: 120998 A/NR

Dosing:

species/strain: mice/CD-1

- #isex/groupt: 4-5/sex/gr Age/weight: 5wks/20-25g

- satellite groups used for toxicokinetics or recovery: NA

dosage groups in administered units: there were 2 phases for this study: phase 1 escalating
range finding MTD study upto 20days (see table below), and phase 2 a 7d limit test.

Doses for phase | are as follows (note that no vehicle control group was used in this phase of the study):

days Doses (mg/kg/d)
Group 1

1-7 200

8-13 300

14-20 400

Phase 2 limit test doses (daily dosing for 7d):

Group 2 vehicle
Group 3 50mg/kg/d
Group 4 400/300*mg/kg/d

* Deaths occurred at 400mg/kg on d1 consequently the dose was reduced to 300mg/kg and dosing at the
300mg/kg started on d2 and continued for 6 days.
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- route, form, volume, and infusion rate: oral/gavage/vol NR.

Formulation/vehicle: 2.5% hydroxy propyl methyl cellulose

Observations and times:

- Clinical signs: daily and as needed; for the 1* day of dosing: immediately postdose, 15, 30, 45, 60, 75,
90min, 2.5&3hr postdose.

- Body weights: daily for both phases.

- Food intake: between dayl &7 of phase 2

- Gross necropsy/phase 2: end of study.

- Organ wts: phase 2: adrenals, liver, testes/epididymides, heart, spleen, thymus, kidneys, ovaries.

- Histopath: Smicron sections, processed in 10% formalin. All above tissues/organs.

APPEARS THIS way
ON ORIGINAL

Oral MTD and 7d repeat dose tox study of S-zopiclone in mice (Cont.)

Results:

Mortality: phase 2: 4f dosed 400mg/kg died after the 1* dose and a replacement female was killed in
moribund on d2 of dosing at 300mg/kg/d. Cause of death was unknown (table below from
sponsor):

Animal Dase Day killed or Clinice] observations Necropsy 7 Canse of
No. | {mpAe/day) | found dead . fndings | death
400F 400 1 Prostrate, unsteady gait, cold body | N.AD.* Unknown
surfacs, piloerection, labored
breathing, subdued
402F 400 1 Prostrate, unsteady gait, cold body | Bladder: Unkngwn
surface, subdued distended (with
vrine)
406F 400 1 Prostrate, unsteady gair, cold body | N.AD. Unknown
surface, piloerection
408F 400 1 Proguate, unsteady gair, cold body | N.AD. Unknown
surface, subdued, piioerection
414Fe" 300 2 Prostrate, unsteady gait, cold body | N.AD. Unlmown
surface, subdued, labored breathing

* No abnormaliry detected
** Replacement animal

Clinical signs: seen in both dose grs (504300mg/kg/d) throughout the 7d dosing. They included: hunched
posture, prostrate, unsteady gait, piloerection, labored breathing, and cold to touch (whole body). Similar
clinical signs were seen in mice in phase | (escalating dose).

B.wit/Food intake: mean wt, wt gain, and food intake were decreased in both drug groups during the 2wk
observation period in phase 2 part of the study. Mean wt loss occurred during the 1-7d period as follows
(values are means1s.d.; n=4-5/sex/dose): -0.42+0.63g and -1.78+1.25g in 50&300mg/kg males
respectively, relative to a mean gain of 0.4+1.13g in control males; the corresponding values in females
were -0.7+0.8 and -0.72140.45¢g vs. a gain of 0.78+1.0g in control females. Similarly, food intake was
reduced dose dependently in the 50&300mg/kg grs during the same period of dosing. However, males
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and females in phase 1 gained 12&11% wt respectively, over the 1-19days relative to the control; no
effect on food.
Organ wt: no clear drug effect on any tissue/organ wt.

Gross Necropsy: no drug related findings in any group.

Summary and Conclusion:

Mice could not tolerate 400mg/kg dose and the MTD appears to be 50mg/kg since 1 death occurred in the
300mg/kg group following 2 days of dosing. Based on clinical signs, a NOEL could not be determined
in this study.

APPEARS THIS way

fay "\?’slf\?\!“

Study Title:  S-zop 7d toxicity (dose confirmation) study by oral gavage in C57BL mice,

Study No: Sepracor# 190-881 ~ ;22534 TCS

Conducting laboratory and location: -

Date of study initiation: Not provided/study report date: 2002
GLP compliance/QA: No, it’s a preliminary study
Lot#/Batch#: Not provided

Purity/Stability: Not provided

This study was a dose ranger in C57BL/6 mice (the background strain for P53 transgenic mice).

Method, Resuits, Conclusion:

S-zop was administered via oral gavage at 200 and 300mg/kg/d to 6/sex/gr0up mice for 7d, the vehicle
0.5% CMC/1% Tween 80 served as the control group; dose volume was 10ml/kg. Mortality, clinical
signs, B.wt, food intake, and gross necropsy were done. No death in any group, clinical signs were
reversible, seen in both drug groups and included hypoactivity, cold to touch, staggering gait, sedation, and
half-closed eyes. Generally, B.wt and food were reduced in males with no other findings. It was
concluded that S-zop is well tolerated up to 300mg/kg/d in C57BL/6 mice except for decrease in wt and
food mntake in males and reversible signs in both sexes of both doses. [limited data were presented since
this was a preliminary study].

Study Title: 4wk oral gavage tox/TK study of S-zopiclone in mice.

Study No: Sepracor# 190-813/  —  JTI00S13
Conducting laboratory and location: ¢~ —

Date of study initiation/termination:Mar 1999/Apr 1999
GLP compliance: Yes/FDA & EC

QA- Report Yes (x)
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Low#/Batch#: for (8) zopiclone: AT737 SA1001E,F/Raw material lot# 120998A; for (-/+) zopiclone
suspension: AT737 SA1002E,F/Raw material lot # 9809002
Purity/Stability: responsibility of sponsor.
Methods:
Posing: - species/strain: mice/CD-1
- #/sex/group: main study: 12/sex/gr, TK: 18/sex/dose.
- age/b.wt: 5wks/20-25¢
- satellite groups used for toxicokinetics or recovery: 18/sex/dose
- dosage groups in administered units: S-zop 50, 100, 200mg/kg/d; racemic: 200mg/kg/d. The
control group received the vehicle.
- route, form, volume, and infusion rate: oral/gavage/vol NR.
Formulation/vehicle: 2.5% hydroxy propyl methyl cellulose
Observations and times:
- Clinical signs & mortality: 2x daily and as needed.
- Body weights: at start of dosing and weekly thereafter.
- Food intake: weekly.
- Clinical Chemistry/hematology: end of study, blood will be collected from the orbital sinus.
- TK: blood was collected from all mice on days1&29. There were 3mice/time point/gr at 0.5, 1, 2, 4, 6,
and 24hr postdose. Plasma levels were determined for: S- & R- zopiclone, S & R- zopiclone-N oxide, and
S- & R- desmethylzopiclone. Note that TK was done b3 — ; not —
software used was WinNonlin.
4wk oral tox/TK study of S-zopiclone in mice/Sepracor#190-813 (Cont.)

- Gross necropsy: end of study.

- Organ wts: adrenals, kidneys, ovaries, salivary gland, thymus, brain, liver, pituitary, spleen, uterus, heart,
lungs, prostate, testes/epididymides.

- Histopath of above tissues/organs: Smicron sections and stained with H&E and examined microscopically.

Results:
Mortality: total of 23 deaths including Im control found dead on d4 as follows:

Dose (mg/kg)  Mortality Cause of Death

Main Study:

2008 2m killed in moribund on d2of dosing - gavage error
200 RS 2f killed on d2&27 - gavage error

508 If killed on d2 - gavage error

Table below from sponsor presents the above deaths with clinical signs and cause of death:
Main group:
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Animal Dose Day killed or Clinica] observations “Necropsy findings Cause of
No. (mg/kg/day) | found dead th
so9M | 200 (S} 2 Prostrate, cold body Lungs: reddened; Thoracic [ Dost
zopiclone surface, lumched, irregular | cavity: contained brown
breathing flvid
S13M | 200(S)- 2 Prostrate, cold body Lung: reddened; Thoracic osin
zopiclone surface, hunched, cavity: contined straw Tor
pilocrection colored fluid o
300F | 50(S)- 2 Hunched, subdued, Lung: reddened; Thoracic s,
zopiclone unsteady gait, partially cavity: contained gray or
closed eye gelatinous materia)
210F | 3007200 27 Prostrate, cold body Pancreas: pale; Bladder: Unicoown
(RS)- surface, imegular distended
zopiclone breathing, pale extremitias .
218F | 300/200 2 Prostrate, hunched posture, | Lung: reddened; Thoracic  Dosin
(RS)- pilocrection, shallow cavity: contained staw C eTor
zopiclone breathing colored fluid T
105M { Control 4 Found dead Lung: discolored, Disin,
reddened; Thoracic cavity: r
confained clear fluid

APPEARS THIS WAY
ON ORIGINAL

4wk oral tox/TK study of S-zopiclone in mice/Sepracor#190-813 (Cont.)

Satellite Group:
TK Satellite Groups:
200 RS Im
2m
1f
508 2m
Im/1f
100 S 3m
2f
2008 Im
3f

found dead on d3

killed on days3&17

killed on d3

found dead on dl

killed on d2&3 respectively
found dead on days2&3
killed on days 3&4

found dead on d2

died during bleeding d2

Total dead or unscheduled deaths (m+f):

50mg/kg
100mg/kg

200mg/kg

5/60
5/60
6/60

200mg/kg RS 6/60
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control 1/24

TK mice were not examined hitopathologically therefore, exact cause of death could not be determined.
Total of 6 deaths in the main study (1 in control) were due to gavage error and drug un-related. The
remaining 17 deaths were considered by the sponsor to be drug related as well as result of stress
from anesthesia and/or blood sampling.

Clinical signs: observed in all drug grs including those killed in moribund or found dead they were:
hunched posture, prostrate, unsteady gait, piloerection, irregular breathing, distended abdomen, coid to
touch, and agitation. Generally, signs were similar between the RS-zop and S-zop except that they were
more frequent in animals dosed with the S-zop than those dosed with the RS-zop in both sexes.

B.wt: mean wt gain over the 29d dosing period was significantly but not dose dependently decreased in all
3 female S-zop groups (23-49% less control); no change in males. Note that mean wt gain in the
corresponding female TK groups was unaffected though a decreasing trend was observed without
reaching statistical significance.

Food Consumption: no effect in any group.

Hematology & Clinical Chemistry: no effect on any hematology parameter. No consistent or dose
dependent finding in any group re. clinical chemistry. Random findings included a significant decrease in
mean creatinine, urea nitrogen, and TG in males and/or females of all 3 S-zop groups.

Organ wis: no consistent or dose-dependent changes except for some changes in relative and/or absolute
wis that reached statistical significance in males and/or females dosed either the S- or the RS-zop. The
changes included: T in liver and kidney wts, and | in adrenal wts.

Histopath: there were some drug related findings in animals dosed both drugs that reached statistical
significance. Hepatocyte centrilobular cytoplasmic pallor was found in 7/12f dosed 200mg/kg RS-zop and
in 4, 6, 3 out of 12 mice in each S-zop groups. Reduced cytoplasmic rarefication was seen in 3/12f dosed
RS-zop, 1/12f in S-zop 200mg/kg vs. 0/12 in control. Also, hepatocyte centrilobular hypertrophy was seen
in 4/12f dosed 200mg/kg RS-zop with only 1/12 females dosed 100mg/kg S- and none in female/male
control or 200mg/kg S-zop.

4wk oral tox/TK study of S-zopiclone in mice/Sepracor#190-813 (Cont.)

TK: animals were exposed to all cpds analyzed following administration of either drug except the R-zop
and R-desmethyl zop were below detection limit following S-zop administration indicating that the S- did
not convert to the R-zop after oral administration. The highest levels of exposure in both sexes after either
drug, were to R-zop and R-desmethyl zop. (tables from sponsor). Generally females had higher levels
than males particularly on d29. Tp,, for S-zop was reached between 0.5-2hr postdose in both sexes after
RS-zop administration and 1-6hr after its own administration. There seem to be no accumulation with
repeated dosing for the S-zop and S-desmethyi following administration of either S-zop or RS-zop.
However, the N-oxide following either cpd administration and perhaps to lesser degree, the R-zop and R-
desmethy! following RS-zop, showed accumulation following repeated dosing. Generally, there was less
than proportional increase in exposure to S-zop and S-desmethyl following S-zop administration whereas,
more than proportional increase noted for the N-oxide particularly between 50 and 100mg/kg/d doses in
both sexes. Following S-zop but not RS-zop, there was sex difference in exposure to the cpds with
females generally having higher levels than males. It is of note that exposure to S-zop after single or
repeat dosing of S-zop at 100mg/kg/d or 200mg/kg/d (corrected), was much higher (>2 fold), than
exposure measured after 200mg/kg/d RS-zop. Similarly, exposures to S-desmethyl following S-zop

36



administration were much higher (1-2x and up to 4x on d29 in f), than those measured after RS-zop
{corrected for dose).

Summary and Conclusion:

Oral daily administration of RS-zop at 200mg/kg/d or S-zop at 50, 100, 200mg/kg/d for 1 month to male
and female mice caused drug related deaths. Clinical signs were seen in all dose groups and were similar
between the S- and RS-zop but more frequent in the former. Mean wt gain was significantly but not dose
dependently reduced in all 3 female groups dosed the S-zop, no effect in males or in either sex of the TK
satellite group; no wt effect in mice dosed the racemate. There were no drug related findings on
hematology, clinical chemistry, or gross necropsy. Some random and not dose dependent changes noted in
organ wis (liver, kidneys, and adrenals) that except for the liver, did not correspond to any histopathology.
Liver centrilobular cytoplasmic pallor was noted in females dosed with both the S- and RS-zop (higher
incidence in the latter), hepatocyte hypertrophy was seen in females dosed the 200mg/kg RS-zop 4/12, and
in only 1/12f dosed 100mg/kg S-zop. It can be concluded that the toxicity profile is similar for the $-
and RS-zop. A NOEL for S-zop could not be determined in this study because a drug related

cause of death could not be ruled out at the S0mg/kg/d S-zop. Therefore, the MTD was
exceeded at the 50mg/kg/d 5-zop in mice.

APPEARS THIS way
ON ORIGINAL

4wk oral tox/TK study of S-zopiclone in mice/Sepracor#190-813 (Cont.)

APPEARS THIS wAY
GN ORIGINAL
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Table Toxicokinetics of (S)-Zopiclone, (R)-Zopiclone, (S)}-Desmethyl-
zopiclone, (R)-Desmethylzopiclone and Zopiclone N-Oxide
after 4 Weeks Oral Dosing of (S)-Zopiclone or (RS)-Zopiclone
in Mice

Zopiclone (8)-Zapiclone {8)-Desmethylzopiclone

Dose Male Female Male Female

(mg/kg/day) AUC [ Cmax | AUC | Cmax | AUC | Cmax | AUC | Cmax

Dav 1

(S). 30 17067 22345 | 7176 | 1390 | 11748

(S). 100 31877 ! . ] 50538 12324 | 1960 | 27220 /

(S), 200 46213 | L 92633 | 19240 | 3700 | 55875 )

(RS)-zop, 200 | 26978 [ 19390 ° 18458 1 2500 | 10548 / _

Day 29

(S). 50 19210 27833 | 7540 [ 2030 | 17913 ]

(S). 100 41305 / [4i638 14930 | 2170 | o880/ |

(). 200 46145 | 59868 | 17708 | 2320 | 37058 |} / :

(RS), 200 17873 ! 18220 7745 1820 | 6430 o

Zopiclone {R)-Zopiclone (R)-Desmethylzopiclone

Dose Male Female Male Female

(mg/kg/day) | AUC | Cmax [ AUC | Cmax | AUC | Cmax | AUC | Cmax

Day 1

(RS), 200 | 39845 (33995 § 6720 [ 72133 5, [ sa410 ] ;

Day 29

(RS), 200 | 26650 ° [ 47490 | 9790 [ 57048 T ¢, T 84660 | [ ]

Zopiclone Zopiclone N-Oxide

Dose Male Female

(mg/kg/day) | AUC | Cmax | AUC | Cmax

Day 1

(S). 50 4073 | 2285

(S). 100 17823 {12843 | /J

{S), 200 22930 ] 23093 |

(RS). 200 9443 [13016 / ]

Day 29 _[

(8).50 7123 4054

(51, 100 31848 13068 /

(5). 200 36383 | 28630

(RS}. 200 8740 ° 23458

AUC, y=ngrhiml: € = ng'ml
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Study Title: 4wk oral tox study of S-zopiclone in rats.

Study No: Sepracor# 190-804° — £ OTI00504
Conducting laboratory and location:
Date of study initiation/termination:Feb 1999/Mar 1999
GLP compliance: Yes/FDA & EC
QA- Report Yes (x)
Lot#/Batch#: for (S) zopiclone:Raw material lot# 120998A; for racemic zopiclone suspension: Raw
material lot # 9809002
Purity/Stability: responsibility of sponsor.
Methods:
Dosing:
- species/strain: SD rats
#/sex/group: main study: 10/sex/gr; TK: 18/sex/dose.
age/b.wt: Swks/113-137g
satellite groups used for toxicokinetics or recovery: 18/sex/dose
- dosage groups in administered units: §- 50, 100, 200, 300mg/kg/d; RS- 300mg/kg/d*. the control
group recerved the vehicle.

* dose reduced to 200mg/kg due to deaths in this gr starting on d2 of dosing.

- route, form, volume, and infusion rate: oral/gavage/vol 12mlkg.

Formulation/vehicle: 2.5% hydroxy propyl methyl celtulose.

Observations and times:

- Clinical signs & mortality: 2x daily and as needed.

- Body weights: predose, start of dose, 2x weekly, and end of dosing.

- Food intake: predose and weekly thereafier.

- Water intake: determined over a 7d period during the 3 wk of study.

- Ophthalmology: predose and once during wk4 (indirect and/or direct method to include anterior portion,
optic media, and ocular fundus).

- Clinical Chemistry/hematology: end of study, blood was collected from the orbital sinus.

Urinalysis: during wk4.

- TK: blood collected from non-fasted all TK rats on days1&28. There were 3rats/time point/gr at 0.5, 1,
2, 4, 6, and 24hr postdose. Plasma levels were determined for: S- & R-zopiclone, S & R-zop N-oxide, and
S5- & R-desmethylzopiclone. Note that TK was done by — » HOt _ -

- Gross necropsy: end of study.

- Organ wits: adrenals, kidneys, ovaries, salivary gland, thymus, brain, liver, pituitary, spleen, uterus, heart,
lungs, prostate, testes/epididymides.

- Histopath: 5 micron sections and stained with H&E and examined microscopically.

Results:

Clinical signs: similar to other studies, hunched posture, lethargic, unsteady gait, distended abdomen,
piloerection, partially closed eyes, and shallow/irregular breathing. Signs were seen in all dose groups. The
animals that were found dead or killed in moribund had marked and long lasting lethargic and unsteady gait
with rats showing hunched posture, piloerection, shallow breathing, and cold body.

Mortality: all males and females dosed 300mg/kg S-zop were killed on d6 of dosing, 1m in the TK group
dosed 300mg/kg was found dead on d! of dosing,
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4wk oral tox study of S-zopiclone in rats/Sepracor# 190-804 (Cont.)

Dose {m Mortalit Cause of Death
300/200 RS 7f killed d2
If found dead d3
If killed d2
2008 2f killed on d2
3008 im found dead d2
100 8§ Im killed on d29
508 1f killed d29

Total deaths: all rats in 300mg/kg S- killed on d6 in main study and those in TK study, killed d7
8/28 rats dosed 200mg/kg RS- killed d2
2/28 rats dosed 200mg/kg S- killed d2
1/28 rats dosed 100mg/kg S- killed d29
1/28 rats dosed 50mg/kg S- killed d29

There were 9f rats in the 300mg/kg RS- group that were found dead or killed.

B. wt & Food Consumption: no drug related effects.

Hematology: there were changes in some parameters that reached statistical significance and some were
dose related. These findings were as follows:

Dose (mg/kg) Parameter finding

Week 2

1008200 (S) neutrophils Tm dose-dependently
all 3doses (S}  eosinophils dm

all 3 doses ()  MCHC If

all 3 doses (8) lymphos f

100&200 (8) RBC&HD It

all 3 doses (S}  basophils Iim

1008200 (S) retics Tt

Week 4

All 3 doses (S} &

200 RS MCV&MCH Tmé&f dose dependentty
100&200 (8S) HcT Lf but Tm

200 RS APTT&fib Tf

all 3 doses (S)

1008200 (S) RBC & Hb {f dose dependently
200 (S) MCHC Imé&sf

all 3 doses (S) WBC Tm

1008200 (S) neutros Tm&f (not sig in f)

all 3 doses(S)  monos If

all 3 doses (S) &

200 RS baso Im&s

all 3 doses (S) &

200 RS retics Tmé&f

1008200 (S) platelet Lmé&f (not sig in 100mg/kg males)
200RS fibrinogen Tmé&f (not sig in m)

40




These changes ranged between 2-9.6% for the above parameters with 15-20% decrease in platelets in
females, 8-23% increase in WBCs in males, and 40-60% increase in neutros in males and females; all
relative to the corresponding controf values.

4wk oral tox study of S-zopiclone in rats/Sepracor# 190-804 (Cont.)

Clinical Chemistry: the following changes reached statistical significance:

Dose Parameter Finding

(mg/kg)

Week 2

100&200 (S) ALP&ALT Tmé&f dose dependently

all 3doses(S) AST Tm&f (not sig in 50mg/kg males)

dose dependently
all 3 doses (S) &

200 {-/+) HBDH&LDH Tf

1008200 {S) creatinine Tmé&f (in males only in 200mg/kg)

100&200 (S) Na Tmé&f

1008200 (S) Ca dmé&f

Week 4

All 3 doses (S) &

200 RS urea Tm&f (not sig in all groups nor in 50mg/kg m),
dose dependent.

all 3 doses (S) &

200 (-/+) creatinine Tm dose dependently

100&200 (S) &

200 RS ALP Tm dose dependently (sig only in RS and 200mg/kg S-)

all 3 doses (S) &

200 R3 ALT Tf dose dependent

all 3 doses (S) &

200RS T. protein & Glob Tm&f (A/G ratio also increased in all grs)

Inconsistent findings for cholesterol, Ca, Na, and Cl between males and females.

The above changes ranged between 3-25% relative to the corresponding control values and for the liver
enzymes, changes were 1-1.4 times the values in the control.

Organ wts: mean absolute and/or relative wis of the following organs were affected by the drug reaching
statistical significance in all or some drug groups

Liver & Kidneys: Absol and relative wt increased dose dependently in males and females of all drug .
groups with statistical significance in almost all dose groups relative to corresponding control. These
changes ranged between 10-55% for the liver and 4.7-11% for the kidneys; compared with the
corresponding controls.

Ovaries: absolute and relative wt increased dose dependently in females of all drug groups {10-18%).
Thyroid: only absolute wt in all females dosed 200mg/kg RS and S was increased (1.2-1.3x the control).
Thymus: absolute and rehtive wt decreased in all male and female drug groups (15-24%).

Adrenals: absolute and relative wt in all female drug groups decreased dose dependently but not
significantly but, the standard deviation in the control group was very large (0.44+1.3%).

Heart: inconsistant findings for males and females but values reached significant levels relative to control.
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Testes: absolute and relative wt decreased only in rats dosed the racemate (7%).

4wk oral tox study of S-zopiclone in rats/Sepracor# 190-804 (Cont.)

Gross Necropsy: in animals that were found dead or killed in moribund: females dosed R3-zop showed
dilation of collecting tubules and ducts as follows: minimal 1/8, slight 3/8, moderate 2/8 (total 6/8), those
dosed 300mg/kg (S)zop showed foci of basophilic/regenerating tubules minimal in 3/10f and
papillary/medullary calculi in 3/10f and minimal mineralization in 1/10f,

Histopath:

Dead or killed rats; control incidence is 0 unless specified otherwise:

Spleen extramedullary erythropoiesis 6/8f in 200mg/kg RS-zop and 10/10f 300mg/kg S-zop.

Stomach- non glandular: 5/10f dosed 360mg/kg S-zop showed diffuse epithelial hyperplasia (minimal).

Terminal sacrifice animals; control incidence is 0 unless specified otherwise:
Epididimydes: interstitial edema, epithelial vacuolation in all drug groups, 9-10/10 RS-zop and 5-1¢/10 in
each group dosed S-zop.

Kidneys: basophilic regenerating tubules increased incidence in all male and female drug groups relative
to control as follows: males: 2/10, 9/10, 7/10, 5/10, 3/10 and females: 1/10, 8/10, 1/10, 4/10, and 5/10, in
control, RS-zop and 50, 100, and 200mg/kg S-zop groups respectively.

Liver: hepatocyte centrilobular hypertrophy in Rs-zop and 200mg/kg S-zop male and female groups as
follows: males: 10/10 & 10/10, females: 7/9 & 5/10, respectively.

Pituitary: diffuse hypertrophy and vacuolation 2/10, 10/10, 5/10, 10/ 10, and 10/10 males dosed control,
RS- and S-zop groups respectively.

Stemach- non glandular: diffuse epithelial hyperplasia seen in 5/10 and 2/10 maks dosed RS- and
200mg/kg S-zop respectively, and in 1/9 each in RS- and 200mg/kg S-zop.

Stomach — glandular: slight to minimal mucosal atrophy in 7/9f dosed RS- & 2/10f in 200mg/kg S-zop.

Mammary gland: diffuse lobular hyperplasia (minimal) 4/9f dosed RS-zop and 1/10 each in
100&200mg/kg S-zop dosed females.

Thyroid Gland: follicular epithelial hypertrophy (minimal to moderate) in females 8/9 dosed racemate,
4/10f dosed SOmg/kg S-zop, and 10/10 each in females dosed 1008&200mg/kg S-zop. However, in males,
this finding was seen in all 10 animals of each group including the control but the severity was more in
drug groups (moderate vs. minimal in control).
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4wk oral tox study of S-zopiclone in rats/Sepracor# 190-804 (Cont.)

TK:
Table below presents means+s.d. values:

Dose (mg/kg/d) Cmax (ng/ml)
Dayl Day28
m f m f

300/200 RS- S- 6283+4041 115334777 1005+1808 16633+2902
S-desmethyl- 286741223 13744689 10690416992 4367+1085
N-oxide [955+944 1241+370 3867+1424 32734452
R- 453312816 8640+4818 6860+2302 11367+2669
R-desmethyl  3257+1223 15804387 10673+6996  4247+1392

50 §- S- 23704935 5083+4308 6373+1004 12853+4456
S-desmethyl-  1583+968 9474562 31374367 29534227
N-oxide 410+128 268+175 1053+157 039+249

100 S- S- 564342695 7243+3946 8990+3595 1703343371
S-desmethyl- 2683+2168 892+346 938014608 3240+1858
N-oxide &61+298 472+166 12054383 16734531

200 S- S- 114003608 2296746292 1426743347 2533343512
S-desmethyl-  2850+987 1840+1108 1533343287  7725%
N-oxide 1672+656 10994309 4230+173 3697+798

300 8- S- 1463347539 2233347158 - -
S-desmethyl-  5367+2870 3057+240 - -
N-oxide 1816+895 1053+177 - -

only 2 out of 4 rats were sampled therefore, no s.d. was calculated.
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4wk oral tox study of S-zopiclone in rats/Sepracor¥# 190-804 (Cont.)

Dose (mg/kg/d} AUC0-24hr (ng.hr/ml)
Dayl Day28
m f m f
300/200 RS- S- 65724 159493 75919 175346
S-desmethyl- 41474 28878 140734 69534
N-oxide 11765 11235 23237 21791
R- 34245 62718 32822 42502
R-desmethyl 38642 29644 146108 66762
50 S- s- 18005 40344 36046 76831
S-desmethyl- 13543 12611 41108 29791
N-oxide lol4 2330 5132 3011
100 S- S- 32546 49608 59952 119499
S-desmethyl- 27165 13344 79404 51721
N-oxide 2954 1780 11009 13021
200 S- S- 70309 138607 102724 161642
S-desmethyl 42142 26020 112144 69888
N-oxide 7743 6646 25095 20261
300 §- S- 101992 244180 - -
S-desmethyl 92578 57395 - -
N-oxide 10065 11593 - -

Based on the above data and in general, Cmax and AUC increased non-linearly with dose with values
going either direction i.e. > and < than proportional to dose. Also, values were higher on day 28 as
opposed to the corresponding values on day 1 indicative of accumulation. Drug accumulation with
repeated dosing may be due to lower clearance, non-linear kinetics, metabolites, and/or enzyme saturation.
The latter may not be the case here since the parent as well as the metabolites were accumulating. The
drug seemed to be readily absorbed, Tmax ranged between 2-6hr for the S-zop following administration of
RS-zop and 0.5-1hr after dosing the S-zop. Mean Tmax values for the S-desmethyl were 1-4hr, for the
N-oxide 0.5-1hr following administration of the 8-zop and 2-6 and 0.5hr respectively, following dosing with
the RS-zop.

The R-zopiclone mean values for Cmax and AUCO-24hr after dosing with the racemate:

Day | males: 4533+2816ng/ml females:; 8640+4818ng/ml
34245ng hr/ml 62718ng.hr/ml!
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Day 28 males: 6860+2302ng/ml females: 11367+2669ng/m!
32822ng hr/ml 42502ng.hr/ml
The R-desmethyl values were:
Day 1 males: 3257+1223ng/mi females: 1580+387
38642ng.hr/mi 29644ng hr/ml
Day 28 males: 10673+6996ng/ml females: 4247+1392ng/ml
146108ng.hr/ml 66762ng hr/ml

4wk oral tox study of S-zopiclone in rats/Sepracor# 190-804 (Cont.)

Mean Tmax for the R-zop was 0.5-1hr and for its desmethyl metabolite was 2-6hr. PK values for the R-
and its metabolites were below quantitation limit following administration of the S-zop.

Summary and Conclusion:

Oral gavage administration of 200mg/kg/d RS- and 50, 100, and 200mg/kg/d S- zop for 1month to rats
caused death at all doses (1f at 50mg/kg/d), some of the animals died due to gavage accidents others, the
cause of death was drug related. Clinical signs were seen in all drug groups and included: hunched
posture, lethargic, unsteady gait, distended abdomen, piloerection, partially closed eyes, and
shallow/irregular breathing. Signs were seen in all dose groups. There were findings in hematology and
clinical chemistry that reached statistical significance but were small, random (not in both sexes), and non-
dose dependent. Effects that were dose dependent included decrease in RBC & Hb in females on both
wks2&4, increase in neutrophils in males wk2 and in both sexes on wk4 rats dosed 100&200mg/kg S-zop
and, increase in MCV & MCH in all the 8- groups and the 200mg/kg RS-zop on wk4. Dose dependent
and sigmificant clinical chemistry findings included increase in ALT, AST, & ALP in males and females
dosed 1008200 or ali 3 doses on wk2 and on wk4, levels of ALP were increased dose dependently in
males dosed the RS and >100mg/kg S-; ALT was also increased dose dependently but only in S-zop
treated females and in 200mg/kg RS-zop. Total proteins, globulin, and A/G ratio were increased in s-zop
treated m+f and the RS-zop 200mg/kg group. Urea and creatinine increased in both sexes dosed all 3
doses of the S- and the 200mg/kg RS dose depndently. These changes were relatively small upto 23% of
the control and the enzyme changes were <2x those of the control. Mean wts of the liver and kidneys in
both sexes of all drug groups were increased relative to the control and accompanied by histopathology.
The incidence of basophilic regenerating tubules increased in all male and female drug groups relative to
control and the incidence of hepatocyte centrilobular hypertrophy was increased in the RS- and 200mg/kg
S-zop m and f groups as follows: males: 10/10 & 10/10, females: 7/9 & 5/10, respectively. Incidence of
thyroid follicular epithelial hypertrophy was 8/9 females dosed the RS, 4/10f dosed 50mg/kg S-,
and 10/10 each in females dosed 100&200mg/kg S-zop. However, in males, this finding was seen in
all 10 animals of each group including the control but the severity was more in drug groups (moderate vs.
minimal in control). Also pituitary hypertrophy and stomach hyperplasia were seen. Mean Cmax and
AUC did not increase linearly with dose, values seemed to accumulate with repeated dosing. The MTD
was exceeded in females at 50mg/kg/d S-zop and 200mg/kg/d RS-zop. The 50mg/kg/d males may be
considered the NOAEL though histopathelogy of epididymides was seen at this dose. A NOAEL could
not be determined in this study due to clinical signs, death, and histopathology in the lowest
dose of 50mg/kg/d.
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APPEARS THis WAY
ON ORIGINAL

Study Title: 4wk oral tox study of S-zopiclone in dogs

Study No: Sepracor# 190-810 - OTI00505

Conducting laboratory and location: -

Date of study initiation/termination: Mar 1999/Apr 1999

GLP compliance: Yes/FDA & EC

QA- Report Yes (x)

Lot#/Batch#: for (S) zopiclone: AT737 SA1001E,F/Raw material lot# 120998A; for (-/+) zopiclone
suspension: AT737 SA1002E,F/Raw material lot # 9809002

Purity/Stability: responsibitity of sponsor.

Methods:

Dosing:

species/strain: beagle dogs

- #/sex/group: main study: 3/sex/gr.

- age/B.wt: 6-8months/10-15kg

- satellite groups used for toxicokinetics or recovery: NA

dosage groups in administered units: S- 2, 5, 10, 20mg/kg/d; RS- 20mg/kg/d *. the control group
received the vehicle.

- route, form, volume, and infusion rate: oral/gavage/vol 0.4-4mlkg

Formulation/vehicle: 2.5% hydroxy propyl methyl cellulose

Observations and times:

- Clinical signs & mortality: 2x daily and as needed.

- Body weights: 2x weekly and on day of necropsy.

- Food intake: daily during last wk of acclimatisation and dosing periods.

- Ophthalmoscopy: pre-dose and once during wk4.

- Clinical Chemistry/hematology: non-fasted blood samples collected from jugular vein before study, 1wk
into study, and end of study during wk4.

- Urinalysis: 18hr urine samples collected before study and wk4 .

- EKG: prior to study, before dosing, and Lhr after dose during wk4. Leads I, II, and III, as well as AVR,
AVL, AVF, and HR,

- TK: blood from non-fasted dogs was collected from all dogs on days1&28 at 0.5, 1, 2. 4, 6, and 24hr
postdose. Plasma levels were determined for: S- & R- zopiclone, S- & R- zopiclone-N-oxide, and 8 &
R- desmethylzopiclone. Note that TK was done by . _ o 101t -

- Gross necropsy: end of study.

- Organ wts: adrenals, kidneys, ovaries, salivary gland, thymus, brain, liver, pituitary, spleen, uterus, heart,
lungs, prostate, testes/epididymides.
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- Histopath: Smicron sections and stained with H&E and examined microscopically.

* an oral MTD study in dogs (study#OTI00515/Sepracor#190-803), was done to determine the doses for
this study. One male and one female beagle dogs were dosed orally for 2wks with S- or RS-zop at
40mg/kg (Sml’kg). The vehicle was as in all other studies, 2.5% hydroxypropyl methyl cellulose at
25mg/ml. Marked clinical signs were scen in the 2 dogs, dosing was stopped after a single 40mg/kg dose
and the dogs were drug free for 3days. Dose was reduced to 30mg/kg that also produced the same
marked signs, and dosing was stopped; dogs were killed on d9. Dogs lost wt over the 9d dosing period,
mean RBC, Hb, and HeT was reduced in the males. The LDH and HBDH were markedly reduced in
both the RS- and S-zop. Lesions on the lips and red foci on bladder were considered drug related findings;
one male had an enlarged liver. It was concluded that doses >30mg/kg are not well tolerated by the dog.

4wk oral tox study of S-zopiclone in dogs/Sepracor# 190-810 (Cont.)

A 2 oral MTD study was done at lower doses (OTI00516) to determine doses for 1month dog study. In
one part of the study, 1 beagle dog/sex was gavaged Smg/kg/d for 1-7days, followed by 10mg/kg/d for 8
10d, 15mg/kg/d for 11-14d, and 20mg/ke/d for 15-20d. in the 2™ part of the study, ldog/sex was dosed
20mg/kg/d for 8d. There were no deaths in any group, clinical signs were observed at all doses and were
were similar to other studies: agitation, salivation, incoordination, unsteady gait, red pinnae and mouth,
ulceration of nose and muzzle, and vocalization, Mean body wt was reduced in all groups without an
effect on food intake. No other drug related findings except for decrease in RBC, Hb, and HcT in dogs in
part 1 of study and at necropsy, reddening of duodenal mucosa. It was concluded that 20mg/kg/d is well
tolerated in dogs.

Based on the above 2 studies, doses for the 1month study were selected to be up to 20mg/kg/d.

Results:

Mortality: none in any group.

Clinical signs: in all drug groups: unsteady gait, partially closed eyes, agitation, lethargy and vocalization.
Abnormal color of pinnae, mouth, perinasal area and paws were seen in all drug groups. In addition,
lesions in these areas were found at doses >Smg/kg/d of S-zop and 20mg/kg RS-zop. The
sponsor stated that these lesions took 1 week to heal while dosing continued. Its unclear
whether these lesions are drug related.

B.wt: animals in drug groups lost wt over the 1-28day period whereas, the control dogs gained 0.7%
males and 0.8% females. The gains/losses were as follows over the 1-29 day period: males: -0.06, -0.52, -
0.44, -0.58, and -0.34kg in 20mg/kg/d RS- zop, 2, 5, 10, and 20mg/kg/d S-zopiclone respectively, the
corresponding values in females are: -0.72, -0.05, 0.05, -0.20, and -0.20kg respectively. These values
represent loss of 2.7-4.4% in males and 0.4-1.7% in females dosed the S-form and 0.5&5.7% loss in m
and f dosed the racemate; control males and females gained 0.7&0.8% respectively, and the females
dosed 5Smg/kg S-zopiclone gained 0.4%.

Food Consumption; no drug related effects.

Ophthalmoscopy: no drug related effect.

EKG: no drug related effect except for a relatively small decrease in mean HR relative to corresponding
controls in males and females dosed 20mg/kg S-zop measured Lhr postdose on wk4 (104 vs. 121bpm in m
and 115 vs. 126bpm in 1).

Hematology: generally no effects however, a non significant and not dose dependent increase in mean
platelet (1.2-2x over control), was seen in m&f of all doses during both measurement periods (wk2&4).
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Also in females of all dose groups, mean lymphocyte number was decreased relative to the control (22-
41% less than control), during both wks2&4,
Clinical Chemistry: the following were changes from control values but none reached statistical

significance and generally were not dose dependent: females wks2&4: increases in ALP & HBDH
(alpha-OHbutyrate dehydrogenase) and on wk2 levels of ALT were also increased in all drug groups. In
males/wk2, elevation in ALP & AST were seen in 20mg/kg S-zop, and on wkd4, ALP levels were
increased in both 10&20mg/kg S-zop groups relative to the control.

Organ wts: dose dependent decrease in mean absolute and relative thymus wt in all female drug groups
relative to the control and a decreasing trend observed in males for both absolute and relative wts except
relative wts were increased in 5& 10mg/kg/d S-zop groups relative to the control. Mean absolute and
relative wt of the prostate was decreased not dose dependently in all drug groups relative to the control.
A decreasing trend in mean absolute and relative wt of the spleen was also seen in all male drug groups
relative to the control. No other findings and no effect on liver wis.

Histopath: no findings related to the drug except in epididymides (see summary).

4wk oral tox study of S-zopiclone in dogs/Sepracor# 190-810 (Cont.)

TK: dogs were exposed to all cpds and there was no sex difference in TK parameters. Exposure to S-zop
after administration of S-zop was less than that measured after administration of the R$-zop i.e. no
difference in exposure after administration of either cpd (table from sponsor):

Mean AUC, ,,, (S)-zopiclone after (S)-zopiclone administration/ Mean AUC,,,, (8)-
zopiclone after (RS)-zopiclene administration (dose-adjusted)

Day 1 Day 28
Male Female Maje Female
72.8% 738% 864 % 106 %

Exposure to S-zop increased almost linearly with increase in dose in both sexes, there seem to be some
accumulation with repeated dosing at 1.6-3.3x more on d28 than day1. For the S-desmethyl metabolite,
apparent terminal t,,; after administration of S-zop at all doses and RS-zop at 20mg/kg/d ranged from
4-20hr (the sponsor stated that these estimates are not reliable). The kinetics of S-desmethyl were non-
linear with respect to both time and dose; there seem to be no accumulation of S-desmethyl after repeated
administration of S-zop and RS-zop. R-zop and R-desmethyl were below detection limit following
administration of S-zop but the dogs were exposed to measurable levels after administration of RS-zop.
The N-oxide was increased with increase in S-zop dose at more than proportional increase in exposure
after repeated dosing (up to 4x more on d28 than values on d1). Tables from sponsor:

Appears This Way
On Original
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Table 35
(S)-Zopiclone Toxicokinetic Parameters Following Oral Administration of
{RS)-Zopiclone at 20 mg/kg/day to Male Dogs

Day 1
Parameter 201 203 205 Mean SD
Cou(ng/ml) 3957 1031
()] 2% -
AUC,,, (ng.h/mi) 41149 15337
AUC, ;4 (ng.vml) 41149 15337
AUC,.., (ng.h/mi) 43261 14847
A, (/h) 0.132 0.0502
tna (h) n 1.80
R: 1.07 0.0485

Day 28
Parameter 201 203 205 Mean SD
C,x (ngfml) T 11620 2372
t.. () 0.54 -
AUC,, (ng.b/mil) 44761 21156
AUC, ., (ng.vml) 61122 10059
A () 0.214 0.0281
te () 3.27 0.401
R, 1,57 0.354

4wk oral tox study of S-zopiclone in dogs/Sepracor# 190-810 (Cont.)

APPEARS THIS WAY
ON ORIGINAL
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Table 36
(8)-Zopiclone Toxicokinetic Parameters Following Oral Administration of
{RS)-Zopiclone at 20 mg/kg/day to Female Dogs

Day 1
Parameter 200 202 206 Mean <D
.. (ng/ml) 3280 178
toas (B) 2% .
AUC,. (ag.t/mi) 40812 7122
AUC,.,, (ng.h/ml) 40812 7122
AUC,. (ng./mi) 39002 -
X, () 0.183 -
tin(h) : 318 -
Ry 1.01 -
Day 28
Parameter 200 202 206 ) Mean SD
Co (n2/mly - 7383 1584
e (1) 1# -
AUC,. (ng.W/ml) 61283 15509
AUC, 34 (ng.h/ml) 61283 15509
A, (M) 0.232 0.0360
t.::(h) 1.03 0.466
R, 1.53 ©0.408
# = Median
NC = Notcalculated

»
il

Unreliable estimate; only 3 data points used in the regression

Meants.d Cpax and AUC24 of S-zop on d28 after administration of S-zop were as follows:

Dose (mg/kg/d}) Cp, (ng/ml) AUCy » (ng.hr/ml)

2 1420+67t m 6610:+304m
2647+1757F 11,162+1656

10 3343+1033 m 42831413424 m
739742839 f 34,768412,231 f

20 14.967+7342 m 105,673+33,180 m
16,667+5354 129388+26,148

Mean values of S-zop after administration of RS-zop were:

20 RS-zop 11,62042322 m 61,122+10,059 m
T383+1584 61,283+15,509 f
4wk oral tox study of S-zopiclone in dogs/Sepracor# 190-810 (Cont.)

50




Summary and Conclusion:

Daily oral administration of S-zop and RS-zop for 4wks to dogs did not cause death upto 20mg/keg/d.
Clinical signs were observed in all drug groups and included: unsteady gait, partially closed eyes, agitation,
lethargy and vocalization. Abnormal color of pinnae, mouth, perinasal area and paws were seen in all drug
groups. In addition, lesions in these areas were found at doses >5mg/kg/d of S-zop and 20mg/kg RS-zop.
The spansor stated that these lesions took 1 week to heal while dosing continued. These
lesions seems to he drug related since they have been seen in all 3 dog tox studies. Mean body
wt was decreased in all drug groups over the 1-28day period relative to a gain in control dogs. This wt
loss ranged between -0.05 to -0.72kg, these values represent loss of 2.7-4.4% in males and .4-1.7% in
females dosed S-zop and 0.5&5.7% loss in m and f dosed RS-zop. There were no drug related effects on
EKG, a relatively small decrease in mean HR vs. the corresponding controls was recorded in maks and
females dosed 20mg/kg S-zop lhr postdose on wk4 (104 vs. 121bpm in m and 115 vs. 126bpm in f). No
consistent drug related effects were observed on hematology or clinical chemistry except for a 22-41%
decrease in mean lymphocytes drug treated females during both wks2&4 and increases in ALP, AST, and
HBDH in females and/or males. Dose dependent decrease in mean absolute and relative thymus wts
were seen in all female drug groups relative to the control; a decreasing trend was seen in males for both
absolute and relative wts except mean relative wis were increased in 5& 10mg/kg/d S-zop groups relative
to the control. Mean absolute and relative wt of the prostate was decreased not dose dependently in all
drug groups relative to the control. A decreasing trend in mean absolute and relative wt of the spleen was
also seen in all male drug groups relative to the control; no other findings None of the wt changes
correlated with histopathology. Table below from the sponsor shows histopathology in the epididimydes.
These effects were not dose dependent and because of the small number of dogs in the study, a clear and
meaningful conclusion can not be made. The NOEL in this study is 2mg/kg/d note that although clear
drug related effects were not seen upto 20mg/kg, there were trends of changes in organ wts, mean body
wit, and clinical signs that were observed wm all drug groups and histopath findings in the epididimydes in the
Smg/kg/d dose group, alk relative to the control. Some of the of the findings in the dog are similar to those
observed in rats and mice studies and they seem to be drug related.

Histopathology Findings in Male Dogs Following Oral Administration of
(S)- and {RS)- Zopiclooe

[ Organ/Finding Coatrol | (S} Zopiclone | (S) Zapiclone | ($) Zapiclome | (S) Zopiclone | (RS} Zopiclone
{a=3) 2 mg/kg/day S ma/kg/day 10 mg/kg/day 20 mg/kg/day 20 mg/kg/day
EPIDIDYMIS
Sperm granuloma 0 1] o 2 1 ¢
{modcraic)

Spermatococle 0 2} | 9 i} o
(slight)

Granulomatous L] 4] | 1 0 )
inftammation

(slight)

Total # of dogs affecied (V] a | 2 t ]

51




Study title: 3 month oral gavage toxicity study of S-zopiclone in mice with 1 month
recovery/Sepracor# 190-819/ — #312046.

Conducting lab: ° —_

Study Iitiation/Termination Dates: Dec 1999/Apr 2000

GLP: Yes (x) Japanese, OECD, and US FDA

QA: Yes(x)

Drug LotvBatch#/purity: for S-zop 0290002.. —~ . for RS-zop 79910002 purity —

Species/Strain/# per dose/sex: CD-1 mice; 26/sex/group; TK satellite group 18/sex/dose and the control
vehicle group consisted of 8/sex.

B.wt./Age at study initiation: 25-39g for males and 20.8-29.7g for females/8wks old.

Doses: 50, 100, 200mg/kg/d S-zop* and 200mg/kg/d RS-zop. Both cpds were prepared as oral
suspensions in 0.5% hydroxymethylcellulose (HMC). Dosing volume was either 2.5, 5, or 10ml/’kg
calculated according to the most recent B.wt. TK satellite group was treated similarly to the main groups.
Duration and dosing regimen: once dady oral gavage administration for 3 months with 1 month drug free
recovery period.

* doses were selected based on results from previous dose range finding study . — OTI00512) and
a | month study . _ OTI00513) where doses >300mg/kg/d caused death.

Methods:

At end of 3 months of daily oral gavage dosing, 10/sex/group were killed for primary necropsy,
10/sex/dose were assigned for 28d recovery period, and 6/sex/dose were used for hormone analyses
(TSH, T3, and T4) and for analysis of liver MFO activities (mixed function oxidase). The following
parameters were determined in this study:

Clinical signs/mortality: 1-2x daily observations at 1-2hr postdose with weekly detailed exam.

B.wt. & food intake: weekly beginning 2wks pre-dose. Food intake was calculated as g/animal/day.
Hematology/blood chemistry: at scheduled necropsies on wks 13&17. Blood was collected from the
vena cava of all tox groups at time of primary necropsy (wk13) and at recovery necropsy study wkl7.
Serum Hormones: TSH, T3 & T4 determined on wk13. Sample analyses were done at = —

—

Ophthalmology: predose and wks12&16. Slit lamp and indirect ophthalmoscope were done.
Necropsy: on wks13&!17 on 10/sex/group cranial, thoracic, pelvic, and abdominal cavities were examined.
Organ wt: adrenals, brain, total and caudal epididymides, heart, kidneys, liver, ovaries, spleen, testes,
thymus, thyroid (weighed after fixation), and uterus. These organs were collected and weighed from
10/sex/group.
Spermatogenic parameters : sperm count, morphology, and production rates analyzed in 10/dose on
wki3.
Histopath: standard list of tissues/organs were isolated, fixed, and shipped to
where they were processed and stained with H&E. The prepared slides were then returned
to” — for microscopic exam. Histopath exam was done on all toxicology mice from vehicle, and
HD S-zop and RS-zop also the following organs/tissues were examined for the 50& [ 00mg/kg/d groups:
liver, heart, kidneys, ovaries, testes, thyroids, and epididymides. In addition, livers from recovery groups
dosed the vehicle, 100&200mg/kg/d S-zop, and 200mg/kg/d RS-zop, were also examined. Gross lesions
from all mice were examined as appropriate. One of the protocol deviations was absence of mammary
gland tissue from many slides sent by ~  therefore, wet tissues from 23 females of the
primary necropsy groups were re-examined to ensure presence of mammary tissues and slides were
prepared at = .abs.
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3month oral gavage toxicity study of S-zopiclone in mice/Sepracor#190-819 (Cont.)

Liver Enzyme Analyses: liver samples from toxicology groups dosed 200mg/kg/d S-zop and 200mg/kg/d
RS-zop were collected and stored frozen and sent to -~ or P450 and UDP-
glucuronyl transferase induction analysis. Samples were also collected from the low and mid dose groups
butkeptat ~ for possible analysis depending on the results from — atthe HD.
TK: blood samples were collected from the vena cava of the TK satellite groups at 0.5, 1, 2, 4, 8, and

_ 24hr postdose on last day of dosing (3 mice/time point and each mouse sampled only once in a 24hr
period). TK analyses were done by _— ) Plasma levels were determined for
total zop, total desmethyl zop*, and R-zop, S-zop, and S-desmethyl zop after treatment with RS-zop**.
Brain samples were also collected from the TK groups for drug level measurements.

* the analytical method used was - » because data from previous studies showed
absence of interconversion between the isomers. ** —_ was used for these cpds.
Results:

Mortality: total of 3 deaths occurred: 1 gavage error in RS-zop died on wké of dosing, LD killed in
moribund on dé of dosing and 1HD S-zop died during 1¥ wk of recovery (study d92). The sponsor
considered these 2 deaths not to be drug related because of lack of “dose- or time- related effects” and
the “generally good health of remaining mice in these groups”.

Clinical Signs: qualitatively similar for both drugs but frequency of occurrences was more in the S-zop
than the RS-zop (table from sponsor for some of the findings). In general, clinical signs occurred 1hr

postdose and were absent on next day prior to dosing. Also, generally, signs were observed mainly during'

the 1" 2months of dosing except for the reddening of the ears that was seen during the last month of
dosing. Clinical signs included hypoactivity, partial closure of the eyes, excessive sleeping, red ears, and
excessive rubbing of face on cage surface; there were no clinical signs during recovery period. The
effects scemed to be dose related in frequency though no difference noted in number of animals affected.

FRMARY OF CLINICAL FINDINGS: TOTAL CCCURRENCE/NO. OF ANTMALS

TABLE AANCE 12-22-99 1O 02-22-00
{1-BOUN POST-DOSTNG) pp— 1 2 N & s
rEMALR
BENAVIOR/CHE
-EYROMCTIVITY 171 si/2 168723 132725 115/23
-PARYIAL CLOHURE AIGNT EYE [ TR 52732 130722 156725 123/24
~PARTIAL CLOSURE LEFT EYE 17 1 81712 129/13 153723 121723
-PROFSTRATE LT 2/ 2 [T ] [T ] 0/ 0
-POLL CLOBUXE RIGRY ZYE 0/ 0 bs 0 373 [T 273
-FULL CLOSURE L&YY EYR o7 & o/ q 371 67 & 2
~IMPATRED WUSCLE COORDINATION [ 7] iy v K] LI
-ANTIGL SLERPING [T ] L 2TLfIES o AMr2€- %738 ELar18
~RUBSYSU FACIAL AREA ON CAGE SURFACES /0 K T T 284136 T
~NYPERACTIVITY [TA) es o 1/ 1 6/ & or ¢
~UMKENPT APPEARANCE /1 e/ 0 of o 0/ 0 [T ]
~PRENORS 171 [T ] [T o/ 0 LEN
CARDIO-POLNGERARY
~RESFIRATION ENALLOW [TH ] 1/ 1 o/ 0 [T [T ]
<~EEART WATE DECREASED 6/ 0 /1 [T ] 6/ 0 [T
-RALES (TR} o/ ¢ 2/ 1 LT 30
EXCRETA
-DATED YELLOW MATERTAL VENYRAL TNUNK 0f 0 0/ 6 0/ 0 i1 [ T
-WET YRLLOW WATERTAL TROGENITAL ANEA 0r 0 171 [T [T o/ 0
SPECIAL I
-REDOENRD RIGET FOARLIVE [T 2/ 32 at: 1 or o
~REDPENED RIGHT XAR or 0 - kF & 35/10 40711 w7
~REDDENET LEFT EAR [T ] 4/ & as/10 39730 s 7
-REUOENED FACTAL AREA a’/ 0 er 0 2 2 ol 0
~REDDENED LEFT FORKLING [T i 2 [TA] 171 [T |

1- 0 MQ/RG/DRY 450 WA/RG/OAY{S8)  3-100 MG/KG/DAY(S) 4-200 WI/RG/DAY(B} S-200 MG/X3/DAY(R)
.




3month oral gavage toxicity study of S-zopicbne in mice/Sepracor#190-819 (Cont.)

SMaARY OF CLINICAL FIMDINGS: TOTAL QCCURRENCE/NC. OF AMIMALS

11-Xo0R yosT-DOSTNG} TaRLE XAGE) 12-22-99 0 01-32-00
B TP 1 2 3 4 3
XALN
BREAVIONS CHS
~EYPOMCTTIVITY (TH 123728 159/26 170728 148726
~PARTIAL CLOSURE ALGET IYE [ P} 133/2% 158718 186726 161724
~BARTIAL CLONURE LENT XYR o/ 0 130718 159728 e300 196724
-FULL CLOSURR RIGHT EYK LT ] e/ 0 131 14714 “ 4
-FULL CLOSURE LEFY KYE e/ 0 of b 1313 14714 [T
=IMPATRED MUSCLE COORDINATION 0/ 0 47 4 ar a 17 1 ira
» -ANINAL SLERFTRR —>r i1 203/3% T8/ 26 §38/2¢

-RURKRING PACTAL ANNA ON CAOE SURFACEE o/ 0 16/ % 17624 417725 186728
~HYPRRACTIVIYY [ ] 171 0/ 0 [ T [T ]
~UNKEWFT APVEARANCE [T ] 31 o "1 (TN |
BODY/ INTEGUMENT
~DERMAL ATOMIA [TX] LT 0/ 0 o e (TR )
~DEXYDRATED o/ 0 /1 e o/ 0 ar a
~EMRCIATED [T ] 4/ 1 /o o7 0 LT
CAXDIO-PULMOSALY
-BODY COOL TO TOUCH o0 a1 o/ 0 o ¢ o e
EXCUNTR
~DRIED YELLOW MATERIAL UROGENTTAL ANKA i/ 1 1r 1 a1 87 4 LY
SFECIAL I
-SWOLLEN FACTAL ANEL 67 0 0/ ¢ wa [T} aoe
-REDDSIGD RIGET TORELIMD o0 (Y] 1/ 1 1/ 1 (YR
~EWOLLXN ABDOMIWAL ARER (TR €3 o/ @ e DX
-MEDORNED RIGET EAR_. 0/ T ) Rt TR N sy 1679
~REDDEMED LEFT BAR. ___ or Q X NS LY B v s - 149
-REDDBNID LEYT PONKLINE e 0 90 1/ 1 1/ 1 00

1- 0 NI/FR/DAY 21-50 ¥O/KG/MRY(8) 3-100 MQ/XQ/TAY (A} 4-200 MI/FG/DAY{E) 5-1D0 WO/EG/TAY(R)

B.wt., Food Intake, hematology, serum chemistry, and serum hormones*: no drug related
findings on any of these parameters by either the S- or RS-zop (table from sponsor).

WEEXK 13 aeea BALE —
AMALYSIS GROUP: 0 NG/X0/TAY 30 Na/KG/DAY(8) 100 MQ/MQ/DAT(S) 200 MO/XQ/DAY(8) 200 WG/KQ/DAYIR)
TEE {(vG/mL)

MEAN D.08 0.10 a.18 a.12 0.12
8.0, 0.023 9.061 C.114 g8.027 0.06%
- [ [ § € L2

TOTAL T3 (ng/faL)
MEAM 41.45 40.%0 59.95 $2.3% 65.27
8.D. 12.230 12.398 1%.931 16.080 16.784
n 13 4 6 ) [ ]

TOTAL T4 (u@/d4L)
MEAM 1.18 .10 5.18 6.62 7.18
a.D. 1.7 1.734 a.890 0.018 2.187
L] 5 4 3 € s

----- FEMALE
AMALYAIN GROUP 0 M2/FQ/DAY 30 Wo/KG/DAY(8) 100 NG/EQ/DAY(8) 200 NG/RG/DAY (8) 200 Ma/EQ/DAY(R)
TR {(uG/mL)

MEAN 0.03 0-0% t.07 0.04 0.04
5.D. 0.012 o011 0.056 0.018 9.012
N L1 5 L € 5

TOTAL T3 {agsdL)
MRAR 54.86 60.40 50.886 57.32 56.43
8.0, 9.48% 10.467 2.582 T.449 9.560
o 5 4 5 5 4

TOTAL T4 [uwG/4L}
WEAN 7.10 7.42 6.02 6.50 .80
®.D. 0.453 0.559 1.31¢ 1.05¢ 0.781
| -1 5 5 L] 3

uG/dL = MICROGRAMNS/DECILITER, uG/al, = NICROGRAMS/MILLILITEN,
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3month oral gavage toxicity study of S-zopiclone in mice/Sepracor#190-819 (Cont.)

Ophthalmology: ocular effects were observed on wki2 in all drug groups of both sexes as follows:
Finding cont. 50 100 200 200 RS-zop

Bilateral retinal degeneration males  0/26 1725 5/21 1/25 4722
females 0/25 0/25 4/22 224 421

Opacity males /10 0/10 0/10 0/10 2/10
Females 0/10 /10 011G /10 010

Retinal atrophy males  6/10 NA NA 6/10 3/10
Moderate 6/6 NA NA 6/6 0/3
Severe none NA NA none  3/3

females 3/10 NA NA 5/10 310
Moderate 3/3 NA NA 1/5 none
Severe none NA NA 4/5 373

The retinal atrophy was characterized as being bilateral, diffuse loss of outer regions of the retina beyond
the inner nuclear layer. Lack of correlation was suggested by the sponsor because retinal atrophy was not
observed in the mice with retinal degeneration and that these mice had normal retinal histology. The
sponsor therefore, concluded that the retinal degeneration is of no toxicological significance because it was
not accompanied by trauma or inflammation, no histopath or “clear” dose response, not observed at
recovery period, and no such retinal effects observed in the 3month rat or dog studies* — 12047 &

- 12045 respectively). Because of these arguments, the sponsor suggested that the retinal
degeneration be more appropriately termed ‘‘vascular pallor or retinal hypoperfusion™ the sponsor goes on
to state that although retinal degeneration may have represented a “non-specific 2™ effect”, the finding is
of no toxicological significance. The reviewer can not exclude a drug effect although some points
made by the sponsor are valid, such as absence of any ocular effects by end of recovery.

Organ wits & Gross Exam:. There were no drug related changes on any organ wt. The following small
changes were recorded: relative liver wt to B.wt in 200mg/kg/d S-zop and RS-zop in males and females
was 5-10% increased over the corresponding control values (end of dosing wk13), Mean liver wt relative
to brain wt was increased 4&9% (not significantly) in males dosed 200mg/kg/d S-zop and RS-zop
respectively, whereas, a 15% increase (p<0.05) noted only in females dosed RS-zop 200mg/kg/d with a
not significant decrease in all 3 S-zop female groups. During wk17 recovery, mean relative liver wt to
B.wt was increased significantly (13%) in females dosed 200mg/kg/d S-zop and RS-zop relative to the
control. Similarly at recovery period, mean liver wt relative to brain wt in females was increased though
not significantly, 10.5816% in S-zop 100&200mg/kg/d and 3% in RS-zop, vs. corresponding controls.
Histopathology & Liver Enzyme Analysis: There were minimal to mild liver centrilobular
hypertrophy in HD RS-zop and S-zop that the sponsor considered to be physiological adaptation to
the liver enzyme induction that was described as weak phenobarbital-type of induction. S-zop and
RS-zop at 200mg/kg/d caused in both sexes a significant increase in P450 content and several other
enzyme activities (tables below from sponsor) compared to the control values. Both Z-zop and RS-zop
200mg/kg/d caused a 4.7&5.2 fold increase in CYP2BI10 in male mice relative to the control. Also, the
RS-zop but not the S-zop, significantly increased UDPGT activity as reflected by the increase in thyroxine
glucuronidation.
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Table 2: Effect of {S)-Zopiclone on mouse liver microsomal cytochrome P450 and UGT enzyme aclivities
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3month oral gavage toxicity study of S-zopiclone in mice/Sepracor#196-819 (Cont.)

Sperm Parameters : no drug effect.

TK: generally there was no sex difference in TK parameters with slightly lower values in females than
males. Concentration and exposure increased non-linearly with dose (> proportional). Tables from

Sponsor:

Table 7. Zopiclone Toxicokinetic Parameters Following Oral Administration of 50, 100, or 200
mg/kg/day (S)-Zopiclone or 200 mg/kg/day {RS}-Zopiclone via Oral Administration to Male

and Female Mice

Male Mice* Female Mice*
AllCp 5.4, Can tan AUCu5-24h Conax s
Gaovage Dose {nush'ml) {ngmlL) {h) tigeh mi. } (ngiml) {h
Day 91
S0mg ke day ($) 1917 ! 1536 0.5
1T g ke day (S) 5902 1 5133 0.5
200 myp kg day (S5) 29430 1 8167 0.5
200 mg kg-day {RS) (6330 | 12907 0.5
b) o kesdav (RS
200 me kg-day (R 33208 I 25611 0.s

{R-isomer

*Results are for the (5} isomer unless otherwise noted.

Table 8. Desmethyl Zopiclone Toxicokinetic Parameters Following Oral Administration of 50, 100,
or 200 mg/kg/day (S)-Zopiclone or 200 mg/ke/day (RS)»-Zopiclone via Oral Administration

to Male and Female Mice

Male Mice?

Female Mice*

AllCys 23, Chun T AUy sz Cax Lawan
Capsule Dose {ngeh mL) {ng ml.y thi {ngel: ml.} (ngmk) {h)
Day %1
Sy ke day 13 1015 | (536 0.3
Hing ke dayv {5) 2697 1 4257 4
200 -k day (S) R f X149 3
200 my ky dav (RS) 29KG ! 4338 0.3
200 mp ke day (RS -
o ! 35201 t 18499 |

(Ri-isomer

*Results are for the (S) isomer undess otherwize noted.

Table 9. Zopiclone N-Oxide Toxicokinetic Parameters Following Oral Adwinistration of 50, 100, or
200 mg/kg/day (8)-Zopiclone or 200 mg/kg/day (RS)-Zopiclone via Oral Administration to
Male and Female Mice

Male Mice

Female Mice

AUCH 5240 Cman Uy AUCH 5241 Coux o

Capsule Dose {ngeli il } (ng il ki {ngeh mL) {ngml) (hy
Pray 91

Mimg kg day (S) 4503 0.3 R L5

§00 meky day (5] 13800 / 0.5 7539 0.8

200 mg kg dax 15) MR 0.3 16620 0.5

50247 1 43842 / 0s

200 me ke day {RS)
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3month oral gavage toxicity study of S-zopiclone in mice/Sepracor#190-819 (Cont.)

Summary and Conclusion:

Oral gavage administration of S-zop up to 200mg/kg/d and RS-zop at 200mg/kg/d to mice was well
tolerated. The cause of death in the 2 fernales dosed 50&200mg/kg/d S-zop could not be determined and
was considered by the sponsor not 1o be drug related. Clinical signs were reversible and similar between
the S- and the racemate they included: hypoactivity, partial closure of eyes, sleep, excessive rubbing of
face on cage area and red ears. There were no drug related findings in body wt, food intake, clinic al
pathology, or serum hormones. Bilateral retinal degeneration and atrophy were observed in high dose S
and RS- zop groups though there seem to be lack of correlation because not the same mouse had the 2
lestons. The sponsor dismissed these eye findings as drug related due to absence of such findings in rat
and dog studies, no dose response, no findings at end of recovery period. There were minimal to no
changes in organ wts, mild to minimal liver centrilobular hypertrophy that might have been due to the liver
P450 enzyme induction caused by HD S-zop and RS-zop. Concentration and exposure increased more
than proportional to dose and generally no sex difference noted (slight increase in f than m). Based on
these results, the NOAEL in this study for S-zop in both sexes is 200mg/kg/d.

3 month oral gavage toxicity study of S-zopiclone in rats with 1 month recovery

Sepracor# 190-818/ — Study# — ,12047

Conducting lab — _

Study Initiation/Termination Dates: Dec 1999/Apr 2000

GLP:  Yes (x) Japanese, OECD, and US FDA

QA:  Yes(x)

Drug Lot/Batch#/purity: for S-zop 0290002 ~— ; for RS-zop 29910002 purity —
Species/Strain/# per dose/sex: Sprague-Dawley rats; 15/sex/group; TK satellite group 18/sex/dose and the
control vehicle group consisted of 6/sex.

B.wt/Age at study initiation: 263-277g for males and 192-205g for females/8wks old.

Doses: 25, 50, 100mg/kg/d S-zop* and 100mg/kg/d RS-zop. Both cpds were prepared as oral
suspensions in 0.5% CMC. Dosing volume was 2.5, 5, or 10ml/kg. The TK satellite group was treated in
the same way as the main groups.

Duration and dosing regimen: once daily oral by gavage administration for 3mo with 1mo drug free
recovery period.

* doses were selected based on results from previous Imonth study /¥ — OTI00504) where doses
>200mg/kg/d caused death.

Methods:

At the end of 3mo of daily oral gavage dosing, 10/sex/group were killed for primary necropsy, the
remaining 5/sex/dose were assigned for 49d* recovery period.

*_the study title refers to 30d recovery period whereas study protocol and conduct refers to 45d (wk20):

QA inspection?

The following parameters were determined in this study:
Clinical signs/mortality: 1-2x daily observations at 1-2hr postdose with weekly detaile d exar.

B.wt. & food intake: weekly beginning 1wk pre-dose. Food intake was calculated as g/animal/day.
These were done for all groups.
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Hematology/blood chemistry: for all toxicology groups at scheduled necropsies on wks 13&20. Blood
was collected from the vena cava of overnight fasted rats at time of necropsy.
3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#190-818 (Cont.)

Urinalysis: for all toxicology groups, overnight urine was collected using metabolic cages prior to the day

of blood sampling,

Serum Hormones: for all toxicology groups, TSH, T3, T4, estradiol, LH, testosterone, and prolactin were

determined on wk13&20.
Ophthalmology: for all toxicology groups, predose and wk12/Slit lamp and indirect ophthalmoscope.
Necropsy: complete necropsy to inchude external surfaces, all orifices, cranial, thoracic, pelvic, and

abdominal cavities were examined for all toxicology animals. At both necropsy times, liver samples from

5/sex/group were collected for potential EM processing.

Organ wt: adrenals, brain, total and caudal epididymides, heart, kidneys, liver, ovaries, pituitary, spleen,
testes, thymus, thyroid (weighed after fixation), and uterus. These organs were collected and weighed

from all rats at scheduled necropsies.

Spermatogenic parameters: sperm count, morphology, and production rates for all males from primary

and recovery necropsies.
Histopath: standard list of tissues/organs were removed, fixed and shipped to

— where they were processed and stained with H&E. The prepared slides were then returned
for microscopic exam. Histopath exam was done on all toxicology rats from vehicle, and
HD S-zop and RS-zop also the following organs/tissues were examined for the 25&50mg/kg/d groups:
liver, heart, kidneys, ovaries, right testes, thyroids, and right epididymides. Gross lesions from all rats were

to _

examined as appropriate.

Liver Enzyme Analyses: liver samples from all TK groups (those in the 8&24hr collection times) were
collected and stored frozen. Those from control, high dose S-zop and RS-zop were sent to
- — . forcytochrome P450 and UDP-glucurony! transferase induction analysis. Samples from the

tow and mid dose groups were kept at —
.or the high dose.

TK: blood samples were collected from the retro orbital sinus of the TK groups at 0.5, 1, 2, 4, 8, and 24hr
postdose on days 0, 27, and 89 of dosing (3 rats/time point and no single rat sampled more than once in

24hr period). TK analyses were done by
sponsor layout the use of the TK groups:

Ja—

. for possible analysis depending on the results from

e

The following table from

Group Group Sample 30 1 2 4 g 24
Size Mimunte Hour Hour | Hour Hour Hour

1A &/sex Blood - Yes - - Yes
(fsex Sirain AL 24 hr point - Yes
tme-point) | Liver - At24hrpoint | - - - Yes

24 18/5ex Blood | Yes Yes Yes | Yes Yes Yes
(Isexs Brain Yes Yes Yes Yes | At 24 hrpoint Yes
time-point) | Liver X X X X At2dhepoing | Yes

A 18/sex Blood Yes Yes Yes Yes Yes Yes
(3/sex/ Brain Yes Yey Yes Yes At 24 hr point Yes
time-point) | Liver X X X X | At24hrpoint | Yes

4A 18/scx Blood Yes Yes Yes Yes Yes Yes
(B3/sex/ Brain Yes Yes Yes Yes At 24 hr point Yes
time-point) | Liver X X X X At2dhrpoint | Yes

SA 18/52x Blood Yes Yes Yes Yes Yes Yes
(3/sex! Brain Yes " Yes Yes Yes | At24brpoint | Yel
time-point) | Liver X X X X | At2dhrpoint | Yes

- Indicates that no animal scheduled for that time point. X Indicates that sample will not be collected.
Yes Indicates that sarnple will be collected as scheduled.
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Plasma levels of total zop, total desmethyl zop*, and R-zop, S-zop, and S-desmethyl zop after
treatment with RS-zop**. Brain samples were also collected from the TK groups for drug level
measurements on d89,

3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#190-818 (Cont.)

* the analytical method used was -— because data from previous studies
showed absence of interconversion between the isomers. ** - was used for these
cpds.]

Results;

Mortality: two gavage accidental deaths occurred, 1m in RS-zop and 1f in S-zop 100mg/kg/d dose were
found dead during wks 17&7 respectively. No more deaths in any group.

Clinical signs: seen in all drug groups and included hypoactivity, partial closure of eyes, impaired muscle
coordination, impaired equilibrium, sensitive to touch and hyperactivity. These signs occurred lhr postdose
and were absent by next day dosc and were not dose dependent. No clinical signs observed during
recovery period.

B.wt./Food Intake: the only effect was transient reduction in mean B.wt and wt. gain during the period
of 0to 1 or 2 weeks of dosing that reached statistical significance (p<0.01), in males dosed
50&100mg/kg/d S-zop and 100mg/kg/d RS-zop and all female groups. These reductions in mean wts were
small, 3-5% relative to the corresponding controls and mean wt gain reductions were 18-30% in males and
35-46% in females (not dose dependent)(wk0-1 females: 28, 15, 17, 18, 17g in control, 25, 50, 100mg/kg/d
S-zop and RS-zop respectively). In general, transient body wt changes early on in a study usually reflects
animal daptation to the drug and are of no toxicological significance. Body weight changes during wk0-1 in
males dosed RS-zop corresponded to decrease in mean food intake otherwise, food intake was increased
in 50mg/kg/d S-zop females and both sexes of S-zop and RS-zop 100mg/keg/d throughout the dosing period
reaching statistical significance.

Hematology, Clinical Chemistry, & Ophthalmology: no drug related findings, any changes that
reached statistical significance were either small or not dose dependent and therefore, not considered of
toxicological significance.

Urinalysis: mean total urine volume was significantly increased in both sexes at end of dosing wk13: 13,
20, 34.5%, 24, 29ml in male cont., 25, 50, 100mg/kg/d S-zop and RS-zop respectivety, * p<0.05,

** p<0.01; and the corresponding values in ferales were 8, 11, 21, 35%* 37**ml respectively.
Consequently, mean specific gravity was decreased in females dosed 100mg/kg/d S-zop and RS-zop
(p<0.01}; no other meaningful findings were recorded.

Serum Hormones: there was a marked inter-animal variation in the data as reflected by the large s.d.
values in all hormone measurements of all groups therefore, a meaningful conclusion could not be made.
The sponsor stated that this study was unable to replicate the increase in TSH levels observed
in the preious study conducted by Rhone-Poulene Roerer.

Macroscopic Exam: drug related findings that correlated with organ wt changes and/or histopathology
inciuded the epididymides and testes, at the following incidences:

Small R &/or L epididymides: 0,0, 1, 3, 0 in cont, 25, 50, 100mg/kg/d S-zop and RS-zop respectively,
each out of 10 animals per group.

Small and Soft R &/or L testes: 0,0,0,3, 0in cont, 25, 50, 100mg/ke/d S-zop and 100mg/kg/d RS-
zop respectively, each out of 10 animals per group.

No other drug related macroscopic findings were noted.
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Organ wt: mean absolute and relative liver wt was dose-dependently and significantly increased relative
to corresponding control in mates and females treated groups. The increase over the control values in liver
wis relative to B.wt in males were 15.5, 17, 28% in 25, 50, 100mg/kg/d S-zop 25% in RS -zop relative to
the control value respectively, the corresponding values in female rats were 14, 34, 50, 61% respectively.
In recovery period, mean liver wt were still increased in females dosed 100mg/kg/d S-zop

and both sexes dosed RS-zop, relative to the control. These liver wt increases did not correlate with

3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#190-818 (Cont.)

histopathology but there was an increase in P450 enzyme induction. Mean absolute and relative kidney

wts were increased in males dosed 100mg/kg/d S-zop and both sexes dosed RS-zop, comparable wits were

measured at recovery period; kidney wt changes did not correlate with histopathology. At wk13 necropsy,
; mean absolute and relative epididymides and cauda wts were significantly reduced in all male drug
| groups relative to the control. Decreased wt of epididymides correlated with small size and histopath
finding of subacute inflammation, edema, and epithelial dysplasia. During recovery period, the decrease in
epididymides wt in 100mg/kg/d S-zop and RS-zop was less pronounced than that measured at wk13
indicative of reversal in effect. Mean absolute and relative wt of the testes was decreased in 100mg/kg/d
S-zop relative to the control and correlated with small and soft testes and seminiferous tubule
degeneration; no drug effect at recovery period (table from sponsor). Mean absolute and relative wt of
thymus in females dosed 100mg/kg/d S-zop and RS-zop was decreased relative to the control but with no
effect in males and no histopath correlate. At recovery period, slight thymus wt reduction was still
observed in the RS-zop female group.

WELGETS RELATIVE TO FINAL BODY WEIGNYS (GRAMS/100 GRANS) wEEx 13 o
----- WALE -
GROUP. 0 WG/XA/DAY 25 WG/KG/DAY-E3 S0 WG/FA/DAY-5T 100 MO/KG/DAY-SX 100 MG/TG/DAY-R%
EEART

NEAN 0.343 0.3%50 0.344 0.340 0.343
s.D. 0.0291 0.0277 : 0.0206 0.0138 0.0173
| 10 10 10 10 10

T TRETIS
man 0.446 0.453 a.448 a.343°e 6.423
8.D. 0.0271 0.0176 0.039¢ 0.1459 0.68433
L] 10 10 10 10 10

LY TEETIS
MEAN 0.441 0.451 0.454 0.390 0.431
2.D. 0.0251 9.0284 6.0371 0.1393 0.0467
10 10 10 10 : 10

A 0.176 0.1410 0.110%+ 0.107% 0.1180¢
£.D. 0. 0441 6.012§ 0.0072 0.0149 0.0384
x 10 10 10 10 10
LA EPIDIDYMIS
AN 0.156 0.148 0.116% 0.108%+ 0.113e
8.D. 0.0083 9.0211 0.0107 0.0235 0.0088
= 16 10 10 10 10
BT CAUDA KFID
P c.o80 0.057 0.043e 0.0a54s 0.058
8.1, 0.0268 0.0115 0. 0047 0.0063 9.0324
w 10 10 10 10 1
LT CAUDA EPID .
WEAN 0.063 0.062 0.046%+ 0.046% .04
B.D. 0.0023 0.0111 0.0042 0.0121 0.2074
x 10 10 10 10 10

*r = gignificantly diffexent from the comtrol group at 0.01 using Dunnett's test
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Histopathology: no drug effect in any female group. Findings in males were limited to the testes and
epididymides. Seminiferous tubule degeneration of the testes was observed in 100mg/kg/d

S-zop. This finding correlated as indicated above, with smaller testes and decrease in serum testosterone
levels (though data were highly variable). Epididymal subacute inflammation, interstitial edema, and
dyplasia of epithelial lining were observed in all drug groups compared to minimal to no findings

in control. The severity of these findings were mainly mild (1/10 moderate inflammation noted in

3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#190-818 (Cont.)

control and 30mg/kg/d S-zap) and 3/10 severe hypospermia in 100mg/kg/d S-zop relative to 0/10 in control.
The dysplasia was descibed as follows: “tubules decreased in diameter and lined by disorganized
epithelium, with areas of epithelial hyperplasia (piling up of epithelium), epithelial necrosis, variation in
nuclear size and shape, some mitotic figures, and transmigration of inflammatory cells”. No other drug
related histopath findings.

Sperm Parameters : sperm concentration (# of sperm per gm tissue), and production rates in the testes
were significantly (p<0.05) reduced in 100mg/kg/d S-zop, spenmn concentration in epididymides was also
significantly reduced in 50& 100mg/kg/d S-zop and RS-zop (p<0.01). Sperm motility was reduced
significantly (p<0.01 or 0.05), and dose dependently in S-zop and RS-zop (85.5, 71.6, 8.4, 6.0, 7.0% in
control, 25, 50, 100mg/kg/d S-zop and RS-zop respectively). Sperm morphology was affected in

508 100mg/kg/d S-zop and RS-zop as follows: normally shaped head separated from flagellum or head
absent with normal flagellum, were seen in all drug groups. These effects correlated with both macro-
and micro- scopic findings in testes and epididymides and organ/tissue wt reductions. Generally, all
changes in sperm parameters were absent at recovery period. '

Enzyme Induction: several enzymes were induced by zop and the induction profile is suggested by the
sponsor to be similar to that of phenobarbital. Tables from sponsor:

Table 1: Effect of (S)-Zopiclone on rat liver microsomal protein yield, cytochrome b content, cytochrome

P450 content and NADPH-cytochrome ¢ reductase activity

Treatment Protein yield Cytochrome b Cytochrome P450 NADPH-cytochrome ¢ reductase
{mg protein'g liver) {nmol/mg protein} (nmal/mg protein) {nmob/mg proteinfmin)
Satngles from Sponsoc”
Male )
0 mg/kg/day (vehicle control} 162+ 1.3 0.476 £ 0.040 06700078 644 £8.0
100 mg/kglday: (S)-Zopicione 18000 0.540 £ 0.090 0.745 £ 0.070 739+184
[{W )] {a.n 1.0 (L.1)
100 mg/kg/day: racemic-Zogiclone 000" 0.514 £ 0.052 0.640 + 0.087 TM4A42122
o (1. a.n e - (1.1
' Female
0 mg/kg/day (vehicle control) 14000 0.490 £ 0.026 0.547 £ 0.062 94181 |
100 mg/kp/day: (S)-Zopiclone 14300 0571 £0.053 ¢ 0.564 £ 0.059 10121 |
(1.0) (12) .0 n |
100 mg/kg/day: racemic-Zopiclone 208£22* 0.499 £ 0.074 0.516 £0.069 83{+95" |
{15 ] _(54) (14) |
Sumples from iesiing facilty *
Rat Male Safine ND 0.387 0.796 140
Rat Female Saline ND 0.5%90 0.900 160
Rat Male §i-Naphthoflavone ND 110 238 162
Rat Male Phenobarbital ND 0.689 231 49
Rat Male [sonlazid ND 0570 L13 141
Rat Male Dexamethesone ND 0.668 238 305
Rt MaJe Clofibric acid ND 0.700 1.91 256
*  Vaiues ané imean £ stamdlad doviation of five or six rats. A standard deviatioa of 0 indicates that \he standard devistion is <1% of the mean.
*  Historical data for by and P430. Values zre the average of duplicate determination of poolod samples for NADPH-cytochrome ¢ reductase.
*  Significantly different accoeding to Dunnett’s test (p < 0.05).
ND: Not Determined

Vilues in parentheses indicate the fold increases over conirol or the fraction of conteol {0 mg/kg/day vehicle control),



BEST POSSIBLE COPY

3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#1%0-818 (Cont.)

Table 2: Effect of (S)}-Zopiclone on rat liver microsomal cytochrome P450 enzyme activities

" Tesioterome oriditicn htrophendl Teyonine’
Tratmx ¢ mop [17] 2 T & Sydroxyletion™ Il-hydwyhm‘ glnmudm” Hacaronidation
S;;ﬁfmm Sponsor ©

Omghpiday (whickconrol) 163223 9384107 612155 250420 BTS2 (MO0 060520474 BOOs1S  i08:19  M3sle
100 mghgitay: (S)-Lopiclane  366+36¢ 160255% 19262 1560130% M5:80 3I0:280* 0BS:0N7 11902120° W62+ %9150¢
22 a9 @m 1) @ (L4 (15) {19) {i4)
100 mghgiday: racemic Zopiclone 293£70% 1242520 1244 1902200% 2+ M0S0* 12760280 922N W3¢ 32TaSI
- 8 0y e e @ 1y @y ep 08 L -

Omghgfdey (vehiclecoolrol) 178261 045940399 5604102 268482 10004200 1017  156:050 2962109 (36217 266239
100 mghgiiay: (ShZopiclone.~ 200£35% 2132113 1S4215* 0224 263480 7S0:130* 109£0290 9MeI090  20eU*  B51a22
‘ (16§ 6 @8 G4 0% 04 070) iy (19 {033)

100 mgkg/day: racemic Zopiclone 216+50 503£335: M2e58* 320478 172116 SI0x 1650 099720077  $BA£T6 12620 26240
y g 23 12 @) 60 060 (L)) (8) 0.n

Samples from esting facility”

Rat Male Saline 16% 9.83 429 (840 m 1860 144 989 n 323
Rat Female Saline 197 266 19 ND 6 614 1.2 1550 1 %3
Rat Male f-Naghiboflavone M W3 B2 10 (M 4 It % 166
Rat Maje Phenobarbital 1000 9% 160 1620 5t 8030 168 1350 453 I
Rat Male Tsoniarid 166 H2 u7 581 381 1179 44 1240 s 129
Rat Maic: Dexamethasane %9 153 i 02 e 22400 18 Hn 150 143
Rat Male Clofibric acid 306 440 152 2500 516 5540 149 11800 208 454
: ;ﬁnh“lhﬁ-h_;‘uﬂndpﬂ;qh._'-“*-u- LLLL et st o ol s ol e (o Agpiondin ).
g iy parire
4 Dt o i a0 ueniing proninivin. .
i 0 Hrmerda ok e i o P s o o i R, o i o e o
! Kool ooy Do s o i ey kil

Tuine w- supnenl ol prwicivini
R Loe e
H w-ﬂuﬁ-ﬂuucmL R . .

202 Mo Dot T A N

Based on these data, 100mg/kg/d S-zop and RS-zop caused a moderate induction of liver enzymes (note |
the 46x increase in CYP2B1/2 in females dosed 100mg/kg S-zop). The sponsor considered zopiclone |
induction profile to be similar to that of phenobarbital with an effect ' of that observed with phenobarbital. ‘
TK: table from sponsor:

Zopuclone Resufts®
Gender: . .
(S) or (R3)-Zapiclane AUCy 5244 tngeh by Caan (ngml) tnas (O
(make dayy Day 0 Dav27 Day8& Day 0 Dayv27 Day&  Day 0 Dav27  Day 89
Males
25(5) 83 Fi1s2 Qi37 1 (I s
M8 13362 12694 [H59N [ {15 i
HHHS) 3330 IR 45T .3 2 s
RS 19065 26784 25572 . 0.8 03 1
HUHRS) (R -1somer RO7A 1360 12300 [ [ 1
Females
2545 24477 IROUG 209K | 03 0.5
504%) GEA 290G KRS B 2 (I §
100 (S) 93§67 49648 67203 4 | [{R]
L0 (RS 37025 44805 54911 4 1 0.5
1O (RS {Ri-fsomer 37639 16045 17830 4 | 1.5

*Results are for the (S isomer unfess otheewise noted.



3 month oral gavage toxicity study of S-zopiclone in rats/Sepracor#190-818 (Cont.)

Females had much higher concentrations and exposure than males at all doses. Concentration in both
sexes increased linearly on d0 (after single dose), but less than proportional on days 27&89. Increase in
exposure on the other hand, was variable. Females took longer to achieve Cpay relative to males (1-4hrs
vs. 0.5-1hr respectively). Exposure to the R-isomer accounted nearly to half the amount of the
racemate.

Summary & Conclusion:

Oral gavage administration of S-zop at 25, 50, or 100mg/kg/d and RS-zop at 100mg/ke/d to male and
ferale rats caused no drug related deaths and was well tolerated up to 90days of daily dosing. The
NOAEL in males is <25mg/kg/d based on findings in reproductive tissues, and in females is
100mg/kg/d. There were no significant drug related effects in either sex on clinical pathology
parameters, ophthalmology, urinalysis, or gross morphology and histopathology (in females) up to
100mg/kg/d S-zop and RS-zop. Target organs of toxicity in males were the reproductive tissues, testes
and epididymides wts were reduced, a small decreasing trend noted in serum testosterone, and
histopathology findings were observed. Mean liver and kidney wts were significantly increased but none
of these wt changes correlated with histopathology. Data on serum hormone levels were inconclusive and
did not support the findings reported previously by RPR for RS-zop. S-zopiclone 100mg/kg/d and RS-zop
100mg/kg/d caused mild to moderate induction of liver enzymes and the sponsor stated that the effect was
qualitatively similar to but only % that of phenobarbital. Exposure and concentration were higher in females
than maies and the latter increased linearly following single but not repeated dosing. Changes in exposure
on the other hand, were variable. Exposure after 25mg/kg/d on d89 in males was 9157ng.hr/ml and
in females 20,098ng.hr/ml.

3 month oral capsule toxicity study of S-zopiclone in dogs with 1 month recovery

Sepracor# 190-817/ — study# - 312045

Conducting lab — -

Study Initiation/Termination Dates: Nov 1999/Mar 2000

GLP: Yes (x} Japanese, OECD, and US FDA

QA  Yes(x)

Drug Lot/Batch#/purity: for S-zop 0290002" for RS-zop Z9910002 purity — -
Species/Strain/# per dose/sex: Beagle dogs; 6/sex/group; 4/sex/group were killed at end of 3month dosing
and 2/sex/dose were kept drug free for Lmonth.

B.wt./Age at study initiation: 6.5-8months old at start of dosing.

Doses: 0, 2.5, 10, and 25mg/kg/d S-zop* and 10mg/kg/d RS-zop. Both cpds were admimistered in gel
caps, control dogs received empty gel caps.

Duration and dosing regimen: once daily oral capsule adiministered for 3 months with 1 month drug free
recovery period.

* doses were selected based on results from previous lmonth study ¢ —  # OTI00505) and 2 dose
range finding studies -  — . OTIN0515 & QOTIO0516). These studies showed 30mg/kg/d was not
tolerated but 20mg/kg/d was well tolerated (no more detail was provided for these studies).

The following parameters were determined in this study:
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Clinical signs/mortality: 2x daily observations at 1&4hr postdose with weekly detailed exam. Only once
daily observations at recovery period. Animals at postdose were taken out of their individual cages and
allowed to move freely in the animal room and were observed for any abnormalities.

3 month oral capsule toxicity study of S-zopiclone in dogs/Sepracor#190-817 (Cont.)

B.wt. & food intake: weekly beginning 1wk pre-dose. Food intake was measured daily and weekly
means reported along with B.wt intervals; food intake calculated as g/animal/day. Final fasted B.wt was
recorded prior to each necropsy.

Hematology/blood chemistry/Urinalysis: blood and urine were collected from all dogs predose on -
wk1, end of dosing wk12, and once at end of recovery period study wk16. Blood was collected from the
jugular vein of overnight fasted dogs placed in metabolic cages for urine collection. The following serum
hormones were also determined: TSH, T3 & T4.

Ophthalmeology: predose -wk1 and wk12. Slit lamp and indirect ophthalmoscope were done.

ECG: once predose (-wkl), and end of dosing during wk12 from ali dogs between 2-3hrs postdose;
Leads I, I1, IT], aVR, aVL, and aVF were used. ECG records were evaluated by —_ '

TK: blood samples were collected from 4/sex/group on d0 (1* dose), Imonth, and at 3months (d88 of
dosing) at 0.5, 1, 2, 4, 8, and 24hr postdose. Frozen samples were shipped overnight to —

- a3y party contractor; the data were not audited by — Plasma levels
of total zop and total desmethyl zop were determined by a non-chiral method and levels of R- & S-zop and
R- & S- desmethy! zop following dosing with RS-zop were determined by a - method and
TK parameters calculated.

Necropsy: complete necropsy 10 include external surfaces, all orifices, cranial, thoracic, pelvic, and
abdominal cavitics was done on all dogs at wks 13&17 and those found dead.
Liver Samples: at primary necropsy (wk13), from each dog in control, 25mg/kg/d S-zop, and 10mg/kg/d
RS-zop, 10g section of the liver was collected from the right median lobe immediately after isolation of the
liver, sectioned, rinsed in saline, frozen in liquid nitrogen, and shipped to -

= for cytochrome pd50 and UDP-glucuronosyliransferase induction analyses, Results from

—. were not audited by “— but are included in this report.  Also, Liver samples and
processing were done on livers from dogs in remaining groups and those at end of recovery period but
kept at’ for potential enzyme analysis if warranted by results from primary necropsy. In addition
to the above, small section of the left lobe of the liver was collected, placed in a drop of McDowell-Trump
fixative and cut with a razor blade into Imm cubes. These cubes were then placed in vials containing
McDowell-Trump fixative and storedat™  ~—  for potential EM.
Organ wt: the following organs were isolated and weighed: adrenals, brain, total and caudal epididymides,
heart, kidneys, liver, ovaries, pituitary, spleen, testes, thymus, and thyroid.
Histopath: standard list of tissues/organs from all dogs were isolated, fixed, stained with H&E, and
examined by —

Results:

Mortality: there were 3 total deaths that were considered drug related: 2MDm (#6777&6792) found
dead, the 1™ was found dead within 1hr postdose on d89 and the 2" male was found dead on 2™ day of
recovery period, 1HDf (#6834) was found dead on o day of recovery period. Clinical signs in these
dogs were similar to those in other dogs except for rales in male# 6777.

Clinical Signs: signs were observed in all S- and RS- zopiclone drug groups and included: red ears,
“injected” sclera, salivation, diarrhea (females only), and the following CNS effects: hypoactivity,
excessive sleepiness, tremors, muscle incoordination, circling, prostrate and/or hyperactivity, excessive
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chewing, and sensitivity to touch. Most signs occurred within 1-4hr postdose lasting till next day. Signs

observed throughout dosing and into 1% wk of recovery period before they resolved.

B.wt & Food Intake: there was no drug related effect on food intake. A small, transient and not

statistically significant change was seen in mean wt of mid and high dose females. Mean wt in MD&HDf

was slightly lower than controls starting on wké6 and up. A transient decrease in wt gain APPEARS THIS WAY
3 month oral capsule toxicity study of S-zopiclone in dogs/Sepracor#190-817 (Cont.) ON ORIGIN Al

was seen in all drug groups including RS-zop during wks 1-2 reaching statistical significance in HDf
(p<0.01; -0.740.16kg vs. -0.2+0.08kg in cont. f). In males dosed 25mg/kg/d S-zop mean wt gain was
significantly increased through the entire 13wk of dosing (0-13wk 3.4+0.64kg vs. 2.0+1.13kg in cont.m);
no change in females. Some transient decreases and increases that reached statistical significance were
observed in both sexes. All changes in B.wt and/or wt gain were small, not dose dependent, and were
reversible by end of recovery period.

Hematology: no drug related findings except for platelet count. Mean platelet count was significantly
increased in HDm on wk13 but comparable to control value by end of recovery wk16 (40% more than the
control; 452 vs. 323thous/ul). Mean platelet count was significantly increased in MD&HDS S-zop and RS-
zop groups relative to values in control on wk13 and comparable to control by end of recovery (410,
436thous/ul for MD&HDf and 410thous/ul for RS-zop vs. 31 tthous/ul in cont.f).

Clinical Chemistry: dose related increase in mean ALP in both sexes dosed 10&25mg/kg/d S-zop at end
of dosing (p<0.05; males: 2x & 2.4x the control respectively, females: 1.8x & 2.9x the control
respectively), no other drug related findings. The ALP changes were comparable to control at end of
recovery period. Similarly, there was no drug effect on any of the serum hormones measured.
Urinalysis: total urine volume on wk12 was increased in HDm (3x) and MD&HDf (3x&2.7x
respectively) compared to the corresponding controls (p<0.05 or 0.01) also specific gravity was decreased
in MDf. Non of these findings were considered drug retated.

ECG, Ophthaimology, Macroscopic Exam: no findings.

Organ wts: the only organ wt effect was an increase (p<0.05 or 0.01) in mean absolute and relative (to
body and brain wts) liver wts in both sexes reaching statistical significance in HD and sometimes in MD.
The absolute liver wt changes in males were 1x, 1.2x, 1.6x, and 1.2x in low, mid, and high S-zop and RS-
zop relative to control respectively, and the values in females were 1.2&1.3 in MD&HD respectively,
refative to control. Relative liver wt to B.wt increases in males were 1.1x, 1.2x, 1.4x, and 1.3x in low, mid,
high S-zop and RS-zop respectively, the corresponding values in females were 1x, 1.3x, 1.4x, and 1x.
These liver wt changes were reversible and wts were comparable to controls during recovery period.
Liver Enzymes: cytochrom b3, P450 content, and activities of NADPH-cytochrom ¢ reductase, 7-
benzoyloxyresorufen O-delakylase (CYP2B11; =6x increase in males), and testosterone 16c- and 16f3-
hydroxylase were increased (p<0.05) in HD dogs (m+f) dosed S-zop comapred to the corresponding
control values. Female dogs dosed 25mg/kg/d also had an increase in testosterone 6B-hydroxylation and
thyroxine glucuronidation, HDm also had an increase in 4-nitrophenol hydroxylation and 4-
methylumbelliferone glucuronidation (but none of these enzymes were affected in female dogs); all
changes relative to control values. RS-zop caused in both sexes an increase (p<0.05) in activities of 7-
benzyloxyresorufin O-delakylase (5x over control), and testosterone 16B- and 160.-hydroxylase and in
males, RS-zop caused an increase in cytochrome b5, cytochrome P450 content, NADPH cytochrome ¢
reductase, and 4-nitrophenol hydroxylase. The sponsor indicated that this induction profite of zopiclone is
similar to that of phenobarbital and that zopiclone’s induction is third to half that of phenobarbital.
Histopathology: the only organ affected was the liver in all drug groups including the RS-zop.
Hepatocellular hypertrophy was seen at wk13 necropsy and correlated to increase in liver wt and liver
enzyme induction. The incidence was as follows: 0/4, 3/4, 4/4, & 4/4 in males and in females 0/4, 1/4, 3/4,
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4/4, & 3/4 in cont., low, mid, high S-zop and RS-zop respectively. The hypertrophy was described by the
sponsor as follows; “increased cellular size, rounded cellular borders, acidophilic/ground glass” cytoplasm
with basophilic clumping of cytoplasmic organelles. Moreover, there was variable degree of loss of
hepatocellular plate linearity and structure. At recovery, liver hypertrophy was observed only in
25mg/kg/d S-zop male (2/2), and not present in any other group. The severity of all liver hypertrophy in
both sexes was “minimal”.

TK: ail cpds were detectable following S- and RS-zop adminiseration. Generally, no sex difference in TK
was observed, any differences were small and limited to one dose. There seem to be no cpd accumulation
with time except perhaps for S-zop in both sexes and R-zop in males (table from sponsor).

Increase in exposure and concentration was not dose proportional in S-zop in either sex.

Table I:  Toxicokinetics of (S)-zopiclone, (R)}-zopiclone (§)-desmethy! zopiclone and zopiclone N-oxide
aiter 13 weeks oral dosing of (S)-zopiclone or (RS)-zopiclone

AUC, 5 = ngeshrinl; Cmax = ng/inl,
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Dose (S)-zopiclone (8)-desmethyl zopiclone
{mg/kafday) Male Female Male Female
AUC [ Cmax AUC [ Cmax AUC [ Cimax AUC [ Cmax
Day 0
(S)zop, 2.5 5181 1436 116 2380 11842 133
(S)yzop, 10 13775 18339 1233 5190 4027 275
(S)-zop, 25 45689 49446 3215 10075 [ 9591 625
(RS)zop, 10 10805 | 11377 962 2621 2782 194
Day 28
(S)-zop, 2.5 5899 1738 161 1426 I 1255 91
(S)-zop, 10 16652 21699 1805 3233 Ty 179
(8)-zop, 25 71335 63066 5665 6103 5308 393
(RS}zop, 10 11728 12286 1685 1365 . 1656 1131
Day 88
(8)zop, 23 3884 [ 2395 314 1166 1415 11y
(S)yzop, 10 19399 25574 2671 3431 2729 261
(Syzop, 25 7954° 57413 5245 6042 5328 343
(RS)zop, 10 12540 14318 2293 1504 1910 157
Daose (R)-zopiclone (R)-desiethy] zapicione
{mg/ke/day) Male Female Male Female
AUC [ Ciax AUC [ Creax AlIC [ Craax AUC | Cmax
Day 0
(RS)zop, 10 [ 13701 Cl2ra | 1320 14091 | [3323 [
Day 28
(RS}zop, 10 [ 8446 8433 ] 1448 {2980 2678 )
Day 88
(R%)-zop, 10 [ 2568 [ 9502 T 1951 (3614~ 3574
Dose lone N-oxide
{mg/ko/day) Male Female
AUC T Cmax AUC | Cmax
Day 0
(S)zop, 2.5 1415 1105 103
(S)-zap, 10 5356 , SR48 839
(S)z0p, 23 20106 (17172 1155
(RS)zap, 10 2264 " 2922 264
Day 28
(Syzop, 2.5 1382 916 78
{S)zop, 10 4547 8913 804
(S)-zop, 25 15261 14722 1242
(RS)-zop, [0 2406 2884 41%
Day 88
(S)yzop, 2.5 1086 1138 155
(S)zop, 10 5051 7663 66i
(S)-zop, 25 17659 11758 1041
(RS)zop, 10 2436 3704 536




APPEARS THIS WAY
ON ORIGINAL

3 month oral capsule toxicity study of S-zopiclone in dogs/Sepracor#190-817 (Cont.)

Summary & Conclusion:

Oral administration of S-zop at 2.5, 10, & 25mg/kg/d and RS-zop at 10mg/kg/d to male and female dogs
for 3 months caused death in 2MDm (but no deaths in HD) and 1HDf with no deaths in RS-zop though
the sponsor referenced a published article by Tamura et al., 1983 where mortality was observed in RS-zop
at Smonths in a 6month study in dogs dosed 10&25mg/kg/d but not at Smg/kg/d; no deaths observed in the
current study at 10mg/kg/d RS-zop. Clinical signs were seen in all drug groups, no drug effect on the
parameters studied including ECG and serum hormone levels. Zopiclone increased absolute and relative
liver wts in both sexes dosed 25mg/kg/d and in females dosed 10mg/kg/d. Liver wt changes comelated
with enzyme induction and hepatocelluar hypertrophy. The MTD for S-zop in males is 2.5mg/ke/d due to
death in MD and, in females is 10mg/kg/d due to death at 25mg/keg/d. These doses can also be considered
NOAEL since findings were limited to liver wt changes and minimal liver histopathology. Plasma AUCy s.
24 at 2.5mg/kg/d in males ts 5884 and that at 10mg/kg/d in females is 25,574ng hr/ml.

Study Title: 1 year oral toxicity study in the dog/Sepracor# 190-832

Conducting Lab - - , study# 347-028), —

Date of Study Initiation: August 29 1980

GLP: Yes

QA: Yes

Drug Lot#/purity: lot#8 (CA78 160 00 and CA80 311 00)

Methods:

Pure bred beagle dogs 8-9months old purchased from -— . weighed 9-16kg

and 9-14kg males and females respectively, there were 5/sex/group. Dogs were housed individually and
identified by ear tags. RS-zop was orally administered as capsules at 0, 1, 5, 25mg/kg/d for Lyr*, the
control group received -d lactose capsules at 25mg/kg/d. It is noted that the drug at the high dose was
administered 2x per day instead of once daily starting on d1 of wk37 in the attempt to reduce mortality that
was observed in this group.

* basis for dose selection was not provided.

Parameters assessed:

Clinical Signs and mortality: daily with weekly detailed exam.

B.wt/Food intake: weekly beginning 1wk predose.

Water inake: start on d6/wk3 water bottles were offered instead of water pans because differences in
intake between control and drug groups were observed. Intake was recorded 2x per week starting wk7.
Ophthalmoscopy: all groups predose, 3, 6, 9, and 12months of dosing. Indirect ophthalmoscope with
pupillary dilation.

EKG: all dogs predose and 3,6,9,12months of dosing. Records were sent to Dr.  — for radiology
consult.
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Clinical Pathology, Hematology, and Urinalysis: on all dogs predose, 1,2,3,6,9, and 12months of study.
Blood was collected from the jugular vein of overnight fasted dogs. Standard hematology and clinical
chemistry parameters were measured also serum T3 & T4 were determined. Urinalysis was done on
fasted dogs placed in metabolic cages, parameters included color, volume, pH, specific gravity, Alb,
Bilirubin, occult blood, ghucose, protein and microscopic exam of sediment.

1 yr dog toxicity study/Sepracor#190-832 (Cont.)

Organ wits: at end of study the following organs were weighed: adrenals, heart, kidneys, testes, liver,
thyroids, pituitary, ovaries.

Gross exam: standard exam of orifices, abdominal cavity, and skin.

Histopath: standard set of tissues/organs from all dogs were processed for H&E staining. Similar exam
done for dogs that died in extremis or found dead.

Results:
Mortality: The following deaths occurred as a result of convulsion, all were found dead except for #2119
was killed in moribund after a severe convulsive episode:

1" appearance # of times convulsing Wk of death
MDm #2119 31 2 C 34
HDmd# 2117 27 2 46
HDm# 2128 * 25 6 53
HDf# 2136 27 1 27
HDfH 2145 29 2 42

To munimize death, drug was administered in 2 divided doses for dog#s 2117&2145 from wk37 onwards
though clearly this approach did not seem to help since these 2 dogs died later due to convulsions.

* terminal kill though the dog convulsed 6x during the study.

Additional death #2114 HDm (found dead), did not convulse cause of dearth unknown.

Clinical Signs : convulsions were observed as indicated above and also in dog# 2128 but did not lead to
death. Emesis occurred at higher frequency in drug groups than in control throughout the study. Dogs in
HD showed effects that were extension of the drug pharmacology such as sleep, lethargy, and
hypoactivity mainly observed shortly postdose. Pre-dose, trembling and convulsions were I** observed
between wks27-39 in 5&25mg/kg/d dogs. These 2 effects disappeared in Smg/kg/d but remained in the
25mg/kg/d till end of study again noted that they occurred predose except 1HDm convulsed postdose.
Hypersalivation (ptyalism) was observed in all drug groups but none in controls. Irregular heart beat was
recorded in 2/5 dogs dosed 25mg/kg/d during 6&9month measurements and none in low dose or control
dogs (1 in Smg/kg). Incidence of conjunctivitis was higher in HDf relative to controls.

B.wt and Food Intake: no clear drug related effects. Mean B.wt in MDf was significantly increased
duning wks 26,39, and 52 of study relative to control. Similarly, food intake was in general, higher in drug
groups than control throughout the study.

Water intake: consumption was clearly increased in drug groups relative to control from wk7-51 (ame
when water bottles replaced water pans). The significance of this is unclear.

Hematology: some values reached statistical significance at one or more time points but in general, there
seem to be no clear drug related effects. It is noted however, that platelets were increased significantly
and dose dependently in both sexes in 5&25mg/kg/d groups relative to control at more than one time point.
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Clinical Chemistry: ALP activity was increased significantly and dose dependently in 5&25mg/kg/d
males (all 4 time points in 5mg/kg however, the sponsor stated that the values in 5Smg/kg though reached
statistical significance, were within the historical range for the lab for this strain). ALP was also increased
in mid and high dose females though did not reach significant level in mid dose. Mean T4 in HDm was
increased relative to control but not significantly (3.7+1.6 pg/dl vs. 1.5+0.36 control); no effect on T3 in
either sex.

Organ wt: absolute and relative liver wts were significantly increased in both sexes dosed 25mg/kg/d
relative to control wt. (wt relative to B.wt in males was 56% more and 30% more in f than cont wts).

1 yr dog toxicity study/Sepracor#190-832 (Cont.)

Gross morphology: no drug effect.

Histopath: drug related effects were observed only in the liver. Moderate hepatocyte vacuolation
observed in 1/3 HD male and none in control or other drug groups, slight in 1/5 male control and none in
other groups, and very slight in 1/4 MDm and none in others. In females liver vacuolation: very slight in
1/5MD and 1/3HD (none in control), slight in 1/5 LD, 2/5 MD, and 2/3 HD (none in control). Hyaline
bodies were seen in 1 each HDm&f (none in others). In this reviewer’s opinion, these liver findings are
very mild and may reflect enzyme induction reflected as increase in liver enzyme activities and liver wt.

Summary & Conclusion:

RS-zop was administered daily by oral capsule to male and female beagle dogs at 0, 1, 5, and 25mg/kg for
Lyr. Convulsions and death occurred in one male dog dosed 5Smg/kg and five dogs dosed 25mg/kg
therefore, Smg/kg/d exceeded the MTD in males and 25mg/kg/d exceeded MTD in females. Other
clinical signs were extension of the pharmacology and included hypoactivity, excitability, and sleepiness.
No drug effect on ECG or ophthalmology. Some parameters in hematology and clinical chemistry reached
statistical significance but were small, random, and not dose related. Mean wt and food intake were
increased in HD and some MD dogs. Mean absolute and relative liver wt was increased in HD dogs and
histopathology showed some vacuolation and hyaline droplets, no other histopath findings were seen in any
organ. Mean serum T4 in HDm was increased relative to control though not reaching statistical
significance and no changes in T3 or any histopath correlate. The NOAEL is therefore, Smg/kg/d in
females and 1mg/kg/d in males which is also a NOEL.

Study Title/#: 18month oral toxicity study of RS-zop in the rat/6month interim report/Sepracor#
190-831F" == 347-017. See Carcinogenicity section for more discussion on the thyroid findings.
Conducting Lab and Location’ —

Date of Study Initiation: July 18" 1977

GLP: Yes/No*

QA: Yes/No*

* for both, the final report was QA and reviewed under GLP however, the conduct of the study was not
GLP. This 1s because the study was initiated prior to establishment of GLP regulation in 1979.

Drug Lot#/purity: Lot# 4 CA 76 260 00 and lot 5 CA 77 194 00/purity not reported.

Formulation/vehicle: NA, dietary administration.

Methods:
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CD rats from — . 50/sex/group weighed 58-134g maks and 66-123g females and
were 5-6wks old at initiation of study. They were housed individually in wire mesh hanging cages with
food and water available ad libitum. RS-zop was administered in the diet at 0, 2, 20, or 200mg/kg/d for
18months with 15/sex/group interim kill at 6month. Parameters assessed:

Clinical Signs and mertality: daily with weekly detailed exam.

B.wt/Food intake: weekly for the 1™ 26wks and once monthly thereafter.

Ophthalmoscopy: all groups predose, 3, 6, 12, and 18months of dosing. Indirect ophthalmoscope with

pupillary dilation. APPEARS THIS WAY
ON ORIGINAL

Rat }8month study/6mo interim, Sepracor#190-831F (Cont.)

Clinical Pathology, Hematology, and Urinalysis: done at 3 and 6month of dosing on 10/sex/group with
few exceptions. Rats were fasted overnight and blood collected from the orbital sinus. Hematology
parameters: RBC, WBC (total and differential), Hb, and HcT. Clinical Pathology parameters: glucose,
BUN, ALP, ALT, total protein, Alb, Na, K, and A/G ratio. Urinalysis included color, volume, pH, specific
gravity, Alb, Bilirubin, occult blood, and microscopic exam of sediment.

Organ wts at 6&18months: heart, kidneys, spleen, testes, liver, thyroids, pituitary, ovaries, and adrenals
(last 4 were weighed after fixation).

Gross exam: at 6months of dosing, 15/sex/group were killed by CO2 and standard necropsy was done.
At 18months, surviving rats were killed and subjected to standard necropsy (external body surfaces and
body orifices and body cavities).

Histopath: H&E stained tissue sections from control and HD (200mg/kg/d), were examined as well those
from rats that died. In addition, in both sexes dosed 20mg/kg/d, the liver, spleen, testes, and kidneys were
examined as well as the kidneys in females dosed 2mg/kg/d and thyroids in 20mg/kg/d and thyroids in
males dosed 2mg/kg/d.

Resuits:

Mortality and Clinical signs : No drug related mortalities or clinical signs up to 200mg/kg/d at both
interim and 18month of dosing, There was 1m in each drug group and 1f in LD that were found dead;
cause of death unknown.

LDm# 61847 wk15 had severe lung congestion and edema and minimal histopath.

LDf# 61887 wk13 had minimal gross and histopath such as “very slight” lung congestion, accumulation of
yellow pigment in the spleen, etc. '

MDm# 61939 wk13 had congested liver, scattered very small red foci in lungs and thymus, and
hemorrhage in the base of the midbrain.

HDm# 62040 wk13 had marked congestion in lungs and dark red material in right eye plus minimal
histopath.

Since no remarkable or unusual findings were observed in any of these rats, the sponsor considered these
deaths not drug related.

Survival on wk78 was as follows:

Dose (mg/kg/d) # survivors/total
Males Females

0 34735 33/35

2 31/35 30/35

71




20 29/35 31735
200 33/35 30735

B.wt/Food Intake: at 6months, no drug related effects on mean wt or intake up to 20mg/kg/d. Mean wt
HDm&Sf was reduced 128 17% respectively, relative to corresponding controls. Mean food intake was
reduced 8% in HDm, no change in females. At end of study, mean wt at 200mg/kg/d was significantly
reduced at all test intervals, p<0.01, table below shows mean wt and percent in () difference from control
dunng wk78:

Dose (mg/kg/d) # survivors/total
Males Females

0 786 426

2 743 (5.5%) 424 (0.5%)

20 732 (7%) 406 (5%)

200 560 (29%) 306 (28%)

Rat 18month study/6mo interim, Sepracor#190-831F (Cont.)

Hematology, Clinical Chemistry, Ophthalmoscopy, and Urinalysis: no drug related findings.
Organ wts: at 6months, liver, thyroid, and pituitary wts in both sexes were significantly increased in all
drug groups relative to control (except HDf pituitary wt was significantly decreased), however, no
histopathology correlate in any of these organs. At terminal kill, the absolute liver wt in HDf was
significantly increased, the significant increase in absolute and relative thyroid wt at all doses at 6month
was not dose related and did not correlate with histopath therefore, not considered by the sponsor to be
drug related. Increase in absolute and relative thyroid wt was also observed at 18month in HDm but onty
in those males with adenomas.

Gross morpholagy: at 6months, ne drug related findings except for the enlarged organs noted above. At
terminal kill, the only drug related finding was enlarged thyroids in § of 33 rats dosed 200mg/kg/d.
Histopath: at 6months, 12/30 rats in HD showed “very slight” portal bile duct proliferation/hyperplasia vs.
Zero incidence in controls; the significance of this finding was unclear as stated by the sponsor however, at
1 8month, this finding was not observed.

At terminal kill, the following was observed:

Thyroid; incidence of thyroid follicular cell adenomas was significantly increased in HDm compared to
concurrent controls. The incidence was 9/33 in HDm vs. 1/34 in control males. The adenomas were
described as small, occasionally multiple, and considered by the pathologist typical of those seen
spontaneously in aged rats. However, the pathologist did recognize that this finding is likely to be drug
related as it correlated with enlarged thyroids and increase in thyroid wts in this drug group; there were
1731 and 3/29 in low and mid dose males respectively, and in 2/5 dead males, but none in females.

Liver: clear increase in hepatocellular hypertrophy in HD males and females relative to the control. Also,
3/33 “‘neoplastic nodules” and 1/33 hepatocellular carcinoma were found in HDm but not statistically
significantly different from the control.

Testes: increased incidence of testicular tubular atrophy in 20&200mg/kg/d groups relative to control with
the occasional finding of spermatocele in HD. However, the sponsor did not consider these effects to be
drug related because they were small (see summary section).

Spleen: increased incidence of hemosiderin pigment of both sexes in drug groups compared to control.
However, this was not considered drug related because of absence of evidence of erythrocyte
breakdown (normal clinical path and bone marrow).

Summary and Conclusion:
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Daily oral dietary administration of RS-zop to rats at 2, 20, or 200mg/kg for 6months was well tolerated
without drug related effects on survival, clinical signs, clinical pathology parameters, urinalysis,
ophthalmology, or gross morphology. Mean wt at end of 6émonth was significantly reduced in HDm&f
(12&17% respectively) relative to control wts and about half of the rats had portal bile duct proliferation
vs. none in controls, however, this finding was absent at 18month.. At end of 18months, similarly, RS-zop
was well tlerated without death with very good survival at 1-2 deaths in control, 4-5 deaths in 2mg/kg/d,
4-6 deaths in 20mg/kg/d and 2-5 deaths in 200mg/kg/d, each out of 35/sex/group. No clinical signs up to
200mg/kg/d. Mean B.wt in both sexes dosed 200mg/kg/d continued to decline as observed at end of the
6month with decreases reaching statistical significance relative to the corresponding controls at all time
points analyzed t.e. every 3month (28-29% less than control means at wk78). Mean food intake was
decreased only in HDm with 8-10% less intake relative to control. Some parameters in hematology and
clinical chemistry reached statistical significance relative to the control however, they were small and not
dose related. Thyroids seemed enlarged upon gross exam and their wits was increased in HDm which
may be related to the histopathological findings in this group. Incidence of thyreid follicular cell
adenomas was significantly increased in HDm (9/33, p<0.05) compared to control 1/34

Rat 18month study/6mo interim, Sepracor#190-831F (Cont.)

(131 in LDm and 3/29 in MDm also in 2/5 rats that were dead; none in females)(also see Dr  ~——
report Sepracor# 190-858 under carcinogenicity section). Liver hyperplastic nodules were seen in 3/33
HDm and liver carcinoma in 1/33 HDm compared to ( incidence in control for both findings and in
LD&MD. Liver hypertrophy was found in both sexes dosed 200mg/kg/d at |8month which is in support
of the lesion findings:

Liver hypertrophy:

Cont 8/34m 2132
20mg/kg/d 5/29m 1731f
200mg/kg/d 21133 15/30f

The sponsor nevertheless, dismissed the liver neoplasia and considered them spontaneous and not drug
related (also see —  report Sepracor# 190-858). It is of note that except for the liver hypertrophy,
other hepatic parameters in this study, did not support drug related lesions: there were no changes in liver
wis (though thyroid wt increases did reach statistical significance), at end of 18months in HD rats and the
changes in serum liver enzymes were inconsistent (HDm SGOT T 30% at 3month, | 32% at 6month,
T16% in 12month and no effect in females except a 34% T {2month all relative to control values). In
addition, mean ALP values was decreased (not increased), in HDF at all time points relative to control. As
results showed in later studies, RS-zop is a liver enzyme inducer in rodents and these liver findings are
likely the result of this enzyme induction and not a direct drug effect as a true liver carcinogen. The
increased incidence of bile duct hyperplasia/proliferation was not observed at end of 18month. The
incidence of testicular tubular atrophy was increased in 20&200mg/kg/d groups relative to control with the
occasional finding of spermatocele in HD. Though the sponsor in this report did not consider this to be
drug related due to its small value, as shown in later reproductive and other toxicity studies, RS-zop as well
as S-zop have marked effects on the male reproductive parameters.
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THTS WAY
ON ORIGINAL

3.4.4 GENETIC TOXICOLOGY:

Study Title: Bacterial reverse mutation test of zopiclone

Study No: Sepracor# 190-811. . ™  # OTI00506
Study Type:  pre-incubation and plate incorporation

Conducting Laboratory: — -
GLP compliance: Yes/OECD
QA- Reports Yes (x)

Date of Study Initiation/completion: Mar 1999/Apr 1999
Drug Lot Number: responsibility of sponsor.
Study Endpoint: increase in number of revertant cotonies over negative control.

Methodology:
- Strains/Species/Cell line: TA98, TA100, TA1535, and TA1537, E.coli WP2uvrA
Dose Selection Criteria: cytotoxicity (inihibtion of background lawn) and/or precipitation of tes article.
Basis of dose selection: dose range finder cytotoxicity assay in -/+ S9 using TA98 and WP2uvrA.
Range finding studies: only TA98 and WP2uvrA strains were tested in duplicate cultures in presence
and absence of S9. The concentrations tested were 0, 1.6, 8, 40, 200, 1000, and 5000ug/plate; background
lawn was assessed 66hrs after incubation.
- Test Agent Stability: stable, dark tubes used.
- Metabolic Activation System: 89 from livers of male Fischer 344 rats induced by Aroclor 1254.
- Controls:

Positive Controls:

r

Strain -59 +S9

TA1535 Na azide 2-aminoanthracene
TA1537 9-aminoacndine 2-aminoanthracene

TA98 2-nitrofluorene  2-aminoanthracene

TAI100 Na azide Z-aminoanthracene
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WP2uvra 4-NQ-N-oxide 2-aminoanthracene

- Vehicle: DMSO
- Negative Controls; DMSO

- Comments: the R-, S-, and RS-zop were tested in presence and absence of $9 using both
methods.
- Exposure Conditions:
- Incubation and sampling times: according (o guidelines, 20min for the preincubation,
- Doses used in definitive study: 0, §, 40, 200, 1000, and 5000ug/plate.
- Analysis:
- No. slides/plates/replicates: 2 plates per concentration for the cytotox assay per strain
and 3 plates per concentration per strain for the main assay.
- Counting method: not reported.
- Cytotoxic endpoints: reduction in background lawn.
- Genetic toxicity endpoints/results: increase in number of revertants over the control.
- Statistical methods: Dunnett's test.
- Other: the vehicle and positive confrol values were compared with historical data from the lab.

Bacterial Gene Mutation, Sepracor#190-811 (Cont.)

- Criteria for Positive Results: statistically significant and dose dependent increase in mean
number of revertants per plate of at least one tester strain over the mean revertants per plate of the
appropriate vehicle control.

Results:
- Study Validity: valid
- Study Outcome: negative.

Summary and Conclusion:

The R-, S-, and racemate-zopiclone were not mutagenic in the bacterial reverse gene mutation assay up
to 5000ug/plate concentration in either the — or + of $9 using both pre-incubation and plate incorporation
method.

Study Title: Bacterial reverse mutation test of zopiclone

Study No: Sepracor# 190-800 - 1+301-SE-001-94
Study Type:  plate incorporation

Conducting Laboratory: -

GLP comphance: Yes/OECD; EPA, FDA

QA- Report Yes (x)

Date of Study Initiation/completion:  Apnl 1994/Apnl 1994; study report 1997
Drug Lot Number: responsibility of sponsor.

Results:
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- Study Validity: No, due to lack of assessment of TA100 as a result of microbial contamination
and E.coli strain was not included in the assay.
- Study Cutcome: negative.

Methods, Results, and Conclusion:
This study was conducted prior to the above (Sepracor#190-811}, and by a differentlab’”

—_ . Same standard method as in the above study was used here including the
bacterial strains tested with and without Aroclor-induced rat liver S9 however, only the plate incorporation
method was tested. RS-zop in a prescreen assay was not toxic to either TA1538 or TA100. Therefore,
concentrations tested in the main assay in -/+89 were 50, 167, 500, 1670, 5000, and 10000ug/plate in
TA98, TA100, TA1535, TA1537, and TA1538 (no E.coli was tested). The cpd was slightly insoluble at
10,000ug/ml and TA100 could not be scored in both the original (1*) assay and the repeat assay due to
microbial contamination. In the 1% assay, a small 2. 1x increase in revertants observed in TA1538/-59 and
a 2x increase in TA98/+589. The assay was repeated for these 2 strains under identical conditions with all
the doses and revertant frequency was comparable between drug and concurrent control values; all
positive controls in both assays produced the anticipated positive responses. Therefore, RS-zop up to
10,000ug/plate was negative in the Ames bacterial reverse gene mutation in -/+ S9; note that TA100
could not be evaluated due to microbial contamination and, E.coli was not tested in this assay.

Study Title:In vitro mammalian cell cytogenetic test of RS-, R-, and S-zop in CHO cells

Study No: Sepracor# 190-808/ — £ OTI00507
Study Type:  cytogenetic
Conducting Laboratory: —
GLP comphance: Yes/OECD

QA- Report Yes (x)

Date of Study Initiation/completion: Feb 1999/Apr 1999

Drug Lot Number: responsibility of sponsor.

Study Endpoint: increase in chromosomal aberrations above the corresponding control values.

Methodology:
Strains/Species/Cell line: Chinese hamster ovary
Dose Selection Criteria:
- Basis of dose selection: cytotox assay.
- Range finding studies: the data were not presented however, according to the protocol,
5 concentrations were tested in -/+S9, both vehicle and culture medium (untreated)
controls were tested. Incubations in +59 were for 3hrs and in —S9, they were 3+1.5
cell cycle, with a harvest time of 1.5 cell cycle.
Test Agent Stability: stable
Metabolic Activation System: $9 from Aroclor 1254-induced livers of male Fischer 344 rats.
Controls:
- Vehicle: DMSO
- Negative Controls:  vehicle control and culture medium {untreated).
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- Positive Controls: MMC in absence of S9 and CP in presence of S9.
- Comments: two main assays were done.

- Exposure Conditions:
- Incubation and sampling times: in +S9 incubations for 3hrs then cells were washed with
fresh culture and incubation continued titl cells are harvested on the next day. For
-59, treatment for 3hrs +1.5 cell cycle time, cells were harvested after 1.5cell cycle after
end of culture treatment, centrifuged, fixed, and slides prepared for chromosome
aberration scoring.
- Doses used in definitive study: only 3 concentrations were tested: 240, 1200, and
2400ug/ml both in -/+59 in experiments 1&2.
- Study design:
Doses were selected so that the maximum dose would produce 50-75% cytotox relative
to the solvent control. If this level is not achieved, then the highest concentration of
Smg/mi or 10mM or the dose that exceeds the solubility limit, will be tested.

- Analysis:
- No. slides/plates/replicates: 2/concentration for the drug and 4 for the solvent control.
- Counting method: total of 200 cells will be scored per dose except for the solvent
control 400 cells will be scored. The sponsor indicated that scoring may be terminated
after a minimum of 25 cells have been scored where level of aberrations excluding gaps
exceeds 30%. The sponsor stated that the scoring was done by an independent lab:

—

CHO cytogenetic assay, Sepracor#150-808 (Cont.)

- Cytotoxic endpoints: measurement of total protein/Mitotic index inhibitton.
- Genetic toxicity endpoints/resuits: increase in frequency of chrom abs above the
concurrent control.
- Statistical methods: Fischer's exact test.
- Criteria for Positive Results: dose response with at least one point having statistical significance
relative to the vehicle controf (p<0.01} in both experiments.

Results:

- Study Validity: valid

- Study Outcome: positive.
Comments:

For the 3 cpds, a ppt was observed in the medium at 2400ug/ml.

- Osmolality and pH were checked for medium control, solvent control and test articie medium of both
-+89. At the 2400ug/ml R-zop slight reduction in osmolality compared to solvent control was observed.
The sponsor stated that there were no extreme environmerital conditions in any culuture.

Alse note, that the results for the dose range finder were not reported. The sponsor indicated that the
top concentration tested was 5000ug/plate in absence and presence of S9.

Summary and Conclusion:
S-zop:
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Two experiments were done, based on the protocol, if negative or equivocal findings are seen in the 1%
experiment, then a 2 study with 2 harvest times will be done (immediately after treatment and 24hr fater)
with exposure for 1.5 cell cycle length in —S9. In the 1™ experiment, the highest M1 inhibition of 38% was
seen at the highest concentration tested, 2400ug/mi. This inhibition is iess than the 50% recommended by
the OECD as well as that in the study protocol (inhibition of 50-70% of control). In experiment 1 (tables
below from sponsor), in —89, there was a non dose dependent increase in numerical aberration
(hyperploidy) and a 5.5 fold increase in chromosomal deletions in 2400ug/ml relative to the
vehicle control (this was mainly due to the increase seen in one of the 2 cultures (10 in culture A and
only 1 in culture B). Also, percent of cells with aberrations at 2400ug/ml was 3.5 vs. 1.5 in the vehicle
control. The findings were negative in +89.

In experiment 2, a significant but not dose dependent increase in percent of cells with aberrations
was seen in —S9 in the cells collected imme diately after treatment (4x control), and in +89 at
2400ug/ml after 2" harvest of 24hr post treatment (3.5% vs. 0.5% in control or 7x; table below from
sponsor). The chromatid deletions in the 2 highest concentrations 1* harvest in ~S9, were increased dose
dependently, over the vehicle control in both cultures (8&21 vs. 3 in culture A and, 16823 vs. 8§ in culture
B for the vehicle control, 1200 & 2400ug/ml respectively; tables from sponsor). Also, polyploidy in
experiment 2 at 2400ug/mi in —S9/2™ harvest was 15 vs. 9 in control. This was due to 10 vs. 4 in culture
A and 5 vs. 5 polys in culture B. The sponsor indicated that the increase in percent of cells with
aberrations in +$9/2™ harvest (3.5 vs. 0.5%), was caused by the exceptionally low vehicle control and that
the value of 3.5% in the 2400ug/ml concentration was within the vehicle control data in the study of 1.5
1.5%. However, from the historical control table provided by the sponsor, the vehicle control value seems
to be within the meants.d. of 1.88+1.54 which corresponds to 0.34-3.42 (lower and upper values),
therefore, the control is acceptable.

CHO cytogenetic assay, Sepracor#190-808 (Cont.)

A

S-zop Data
Experiment |
Dose | Total] Aberrant | Mitotic [Gaps Chromatid Chromasome Multipte | Numerical abecrations| % celis with yberrations
ng/md | cells | cells 1ndex delction | exchange | deletion | exchange | aberrations| Poly | Endo Hyper | with gaps | without gaps
Without Metabolic Activation
240 | 200 9 4.05 2 2 [{] 5 ] ) 7 0 - 3 43 35
1300 | 200 3 6.10 4 0 1] 1 ¢ 0 3 4 4 25 . 0.5
2400 | 200 19 345 ¢ 3 3 i} D] 2 0 6 0 2, s0 %3.5
Controlt 400 13 5.55 K¢} 2 0 2 2 ° 6 0 0 ER 1.5
MMC | 30 32 3.45 2 27 23 3 (] 2 0 0 1] 64 0 620
With Metabalic Activation - Ve
240 300 23 2.50 3 3 ! 0 19 | 5 | 3 tis (L 10.%
JRITT TN T 460 [0 |17 0 1 18 0 8 0 5 93 \\9.5
2300 | 200 9 135717 0 1 0 7 0 3 0 0 i3 I
Condrol] 400 33 388 5 2 1] | 29 ¢ 13 0 2 i3 75
A S0 23 140 i 1 24 2 7 2 0 0 ¢ 46 0 140
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APPEARS THIS WAY
ON ORIGINAL

CHO cytogenetic assay, Sepracor#190-808 (Cont.)

The following are aberration data by culture for S-zop:

Experiment 1 With S9

Dase | Total | Aberrant | Mitotie Chromatid Chromosome Mulliple | Numerical abervations | % cells with aberrations
pg/ml | cclls cells Index | Gaps | deletion | exchange dehtianfexchange aberrations | Paly I Endo I Hyper | with gap!lwllhnnt aps
Wilh Metabolic Activation, Culture A
240 100 4 3.00 0 0 [ 0 5 Q 2 1] t] 490 4.0
1200 100 i3 4.50 [i] 0 0 1 13 0 7 0 6 3.0 130
2400 100 5 380 1 a [ (1] 4 a 1 [i} 0 5.0 40
Control | 200 12 335 0 i i+ 0 12 0 4 0 [ 6.0 60 tions
CPA 25 il 0.60 Q 3 15 2 5 0 ¢] 0 0 44.0 4£4.0 2aps
With Metabolic Activation, Culture B
240 | to0 9 200 3 3 i o T 1 3 i 3 19.0 170 ]
700 | 100 470 | 0 T 0 g 3 9 i 0 3 &0 60 j
2400 180 4350 4] 0 l 0 3 Q 2 0 a 4.0 4.0
Contral | 200 ] 21 140 | 5 1 0 I 7 0 5 ] 2 105 30 %
CPA 25 12 1.60 i 4 9 o9 2 2 0 0 0 48.0 440 i
e | v e jee) e o )t )2 )2 b e 8
With Mulabohc Activation, |st Hlarvest
240| 200 15 330 5 2 o | 0 i [} 7.5 50
1200] 200 i 520 3 | 0 1 1] 7 0 55 4.0
2400] 200 It 6.05 3 2 [ 0 ] 1] 0 0 55 40
Control| 400 23 4.53 i0 2 [+] I 12 0 4 0 58 kX3
Cpal 27 46 3.05 7 1S 27 11 9 i L] 0 362 313
Without Metabolic Activation, 2nd Harvest
2350) 2007 0 570 0 Q_sl 0 3 0.0 ]
Cuontroll 400 2 3.63 0 O 4] 9 /] 5 Q.5 a5
Wwith Mesabolic Activation, 2nd Harvest 7 .
2400] 200 9 ¢10 § 2 I I 2 4 i o 0 4.5 MEED
Cuntrol| 400 4 698 2 4 0 0 i 5 0 1.0 0.5

Experiment 1 Without S9

APPEARS THIS WAY
ON ORIGINAL
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Dose | Total | Aberrant | Mitotic Chromatid Chroemosame Multiple | Numericat aberrations | % cells with aberrations
agiml | cells cells Inder | Gaps [ deletion l exchange | deletion { exchange | abervations | Poly l Eado [ Hyper | with gapaJ without gaps
Without Metabolic Activation, Culture A
240 100 5 4,90 2 i [1] 1 2 Q 2 0 i 5.0 3.0
1200 100 3 5.0 2 [} 0 1 0 4] 1 ] 2 39 1.0
2400 100 7 3.80 1 3 a 10 2 [} 2 ] 2 19 60
Contro! { 200 6 6.70 5 1 Q t 0 1) 2 0 i) 30 1.0
MMC 25 13 2.80 1 9 8" 3 [} 1 1] ] 0 60.0 56.0
Without Metzbolic Activation, Culture B
740 | 100 3 720 176 [ i ] 1 i 3 i 2 20 a0
1200 100 2 6.40 2 0 0 i+ 0 0 2 0 2 20 0.0
2460 |10 |~ 3 T 0 ] 1 0 0 3 ] ) 30 10
Control | 200 9 4.40 5 ] 0 1 2 a 4 0 ] 45 20
MMC 25 17 4.10 i 18 L5 [+] ¢] 11 o 0 4 68.0 68.0

APPEARS THIS wAY
ON ORIGINAL

CHO cytogenetic assay, Sepracor#190-808 (Cont.)

S-zop:

Experiement 2 With 89

APPEARS THIS way
ON ORIGINAL
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-Dase | Total | Aberrant | Mitotic Chromatid Che Multipl Numericsl sherrations | % cells with aberrations
:glml cells cclls Tndex | Gaps { deletion i exchange | deletion [ exchange | aberrations | Poly I Endo I Hyper | with gaps l without gaps
With Metabolic Activation, Culture A

240 100 5 3.50 1} [i] ¢ 1 4 0 1 [] 1 5.0 540
1200 100 & 5.50 1 1 [ [) 4 1] 1 [ 1 50 54
2400 100 3 6,10 [}] 1 o ] 4 [ [+] ¢ ] 58 50

Control | 200 9 4.10 6 2 0 1] 3 [H] 1 & 3 45 25

BP 100 36 240 6 12 15 it 4 0 [} [ 3 36.0 3l0
[With Metabolic Activation, Culturc B
240 100 10 3.10 5 [ 0 3 1] [1] 0 0 10.0 5.0
1200 100 5 4,90 2 ] [) 1 2 0 1 [} 2 50 30
2400 160 [ 6.00 3 1 0 0 2 [i [} [ i 6.0 30
Control | 200 14 4.95 4 ] ¢ 1 9 0 3 o 2 70 50
BP 27 _.10 370 { 3 12 [} 5 § 1] [} [+] 37.0 7o
With Metsbolic Activation, 2nd harvest culture A
2400 100 7 9320 i 1 1 2 3 [} o [] 0 1.0 50
Control | 200 1 8.10 ] 0 ¢ [] 1 [ 2 0 1 05 0.5
With Metabolic Activation, 2nd harvest culture B
2400 100 2 9.06 i 1] 0 [+] ! ] t 0 o 2.0 1.0
Control | 200 3 5.85 F 4 0 [1 0 0 3 ] 2 1.5 [X]
Experiment 2 Without S9

Daose | Total | Aberrant [ Mitatic Chromatid Chromasome Multiple | Numerical aberrations {% cells with sberrations

pg/ml | cells cells Index | Gaps | defeti '[ hange | deleti 1 hange | sbereations | Poly ] Endo rﬂypcr with gaps lwulm-t aps
Without Metaholic Activation, 15t Harvest Culture A
240 100 1t 3.60 1 k] ] 0 3 1] 2 0 1 119 10.0

1200 5 1 0.80 1 8 7 1 1 ¢ 0 0 [} 44.0 40,0

24060 100 22 1.90 4 21 2 0 2 1 3 0 [{] 220 200
Control { 200 10 3.25 [} 3 2 0 7 0 3 [1] 5 50 50
MMC 100 27 190 0 11 7 1 2 2 ¢ 1] i ki) 210

Without Metabolic Activation, |sv Harvest Culture B
240 [LilH 6 3.70 1 k] L] 0 3 Q 3 1] 2 6.0 5.0

1200 25 10 620 1 18 Fi] 0 1 0 1 0 [ 400 46.0

2400 100 23 1.00 1 23 [i] [] /] | 3 a 3 23.0 220
Contrel | 200 13 3.00 3 8 1 [] 3 1 4 ] 7 6.3 6.0
MMC 25 N ] 1 .70 2 9 5 [ i H 9 [i] 1] 44.0 400

'Without Metabolic Activation, Ind hasvest culture A i

2400 100 1] 5.0 0 0 a [¢] fi] 10 0 1 6.0 0.0

Control | 200 1] 410 [} 0 Q 0 1] a 4 0 3 6.0 0.0
Without Mctabolic Activation, 2nd harvest culture B

2400 00 [ XL [ 0 0 0 & ] s a 2 4.0 0.0

Conral | 200 2 115 L q o 0 0 2 0 5 0 2 1] 1.0

CHO cytogenetic assay, Sepracor#190-808 (Cont.)

R-zop
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R-zop was negative in experiment 1 in both -/+89. However, in expcnment 2, a 6.7x increase was seen in
% cells with abs as well as a 6x increase in chromatid deletions at 2" harvest in —S9 at 2400ug/ml
However, only 89 cells were evaluated, it is unclear why this is the case since there was no inhibition of

MI (table from sponsot):
Dose | Total jAberrant| Mitotic Chromatid Chromosome Muitiple { Nuaerical aberrations | % cells with aberrations | Relative growth
pg/m |ceita | cells | Index |Gaps deleﬁou] exchange | defetion ] cxchange | aberrations [ Poly l Eado [Hyper with gaps quhout gape Sulforhodamine B
{Without Mewbolic Activation, 15t harvest ;
240 | 200 ¥ 175 [ 5 3 [ 7 0 4 0 0 [ %] 6.0 9%
1260 3 2 0.00 1 2 0 0 a ) 0 0 o 66.7 333 91%
2400 27 005 i 5 a [} 2 1] 0 [1] 259 148 108%
Conurol | 400 25 293 4 [3 2 0 15 [ [F] 0 1 6.3 53 100%
MMC | 44 2 080 | 2 18 s [ F] 1 2 0 2 477 455
With Metabolic Activation, Ist harvest
240 200 20 3.20 2 2 i 2 14 Q i 0 ] 10.0 9.0 110%
12060 [ 200 [T} 205 1] 4 2 [} 0 [ [ Q 3 1.0 10 5T%
2400 | 200 13 230 0 3 [} ] 10 [} 3 0 5 6.5 6.3 0%
Control | 400 26 _l‘.95 3 4 i 0 20 o 3 o & 4.5 6.0 100%
BP 50 20 0.60 0 8 12 1 [] o 0 1} [i] 40.0 40.0
Without Metabolic Activation, 2nd harvest
2400 89 20 240 7 19 i [i] 1 [1] 0 4 225 13.0
Centrol | 255 12 2,38 [] 3 1 o 3 ] [ 0 5 4.7 27
'With Metabolic Activation, Znd harvest
2400 1 200 17 4.65 3 3 a k] 5 [} 1 0 85 50
Contral{ 400 | 5t 435 | 29 t 3 g 0 3 [ 5 128 63
RS-zop

There were increases in aberrant cells in both experiments that reached statistical significance (tables
from sponsor).

Experiment 1 RS-zop

Dose | Total | Aberrant (Mitatic Chromatid Chromosome Multigle | Numerical sherrations | % celis with aberrations | Relative growi
pgmi { eells | cells | Index [Gaps| deketion Texdnlge deledion Lexm:ge aberrations| Faly I Endo l Hyper | with gaps 1 without gaps | Sulforkodanine B
Without Metabolic Activation
240 | W00 1 505 | 2 1 Y 3 2 0 3 0 3 33 45 56%
1200 { 200 11 4715 | 4 f ¢ 5 2 ¢ 4 0 2 55 35 8%
2400 | 200 15 355 | 6 2 2 7 3 [ 5 ] 2 15 5.5 5%
Controt | 400 15 s z [ 1 1 o 6 ] 0 13 L5 1%
MMC { 50 32 345 | 2 ' x| i 0 2 0 a 0 4.0 62.0
With Mesabolic Activation
240 200 17 it 0 ] 2 0 16 0 9 0 6 | 51 35 101%
1200 | 200 16 0] 0 1 0 ¢ 17 [ § b [ 80 3.0 106%
400 1 20 24 455 1 1 3 3 5 15 i 1 1] 4 i2g 113 124%
Conirnl {400 33 188 | 5 2 o 1 9 [ 13 [ 2 83 15 160%
CPA 50 23 110 1 7 24 2 7 2 [}] a ] 46.0 4.0

CHO cytogenetic assay, Sepracor#190-808 (Cont.)
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Experiment 2 RS-zop

Dose | Total | Aberrant | Mitotic Gaps Chromatid Chromosome Muitiple | Numerical aberrations |% cells with aberrations
pgimt | cells eclls | Imdex deletion | exchange | deletion Ielﬂange aberrations| Poly ] Endo l Hyper | with gaps Ewilhou gAps
Without Metabolic Activation, 1st harvest
240 200 34 LI0 1 3 7 0 11 [} ¥ 1 3 17.0 16.0
1200 13 15 925 2 k} 1 1 i 0 3 0 3 833 813
24060 200 31 0.75 2 18 5 2 ? 2 5 [] 3 15.5 145
Control | 400 (s 235 10 £ 1 4 24 1 26 1] 9 180 163
MMC 50 39 0.50 4 40 26 1 5 7 ] 4] Q 78.0 780
With Metabolic Activation, 1st hervest
240 200 8 2.60 7 6 2 2 3 a 7 1 3 4.0 4.0
1200 | 125 22 1.60 4 4 1 1 15 0 2 [ 1 176 152
2400 125 20 .75 2 & 5 2 9 0 )] /] [} 150 152
Contrel | 400 36 373 | 13 3 ] 1 o ] 3 o 0 | 90 63
BP 50 32 1.50 3 7 25 T 13 ! [1] ) a 64.0 60.0
‘Without Metabolic Activation, 2nd harvest
2400 50 19 0.85 5 17 4 3 2 I [ 0 3%0 360
Control | 325 38 295 10 1t 7 17 1 5 (1} 0 11.7 92
With Metabolic Activation, 2ad harvest
2400 50 28 L0 10 40 i 0 1 6 1 56.0 50.0
Ctm!ml_J 400 36 133 17 16 2 3 | 29 a ) 9.0 5.5
Conclusions:

RS-, R-, and S-zop were tested for their potential to induce chromosomal aberrations in the CHO cells.
The S-zop was clastogenic at the 2 highest concentrations in both experiments in --S9 and positive
response in +589 only in experiment 2. R-zop in —S9 was negative in experiment 1 but positive in
experiment 2 at highest concentration, negative in +59. RS-zop, showed increases in abemant cells in both
experiments in -/+S9 with clear response in -S9 Exp.l and in +89 Exp.2. However, no conclusion could
be made in the 2 harvest in both -/+89 due to small number of cells. The sponsor indicated that
additional study is recommended to further assess these findings for all 3 test cpds specially since only 3
concentrations were used and data in mid point could not be analyzed because of smali number of cells.

APPEARS THIS way
ON ORIGINAL
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Study Title:Chromosome aberrations in CHO cells with RS-, R-, and S-zop

Study No: Sepracor# 190-815A1 — . study#20960-0-437
Stdy Type:  Cytogenetic

Conducting lab: _ . b
GLP: Yes (x) OECD
QA: Yes (x) No()

Study Initiation/Termination dates: Dec 1999/Mar 2000

Drug batch/lot# S-zopiclone 120998A; RS-zopiclone 9809002; R-zopiclone 121198A

Vehicle: DMSO for all 3 cpds

Negative/Positive controls: the vehicle control cultures were treated with 10ul/ml DMSO. The positive
control in absence of 89 was MMC tested at 2 doses 0.75&1.5ug/ml for the 3hr treatment and
0.28:0.4ug/ml for the 17.5hr treatment. Cyclophosphamide (CP) was the positive control in presence of
59 and tested at 5&10ug/ml to induce chrom abs in CHO cells. Both CP & MMC were dissolved in
water.

This assay is a repeat study in view of the positive findings in the above assay ( — . study#
OTI00507; Sepracor#190-808).

Methods:

Each test cpd was dissolved in DMSO to the limit of solubility which was found to be 1000ug/ml for all 3
cpds. There were 2 complete trials/assays in presence and absence of S9 with 4 analyzable
concentrations each. In the 1 trial, treatment period was 3hr in both -/+89 and cultures harvested 20hrs
after treatment initiation. In the 2™ trial, treatment period was 17.5hr in -89 and 3hrs in +89 with all
cultures harvested 20hrs after treatment initiation. The CHO cell line was derived from a single female
Chinese hamster and the CHO cells in this assay were obtained from a permanent cell line and originally
came from the lab of — . The CHO cells were grown in
McCoy’s 5a culture medium that was supplemented with standard nutrients. The S9 was obtained from
rat livers induced with Aroclor™ (500mg/kg single dose). Replicate cultures (except for trial I[A with
RS/A4+89, where triplicate flasks were tested), were used for each concentration of test cpd, vehicle
controls, and for each of 2 concentrations of positive control. The chrom ab assay was carried out
according to OECD guidelines and the lab SOPs. Cytotoxicity was assessed by percent of cell confluency
within the culture flasks and by percent irthibition of mitotic index relative to the concurrent controls. The
latter was evaluated from vehicle control and test cpd concentrations by analyzing the # of mitotic cells in
1000 cells and the ratio expressed as % of mitotic cells. Chromosomal aberrations were analyzed using
100 cells per replicate or riplicate when possible, from all 3 test cpds, vehicle controls, and one dose of
positive control. Polyploidy and endoreduplication were also analyzed by assessing at least 100
metaphases. All analyses were done blindly.

Assay Acceptance Criteria:

All of the following should be satisfied for an accepted assay:

(1)Negative/untreated controls and vehicle controls must contain <5% cells with abs and the positive
controls should show statistically significant response (p<0.01), relative to vehicle controls. (2) at least 3
analyzable concentrations should be available.

Positive Response:
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Significant (p<0.01) increase in # cells with chrom abs at | or more concentrations with dose response
relationship. Statistical evaluation of % of cells with >1 abs provided indication of severity of the positive

finding.

CHO repeat study, Sepracor#190-815A1 (Cont.)

Results:

All 3 test cpds and in both -/+ 89 in 2 trials, cytotoxicity was either not achieved or minimal and solubility
(in DMSQ), limited the use of higher concentrations. Therefore, the maximum concentration used in all
cpds was up to 1000ug/ml in -/+89. Except in one condition (see next), none of the 3 cpds, R-, S-, or RS-
zopiclone, caused an increase in chrom abs in presence or absence of S9 up to 17.5hr treatment in -S9.
Percent of cells with abs of RS-zop in trial 11, +89/3hr at 698ug/ml was 12.6x higher than mean % cells
with abs of the vehicle control (24% in culture B), also % cells with >1 abs was 1.7 vs. 0 in control (4%
in culture B), and, % endoreduplication was 3 vs. 0 in vehicle control (5% in culture B)(table below).
However, this increase was not dose dependent since the cpd was negative at the next higher
concentration of 930ug/ml. Nevertheless, these positive findings occurred at minimal cytotoxicity with MI
inhibition of 10&35% at 698&930ug/ml respectively. This assay was repeated using similar
concentrations (total of 5 including 700&1000ug/ml), with no increase noted in chrom abs at any
concentration relative to the vehicle control, again in absence of cytotoxicity up to 1000ug/ml (0 MI
inhibition).

CHROMOSOME ABERRATIONS IN CHINESE HAMSTER OVARY CELLS
Celis Fixed 20.0 Hours After Initiation of Treatment, 3.0 Hour Treatment

Assay No.: 20960 Trial # 1 Date: 01/10/00 Lab# = Metabolic Activation: +59
¥OF * %
NUMBER AND TYPE GF ABERRATION ABERRA- CELLS  CELLS
Compound: (RS)-zapiclone NOT TIONS WITH  WITH>1
(RS)-20p CELLS | COMPUTED f SIMPLE COMPLEX onem] PER  ABERRA- ABERRA- % %
SCORED [TG SG UC|TB SB]ID TR QR CR D R Cl DF{ GT | CELL TIONS _TIONS PP _E
CONTROLS '
NEGATIVE  McCoy't Sa AN S .00 00 00 10 10
BUO 2 I e 09 00 10 13
AB200 7 1 000 00 0.0 10 19
VEHICLE.  DMSO W0oLml. AMG 1 2 I 1 o0 20 00 20 0o
Blo0 3 w00 00 20 00
AB20 4 2 ' ! 01 19 00 20 60
POSITIVE: P 3 00pgiml. AL 12 4 1z 3 b 080 400 0 10 10
B 1 203 £ 3 1 0 060 480 160 10 1D
AR 3 2 s 02 % 7 8 1 1 1 0ee 4200 q2er 10 10
TEST ARTYCLE 23w, A0 3 2 002 D 00 30 1D
BIO 4 I 001 10 06 18 20
ARG 7 2 1 om 15 00 20 23
468y, Al00 one 00 00 0 06
Bt 3| ] oo 19 00 10 20
AB20 3| 1 o1 as o 16 10
2 uymL A 2 1 1, 1o 0.04 40 08 19 19
B 8 1 LA A o LMD G e I
aBs 0 3 1A\ IR RRYE ars  yzer 17 10 20
93pgimL. A S 2 ) 2 1 212 70 0 10 10
BIG 3 2 l oot 18 90 10 20
£
AB6 14 3 2 4 2 007 48 S5 i5 15

* Significantly greater than the vehicke controls, p<0.01.

Positive, vehicle, and negative controls produced the expected responses in trial 1I but exceeded historical
range in 1 or more cultures in trial I as follows:
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In -S9 at 3hr treatment and only in trial I, negative control culture A (%MI 15.2 vs. 3.2-14.9% historical
range) and vehicle control culture B (%MI 20.3 vs. 2.4-16.2 historical control range)(table 1) were outside
the historical range. These values were used for all 3 ¢pds in -S9 at 3hr treatment: RS-zop (table 1), R-
zop (table 11), and S-zop (table 19). The positive control in -89 at 3hr treatment, values for % cells with
abs exceeded historical range (72 vs. 25.5-70 range)Xtable 20). This value of positive control was used for
all 3 cpds in -S89 at 3hr treatment: RS-zop (table 2), R-zop (table 12), and S-zop (table 20).

CHO repeat study, Sepracor#190-815A1 (Cont.)

In +89 at 3hr treatment trial 1, vehicle control culture A (%MI 16.4 vs. 1.9-15.3 historical range)(table
5) exceeded historical range. This value was used for all 3 cpds in +89 at 3hr treatment trial 1: RS-zop
(table 5), R-zop (table 15), and S-zop (table 23). The positive control values for the polyploidy in +S9 at
3hr treatment trial 1 exceeded historical range (10 vs. 0-6.5 range)(table 24). This positive control was
also used for the S-zop (table 24) and RS-zop (table 6). All control values in trial Il were within historical
range.

Summary & Conclusion;
This is a repeat assay in view of the positive findings in the previous CHO assay ¢ .-  # OTI00507,

Sepracor#190-808). All 3 forms of zopiclone in this assay did not increase chrom abs, except it trial
11/+S9 RS-zop at | concentration. It is noted that all 3 cpds lacked cytotoxicity in this assay. According to
guidelines, in absence of cytotoxicity, higher concentrations of the cpd should be tested however, in this
case cpd solubility prevented increasing the concentration above 1000ug/ml Limited solubility
prevented testing higher concentrations for all 3 cpds in this assay. It is unclear to this
reviewer why cpd solubility was decreased when the same vehicle, DMSO, did not impose such
limit on solubility in the previous CHO assay with concentrations up to 2400ug/ml. Positive
clastogenic response was observed at 2400ug/ml and 1200ug/mli in that assay. It is of note that
in this study 1 or more of the 3 controls under one or more experimental conditions, had values
outside the historical range. Therefore, accurate conclusion on the results in this CHO assay
can not be assessed and the study can be considered invalid. Justification for the limit of
solubility of all 3 cpds in the current assay is needed

Study Title: L5178Y TK'" mouse lymphoma forward mutation assay with a confirmatory assay
with RS-, R-, and S-zopiclone
Study Ne: Sepracor# 190-816 studvy# 20960-0-431 ICH

Conducting lab , —
GLF: Yes (x); OECD, ICH S2B
QA: Yes (x)

Study Iitiation/Termination dates: Nov 1999/Jan 2000

Drug batch/lot# S-zopiclone 120998A; RS-zopiclone 9809002; R-zopiclone 121198A

Vehicle: DMSO for all 3 cpds

Negative/Positive controls: the vehicle control was exposed to the same concentration of 1% as the test
cuftures. There were single vehicle control cultures in the range finder assay and 3 vehicle control
cultures in the main assays. MMS is a direct acting mutagen, it was used in duplicate cultures at 13ug/ml
in -59 at 4hr incubation and at 6.5ug/ml in -S89 at the 24hr treatment. Methylcholanthrene (MC), needs
activation by microsomal enzymes and was used at 2 & 4ug/ml as a positive control in +89. The $9 was
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obtained commercially — and derived from SD rats dosed with
single 500mg/kg Aroclor 1254 as the inducer and the S9 was prepared 5days later.

APPEARS THIS wAY
ON ORIGINAL

MLA Assay, Sepracor#190-816 (Cont.)

Methods:

A preliminary dose range finding study was done in -S9 (4&24hr treatment) and in +89 (4hr treatment)
using range of concentrations based on solubility and toxicity profile of the drugs. All 3 cpds showed a ppt
at the top concentration and the latter was limited to 1000ug/m! (2000ug/ml for the RS-zopiclone 24hr
treatment), which represents 2x the solubility limit in culture medium. Cytotoxicity was assessed based on
10-20% cell survival. A total of 2 assays in absence and presence of S9 were done, the

conditions for the 1% initiation assay were as follows: vehicle controls in triplicate, 2 positive controls and
10 different dose levels at ! culture per dose. Standard expression period of 2 days was allowed for
mutant recovery, growth and expression of the TK" phenotype and cell densities were determined on Day
| and adjusted to 3x10° cells/ml in 20ml of growth medium. A total of 3x10° cells from each tube were
suspended in selection medium in soft agar to recover the TFT-resistant mutants. The mutant frequency
(MF) was counted as the ratio (total number of mutant colonies / total viable colonies) x 2x10™ and MF
was given in units of 10®. If 1 dish in either set was lost due to contamination or other causes, the colony
count of the missing dish was determined by a proportion equation based on the wts of the 3 dishes of the
set and the colony counts in the 2 acceptable dishes. Cytotoxicity in the main assays was determined by
the relative suspension growth of the cells over the 2 day expression period for the 4hr treatment or the
relative suspension growth over the 3 day treatment and expression period for the 24hr treatment in the -
59 confimmatory assay, multiplied by the relative cloning efficiency at time of selection. As the sponsor
indicates, the relative total growth (RTG) is not a clear measure of cell survival, 1t is used as a determinant
of effectiveness of treatment and as basis for selecting doses for other future assays. The confirmatory
assay was done with exposure for 24hr and treatment of 4hr and all other conditions identical to the
initiation assay. Both small and large colonies were quantified for all cultures and a bimodal curve was
generated and colonies quantified by AUCs (an Automated Colony Counter was used).

Assay Acceptance Criteria;

For vehicle controls: Cloning Efficiency (CE), should be between 6G-130% a valie >100% is acceptable
due to errors in cell counts usually +10%. The normal range for background MF (mean of vehicle control
values), is 30x10° to 120x10°® anything outside this range is invalid.

Positive Controls: at least | of the positive control cultures in each trial should produce MF of at least
200x10°.

Test cpd: any assay should include concentrations that reduce RTG to 10-20% of the mean vehicle control
or achieve max concentration recommended. This RTG requirement is waived if the concentration of
the highest analyzable dose was at least 75% of a higher, excessively cytotoxic dose or if the
highest concentration was at least 2x the solubility limit of the cpd in the culture medium.

Criteria for a positive respense:
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Dose dependent increase of 2x or more in MF over the mean concurrent control cultures. The sponsor
also indicates that it is “desirable” to obtain the 2x increase in at least 3 doses, but this depends on the dose
steps selected and the cytotoxicity level where mutagenicity was observed. The dose dependency is
waived if a 4x increase in MF is seen in a single dose at or near the top analyzable concentration. Such
increase in MF has to be reproducible in a 2™ assay.

Results:

All 3 cpds produced a white opaque suspension around 100 and/or 200mg/ml in DMSO. In the treatment
medium, RS-zop was soluble between 750-1000ug/ml, R-zop and S-zop were soluble up to 250ug/ml but
formed a ppt between 375 and 1000ug/ml

MLA Assay, Sepracorf190-816 (Cont.)

Dose Range Finding;

Cytotoxiciy for all 3 cpds ranged between none to moderate in both presence and absence of §9. Since
no cytotox was observed at the top concentration of 981ug/ml of RS-zop/4hr treatment in either -/+S9, the
top concentration in the main assay was 2000ug/ml in -/+S9, which was 2x the solubility limit in the
medium. Similarly, for the R-zop/4hr treatment in -/+59, though no cytotoxicity was seen at the top
concentration of 99%ug/mil, this concentration was the max used in the main assays in both -/+S9, due to
ppt seen at 500&99%ug/ml. For the S-zop, top concentration in the range finding and the main assays for
both -/+89, was 1000ug/ml because of ppt seen at 500& 1000ug/ml. The sponsor also conducted a dose
range finding study in -59 with 24hr treatment for all 3 cpds. The RS-zop concentration that did not show
cytotxicity at the 4hr treatment in either -/+89, showed high toxicity at 1000ug/mi and excessive toxicity at
2000ug/ml. The R-zop/24hr in -S9 showed high toxicity at 999ug/ml. The S-zop/24hr in -S9 showed no
toxicity up to 999ug/mt.

Main Assays:

RS-zop/-89 at 4hr (tables 7&8)/initial assay: No increase in MF or colony size relative to the negative
control up to 2000ug/ml. However, in +S9/4hr, RS-zop showed dose dependent increase in MF in §
concentrations starting at 500ug/ml this increase specifically was reflected in small colony
(tables 19&20). In the confirmatory assay/24hr (tables 13&14), the significant increase in MF
was repeatable only in the top concentration of 500ug/ml in -S9 and dose dependent trend was
also observed starting at 250ug/ml (again small colony reflected this increase in MF)(table 14).
In the confirmatory assay in +S9/4hr, the significant increase in MF was seen at top concentration of
2000ug/ml and 1000ug/ml but not significant at 1500ug/ml (tables 21&22). Nevertheless, a positive trend is
observed from the 500ug/ml onward except at 1500ug/ml (table 21). Note all these findings occurred at
acceptable level of cytotoxicity.

APPEARS Ty
N ﬁ?fc;aﬁgwﬂy
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MLA Assay, Sepracor#190-816 {Cont.)

E. TREATMENT DATE: 12/14/1999 TABLE 19: INITIAL MUTATION ASSAY WITH ACTIVATION

F. CELLS ANALYZED: 3x10° WITH (RS)-ZOPICLONE
G. TREATMENT PERIOD: ~4 hours
‘Test Condition Daily Cel! Cumulative Total Total Cloning Relative Mutant
Counts {Cell/ML, RSG* Mutant  Viable  Efficiency® Growi(%) Frequency
10ES Units) Colonies Colonies , (10E-6 Units)*
Dayl Day2
89-Activation Controls® AVG AVG
S9 Batch Number: 955 vC vC
Vehicle Control 1.2 141 175 179 508 847 106.7 70.4
Vehicle Control 103 163 187 185 479 798 106.9 774
Vehicle Cantrol 100 123 137 166 171 521 89 838 852 657
MCA 2 pg/ml. 8.6 127 121 753 407 678 59.1 3700
MCA 4 pg/mL 64 142 161 gas* LOST TO CONTAMINATION
Test Compound Relative to Relative to
pg/ml Vehicle Vehicle Control
Cantrol
%) (%)
62.5 12 18.4 386 183 436 86.7 76.8 84.0
125 6.2 16.8 69.6 228 388 772 53.7 7S
250 74 14.5 7.7 335 482" 95.9 68.8 1389
500 76 1.9 60.5 ( 388 513 102.0 61.6 151.57
750 5.1 15.7 515 273* n 74.0 396 ([Mﬁ.s'
1000 6.5 9.1 395 355 424 84.4 334 167.1°
1500 4.0 7.5 201 g 308 359 71.4 &:43 171.4'
2000 4.5 6.3 190 332 06" 60.8 1.5 217.0'

*RSG = (Day 1 Count/3} * (Day 2 County3 {or Day } Count if not subcultured)
*Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency)/ 100
*Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-§
“Vehicle Control = 1% DMSO
Positive Control: MCA = Methylcholanthrene
‘Mutagenic. Exceeds Minimum Criterion of 142.4 X 10E-6
*One plate lost to contamination. Total counts calculated by using & weight propartion
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MLA Assay, Sepracor#190-816 (Cont.)
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TABLE 20: SIZING DATA FOR INITIAL MUTATION ASSAY WITH

ACTIVATION WITH (RS)-ZOPICLONE

E. TREATMENT DATE: 12/14/1999

Cum. RSG (%) Cloning Relative Mutant Frequency
. Efficiency” Growth® (x20%
Test Condition  Conc. Day! Day2 Abs% Rel% Total Small Large
Vehicle Control*
1% 1067 1056 847 1011 106.7 704 382 322
1% 981 1122 798 952 106.9 774 460 314
1% 952 822 869 1037 852 657 2319 318
MCA' (ug/mL)
2 819 730 678 809 59.1 370.0 2499 120.1
4 61.0 607 LOST TO CONTAMINATION
Test Article{yg/mil}
62.5 686 886 727 86.7 76.8 2840 490 350
125 590 696 647 772 53.7 1175 748 427
250 705 717 804 959 68.8 1389 ] 113.5 253
500 724 605 855 1020 61.6 15151 1162 353
750 486 535 620 740 T IWE 486 4 302
1000 619 395 707 844 334 167.1 [ 1306 365 -
1500 81 201 598 714 14.3 171.4 11362 353 -
2000 429 190 509 608 11.5 2170 1971 200 -

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
*Cloning Efficiency = Totsl Viable Colony Count/Number of Cells Seeded * 100
“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
“Mutant Frequency = (Total Mutant Colonies/Tota! Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-§
Expressed as Total Mutant Frequency, Smait Colony Mutant Frequency and Large Colony Mutant Frequency

“Vehicle Control = DMSO

*Positive Control: MCA = Methylcholanthrene
Colony Counts increased by 9.099% to compensate for area of dish not scanned

APPEARS THIS WAY

MLA Assay, Sepracor#190-816 (Cont.)

ON ORIGINAL

91



TABLE 13: CONFIRMATORY MUTATION ASSAY WITHOUT ACTIVATION -
24 HOUR TREATMENT WITH (RS)-ZOPICLONE

E. TREATMENT DATE: 12/14/1999
F. CELLS ANALYZED: 3x10*

G. TREATMENT PERIOD: ~24 hours
H. EXPRESSION PERIOD: 2 days

Test Condition Daily Cell Counts Cumulative  Total Total Cloning  Relative Mutant
(Cell/ML, 10ES Units) RSG'  Mutant Visble Efficiency® Growth Frequency
Colonies Colonies %)  (10E6
Unitg)*
Dayl Day2 Day3
Nonactivation Controls* AVG AVG
vC vC
Vehicle Control 132 94 96 441 140 608 1015 108.1 46.1
Vehicle Control 15.0 7.6 104 439 166 573 95.5 101.2 579
Vehicle Control 130 7.1 140 479 453 121 464 773 914 893 522
MMS65pg/ml . 7.7 84 74 117 1043 LOST TO CONTAMINATION
MMS 6.5 pg/mL 86 90 79 226 890 287 478 262 6205
Test Compound Relative to Relative to
pug/ml Vehicle Vehicle
Control Cantrol
(%) (%)
15.7 1.6 7.3 124 90.6 165 484 88.3 80.0 68.0
313 9.1 10.0 14.1 104.9 140 429 782 82.0 65.1 -
625 1.1 93 143 120.7 122 398 726 87.6 614
125 9.0 BS5 14.2 888 123 4]12 75.2 66.8 59.8
250 82 55 12.9 47.6 153 4i3 754 359 739
375 42 74 2.9 328 176 367 66.8 2].9/1_&%
500 6.1 3t 13.6 204 259 471 85.9 17.57 ___I_U

*RSG = [Treatment termination (Day 1) cel) density/3x10%] x [Day 2 cell density/3x10° or Day | density if not split
back] x [Day 3 cel! density/3x10° or Day 2 density if not split back]
®Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100

“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) 7 100

Mutant Frequency = {Total Mutant Colonies/Total Viable Colonies) * 2x10E4
Decimal is moved to express the frequency in units of 10B-6

“Vehicle Control = 1% DMSO
Positive Control: MMS = Methyl methanesulfonate

*Mutagenic. Exceeds Minimum Criterion of 104.1 X 10E-6

*Not Subcultured

*One plate contaminated. Total counts calculated by using a weight proportion

MILA Assay, Sepracor#190-816 (Cont.)
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TABLE 14: SIZING DATA FOR CONFIRMATORY MUTATION ASSAY WITHOUT
ACTIVATION - 24 HOUR TREATMENT WITH (RS)-ZOPICLONE

E. TREATMENT DATE: 12/14/1999

Cum. RSG (%" Cloning Relative Mutant Frequency
Efficieacy” Growth* (x10%*

Test Condition Conc.  Dayl Day2 Day3l Abs% Rel% Total Small Large
Vehicle Control®

1% 9.1 1127 974 10L5 1119 108.1 451 5 28

1% 109.2 1035 969 955 1044 101.2 579 312 267

1% 947 818 1057 713 845 89.3 522 300 224
MMS (ug/mL)

6.5 56.1 587 391 LOST TO CONTAMINATION

65 626 703 500 418 523 26.2 6205 4494 1711
Test Article(ug/mL)

15.7 845 811 906 80.7 883 80.0 680 320 160

313 663 826 1049 715 782 82.0 851 387 254

62.5 808 937 1207 664 726 87.6

125 655 695 888 68.7 75.2 66.8

250 59.7 410 476 689 754 359

375 06 282 3128 611 66.8 219

500 444 210 204 786 859 17.5

*Cum. RSG ~ Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
*Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
“Mutant Frequency = (Total Mutant Cofonies/Total. Viable Colonies) * 2x10E4
Decimal is moved to express the frequency in units of 10E-6

Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Colony Mutant Frequency
“Vehicle Control = DMSO

fPositive Control: MMS = Methyt methanesulfonate
Colony Counts increased by 9.099% to compensate for area of dish not scanned 4

APPEARS THIS WAY
ON ORIGINAL

MLA Assay, Sepracor#190-816 (Cont.)
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TABLE 21: CONFIRMATORY MUTATION ASSAY WITH ACTIVATION WITH

(RS) ZOPICLONE

E. TREATMENT DATE: 1/11/2000
F.CELLS ANALYZED: 3x10*

G. TREATMENT PERIOD: ~4 hours
H. EXPRESSION PERIOD: 2 days

Daity Cell Cumuiative  Total  Total Cloning Relative Mutant
Counts (Cell/ML, RSG* Mutant Visble Efficiency®  Growth Frequency
10ES Units) Colonies Colonies %y (10E-6 Units)*
Dayl Day2
§9-Activation Controls*®
$9 Batch Number: 9535
Vehicle Control 161 130 213 166 532 887 108.8 623
Vehicle Control 156 151 262 166 57 762 105.1 726
Vehicle Control 162 114 205 233 133 475 791 813 85.6 56.1
MCA 2 pg/mL 122 123 167 506 494 824 724 2049
MCA 4 pg/mlL 110 140 171 580 476 793 1.5 2440
Test Compound Relative to Relative to
pg/ml Vehicle Vehicle
Control Control
(%) (%)
62.5 142 134 90.7 28 490 100.4 91.0 93.1
125 132 136 85.5 201 528 108.2 92.6 76.0
250 105 141 70.6 209 479 08.1 69.2 87.5
500 8.2 156 61.0 221 . 434 ,89.0 . 542 102.0
750 9.2 13.1 514 212 347 7.1 40.8 122.0
1000 79 132 49.7 226 38 69.3 344 1335
1500 6.1 116 33.7 202 135 68.6 23.1 1205
2000 4.7 8.1 18.1 236 112 63.9 11.6 / 151.07

*RSG = (Day t Count/3} * (Day 2 Count)3 (or Day 1 Count if not subcultured)
*Cloning Efficiency = Total Viable Colony Count/Number of Cefls Seeded * 100
‘Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
*Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-6
“Vehicle Centrol = 1% DMSO
Positive Control: MCA = Methylcholanthrene
Mutagenic. Exceeds Minimum Criterion of 127.3 X 10E-6
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MLA Assay, Sepracor#190-816 (Cont.)

TABLE 22: SIZING DATA FOR CONFIRMATORY MUTATION ASSAY WITH
ACTIVATION WITH (RS) ZOPICLONE
E. TREATMENT DATE: 1/11/2000

Cum. RSG (%)* Cloning Relative Mutant Frequency
Efficiency” Growth® {x10%°
Test Condition Conc. Dayi Day2 Abs% Rel% Total Smali Large
Vehicle Control®
1% 1008 99.7 887 109.1 108.3 623 287 336
1% 97.7 1123 76.2 93.7 165.1 726 320 406
1% 101.5 880 79.1 97.2 856 561 9% 262
MCA' (ug/mL)
2 %4 715 824 1013 124 2049 100.7 1042
4 68.9 734 793 915 715 244.0 1216 1225
Test Article{pg/mL)
62.5 889 907 Bl.6 1004 91.0 93.1 459 472
; 125 827 855 B3.0 108.2 92.6 760 393 368
250 658 706 798 981 69.2 875 465 410
500 5 L4 ﬁﬂ_‘[‘ ~—124 890 54.2 1020 683 337
750 576 574 578 71.1 40.8 1220 | 742 478
1000 495 497 56.4 69.3 344 133.5 & 865 471
2000 294 18.1 520 639 11.6 151.0 1098 413

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
‘Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
“Mutant Frequency = (Total Mutant Colonies/Total Visble Colonies) * 2x10E-4

Decimal is moved to express the frequency in units of 10E-6

Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Colony Mutant Frequency
“Vehicle Control = DMSO

’Pasitive Control: MCA = Methylcholanthrene
Colony Counts increased by 9.099% 1o compensate for area of dish not scanned

|
|
| 1500 382 337 558 68.6 23.1 120.5 " 814 39
\

APPEARS TH!S WAY
ON ORIGINAL
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MLA Assay, Sepracor#190-816 (Cont.)

The R-zop/-S9 at 4hr in initial assay, showed no increase in MF up to 999ug/ml. In the confirmatory assay
in -$9/24hr (tables 15&16), though there was no significant increase in MF, note the 3" vehicle control MF
value was too high compared to the other 2 cultures (85.9 vs. 47.6&58.8; table 15). If this high value was
not considered in the calculation, then MF would’ve shown a 2.6, 2.1, and 1.8 fold increase in MF at the
top 3 concentrations of the R-zop with emphasis on small colony size (table 16).

TABLE 15: CONFIRMATORY MUTATION ASSAY WITHOUT ACTIVATION —
24- HOUR TREATMENT WITH (R)-ZOPICLONE

A. TEST ARTICLE: (R}-ZOPICLONE E. TREATMENT DATE: (2/14/199%
B. GENETICS ASSAY NO.: 20960-0-431 ICH F. CELLS ANALYZED: 3x10*
C. VEHICLE: DMSO G. TREATMENT PERIOQD: ~24 hours
D. SELECTIVE AGENT: TFT 3.0 pg/mL ' H. EXPRESSION PERIOD: 2 days
Test Condition Daily Cell Counts Curmulative Total  Total Cloning  Relaive Mutant
{CeliML, 10ES Units) RSG* Mutant Viable Efficiency® Growth Frequency
Colonies Colonies ¢33 (10E-6
Units)*
Dayl Day2 Day3
Nonactivation Controls* AVG AVG
vC vC
Vehicle Control 1.8 10.1 133 587 141" 591 98.6 96.3 476
Vehicle Contrel 115 9.5 181 732 172 586 97.6 119.0 588
Vehicle Control 11.3 86 201 723 681 177 411 686 882 825 @
MMS 6.5 ug/mL 8.8 90 123 361 983 -285 475 28.5 6904
MMS 6.5 pg/mL 86 73 153 356 824 251 418 248 6565
Test Compound Relative to Relative to
ug/mL Vehicle Vehicle
Control Control
(") %)
313 9.2 9.6 210 100.9 175 504 952 96.0 69.3
62.5 11.2 9.1 14.5 80.4 157 463 875 70.3 678
125 7.0 179 211 63.5 172 502 94.8 60.2 68.7
25¢ 6.2 11.1 120 449 201 432 81.6 36.6 29
ars 5.2 88 1% 346 192 399 754 26.1 962
500 -6.6 7.1 161 41.0 229 382 721 29.6 120.0
749 8 4% 192- 348 219 383 723 252 ( 145 -
999 3.6¢ 99 119 19.2 224 467 £8.2 17.0 958

*RSG = [Treatment termination (Day 1) cell density/3x10°] x [Day 2 cell density/3x10° or Day | density if not split
back] x [Day 3 cell density/3x10° or Day 2 density if not split back]
Cloning Efficiency = Total Viable Colony Count/Number of Ceils Seaded * 100

“Relative Growth = {Relative Suspension Growth * Relative Cloning Efficiency) / 100

*Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 16E-6

*Vehicle Control = 1% DMSO
Pasitive Control: MMS = Methyl methanesulfonate

rMutﬂgeﬂi{:. Exceeds Minimum Cniterion of 128.3 X 10E-6

Not subcultured

*One plate contaminated. Total counts calculated by using a weight propartion

‘One plate broken. Total counts catculated by using a weight proportion
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MLA Assay, Sepracor#190-816 (Cont.)

TABLE 16: SIZING DATA FOR CONFIRMATORY MUTATION ASSAY

WITHOUT ACTIVATION — 24-HOUR TREATMENT WITH (R)-ZOPICLONE

E. TREATMENT DATE: 12/14/199%

Cum. RSG (%) Cioning Relative  Mutant Frequency (x10°%¢
Effici Growth®
Test Condition  Conc. Dayl Day2 Dayl Abs% Rel% Total Small Large
Vehicle Control®
1% 1023 109.% 862 986 1117 963 476 @ 38
1% 99.7 1007 1075 976 1106 119.0 58.8 5/ 253
1% 980 895 106.2 686 717 82.5 859  S41 318
MMS' (ug/mL)
6.5 763 730 530 475 538 285 6904 4950 1954
6.5 746 578 522 418 474 248 6565 4635 1930
Test Article{pg/ml}
313 798 814 1009 840 952 96.0 693 463 229
62.5 97.1 939 B804 72 815 703 678 349 330
125 60.7 510 635 836 948 60.2 68.7 426 261
250 538 634 449 720 Bl& 366 929 525 404
375 451 422 346 666 754 26.1 962 (63 328
500 5§72 431 410 635 721 29.6 120.0 ﬁ 463
749 59.0 307 348 68 723 25.2 1145 (8 325
999 312 274 192 718 882 17.0 958 589 369

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth

“Cloning Efficiency = Totsl Viable Colony Count/Number of Cells Seeded * 100

“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100

*Mutant Frequency = (Total Mutant Colonies/Total Viable Colonics) * 2x10E-4

Decimal is moved to express the frequency in units of 10E-6
Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Coiony Mutant Frequency

*Vehicle Contral = DMSO

fPasitive Control: MMS = Methyl methanesutfonate

Colony Counts increased by 9.099% to compensate for area of dish not scanned

In the initial assay of R-zop/4hr +S9, a dose dependent increase though not significant in MF was seen at

250ug/ml dose (tables 23, 24). In the confirmatory assay +S89/4hr (tables 25&26), there was no

cytotoxicity up to 1000ug/ml and the increase in MF was thus not observed; higher concentrations than

1000ug/ml could not be tested due to a ppt.
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MLA Assay, Sepracor#190-816 (Cont.)

TABLE 23: INITIAL MUTATION ASSAY WITH ACTIVATION
WITH (R)}-ZOPICLONE

A. TEST ARTICLE: (R)-ZOPICLONE.
B. GENETICS ASSAY NO.: 20960-0-431 ICH

C. VEHICLE: DMSO

D. SELECTIVE AGENT: TFT 3.0 pg/mL

E. TREATMENT DATE: 12/14/1999

F. CELLS ANALYZED: 3x10*

G. TREATMENT PERIOD: ~4 hours
H. EXPRESSION PERIOD: 2 days

Test Condition Daily Cell Counts  Cumulative  Total Total Cloning Relative Mutant
(CelML, 10ES RSG" Mutant  Viable  Efficiency® Growth(%)* Frequency
Units) Colonies Colonies (10E-6 Units)®
Dayl Day2
59-Activation Controls” AVG AVG
59 Batch Number. 955 yC vC
Vehicle Control 104 128 14.8 168 502¢ 83.7 1119 66.9 \
Vchicle Control 7.8 12.6 108 191 578 96.4 95.1 66.0
Vehicle Control 9.2 10.6 108 122 161t 555¢ 925 909 90.5 58.2
MCA 2 pg/mL 5.1 125 71 c 5148 856 54.8 c
MCA 4 yg/mL 5.4 107 64 907 554 924 536 3z1.2'
Test Compound Relative to Relative to
ug/mL Vehicle Vehicle
Control Controt
(%} (%)
7.85 104 111 105.3 230 587 1077 113.4 78.4
15.7 6.7 204 124.7 163 464 85.1 106.0 70.1
313 9.8 11.6 1037 238 540 95.1 102.7 88.1
625 7.8 13.4 953 213 578 106.1 101.1 733
125 9.6 QB 858 298 6098 111.7 95.8 918
256 7.7 12.6 885 219 529 97.1 859 829
500 56 134 684 227] 425 78.1 534 106.7
999 4.6 56 25 227 393 720 169 115.6

*RSG = (Day 1 Count/) * (Day 2 Count)3 (or Day 1 Count if not subcultured)
®Cloning Efficiency » Tota! Visble Colony Count/Number of Cells Seeded * 100
“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
"Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-6
“Vehicle Control = 1% DMSO
Paositive Control: MCA = Methylcholanthrenc
'Mutagenic. Exceeds Minimum Criterion of 127.4 X 10E-6

C = contaminated

*Ome plate lost to contamination. Tetal counts calculated by using a weight proportion
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MLA Assay, Sepracor#190-816 (Cont.)

TABLE 24: SIZING DATA FOR INITIAL MUTATION ASSAY WITH
ACTIVATION WITH (R)}-ZOPICLONE

A. TEST ARTICLE: {R)-ZOPICLONE

B. GENETICS ASSAY NO.: 20960-0-431 ICH
C. VEHICLE: DMSO

D. SELECTIVE AGENT: TFT 3.0 yg/mL

E. TREATMENT DATE: 12/14/1999

Cum. RSG (%)" Cloning Relative Mutant Frequency
Efficiency® Growth® (=104
Test Condition  Conc. Dayl Day2 Abs% Rel% Total Small Large
Vehicle Control
1% 1139 1214 837 922 118 669 295 3713
1% 854 896 9.4  106.1 95.1 660 430 230
1% 1067 889 925 1018 90.5 582 1320 262
MCA (ug/mL)
2 558 581 856 943 54.8 CONTAMINATED
4 s9.0 527 924 1017 536 327.2 1984 1287
Test Article(ug/mlL)
7.85 113.9 1053 97.8  107.7 1134 784 506 279
15.7 73.4 1247 713 85.1 106.0 70.1 513 18.8
313 1073 1037 900  99.1 1027 88.1 562 319
62.5 854 953 9.4  106.1 101.1 737 486 251
125 105.1 BS8 1015 1117 95.8 978 538 441
250 843 B85 882 971 859 ( 829 623 206
500 613 684 70.9 78.1 534 106.7 677 39.0
999 504 2315 65.5 72.0 169 1156 750 406

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
*Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
“Relstive Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
4Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-6

Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Colony Mutant Frequency
“Vehicle Control = DMSO

‘Pasitive Control: MCA = Methylcholanthrene
Colony Counts increased by 9.099% to compensate for area of dish not scanned
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MLA Assay, Sepracor#190-816 {Cont.)

TABLE 25: CONFIRMATORY MUTATION ASSAY WITH ACTIVATION WITH

(R)-ZOPICLONE

A. TEST ARTICLE: (R)-ZOPICLONE
B. GENETICS ASSAY NO.: 20960-0-431 ICH
C. VEHICLE: DMSO

D. SELECTIVE AGENT: TFT 3.0 pg/mL

E. TREATMENT DATE: 1/11/2000
F. CELLS ANALYZED: 3x10*

G. TREATMENT PERIOD: ~4 hours
H. EXPRESSION PERIOD: 2 days

Test Condition Daiily Cell Cumulative  Total  Total Cloning Relative Mutant
Counts {CellfML, R3G" Mutant Visble Efficiency® Growth  Frequency
10ES Units) Colonies Colonies (%)*  (10E-6 Units)*
Dayl! Day2 ‘
S9-Activation Controls® AVG AVG
59 Batch Nurmber: 955 vC vC
Vehicle Control 124 13.5 18.6 160 612 102.0 844 514
Vehicle Controt 139 19.0 29.3 152 507 84.6 1103 59.8
Vehicle Control ‘140 15.7 244 241 166 559 931 932 101.1 59.4
MCA 2 pug/mlL Ho 215 263 455 492 820 95.8 184.9°
MCA 4 ug/mL il3 15.1 19.0 613 592 98.7 832 207.0f
Test Compound Relative to Relative to
pg/ml Vehicle Vehicle
Control Control
(%) (%)
7.85 19.0 14.7 128.7 132 458 819 105.4 57.6
15.7 11.8 19.0 103.3 172 736 131.7 136.0 458
313 13.2 17.9 108.8 146 600 1072.3 116.8 48.7
62.5 : 12.7 19.1 111.7 153 599 107.1 119.7 51.0
125 14.8 15.1 102.9 193 531 95.0 97.8 72.7
250 10.7 183 90.2 17% 526 94.0 848 66.4
500 12.3 17.2 97.4 168 a3 60.7 59.1 .0
1000 1.2 11.1 573 194 603 107.9 618 64.4
£
. v cjb{
*RSG = (Day 1 Count/3) * (Day 2 Count¥3 {or Day 1 Count if not subcultured) - S
Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100 o

“‘Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency)/ 100

“Mutant Frequency = (Total Mutant Colonies/Tatal Viable Colonics) * 2x1 0E-4

Decimal is moved to express the frequency in units of 10E-6
*Vehicle Control = 1% DMSO

Positive Control: MCA = Methyicholanthrene
'Mutagenic. Exceeds Minimum Criterion of 114.4 X 10E-6
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MLA Assay, Sepracor#190-816 (Cont.)

TABLE 26: SIZING DATA FOR MUTATION ASSAY WITH ACTIVATION
WITH (R)-ZOPICLONE
E. TREATMENT DATE: 1/11/2060

Cum. RSG (%)" Cloning Relative Mutant Frequency
Efficiency” Growth® xi0%*
Test Condition Conc. Dayl Day2 Abs% Rel% Total Small Large
Vehicle Control®
1% 923 711 1020 1094 844 524 271 253
1% 103.5 1216 846 907 1103 598 211 2327
1% 1042 1012 931 99.9 101.1 594 375 219
MCAf {(pg/mL)
2 81.9 1089 32.0 88.0 95.8 184.9 812 1038
4 84.1 78.6 98.7 105.9 83.2 2070 840 1230
Test Article{pg/mL)
7.85 1414 1287 76.4 819 1054 576 352 224
15.7 878 1033 1227 1317 136.0 468 222 246
33 983 1088 100.0 1073 116.8 487 287 200
62.5 945 1117 99.8 107.1 119.7 510 248 262
125 110.2 1029 88.6 95.0 978 727 452 275
250 9.7 902 876 940 848 664 332 332
500 91.6 974 56.5 60.7 59.1 99.0  61.7 373
1000 834 572 it06 1079 61.8 644 373 271

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Contrel Suspension Growth
YCloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
‘Redative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 1 00
“Mutant Frequency = (Total Mutant Colonies/Total Viabic Colonies) * 2x10E-4

Decimal is moved to express the frequency in units of }0E-6

Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Colony Mutant Frequency
*Vehicle Contral = DMSQ

"pasitive Control: MCA = Methylcholanthrene
Colony Counts increased by 9.099% to compensate for area of dish not scanned

There was no increase in MF of S-zop in -89 in both the initial and confirmatory assays but noted, was the
little cytotoxicity in the -S9/4hr treatment. However, in +S9 initial assay (table 27), there was dose
dependent increase in MF starting at 125ug/ml with increases in small colony (table 28). Though a dose
dependent increase in MF was observed in the confirmatory assay in +S9 (tables 29 & 30) at the same
concentrations tested, this increase was small with only [.7x increase over the mean MF of the concurrent
vehicle control at the top concentration of [000ug/ml.
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MLA Assay, Sepracor#190-816 (Cont.)

APPEARS THIS way
ON ORIGINAL

APPEARS Tits way
ON ORIGINAL
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TABLE 27: INITIAL MUTATION ASSAY WITH ACTIVATION
WITH (S)-ZOPICLONE

TEST ARTICLE: {S)-ZOPICLONE
GENETICS ASSAY NO.: 20960-0-431 ICH
VEHICLE: DMSC

SELECTIVE AGENT: TFT 3.0 gg/mL

E. TREATMENT DATE: 1 2/14/1999
F. CELLS ANALYZED: 3x10°

G. TREATMENT PERIOD: ~4 hours
H. EXPRESSION PERIOD: 2 days

Cumulative

Test Condition Daily Cell Counts Total  Total Cloning Relative Mutant
(CelML, 10ES RSG" Mutant Visble  Efficiency® Growth(%)*  Frequency
Units) Colonies Colonies (10E-6 Units)*
Dayl Day2
k-Activation Controls® AVG AVG
19 Batch Number: 955 Ve vC
Vehicle Control 9.4 213 22 166 549 915 1114 60.4
Vehicle Control 9.7 190 206 158 469 782 : 8s.1 674
Vehicle Control 104 178 206 2.1 170 538 896 R64 100.9 633
MCA 2 pg/mL 58 163 105 576 467 778 44.8 2467
MCA 4 pg/mL 79 167  14.7 666 664 1107 £8.9 2003
Test Compound Relative to Relative to
pgfml Vehicle Vehicie Control
Coatra)
(%) (%)
3.9 79 204 84.7 157 495 955 80.9 634
7.85 9.9 16.8 874 199 620 119.5 104.5 64.1
15.7 9.6 192 969 185 501 96.6 93.6 74.1
62.5 9.2 16.0 774 235 535 103.1 79.8 878
125 103 165 89.4 195 472 911 81.4 824
250 6.6 19.7 68.4 265 464 29.4 61.1 114.4
500 68 - 145  _S18 26 440 854 4.3 147.3¢
999 57 9.3 X319 355 425 82.0 (,22.9 166.7

:8G = (Day 1 Count3) * (Day 2 Count)/3 {or Day 1 Count if not subcultured)
Zlening Efficiency = Total Viable Colony Count/Number of Celis Seeded * 100

telative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100

Autant Frequency = {Total Mutant Colonies/Tatal Viable Colonies) * 2x10E-
Decimal is moved to express the frequency in units of 10E-6

*ehicle Control = 1% DMSO
Positive Control: MCA = Methylchotanthrene

{utagenic. Exceeds Minimum Criterion of 127.4 X 10E-6

Jne plate lost to contamination. Total counts calculated by using 2 weight proportion

MLA Assay, Sepracor#190-816 (Cont.)
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TABLE 28: SIZING DATA FOR INITIAL MUTATION ASSAY WITH
ACTIVATION WITH (S)-ZOPICLONE

A. TEST ARTICLE: (S)-ZOPICLONE

B. GENETICS ASSAY NO.: 20960-0-431 ICH
C. VEHICLE: DMSO

D. SELECTIVE AGENT: TFT 3.0 pg/mlL

E. TREATMENT DATE: 12/14/1999

Cum. RSG (%)* Cloning Relative Mutant Frequency
Efficiency” Growth® x10%’
Test Condition  Conc.  Dayl Day2 Abs% Rel% Total Small Large
Vehicle Control*
1% 956 1053 915 1058 i11.4 604 390 215
1% 986 974 782 905 88.1 674 400 274
1% 105.8 973 896 1037 100.9 633 365 268
MCA" (jg/mL)
2 59.0 497 718 909 445 2467 1243 1224
4 803 694 i10.7 1281 889 2003 1136 86.7
Test Anicle(pg/mL)
3.9 803 847 826 955 809 634 401 233
7.85 100.7 874 103.3 119.5 104.5 64.1 352 289
15.7 976 969 B35 966 93.6 741 415 266
62.5 936 774 891  103.1 798 878 S88 29.0
125 1047 £9.4 787 9Li 81.4 824 518 306
250 671 684 773 894 61.1 114.4 (30.9 334
500 692 5138 738 854 443 1473 L101.0 463
999 580 279 709 820 229 ——1667F 1344 -323 .

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
“Cioning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
“Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
YMutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved te express the frequency in units of 10E-6

Expressed as Total Mutant Frequency, Smal! Colony Mutant Frequency and Large Colony Mutant Frequency
*Vehicle Control = DMSO

*Positive Control: MCA = Methylcholanthrene
Colony Counts increased by 9.099% to compensate for arca of dish not scanned

MLA Assay, Sepracor#190-816 (Cont.)

104




TABLE 29: CONFIRMATORY MUTATION ASSAY WITH ACTIVATION

WITH (8)-ZOPICLONE
A. TEST ARTICLE: (S)}-ZOPICLONE E. TREATMENT DATE: /1122000 |
B. GENETICS ASSAY NO.: 20960-0-431 ICH F. CELLS ANALYZED: 3x10°
C. VEHICLE: DMSQ G. TREATMENT PERIOD: -4 hours
D. SELECTIVE AGENT: TFT 3.0 ug/mlL H. EXPRESSION PERIOD: 2 days
Test Condition Daily Celi Cumulative  Total Total Cloning Relative Mutant
Counts (Cell/ML, RSG* Mutant Viable  Efficiency® Growth  Frequeacy
10ES Units) Colonies Colonies (%) {10E-5
Units)*
Dayl Day2
S$9-Activation Controls® AVG AVG
59 Batch Number: 955 vC vC
Vehicle Control 195 40 303 180 565 942 1030 63.7
Vehicle Control 177 160 315 173 550 916 104.0 63.1
Vehicle Control 187 134 278 299 204 555 926 928 929 735
MCA 2 pgimlL 136 170 257 532 497 829 76.8 214.0
MCA 4 pg/ml 8.9 162 160 656 495 226 417 264.3
Test Compound Relative to Relative to
ug/mL Vehicle Vehicle
: Control Control
(%) (%)
7.85 21 129 106.0 197 527 94.6 100.3 749
157 212 157 1238 165 443 79.6 98.5 744
313 199 152 1123 178 445 79.9 £9.9 79.9
62.5 156 138 20,1 188 527 94.6 75.8 7.2
125 207 113 87.0 228 515 92,5 804 88.6
250 135 160 80.3 [ 260 550 98.8 793 94.4
500 162 124 74.7 236 417 749 559 11
115.7

1000 10.0 7.5 2719 269 466 83.7 233

"RSG = (Day | Couni/3) * (Day 2 Count)/3 (or Day 1 Count if not subcultured)
*Cloning Efficiency = Tota! Viable Colony Count/Nunsber of Cells Seeded * 100
“Relative Growth = {Relative Suspension Growth * Relative Cloning Efficiency}/ 100
‘Mutant Frequency = (Total Mutant Calonies/Total Viable Colonies) * 2x10E-4
Decirnal is moved 1o express the frequency in units of 10E-6
“Vehicle Contral = 1% DMSO
Positive Control: MCA = Methylcholanthrene
Mutagenic. Exceeds Minimum Criterion of 133.5 X 10E-6

MLA Assay, Sepracor#190-816 (Cont.)
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TABLE 30: SIZING DATA FOR CONFIRMATORY MUTATION ASSAY

WITH ACTIVATION WITH (S)-ZOPICLONE

A. TEST ARTICLE: (S)}-ZOPICLONE

B. GENETICS ASSAY NO.: 20960-0-43] ICH
C. VEHICLE: DMSO

D. SELECTIVE AGENT: TFT 3.0 pg/ml.

E. TREATMENT DATE: 1/11/2000

Cum. RSG (%)" Cloning Relative Mutant Frequency
Efficiency” Growth" (x10%!
Test Condition Conc. Day | Day2 Abs% Rel% Total Small Large
VYehicle Control®
1% i04.7 101.5 942 101.5 103.0 637 409 228
1% 95.0 1053 %16 93.8 104.0 631 433 198
1% 1004 932 926 97 929 735 389 M6
MCA' (ug/mlL)
2 730 860 829 894 768 2140 917 1224
4 47.8 536 826 89.0 417 2648 1401 1247
Test Article(ug/mL)
7.85 118.6 106.0 87.8 94.6 100.3 749 369 381
157 1138 1238 VER ] 796 985 744 389 355
313 106.8 1125 74.2 799 899 799 392 407
62.5 817 B80.1 878 94.6 758 712 360 2352
125 t11.1 870 85.8 925 804 886 48.7 3198
250 125 80.3 91.6 98.8 793 944 679 266
500 B6S M7 69.5 749 559 113.1 | 864 267
1000 537 279 776 83.7 233 115.7 1838 319
.

*Cum. RSG = Cumulative Suspension Growth Relative to the Average Vehicle Control Suspension Growth
*Cloning Efficiency = Total Viable Colony Count/Number of Cells Seeded * 100
‘Relative Growth = (Relative Suspension Growth * Relative Cloning Efficiency) / 100
‘Mutant Frequency = (Total Mutant Colonies/Total Viable Colonies) * 2x10E-4
Decimal is moved to express the frequency in units of 10E-6
Expressed as Total Mutant Frequency, Small Colony Mutant Frequency and Large Colony Mutant Frequency
“Vehicle Control = DMSO
*Positive Control: MCA = Methyichalanthrene
Colony Counts increased by 9.099% to compensate for area of dish not scanned

MLA Assay, Sepracor#190-816 (Cont.)
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HISTORICAL CONTROL DATA

Nonactivation Studies
Pooled negative and vehicle control mutant frequencies
Mean (+ SD) 53.0+£22.0x10°*
Range 20.5t0 114.8x 107
Number of experiments 52
Number of controls 156
Positive control mutant frequencies (5.0 nl/mL methyl methanesulfonate)
Mean (+ SD) 272.7+135.7x 10°
Range 115.9 to 632.1x 10°¢
Number of experiments 51
Number of controls 51
Positive control mutant frequencies (10.0 n/mL methyl methanesulfonate)
Mean (+ SD) 4839+3152x10°
Range 176.1 to 1996.4 x 10°
Number of experiments 52
Number of controls 52
Activation Studies
Pooled negative and vehicle contrel mutant frequencies
Mean (+ SD) 653 +£27.1x10°
Range 27.6t0 150.3x 10°
Number of experiments 54
Number of controls 162
Positive control mutant frequencies (2.0 pg/mL 3-methylcholanthrene)
Mean (+ SD) 4545+ 1662 x 10°
Range 204.8 to 787.8 x 10
Number of experiments 54
Number of controls 54
Positive control mutant frequencies (4.0 pg/mL 3-methylcholanthrene)
Mean (+ SD) 567.0 +248.3x 10°
Range 218.9 to 14149 x 10%
Number of experiments 54
Number of controls 54

Because some experiments contained multiple controls, the number of independent control
cultures exceeded the number of experiments.

MLA Assay, Sepracor#190-816 (Cont.)
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Summary and Conclusion:

The RS-zopiclone produced a concentration dependent and reproducible positive response (increase in
MF), in the presence of metabolic activation in both the initial and main assays. RS-zop was not
mutagenic ner was it clastogenic in -S9 at 4hr in the initial assay but a positive response was observed in
the confirmatory assay in -S9/24hr (dose dependent but significant only at the top concentration).

The R-zopiclone was negative in -S9 at the 4 and 24hr treatment periods but noted was the 3™ outlier
value of the negative control that raised the mean of the vehicle control causing a negative response with
the test cpd. Otherwise, a positive trend was seen at the higher doses with 1.8-2.6 fold increase in MF
over the vehicle control. The R-zopiclone although did not meet the sponsor’s criteria for a positive
response in +59, showed a positive trend at the 4h/+S9 and the confirmatory assay was invalid due to
absence of any cytotoxicity at the top concentration. Therefore, it may be concluded that there was a
positive trend particutarly in +S9, although according to sponsor’s criteria for a positive response the
R-zop is negative.

The S-zopiclone was negative in -89 at 4hr treatment but in confirmatory assay -$9/24hr treatment, a
positive trend (but negative response under sponsor’s criteria), was observed at the top concentrations, In
presence of S9/4hr treatment a clear dose dependent positive and statistically significant response
(increase in MF), was seen in the top 3 concentrations relative to vehicle control. However, in the repeat
assay, only a positive trend was observed with increase in small colony, but with no statistical significance.
In conclusion, the S-zopiclone was considered negative by the sponsor since it did not meet criteria for a
positive response except in 1 of 2 assays in +S9. However, it is the reviewer’s opinion that based on the
clear positive response in | assay and presence of positive trend in drug concentration in both absence and
presence of S9, that S-zop was positive in the MLA.

It is therefore, conciuded that the RS-zop was clearly positive in +S9 with a weak positive or equivocal
response in -59. The R-zop was negative though a very weak positive trend was observed. The
S-zopiclone showed a stronger positive signal than did the R-zop and in +S9/4hr a ciear dose response and
statistically significant positive response, though according to the sponsor’s criteria. It almost seems
that there is some potentiation of clastogenic/mutagenic effect in the RS-zop than each
enantiomer alone. But the results of each enantiomer particularly those of the S-zopiclone, do
not exclude a positive response.

Study Title: In vivo mouse micronucleus (MN) assay with RS-, R-, and S-zopiclone.
Study No: Sepracor# 190-820/ —  study# 20960-0-455 OECD

Conducting lab: S -——
GLP: Yes (x); OECD
QA: Yes (x)

Study Initiation/Termination dates; Nov 1999/Mar 20600

Drug batch/lot# S-zopiclone 120998A; RS-zopiclone 9809002; R-zopiclone 121198A

Negative vehicle/Positive controls: the vehicle control was 2.5% hydroxypropylmethylceltulose (HPMC),
for all 3 cpds, the positive control was CP dissolved in deionized water and dosed at 80mg/kg. Dosing
volume in afl cases was 10ml/kg. Noted was that CP for the 1™ trial was purchased from = . and for
trial 2 from —

In vive mouse Micronucleus assay, Sepracor#190-820 (Cont.)
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Methods:

Young adult male and female CD-1 mice (8-10wks old), were purchased from  — for the
dose range finder study and from _—  for the MN assay. Animals were housed up to 6 per cage.
Each animal's body wt was determined prior to dosing and dose adjusted accordingly. All 3 cpds were
administered by oral gavage at 50, 100, 200, 300, and 400mg/kg for the dose range finding study to
3/sex/group CD-1 mice and animals were observed for 2days postdose. Clinical signs were observed in
all 3 cpds and were dose dependent. There was no sex differences in toxicity profile in the RS-zop and S-
zop therefore, only male mice were tested in the mah assay. However, female mice were more sensitive
to the R-zop with 2 of 3 females found dead on day 2 postdose of 400mg/kg in the dose range finding
(although 1 male dosed R-zop in the main assay was also found dead on dayl of dosing). Therefore, male
and female mice dosed R-zop were tested in the main assay. For all 3 cpds, the following doses were
tested in males in the main assay: 100, 200, and 400mg/kg and doses for female mice dosed R-zop,
were 62.5, 125 and 250mg/kg. it should be noted that female mice were dosed S-zop by mistake
therefore, a 2™ trial was conducted using females only and dosed with R-zop.

At approximately 24hr postdose, bone marrow from each mouse in each group was removed and
processed according to SOPs, additional samples were removed 48hr postdose from mice in vehicle
control and high dose test cpds. Cytotoxicity of bone marrow was assessed by scoring the number of
PCEs and NCEs from at least 200 cells per each slide. The MNPCE frequency was evaluated by scoring
at least 2000 cells per animal according to SOPs.

Assay Acceptance Criteria;

Statistical analyses were done separatecly for each sex and harvest time. Criteria for positive response was
detection of statistically significant increase in MNPCE for at least 1 dose AND a statistically significant
dose response. A test cpd not inducing both of these responses was negative. The sponsor also indicated
that in addition to statistical significance, biological relevance was also considered in the assessment. The
historical background frequency of MN for CD-1 mice ir  — is 0.0-0.4%, which is within the
range reported in published literature.

Results & Conclusion:

Dose Range Finding Study: clinical signs were similar for all 3 cpds and in general increased in severity
with increase in dose. Signs in the RS- and S-zop included: ataxia, hunched posture, and hypoactivity
without death. For the R-zop additional clinical signs inchided tremors and coldness to touch with death in
2 of 3 females on d2 postdose, male mice recovered with no deaths. Although S-zop was more toxic to
mice than the RS-zop based on clinical signs in the dose range finding, doses selected for the main assay
using male mice for RS-, R-, and S-zop were 100, 200, and 400mg/kg. Female mice were dosed R-zop
and S-zop at 62.5, 125, and 250mg/kg.

Main Assay: Trial 1: Imale mouse dosed 400mg/kg R-zop was found dead on d1 postdose, no other
deaths in any group. All mice in vehicle and positive control groups were normal and without clinical
signs. Clinical signs in drug groups included: hunched posture and slight hypoactivity in >100mg/kg RS-zop
Lhr postdose, ataxia and labored breathing 13min post 200&400mg/kg in addition, in these 2 groups
hypoactivity and coldness to touch were also observed within hr postdose; all signs were absent by 24hr
postdose. Clinical signs in male mice dosed R-zop were only seen at thr postdose at 200&400mg/kg and
inctuded slight hypoactivity, cold to touch, and only at 400mg/kg ataxia (2/6 at 24hr harvest and 5/6 at 48hr
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harvest), and hunched posture. In males dosed S-zop group, ataxia observed in all doses, hunched posture
and cold to touch noted in 200&400mg/kg groups, labored breathing was seen in 1/6 males dosed
In vivo mouse Micronucleus assay, Sepracor#190-820 (Cont.)

400mg/kg at 24hr harvest; all signs were absent by 24hr postdose. Females dosed S-zop, showed similar
signs to those seen in other groups. Only ataxia and hunched posture were observed at 62.5& 125mg/kg,
hypoactivity and cold to touch noted at 250mg/kg. Trial 2 for females dosed R-zop, clinical signs were
limited to hunched posture and slight hypoactivity at 1hr postdose at 250mg/kg (the former was the only
sign noted at 125mg/kg); no signs observed at 62 Smg/kg.

Bone marrow cytotoxicity as demonstrated by decrease in PCE/NCE ratio, was absent from all 3 test
cpds including the 48hr harvest time at high dose. There were no statistically significant increase in
MNPCE at any dose in any group of test drug. In contrast, positive control group in both trials induced a
significant increase in MNPCE; the vehicle control group values were within the historical range.

Based on these results, it is concluded that R-zop, RS-zop, and S-zop were negative in the mouse bone
marrow micronucleus assay following single oral gavage dose of up to 460mg/kg.

Reviewer’s Comments:

1. The following were noted though they may not have had an impact on study outcome:
qualitatively, the clinical signs were similar in all 3 test cpds and between the dose range finding study
and main assay. However, there were differences in incidence, time to onset, and duration as well as
the number of signs per animal between animals in the dose range finding study and those in main assay.
It is unclear why such differences were seen at the same dose and under the

same experimental conditions. One factor may be the animals in the 2 assays since they were purchased
from 2 different locations of / —

2. It is ako the reviewer’s opinion that accurate conclusion can not be made based on these results.
Although presence of adverse signs usually indicates adequacy of doses selected, bone marrow
cytotoxicity is the more evident end point that ensures target site exposure to the cpd. Therefore, absence
of such cytotoxicity in all 3 assays, makes the results less reliable. However, higher doses in the R-zop &
S-zop may not have been possible due to the death.

Study Title: UDS / DNA repair in primary culture of rat hepatocytes.
Study No: Sepracor# 190-843/RPR# 22-379-E

Conducting lab: —_—
GLP: Yes (x)
QA: Yes {x)

Study Initiation/Termination dates: Dec 1985

Drug batch/lot# GUN 1255

Negative vehicle/Positive controls: RS-zop was dissolved in 5% DMSO and the latter served as the
vehicle control as well as pyrene at 5x10°M. Mitomycin C at 10°M was the positive control.

Methods:
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6wk old male SD rats were received from — . and were 7wks old at start of study.
Hepatocytes were isolated and cultured according to standard methods. RS-zop was tested at 5
concentrations and 3 slides per concentration were evaluated. Cellular viability of adherent cells was
checked for all cpds 18hr afier incubation. When cell adhesion was judged to be satisfactory, medium
was aspirated and replaced with fresh Witliams medium minus serum and containing 10uCi/ml

UDS in primary rat hepatocyte (Cont.)

’H-thymidine plus either RS-zop or positive or negative controls. Slides were prepared for
autoradiography and 8days after depositing the photographic emulsion, autographs were developed, slides
stained, and grains counted using Artek counter connected to a microscope. 150 cells were counted per
concentration. The sponsor stated that the counter was capable of producing counts in either grain mode
or area mode, the latter was used because it allowed aggregates to be viewed as discrete grains. The net
nuclear grain counts were calculated by subtracting the mean cytoplasmic count from the total nuclear
count,

Criteria for a positive result (genotoxic): if NNG (net nuclear grain) is >5
Criteria for a possible genotoxic: if NNG is between 0-5 and,
Criteria for a negative response: if NNG is <0

Results & Conclusion:

RS-zop was tested in the UDS DNA repair assay in primary rat hepatocytes in culture at concentrations
tested were: 5x10°, 167, 5x10°, 10™, and Sx10™*M. Cytotoxicity was observed at the highest
concentration. RS-zop did not increase the NNG up to 10*M compared to the negative control; MMC
produced the expected increase in NNG.

As indicated in the PK/TK section, S-zop is metabolized to the active metabolite S-desmethyl zop. The
latter is currentls’ — and has been investigated with several general toxicology
studies, reproductive/developmental studies, as well as genetic toxicology studies. The following genetic
toxicology assays were conducted with S-desmethyl zop and the results are briefly summarized (for detail,
refer to onginal review for —

Bacterial reverse gene mutation (Sepracor#192-807) Results: negative
In vitro CHO cells chromosomal aberration assay (Sepracor#192-805)  Results: positive
In vitro mammalian human fymphocyte assay (Sepracor#192-810) Results: positive

In vivo chromosomal aberration and MN assay in mouse bone marrow (Se pracor#192-806)
Results:negative up to 350mg/kg

2p postlabelling analysis of DNA adducts in calf thymus DNA incubated in vitro with S-desmethyl zop
Results; equivocal.

Overall Genetic Toxicology Summary:

All 3 forms of zopiclone: RS-, S-, and R-, tested negative in the bacterial Ames gene mutation assay, in
the in vivo mouse bone marrow MN assay up to 400mg/kg oral dose, and RS-zop was negative in UDS
DNA repair using primary rat hepatocytes in culture. However, positive responses were observed in the
in vitro mammalian CHO chromosomal aberration assay and MLA. RS-zop and S-zop were positive in
the 1% CHO assay where S-zop was positive in both trials in ~S89 and in +89 in trial 1, RS-zop was positive
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in both -/+89 in both trials; the R-zop showed a weak positive response in trial2 in —S9. All 3 cpds tested
negative in the repeat CHO assay except for RS-zop in +S9 tested positive for structural and numerical
abs. The valididty of this 2* assay is questionable. The positive findings in the previous CHO assay were
observed at concentrations higher than those in the repeat assay, it is unclear why solubility was limited
since the same vehicle, DMSO, was used in both studies. Therefore, unless an explanation is provided to
Justify the solubility issue, the clear positive response observed in the 1* assay remains as the valid one for
this assay. In the MLA assay, RS-zop was positive in +S9 at both 4&24hr incubation times with clear
increase in small colony, moreover, a positive trend was seen in —S9at the 24hr. The S-zop was positive in
+39 at 4hr with increase in small colony and guestionable at the 24hr/+S9. However, $-zop +S9/4hr was
negative in the repeat assay but, with a positive trend; S-zop was negative in —S9 at 4hr and 24hr (but
positive trend for the latter time point). The R-zop in the MLA was positive in —S9 at 24hr and +S9 at 4hr
otherwise negative at —S9/4hr. Of importance to these findings are the results of the S-desmethyl zop, the
active metabolite of S-zop. This cpd is being studied under IND# 63,056 and was tested positive in the
CHO and mammalian human lymphocyte assays, further supporting the positive findings of S-
zop in the above assays. Itis noted that S-zop and RS-zop were tested in the alternative P53 bioassay
in mice with ne gative findings.

The resuits of the CHO and MLA for the 3 cpds were consulted to the Genetic Toxicology Cmtt of
CDER and their conclusions were in agreement to those of the reviewer and the CROs. This reviewer
concludes that results for the in vitre chromosomal aberrations lean towards a positive
clastogenic response for S-zop and RS-zop. The sponsor however, continues to state that RS-zop and
S-zop are not clastogenic in these assays, and that a threshold phenomenon is playing a role (Dr ~ —
Sepracor#190 ).

""PEARS T
oy ,,,,m{f‘g'wnv
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3.4.5. CARCINOGENICITY

The following are reviews of the RS-zop mouse and rat 2yt carcinogenicity studies and [8month rat
toxicity study plus the S-zop P53 alternative in vivo mouse study. In addition, all consultant and Pathology
Working Group reports are discussed, each of the 4 tumors are discussed within each study as well as
separately, assessment and relevance to human cancer risk are addressed in the Special Toxicology
section of this review.

The mouse and rat studies were submitted by Sepracor on June 22" 2001 serial# 40. They were

reviewed and presented to the CDER Executive CAC on October 2 2001. the following is that review:

MOUSE CARCINOGENICITY STUDY:
Study design was that of the NTP: 2 control groups and 3 dose groups; the study was GLP

Species/Strain/# per sex per dose: B6C3F1 mice; 52/sex/group. Mice housed 4/cage

Doses/Route/Duration: 0,0,1, 10, 100mg/kg/d RS-zop for at least 102wks via the
DIET.

Results:

Mortality/Clinical Signs:  No drug effect; survival in all groups at end of study was >20%

Food Intake: No drug effect

B.wt/B.wt Gain: mean B.wt was unaffected at any period of study in either sex of any dose.

Mean B.wt gain was increased in HDf during wks0-14 of dosing (p<0.001),
no drug effect in males during this period (tables from sponsor). Mean B.wt
gain was statistically significantly decreased in both sexes in HD during
wks 14-102 (66% m and 41% f less than the corresponding controls), and
during wks0-102 (17% m and 18% f less than the corresponding controls).
Note that wt gain in the 10mg/ke/d dose in males was significantly increased
over the control values during these periods 14-102 and 0-102wks (tables from
sponsor),
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Table 4: Body Weight Gains (g) by Interval Weeks in Male Mice Receiving (RS)-

Table §:

RS-zop Mouse Car study (Cont.)

Organ wt;

Gross Exam:

Non-Neoplastic Findings:
Neoplastic Findings:

The incidences of both tumor types were statistically significant relative to the concurrent

Zopiclone for at Least 104 Weeks
Week Control (RS)-Zopiclone (mg/kg/day)
Interval 0 0 1 10 100
0-14 168 | 165 | 163 16.6 167
14 - 102' 66 | 64 54 824+ 224+
0-102 | 231 | 224 | 217 24.8%% | 1Bo%es
Body Weight Galns (g) by Interval Weeks in Female Mice Receiving (RS)-
Zopiclone for 104 Weeks
[ Week | Control (RS)-Zopiclone (mg/kg/day)
Interval 0 ) 1 10 100
0-14 98 | 9.1 | 84+ 10.1 12.7%%+
14-102 | 215 | 213 | 204 203 12,74+
0-102 | 314 | 305 | 287 304 25.4%%*
** na).0]; ¥** p0.001,

! Body weights were assessed only through Week 102; animals were necropsied during Wecks

196-107.

the only drug effect was a small but statistically significant increase in mean
relative wt of the liver in HDm+f (table from sponsor). This increase was
338.38% more than the corresponding control values in males and females

respectively, or 1.3x the liver wt in the control.

Table 6: Mean Absolute (g) and Relative (%) Liver Weights in Male and Female
Mice Receiving (RS)-Zopiclone for at Least 104 Weeks

Grou Control (RS)-Zopiclone (mg/kg/day)
Toup 0 0 1 10 100
Abs | 24 | 24 22 23 28
Mates g | 59 | 64 5.5 55 8.0
Abs | 22 | 19 18 22 25
Females  pi | 40 | 4 42 5.1 6.2
* <005, +* p<OOL.

No findings except for subcutaneous masses in HDm (see below).
None
HDm
HDf

skin fibrosarcoma

pulmonary adenoma‘adenocarcinoma

control incidence as well as exceeded historical data for these tumor types.

Sepracor’s Conclusion:
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Skin tumors are related to the bite wounds leading to incrustations that consequently caused the tumors.
Male B6C3F mice are known for their aggressive behavior when housed together, RS-zop
increased/exaggerated the fighting behavior in these mice at high dose that led to the tumeors.
Therefore, this tumor type is irrelevant to humans and is not a direct effect of RS-zop.

Pulmonary tumors are common in rodents and when the data were reevaluated for statistical
significance using current criteria and guidance, these tumors were found to be spurious and

irrelevant to humans.

RS-zop Mouse Car study (Cont.)

APPEARS THIS WAY
ON ORIGINAL

The following is a detailed discussion of the findings, expert opinions, and conclusions:

Male Mouse Skin Tumors;
Table from sponsor:

Table 7: Incidence of Fibromas or Sarcomas in Male Mice Receiving

{RS)-Zopiclone for at Least 104 Weeks

L Tamor Tyos Control (RS)-Zopiclone (mg/kg/day)
P 0 0 1 10 100
(Number examined) 52) | (52) (52 (52) (52)
Fibroma 1 1 - 0 0 2
Sarcoma 1 2 0 13+
Fibroma or Sarcoma 2 1 2 0 14%x¢

** p<(,001, versus combined controls.
®One animal (No. 55) had both a fibroma and a sarcoma, therefore the incidence was counted only

once for the combined total.

*Number of nimals exhibiting the finding.

“One animal (No. 244) had both a fibroma and a sarcoma, therefore the incidence was counted only

once for the combined total.

These tumors were also referred to as malignant mesenchymal tumors. They were not found in female
mice or in either sex of the rat. [incidence of fibroma or sarcoma in female mice was 3,1, 1,3, and 2 cach
out of 52 mice per group in 0, 0, 1, 10, and 100mg/kg/d respectively].
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Historical control incidence from 12 carcinogenicity studies conducted ar
1979-1984 for gang caged (4/cage), B6C3F1 mice was 2.75% (0-11%) and 4.9% {0-10%) for s.c.
fibroma and sarcoma respectively. Therefore, the sarcoma incidence in HDm mice of 25% clearly
exceeded the historical range from 12 studies. The historical incidence from these same 12 studies for
dorsal incrustations in gang caged mice (4/cage), was 14% (2-33%) but 0% in one study where mice
were individually housed. The incidence of encrustations in HDm in this study was 52%, far
exceeded the historical range.

The sponsor stated the following:

—

between

¢ There was no difference between drug groups and controls in tumor onset (1* sarcoma appeared at
wk 97, 54, 61, and 75 for control 1, control 2, Img/kg/d, and 100mg/ke/d groups respectively, with

corresponding mean times of 99, 54, 78, and 88weeks respectively,

¢ There was no difference between drug groups and controls in the skin location of these tumors (all
except 1 tumor was seen on the dorsal surface of the skin which is a similar incidence/skin location

reported for historical control data),

APPEARS THIS WAY
ON ORIGINAL

RS-zop Mouse Car study (Cont.)

¢ The cause of death in mice with these s.¢. tumors was not determined by the pathologist however,
there was no difference in mortality between drug and control groups leading the sponsor to conclude

that these tumors were not lethal,

¢ The incidence of dorsal incrustations-indicative of fighting/biting, was significantly higher in HDm than
that for the controls or any other drug group (table from sponsor); no drug effects on incrustations or

skin tumors were observed in female groups including the controls,

Table 10: Incidence (%) of Dorsal Encrustations in Male Mice Receiving

(RS)-Zopiclone for at Least 104 Weeks

T pe O | O fpldon oyt |
(Number examined) (52) (52) {52) (52) (52)
Number affected 3 5 3 3 7
(%) (6 (10} (6 {6) (52)
Mean Duration (weeks) 0.5 0.7 0.2 0.1 6.3

The historical control duration of incrustations from the 12 carcinogenicity studies was 1.4wks (0.1-
3.8wks). The incidence for the controls, low, and mid dose RS-zop groups fell within this historical range

but the HD far exceeded it (6.3wks).
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4 Although the encrustations in HDm in this study exceeded both the historical control range for the
incidence and duration of encrustations, the sponsor indicated that further analyses of the historical

data showed a correlation between these incrustations and sarcoma development such that only 3%
sarcoma found in males without dorsal incrustations but 29% found in males with incrustations,
incidences similar to those in RS-zop of 5&19% respectively.

The sponsor concluded that RS-zop at high dose exaggerated the aggressiveness of gang caged male mice
and secondarily leading to development of sarcoma as a result of biting wounds/incrustations.

The correlation between aggressive behavior in male B6C3F1 mice housed in group and sarcoma
incidence has been reported by Boorman G: (1985) in a correspondence with F. Roe (see detail later).
Based on this observation, the NTP began recommeénding individual housing of these mice. ©  ——

RPR — , conducted a 2 carcinogenicity study at = . (1990) to test this proposal. The protocol
consisted of 2 concurrent studies (Sepracor#190-844). In the 1¥ study, male B6C3F1 mice were housed
individually and 4/cage and administered either 100mg/kg/d RS-zop or control drug-free diet for 106wks
and killed on wk107 (n=100 per group). Unlike the original study where there was no difference in
mortality was recorded, incidence of mortality in this study was increased in gang caged mice compared to
the single caged mice (table from sponsor). Most of these deaths occurred in the 1¥ yr of dosing.

Table 11: Incidence of Mortality by Interval Weeks in Male Mice Receiving 0 or 100
m day of (RS)-Zopiclone for 106 Weeks

Week Single Housed ‘Group Housed'
Interval 0 100 mg/kg 0 100 mgkg

0-52 1 0 5 17
53-78 6 g 4 9
79-92 18 10 17 9
93~ 107 18 10 10 22

0 - 167 43 29 36 57

o= dfeage ? Inctudes animals sacrificed through Week 107,

RS-zop Mouse Car study (Cont.)

There was a clear correlation between skin encrustations and mice housed as gang and absence of
encrustations in mice housed individually (table from sponsor). This correlation also extended to higher
incidence of sarcoma in gang-housed mice compared to zero incidence in mice housed individua]ly.

APPEARS THIS way
ON ORIGINAL
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Table 12; Incidence (%) of Subcutaneous Sarcomas in Male Mice Receiving (RS)-

Zapiclone for 106 Weeks ;
Caging ;
Individual Group'
Dose
(mg/kg/day) 0 100 0 160
(Number per group) (100) [ (100) | (100) | (100)

Dorsal Encrustations * 0 0 28 71
Fibromas t] 0 0 6
Sarcomas 0 4] 3 13

Mean Duration (weeks) ° - - 2.1 13.0
0 = dfcage. 3gaen

Encrustation. .
19.52 weeks; encrustations were not considered after 52 weeks as it was
thought that tumor development might possibly cause encrustations.

The sponsor did not believe the increased deaths in 100mg/kg/d zop group was due to sarcoma. Although
there were 9 of the 13 mice with sarcoma that died on drug or were killed in moribund compared with 3 of
3 mice in control. The sponsor indicated that there was no evidence that this higher incidence of sarcoma
led to increased mortality because mortality in the 2* study (see below), was lower in drug group
100me/ke/d than in the controf (16 vs. 24 on wk107. respectively).

Also noted in this study a “shift” in severity of encrustations/bite wounds from grade | in control gang
housed to grade 2-3 in RS-zop mice. Mean duration of encrustation (through wk52) was 2.1 wks in

control and 13.0 wks in RS-zop (historical mean 1.4wks). As indicated above, individually housed
mice, control or drug, had no encrustations and no sarcomas/fibromas.

APPEARS THIS waY
ON ORIGINAL

RS-zop Mouse Car study (Cont.)

The 2™ part of the study included 52 male B6C3F1 mice housed 4/cage and dosed 1 or 100mg/kg/d RS-
zop and 1 control group received the drug free diet. The 1mg/kg/d group was terminated on wk26 of
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dosing*. As indicated above, there was no difference in mortality between the 100mg/kg/d RS-zop and
the control. The incidence of sarcoma was increased in mice showing high incidence of encrstations
(table from sponsor).

Table 14: Incidence (%) of Subcutareous Sarcomas fn Male Mice Receiving 0 or 100
mg/ke/day of (RS)-Zopiclone for 106 Weeks

Caging
Dose Group'
(mg/kg/day) P
{Number per group) (52) (52)
Dorsal Encrustations * 5 30
Fibromas 0 2
Sarcomas 4] 2
LMean Duration (weeks)’ 1.0 7.7
‘a= dcage.

70 - 52 weeks; encrustations Were not counted afier this as it was thought that
tumor development might possibly cause encrustations.
? Duration of encrustations.

Moreover, the mean duration of encrustations (through wk52) was much higher in drug group, 7.7wks,
compared with 1wk in the control.

It should be noted that the incidence of encrustation in this part of the study was much lower {5430 each
per 52 mice, table 14), than that in the 1* part of this study (table 12: 14 & 37 each in 52 mice in control
and 100mg/ke/d respectively). The sponsor contributed this difference to “enviromental factors” such as
marked differences in location and cage rack density.

The sponsor concluded that this additional study confirmed the proposal that gang-caged BO6C3F1 male
mice causes anirmals to fight — encrustations — sarcomas and that zopiclone exaggerates the aggressive
behavior of these mice : — . 1988 “paradoxical aggressive reaction induced in male
B6C3F1 mouse in a non-benzodiazepine hypnotic, zopiclone; RP report —_—

* see statistical review dated Feb 1991 for detail as well as more comprehensive discussion of this study
later in this review..

Consultant Opinions on the Skin tumors ,

Drs. L= . .. . . 1) were consulted by Sepracor for
the tumor findings in mice and rats. All consultants noted these skin tumors to have a number of patterns
ranging from undifferentiated sarcomas to weli-differentiated fibro-proliferative lesions that “may not
represent a neoplastic process™. They referenced an article by Brand et al., 1975 that showed s.c.
sarcomas in rodents can

RS-zop Mouse Car study (Cont.)
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develop due to chronic injury (foreign body carcinogenesis) as seen from repeated s.c. injections of cpds
including food additives; a model that was dismissed later as a screening method. These consultants also
referred to the 2™ study as an additional support to the conclusion that the increased incidence of skin
sarcoma in high dose male mice was caused by the increased aggressiveness induced by RS-zop in gang
caged male mice that led to encrustations and ultimately sarcomas.

The sponsor concluded that RS-zop acted indirectly through a non-genetoxic mechanism to
exacerbate the aggressive behavior of male B6C3F1 mice when gang housed, similar to other
cpds that act through the bzd receptors and is unique to rodents. Therefore, group housing is
the “sole” cause of these tumors since encrustations and sarcomas were absent when male
mice were housed individually. Therefore, these tumors are irrelevant to human risk
assessment.

See more details of reviews and reports of these and other consultant reports regarding the
male skin tumeors.

Female Mouse Pulmonary Tumors:
Table from sponsor:

Table 15: Incidence of Pulmonary Tumors in Female Mice Recefving
(RS)-Zapiclone for up to 106 Weeks

(RS)-Zopiclone
Tumor Type Control _ (mg/kg/day)
a Q 1 10 100
(Number examined) (52) | (52) (52) (32) (52)
Adenoma ¢' 5 5 2 10
Adenocarcinoma 0 @ 1 1 a*
Adenoma + Carcinoms 6 5 6 3 149+

* p<0.05; ** p<0,01 (Fischer's Bxact Test),
*1 animal (# 470; terminal sacrifice} was diagnosed with both a0 adenoma and ap sdenocarcinama;
this anima) was counted only in the adengcarcinoma column.

Only adenocarcinoma reached statistical significance in HDf compared to the control. There were no
statistical differences in these tumors in male mice or in either sex of the rat. The sponsor reported the
incidence of adenocarcinoma for male mice. Table below from the sponsor:

Incidence of male mice with pulmonary tumoyrs

Dosage {mg/kg/day)

Cantrols 1 10 100
Mo. examined 52 82 52 sz 52
Adenoma i3 12 14 9 7
Adenocarcinoma i 2 4 1 3
Adenoma or
adenocarcinoma 14 14 18 i0 10

All values not sfgnificantly different from controls, P > 0.05
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RS-zop Mouse Car study (Cont.)

Historical control incidence for pulmenary tumors from 5 “contemporary” (time period not reported),

carcinogenicity studies conducted at -

in female B6C3F1 mice was 4.2% (1.7-6.8%) for

adenomas and 2.1% (0-5.8%) for adenocarcinomas. Therefore, the adenocarcinoma incidence in this
study in HDf mice of 8% exceeded the historical range of 5.8% from these 5 studies.[the
combined incidence for adenoma and carcinoma was 27% in this study].

The sponsor stated the following:

¢ Lung tumors are common in mice and there are several types,

¢ Pulmonary tumors are usually seen in both sexes, a finding not observed in this study,

¢ Generally, cpds that induces pulmonary tumors increase not only the number of tumor-bearing animals
but also tumor multiplicity and incidence of pre-neoplastic lesions. Neither of these parameters was

observed in this study:

Table 13: Incidence of Non-neoplastic Pulmonary Lesions in Female Mice Receiving
(RS)-Zopiclone for up to 106 Weeks
' (RS)-Zopiclone
Leston Contral | day)

¢ 0 1 10 106

Moribund Sacrificed/Died on Test (13 {10) {12) {14) {15
Chronic Pulraonitis 1 0 2 0 1
Peribronchial lymphoid hyperplasia 2 0 1 3 1
Perivascular lymphoid hyperplasia 7 1 3 5 4

Terminal Sacrificed 39) (42) (40) (38) 37
Chronic Pulmonitis 5 2 6 o
Peribronchial Iymphoid hyperplasia 0 2 1 o 2

Perivascular lymphoid hyperplasia 2 20 16 18 e

* p<0.05. Number in parenthesis indicatss the number of animalt examinad,

There were no alveolar hyperplasia but higher incidence of perivascular lymphoid hyperplasia was
observed in terminal kill HDf, the latter as indicated by the sponsor, represents an inflanmatory response

and not a preneoplastic lesion.

APPEARS THIS WAY
ON ORIGINAL
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RS-zop Mouse Car study (Cont.)

+ Absence of dose dependent response for any tumor type and no indication of early onset of any tumor
{tables from sponsor).

Table 16: Incidence of Pulmonary Tamors in Female Mice Receiving
(RS)-Zopiclone That Died on Test or Were Moribund Sacrificed

_ (RS)-Zopiclone

Tumor Type Control _ (mg/kgfday)
0 0 C ok 10 100
(Number Examined) (13) (10} 12) (14) (15)
Adenoma 2* 0 1t 0 24
Adenocarcinoma 0 0 0 1€ 2°

* animad (No, 264) dicd at Wk 87 and (No. 271) &t Wk 93.
* animal (N, 412) died at Wk 98.
¢ animal (No. 434) died st Wk 91.
* amimal (o, 478} died at Wk 102 and (No. 516) at Wi 90,
* animal (No. 498) died at Wk 85 and (No. 507) At Wk 104.

Table 17: Incidence of Pulmonary Tumors in Female Mice Receiving
(RS)-Zopiclone for up to 106 Weeks - Terminally Sacrificed

Tumor Type - (mg/kg/day)
0 0 1 10 160
(Number Examined) (%) 42 (40) 3% 1 3N
Adenoma 4 5 4 2 8t
Adenocarcinoma 0 0 1 0 2
“ 1 animal (No. 0470} had both an sdenoma and a carcinoma — ouly the carcinoms
was counted in this table.

+ As indicated earlier, no statistically significant increase in pulmonary tumors was seen in male mice or
either sex in the rat carcinogenicity study.

¢ Morphologically, these tumors were similar to spontaneous tumors.

¢ Yhe absence of any pulmonary adenocarcinoma in the 2 female control groups contributed to the
statistical significance observed in HDf,

Based on all of the above, the sponsor concluded that there is a weak weight of evidence in
support of a drug effect.

Consultant Opinions on the Pulmonary Tumors
Drs.” h — were previously consulted and each
provided their opinions on the female mice pulmonary tumors. Recently, Sepracor convened a Pathology
Working Group (PWG), to review the findings and reevaluate the histopathological slides of female mice
with alveolar/bronchiolar lesions in this study. The chair of this group was Dr. -

™ s plus 4 expert toxicologic pathologists: Dr. —

c
-— ... These experts used the diagnostic
criteria defined by Dixon et al,, (1999) and the microscopic evaluation was done blindly (group designation

was unknown to the evaluator). All slide evaluations were reviewed by the PWG and a consensus was
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reached at the same sitting. At the end of the discussion and diagnosis of each slide, the blind was broken;
note that there were 10 sections of each lung per animal all of which were evaluated.

RS-zop Mouse Car study (Cont.)

{This was a mistake/oversight by the original lab, normally only 2-3 sections are prepared per
fung not per lobe which was the case here]. The following table from the sponsor presents the
conclusions of the PWG regarding the pulmonary tumors in female mice:

Table 19: Incidence of Alveolar/Bronchiolar {(A/B) Tumors in Female Mice
Receiving (RS)-Zopiclone for up to 106 Weeks — PWG Evaluation

T Control (RS)-Zopiclone (mg/kg/day)
umor Type 0 1 10 100
SP*: Total A/B Tumors 6 5 6 3 14
PWG Evaluation
A/B Adenoma 5 4° 5 3 104
A/B Carcinoma 0 0 1 0¢ 2¢
Total A/B Tumors 5 4 6 3 12

¥SP = original study pathologist diagnosis {refer to Table 15).

* Animal No. 352 was diagnosed as an A/B byperplasis rather than an adenoma as was previously noted by the SP.

© Animal No. 343 was diagnosed as an A/B adenoma rather than a carcinoms a3 was previously noted by the SP.

dAxﬁmalNo.482md497wuediagnosedlsNBhypaphaiammerdnnmadmmuwupmviomlymmdby
the SP.

¢ Animal No. 470 and 493 were diagnosed as an A/B adenoms rather than a carcinoma as was previously noted by

the SP.

The PWG group diagnosed some of the neoplasia as hyperplasia rather than adenoma and some as

adenomas instead of carcinomas as previously thought. The group did not consider these tumors to be

drug related for the following reasons:

¢ Absence of dose response

+ Single sex, single dose, and single species (not seen in either sex of the rat)

+ Morphologically, these lesions were similar to spontaneous lesions in mice

¢ The alveolar/bronchiolar hyperplasia was seen at low incidence and was associated with chronic
inflammation. Pulmonary tumors generally, induce high incidence of A/B hyperplasia that later
progress to neoplasta; such progression was not observed in this study.

¢ Chemically-induced A/B tumors and not spontancous ones, generally metastasize. This was not seen
in RS-zop tumors, 2 A/B carcinomas had limited metastasis: 1 in LD metastasized to the bronchial
lymph node, and the 2 in HD infiltered to the pleura and mediastinum

¢ The high incidence of pulmonary tumors in B6C3F1 high dose females is within the historical control
range of the NTP database (Haseman, JK et al., 1998, A/B adenoma mean incidence was 5.9%
(range 0-24%), A/B alveolar carcinoma mean incidence was 2.4% (range 0-8%), for female B6C3F1
mice NTP feeding study of 1341 controls).

Sponsor’s conclusions on the female mice pulmonary tumors:
The female mice A/B tumors are not RS-zop related. The reasons were those of the PWG stated above
in addition to the following points:
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¢+ B6C3F! mice are not unique for these tumors, CD-1 mice has similar incidences for pulmonary
adenomas (mean 14.4%) and adenocarcinomas {mean 12.1%) in female mice (Maita et al., 1988).

RS-zop Mouse Car study (Cont.)

¢ The NTP data reported that occasionally the incidence of pulmonary carcinomas in the control group
is 0. Therefore, statistical significance of small increases in incidence of common tumors should be
considered within the “total context of the biological evidence™.

+ Based on recently proposed FDA statistical guidance document (Guidance for Industry: Statistical
Aspects of the Design, Analysis, and Interpretation of chronic Rodent Carcinogenicity Studies of
Pharmaceuticals; draft guidance, May 2001) for common tumors, those with incidence generally >1%,
a p value of <0.005 or according to Haseman (1990), a p value <0.01 should be used (for trend and
pair-wise analyses). The incidence of pulmonary adenocarcinoma with the original incidence or the re-
analyzed slides by the PWG, would not meet these tests and the difference would not achieve
statistical significance even with the original cutoff p value of <0.05. However, based on the
reanalysis by the CRO, statistical significance was shown with the pair-wise but not with trend test.

The following is detailed review of the 2* carcinogenicity study in mice (males only), discussed earlier.

Investigation of factors affecting the development of tumors of the subcutis in mate B6C3F1 mice
receiving zopiclone for 2yr in the diet/Sepracor# 190-844

Conducting lab. — . study # 90/RHS017/016
Study Date: August 19 1987 for both studies (see below)

Batch# for RS-zop: CA 8410103 lot 7

QA/GLP: Yes, OECD, FDA, and Japanese regulations for GLP.

Objective: in previous 2yr mouse <arcinogenicity study (Sepracor# 190-834), the incidence of s.c.
tumors was increased in male mice dosed 100mg/kg/d RS-zop. The sponsor stated that this was due to
drug related increase in aggressive behavior of gang-housed mice (4/cage) leading to increase fighting and
skin encrustations. Two studies combined in this 1 report were done to determine if preventing fighting by
housing male mice individuaily, will reduce or prevent these tumors i.e. these tumors are not directly drug
related.

Methods:

Male B6C3F1 mice were purchased from — . and 108 mice assigned initially per group.
2wks after start of dosing, number was reduced to 100 per group. This was done in the 100mg/ke/d RS-
zop group (gang housed), by selecting the 2 cages MOST AFFECTED by fighting and killing off these
8mice; these mice were not examined postmortem. This was then followed by random selection of 8mice
from all other groups. The study design was as follows (control mice received drug free diets):
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Study Design for Two-Year Mouse Studies

Group | Treatment Dosage No. of mice | No. of mice | Sacrifice
Number {mg/kg/day) | per group per cage (weeks)

| Control 0 100 { 106

2 Zopiclone 100 160 [ 106

3 Control 0 100 4 06

4 Zapiclone 100 100 4 106

5 Control 0 52 4 106

6 Zopiclone i 52 4 20

7 Zopiclone 100 52 4 106

Investigation of s.c. tumors in male mice Sep#190-844 (Cont.)

Parameters assessed: mortality, clinical signs, B.wt, food intake, gross exam (limited to skin and subcutis),
histopathology of the skin and subcutis (one “standard” section of the mid dorsal region and any
abnormalities or masses), including all masses, lesions, and encrustation observed in vivoe. Sections were
cut at Smicron thickness and stained with H&E.

Results & Conclusion:

Generally, no drug effect on clinical signs, B.wt or food intake. Mortality was significantly increased in
gang caged mice dosed RS-zop relative to gang-caged controls, a finding not observed in the previous
study. There was an increase in incidence, severity, and duration of dorsal encrustations and s.c. tumors
in mice housed 4/cage and administered 100mg/kg/d RS-zop compared to single -housed controls. No
incidence of skin tumors observed in single -housed mice of controt or drug group (tables from sponsor). It
is concluded that RS-zop increased the aggressive behavior of gang-housed male B6C3F1 mice causing
increase in fighting behavior (manifested as dorsal skin encrustations), and consequent skin tumors.
Therefore, absence of skin tumors in male mice housed individually and administered 100mg/kg/d indicate
that these tumors are not a directl effect.

APPEARS THIS way
ON ORIGINAL
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APPEARS THIS WAY
0N DRIGINAL

Male Mouse Car Study Sepracor#190-844 (Cont.)

Text-tahie 2

Incidence, severity and duration of dorsal encrustations and incidence
of tumours of the dorsal subcutis {fibroma and sarcoma])

Study 0 mmeeaa-- RHS/QL7/I0P ---v-- RHS/016/20P
Group 1 2 3 ] 5 7
Treatment Control Zopiclene Control Zopiclone Contral Zopiclone
Dosage (mg/ko/day) 0 100 ¢ 100 0 100
No. of mice per cage 1 1 [ 4 4 4

Ko. of mice per group 100 104 100 100 52 52

Dorsal encrustations
{Weeks C-52F)

Total number of
animals bearing
dorsal encrustations

- fny grade ¢ 4 28 71 5 0
- Grade 1% 0 0 24 42 5 25
- Grade 2% ] 8 4 20 d 5
- Grade 3% 0 1 1] 9 0 o
Mean duration {weeks)
of encrustation® - - 2.1 13.0 1.0 7.7
Tumours of doarsal subcutis
Number of animals
bearing tumours of
the dorsal subcutis
Fibroma 0 0 ) 6 0 2
Sarcoma 0 b} 3 13 0 2
Total 0 0 3 19 ¢ 4
+  Maximum severity observed. See Annex 1 for explanation of severity
rating

* Encrustations seen after Week 52 were not considered as it was thought
that tumour development might possibly cause encrustations

¢ Calculated from all mice din group; mice without encrustations were
considered to be affected for zero weeks,



APPEARS THIS WAY
ON ORIGINAL

Male Mouse Car Study Sepracor#190-844 (Cont.)

Text-table 3

Assocfation between dorsal encrustations and dorsal tumours of the
subcytis {Fibroma and sarcoma)

RHS/016/Z0P RHS/017/Z0P Total
Groups 5+7 344 3+4 + 547

Incidence (%} of mice with

tumours among mice with 0/69 5/101 5/170

no ancrustations [Weeks 0-52%) (0%) (5%} {3%)

Incidence {%) of mice with

tumours among mice bearing 423/38 175799 2167134

dorsal encrustations {Weeks 0-52*) (11%)} (17%) {16%)

*  Epcrustations seen after Week 52 were not considered as it was thought
that tumeur development might possibly cause encrustatians

a Significantly different, P < 0.05

b Significantly different, P < 0.01

¢ Significantly different, P < 0.001

Text-table 4

Assaciation between the number of weeks dorsal encrustations were
observed and dorsal tumours {fibroma and sarcoma)

Weeks dorsal encrustations observed

0 1-5 6-1¢ 11-20 21-52*

Incidence (%) of mice with

tumours among mice bearing

encrustatton for the

specified period.
RHS/016/70P 0/69 1/10 0/5 /15 2/5¢
Groups 5+7 {0%)  (10%) (0%) (7%)  {40%)
RHS/017/10P 5/101 1732 3/15 5/25 8/27¢
Groups 3+4 {5%) {3%) (20%) (20%) {30%)
Total S/170  2/42 3720 6/40  10/32¢

Groups 3+4 + 5+7  (3%) (5%)  (15%)  (15%) (31%)
*  fncrustations chserved after Week 52 were not considered as it was

thought that tumour development might possibly cause encrustations
¢ Significant trend, P < 0.001 {Cochrane Armitage)

In another follow up study, RPR, ( — . ), carried out a study in brown B6C3F1 mice
- » t0 also address the proposal that RS-zop induces increased aggressive behavior in male
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mice that lead to the skin tumors observed in the 2yr carcinogenicity study. The sponsor refers to the
literature on benzodiazepines and states that although they are known to reduce aggressive behavior, Bzd
have the tendency under “certain conditions™ to increase spontaneous aggressiveness. The fighting
behavior in mice induced by pain resulting from electric shock to the foot was increased as evidenced by
higher number of bites when these mice dosed chlordiazepoxide for 10days (Renzi, 1982). Fox et al.
(1970, 1972, 1974), showed chronic low dose administration of a number of benzodiazepines increased the
aggressive behavior (bites and sometimes death) in these mice. Guaitani et al. (1971), administered N-
desmethyldiazepam for 6mo to groups of male and female mice and found large cutaneous necrosis in
males only. They concluded that this cpd, increased spontaneous aggressiveness in group housed male
mice since these findings were much reduced when mice housed individually. RS-zop in earlier study
caused anti-aggressive behavior in mice exposed to foot shock (Julou et al., 1983). In the current study
(Sepracor#190-842), RS-zop was administered in the diet at 10 or 100mg/kg/d and chlordiazepoxide at
50mg/kg/d for 4wks to 24/group mice housed 4/cage. The foot shock test was used to provoke aggression
and compare responses to spontaneous aggression. In all groups, provoked aggression was increased as
evidenced by the number of aggressive pairs and number of bites. However, RS-zop induced a more
rapid increase and the number of fighting episodes occurred earlier after 100mg/kg/d (at 1wk as opposed
to wk2), than in control. During wk|1 the number of aggressive pairs was 11/12 in 100mg/kg RS-zop vs.
5/12 in control. Increase in number of aggressive pairs was also seen in chlordiazepoxide but the data was
noisy to make a clear conclusion. The spontaneous aggression was also increased in 100mg/kg/d RS-zop
at 30% after 10d and 22% for 25d compared to control; at 10mg/kg/d 12% of mice showed increase in
spontaneous aggression. For chlordiazepoxide, up to 22% increase in spontaneous aggression but also
severity of the bites was high (e.g. absence of external ears). This study concluded that RS-zop at
100mg/kg/d under certain conditions may induce paradoxical aggression in male mice.

In another report entitled “Origin of fibrosarcoma in male B6C3F | mice, prepared in May 30" 1988
{Sepracor#190-854), Dr —  of RPR referenced Drs.: Boorman of NTP and Ward from the NCI
where they stated that “fibrosarcomas in B6C3IF1 mice may be the result of skin lesions in males regularly
exhibiting fighting behavior™. In order to examine if RS-zop-induced skin lesions are due to increased
fighting, —  (the contract lab that did the mouse carcinogenicity study), was asked by RPR to re-
examine the clinical sign data for the RS-zop in the car study and compare the results to historical control
from other car studies done using the same strain. Re-analysis showed that the extent of fighting was
increased in male mice dosed 100mg/kg/d RS-zop compared to concurrent control and that a strong
correlation was seen between dorsal skin encrustations and tumors at these sites. The following table was
generated by Dr.  —  aowing the incidence of s.c. turnors in the 2yr mouse study indicating that there
was no difference in mortality rate/survival among any of the treated groups and control and mean wt
was reduced (-18%), in both sexes dosed 100mg/kg/d relative to combined controls.

Appears This Way
On Criginal
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Incidance of subcutaneous tumaurs

Group 1 2 3 4 5

E;;e (mg/kg) 0-_-_— 5 -__“I-_ 10 T 100 o

—————————————————————— _ MALES B T

Fibroma ‘1 1 0 o] Z

Sarcoma 1 1 2 0 13%ww

Fibroma or sarcoma 2 1(a) 2 0 14 wnn
(a)

FEMALES

Fibroma 4} ] 4] Q 0

Sarcoma 3 1 1 3 2

Fibroma or sarcoma 3 1 1 3 A

*kk n £ (0.001
{a) In groups 2 and 5 there vere single animals preseating both a fibroma
and a sarcoma.

The incidence (25 X) of saccomas in males treated at 100 mettrg vas higher than
the historical data for this mouse strain available at = ) - 10 x).

The incidence (27 ¥) of tumors of the suh~wrig (fibroma and sarcoma) wvas also
outside the historical control range at = (0 - 18 X).

Dr. -—  Report, Sepracor# 190-854 (Cont.)

[t is clear from this table that the incidence of fibrosarcoma far exceeded the = historical range
however, Dr - nade arguments re. the skin tumors as follows:

L. He referenced the NTP historical data base for skin fibrosarcomas (information from Dr. Gary
Boorman at NTP/NIEHS). Most if not all of the mouse studies at the NTP are done using B6C3IF| strain
and that fibrosarcoma are common tumor type in these mice and were recorded in controls from 25 of 44
studies. Increased incidence according to Dr.  —=  was “always” observed in males and never in
female mice with a wide range between the studies as well as between groups within the same study. Of
the 44 NTP studies the incidence was between 10-20% in 5 studies, >20% in only 2 studies (29&26%).
Therefore, Dr.  ~  concluded that the incidence of 25% with RS-zop is within the historical range
[though only 2 of 44 studies showed such a range].

2 Another parameter is the tumor location, RS-zop did not change tumor sites compared to
historical data i.e. skin tumors are prevelant on the dorsal as opposed to ventral or lateral surface.

3 Muttiple tumors were not increased by RS-zop. Most of the mice in drug and historical data
argued Dr  —— pore one fibroma or sarcoma.

4. Time to tumor onset was not modified by RS-zop compared to historical data as presented in the
figure below from Dr, —> eport:
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5. Support for increased fighting in RS-zop leading to skin wounds and hence tumors. Dr. —

presented the table below showing percent of mice with dorsal encrustations in the 2yt study:

Percentage of animals presenting dorsal encrustations

Dose

(mg/kg zopiclone) 144 [u} 1 10 100
Males [} 10 6 [ 46
Females 0 0 0 Q0 0

The 46% exceeded the mean historical range from 13 studies at «— at 14% (range 2-33%) for dorsal
encrustations. Noted one carcinogenicity study was done in individually housed mice with 0 incidence of
cutaneous encrustations therefore, suggestive that encrustations are likely caused by bites. This finding
led to the conclusion that RS-zop at high dose of 100mg/kg/d increased fighting in gang-housed male

B6C3F! mice.
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6. Next comes “duration of dorsal encrustations ”. Mean duration of dorsal encrustations
considered both mean duration of encrustation per animal + incidence of animals presented with
encrustations. The mean value in historical and in-study control was 1.3wk (range 0.02-3.8) and in RS-
zop 6.7wk concluding that the latter modified the fighting behavior in these mice.

7. Association between fighting and s.c. tumors was assessed by comparing tumor incidence
among mice with encrustations for I or more wks, with tumor incidence with those mice that did not have
encrustations, table below from the report showed such an association:

Assoclation between dorsal encrustations and tumors of the subcutis
Histvorical and within-study control data

Males without Males with dorsal
encrustations encrustations
Number observed 682 12 T
Number with fibroma 35 20
or fibrosarcoma
Percent 5.1 . 17.9

T@e difference betveen these two incidences vas highly.significant using
Fisher’s Exact Probability Test, two-talled test (p < 0.0005),

Clearly some mice may have been bitten without developing dorsal encrustations. Therefore, distribution
of tumors as function of the number of mice bitten per cage, should also be considered and the report did
that. Results showed bites played an important role in development of the s.c. tumors in these mice.

Conclusions:

Dr. concluded that the incidence of s.c. tumors at 100mg/kg/d RS-zop in male mice was unusually
high and exceeded several historical data bases, that there is a good correlation between the incidence of
dorsal tumors and incidence and duration of dorsal bites leading to the conclusion that fighting causes
tumors in the subcutis of male B6C3F1 mice. This fighting behavior in RS-zop is paradoxical phenomenon
of long term exposure to high dose of RS-zop. RS-zop modified the animal fighting behavior increasing the
aggressiveness of these mice leading to biting and mutilation with consequent lesion formation. Therefore,
the fibrosarcoma in male mice are not a direct effect of RS-zop but indirect mediated by increased
aggressiveness and biting. Based on this explanation of the origin of these tumors, the author concluded
that this finding has no relevance to humans treated at therapeutic dose of RS-zop.

In a report by Dr. — n 1986 (Sepracor#190-848), he reached similar conclusion to the above report i.e.
that RS-zop likely increased aggressiveness in male mice which was responsible for increased biting and
skin encrustations with consequent tumor formation. He also reference and has personal communications
with Dr. Boorman of NTP on the skin tumors. He stated that Dr. Boorman made 3 points: (1) variability
in the incidence of s.c. tumors in male mice is not seen in female mice, (2) in none of the 42 NTP
carcinogenicity studies did they make a conclusion that a chemical is a carginogen on the basis that it
increased risk of s.c. tumors in male mice and, (3) NTP has no idea why the s.c. tumors are so variable in
this strain of mice. The likelihood that it is due to fighting was at the time being investigated by housing
male mice individually.

See Reviewer conclusion on lung and skin tumors in section 3.4.8 Special Toxicology Studies
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S-zop potential tumorigenic effects in P53 transgenic mice/Sepracor# 190-838

Conducting lab- —

Study Date: July 26 2001

Batch# for S-zop: 029-0015

QA/GLP: Yes, OECD, FDA, and Japanese regulations for GLP.

Methods:

Heterozygous PS3'" from CS7BL/6 strain were purchased from — T

Mice were 10-12wk of age at start of dosing with B.wt of 27 and 22.6g for males and females
respectively, there were 25/sex/gr, the design of study as follows:

Vehicle Group 1 CMC 0.5% w/w + Tween 80 1%w/w
Untreated controt Group 2
S-zop 100mg/kg/d Group 3
200mg/kg/d Group 4
300mg/ke/d Group 5
p-cresidine 400mg/kg/d in vehicle Group 6
p-cresiding 400mg/kg/d in comn oil Group 7
S-zop doses were selected based on 28d (Sepracor# 190-813by  ._ ) and 3mo (Sepracor# 190-819

by —  , general toxicity studies in mice where the NOAEL in both studies was 200mg/kg/d; the
300mg/kg/d was estimated by the sponsor to be the MTD. The 100mg/kg/d gave a reasonable multiple of
human exposure; dose volume was 10ml/kg/d for all groups. Parameters assessed: mortality, clinical signs,
B.wt, food intake, hematology, standard macroscopic gross exam and palpations, organ wts, histopathology
of standard organs/tissues. Blood samples for hematology were taken from the orbital sinus of overnight
fasted mice in all groups prior to daily dosing. Blood for TK analysis was taken from 5/sex/group at end
of study from orbital sinus of non-fasted mice. Blood was sent te —_— 7

for TK analysis for S-zop and its metabolite S-desmethyl-zop using  — method. H&E stained
slides from vehicle control and HD group were examined for histopath plus any animals that died or killed
in moribund and all lesions from all mice in low and mid dose at end of study. Target tissues for tumors
(tiver, urinary bladder, and kidney) were also examined as well as any gross lesions in both positive control
groups. All slides were peer reviewed by - —_—

Results:

Statistics was NOT done on survival and tumor data because there was no difference in mortality among
any group and no difference in tumor formation of vehicle control and S-zop groups (tumors were
observed in the positive controls as expected). S-zop was well tolerated up to 300mg/kg/d, considered as
the NOAEL.

Clinicat Signs and Mortality: Hypoactivity and half closed eyes were seen from dl till end of study in
300mg/kg/d S-zop, the latter sign was seen in 100&200mg/kg/d from d20 till end of study and the former
from after d43 onward. Orange-colored urine was seen in the cresidine groups in addition to
hypokinesia/hypoactivity, piloerection was also seen but at small incidence. A total of 25 deaths occurred
in all groups distributed as follows (table from sponsor):

Ciroup 1 2 3 4 3 [¢] 7

Dhrse-level { Nanw 130 200 ann J0u} 400 il

dng hg din) (vehickn (-veeonlroll flestitem)  (wstitlenn {iest iem)  (vevontroly (e control)
Totul 4N -0F RS LM -1 F IAL- 1L 1M 01 4M-3) M3

%o mortality He 0 u 12 + 4 4 + 4 0 16 12 12 12
’ ) Fg 8




S-zop P53 study (Cont.)

There were 9 deaths due to tumors, 11 cause undetermined, 4 due to non-neaplastic reasons, and 1 gavage
error. Out of the 12 deaths in control and drug groups, 10 were killed in moribund, 2 found dead and, out
of the 13 deaths in p-cresidine, 7 were killed in moribund and 6 found dead. It is of note that only 3 of the
6 deaths in the cresidine group in com oil, were due to tumors of urinary bladder or kidney, one due to
osteosarcoma of the femoral bone, and the remaining 2 cause unknown. None of the 7 deaths in
cresidine/vehicle were due to bladder or kidney tumors, only 1 died due to malignant fiber histiocytoma of
the skin, the others cause was unknown and | was gavage error.

B.wt: mean B.wt gain was reduced in all drug groups and positive controls relative to vehicle and

untreated control values (tables from sponsor). Mean wt gain reduction reached statistical significance in
males from wk2 and females from wks 8/9 compared to controls. The decline in wt gain in females
correlated with decrease in food intake,

Mean body weight change (g) for males

Dose-level 0 None 100 ) 2006 300 mi(m o 400

Omgrkgiday)  (vehicled (-veeontrel)  (lestitem)  (lestitenn) (lest item) ¢ sve conrol)  (—ve controd}
Period

week A9

Jweek 1327 S T
Jpeekd-27 L7 6.5

EBW (g) 9.0

FBW: final bady weight
% ditT.: % dilference compared to conteols.

Mean body weight change (g} lor lemales

Dase-level 0 ~aone 100 200 300 400 400
{mg/kgday)  (vehicle) -veconueld  (estitentd  (estilemt  glesl Hem)  (-ve condeol) (- ve comraly

Perind
Lweekld 03 R 07 S 0 8 Wl
LweekdR LS 2% w3 e er Ty
O OO L YO O = S S
ek 13 SEo SRR A e Od O3 R ) SRR NI
wedk 32 A ER 09 07 0T8T
ek 27 T8 w9 NS 119 4k A
W 99 LY MG M3 ne e R

Yo difT. 6.7 -7 -18.7 -i7. 211- -237

FBW: [inal bady weiglt
Yo difl: %a dilference compared 1o contrals,



S-zop P53 study (Cont.)

Food Intake: there was no drug related effect on food intake in males whereas a non-dose dependent
reduction noted in ali female groups relative to the controls. Mean cumulative food consumption per
animal over the entire period in males was -3 to 0% and -7 to -5% in females. Food intake was
consistently lower in both the p-cresidine groups relative to the controls and the cresidine in oil group ate
much less than that in vehicle. The latter was contributed to the compensatory calorific value of the oil;
there was no difference in B.wts between these 2 groups. This reduction in food intake correlated with
the wt reduction in the positive controls, mean cumulative food consumption per animal over the entire
period for oil/aqueous groups was -15 to -30% in males and -16 to -31 in females.

Hematology: both RBC and WBC counts were reduced significantly in all drug groups in both sexes
relative to controls; similar findings for the positive controls (tables from sponsor). The reduction in WBCs
in drug groups and positive controls was due to reduced neutrophils and lymphocytes.

Doserleve] 0 Nune 100 206 00 400 M
(mg/kp/day ) tehicley  (svevcontrol) festitem)  tlestilem)  gestitem) ¢ ve contrel) (- ve conliely
- Males
Parameter (unit)
CWBC (G 911 16.22 4.73 5.4 197 4496 3.57
122 479 -4 434 -43.5 3N
CRBOC (1) L33 1045 A8 Q.94 997 B.86 .38
N -3 236 ) I8y L2004
. Hemaoglobin 157 160 134 153 135 121 1.7
(g'dl) iy i3 23 -3 229 S
. Hemataceit 047 047 47 (.46 046 (L36 (h33
(L1} ti " 2 W2 B YN
MOV (1T ) 4.8 447 453.2 457 46.3 0.6 40.0
A2 [ZR% paz 38 RO ST
MO {pg) 149 49 15.2 154 15,5 13.7 12.8
1Ll 2 34 £ AN NEN
...... Coup R A ST
Daorse-level 0 None L(H) 200} ine M) Rl
{m kg day) (vebicle) (e conuol) Qestitem) (s temy {lestilemy  (ve contral) (- ve control]
- Females
Paramieter (unil)
CWBC (G +.19 4.77 3.16 3.6l 232 3.26 3.20
13N 246 AR 446 PN RN
CRBO(TYL) i0.64 1425 10,02 10,06 10,18 9.09 8.19
RARY SN -5 -4.3 R i
emoglobin 151 I4.3 I3.6 I3.6 160 129 11.4
(gidl) i3 i3 a3 .t 146 M
. Hematoerit .48 {L66 47 047 48 0.40 .36
(1.1) i3 X 2 Xy -6 230
CMCOVIL) 4.6 47.5 40.8 47.0 47.7 442 44.3
n3 iy 34 N -ty -t
- MCl (pg} 14.3 10.9 135 L34 1537 4.3 139
BRI A4 T 98 i+ SN
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S-zop P53 study (Cont.)

Organ wts: absolute and relative wt of the epididymides were significantly increased dose dependently in
males relative to controls and correlated with histopathology; smaller change noted in positive controls.
Other changes included increase in absolute and relative adrenal wts in drug groups and positive control
males relative to control however, no histopath correlation and small change in females.

Gross exam: the only drug related effect was enlarged epididymides in 200 and 300mg/kg/d S-zop and
kidney changes in p-cresidine that correlated with histopath (irregular and granular surface).
Histopathology: Non-Neoplastic findings: none in females and little in 100 and 200mg/kg/d dose groups.
At 300mg/kg/d the following was observed in epididymides: high incidence 92%, sperm retention with
chronic interstitial inflammation and some sperm granuloma. The static spermatozoa lead to degeneration
of semniferous tubules in the testes with occasional sperm granuloma, similar changes in testes and
epididymides but at lower incidence, were seen in 100 and 200mg/kg/d groups. Minimal hepatocyte
vacuolation in 300mg/kg/d S-zop male and female mice considered of biological but not toxicological
significance. In p-cresidine groups but none in S-zop, slight to marked hepatocelluiar
degeneration/necrosis was seen. Only in p-cresidine groups, renal tubular basophilia, nephropathy and
papillary necrosis were were reocrded at high incidence (table from sponsor):

Incidence of non-neoplastic histopathological findings in the kidney

CGiroup 1 2 3 4 3 6 7
Dose-level (medhg'duy ) 4] MNone {00 200 300 Jix) +0)
fehicle) (-v¢ estitenm st ilem (lestitend  {+ve controll  {+ve controly
controf}
Sea M F M I M F M F M F M F M F
Tubalar basophilia AL - - - - - - - - 224 1R2E 725 112A
Chronic wbula-tntenstitial 1:25 - - - 12 - {2 - - - RTAR - 2025 6125

nephropatin
Papillan necrosis 1215 - - R . , - . _ N S IAr B TaX|

[ 2]
]
[
’

; k]

-1 ne lindings or nol analy sed

Similarly, urinary bladder hyperplasia, metaplasia, and dysplasia were seen in p-cresidien groups and none
in drug groups (table from sponsor):

lncidence ol non-neoplastic proliferative {indings in the urinary bladder

Daose-tevel 0 304 400 400 u 300 400 406
mgrkprdin) vehicle)  (esl (4ve contal)  i-ve comttoll | (vohich) (e (ve comtrol) (- ve cantral)
em) aqueous oil vehicle (a) Hemy aqueots wil vehicle
vehiele vehicle
Findlings
. Prothelium U} 8} 13 3 [§] 1 EA) 25
iy perplasia
. Sguamous 0 4] 12 16 §] 0 13 19
mnelaplasia
. Urinhelium 0 [} 7 2 0 ] 3 3

dysplasia
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S-zop P53 study (Cont.)

Neoplastic Findings: no drug related tumors were observed up to 300mg/kg/d S-zop in either sex relative to
controls. As expected, increased incidence of urinary bladder transitional cell carcinoma and submucosal
mesenchymal tumors was seen in the positive control groups relative to the controls (table from sponsor).

[ncidence of neoplastic lesions
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Itis noted that the incidence of palpable masses was small and comparable between vehicle and drug
groups as well as positive control: 2/100 control, 0/50 100mg/kg/d, 1/50 200mg/ke/d, 0/50 300mgke/d S-
zop and, 2/100 for cresidine groups. Except for the | palpable mass in cresidine/vehicle group that
appeared on wkl0, all other masses were detectable during wks20-23.
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S-zop P53 study (Cont.)

TK: both S-zop and S-desmethyl zop were detectable in all drug groups and their concentrations mcreased
with dose with generally higher levels in females than males (table from sponsor):

Mean (+ standard deviations) plasma concentrations ( ng/mLy of ($)-ZOPICLONE and
(S)-DESMETHYL ZOPICLONE in the test treated groups are shown in the table below:

Group Dose (S)-ZOPICLONE (S)-DESMETIIYL
(mg/kg/day) ZOPICLLONE
Male Female Male Female
3 101) 2416 1 480 7568 L6324 428 1. 70 1590 1 422
200 3622 1 1336 7960 1+ 2378 939 L 268 1870 1 5391
3 300 9374 L1513 10656 = 2989 1512 + 188 2327241 330
Summary and Conclusion:

S-zop up to 300mg/kg/d administered orally for 26wks to heterozygous P53 mice was well tolerated with
no difference in mortality and mild clinical signs. Mean wt gain was reduced in both sexes in a dose
related manner being 22 and 33% of the control in males and females dosed 300mg/kg/d over the entire
26wks. The reduction in female B.wt correlated with decrease in food intake. Mean WBC and RBC
counts were reduced in all drug groups relative to control. In males dosed 200&300mg/kg/d enlarged
epididymides with sperm retention and consequent testicular degeneration and necrosis was observed.
There was no induction of tumors by S-zop up to 300mg/kg/d whereas, p-cresidine prepared in vehicle or
com oil induced the expected urinary bladder tumors [in this reviewer’s opinion the positive tumor
response in the positive control seems weak]. The sponsor considered 100mg/kg/d as the MTD
based on B.wt gain changes, hematological findings, and histopath of the epididymides and testes in males.
Based on these findings S-zop up te 300mg/kg/d was not carcinogenic in this bioassay.

APPEARS THIS WAY
ON ORIGINAL
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APPEARS THIS WAY
ON ORIGINAL

RAT CARCINOGENICITY STUDY:

An 18month chronic toxicity study and a 2 year carcinogenicity study were done in the rat in addition to
other specialized studies conducted specifically to address tumor findings in the long term studies.

18 Month Chronic Toxicity Study/Sepracor#190-83 1F (see Chronic Toxicity section for the interim data

and other detail.

This study was done at —_— (final report on Feb 1981), to address the long term toxicity of

RS-zop in the rat.

Species/Strain/# per sex per dose: CD rat, 50/sex/dose. There was a 6month interim sacrifice.

Doses/Route/Duration: 0, 2, 20, 200mg/kg/d via the diet for 78 weeks.

Results:

Mortality/Clinical Signs:  No drug effect

Food Intake: No drug effect

B.wt/B.wt Gain: mean B.wt in HD rats was significantly reduced (28% in both sexes),
compared to the control values or other drug groups.

Hematology: No drug effect

Clinical Chemistry: some increases in HD rats in serum proteins, atbumin, and globulin.

Organ wt: mean liver and thyroid wts in HD rats were statistically significantly increased

relative to the corresponding control wts (tables from sponsor). Increases
were relatively small at 1-2x the control wt. There were no other drug related
effects on any organ.

Table 21: Mean Absolute (ABS) and Relative (REL) Weights of the Thyroid in Male
and Female CD Rats Receiving (RS)-Zopiclone for 78 Weeks

Control (RS)-Zopiclone (mg/keg/day)
Group 0 2 20 200
Males
ABS (mg) 42 38 41 58+
REL (%)' 55 53 5.8 10.5%*
Females
ABS (mg) 34 33 33 31
REL (%) 8.4 82 8.6 10.44%
* p<0.05; ** p<0.01 from control.
! Values given as x1000.

Table 22: Mean Absolute (Abs.) and Relative (Rel.) Weights of the Liver fin Male
and Female CD Rats Receiving (RS)-Zopiclone

Control {RS)-Zopiclone (gg!g[da!) |
Group 0 2 20 200
Males
ABS {g) 255 25.5 25.2 277
REL (%) 33 3.6* 3.5% 4.0%¥
Females
ABS (g) 14.7 15.2 15.6 17.1%*
REL (%) 3.6 3.9 4.04* 5.6

* p<0.05; ** p<0.01 from control.
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Gross Exam: No findings except for 5/33 enlarged thyroids in HDm.

18mo Rat Tox study, Sepracor#190-831F (Cont.)

Non-Neoplastic Findings: hepatocellular hypertrophy* in HDm+f relative to the control. Proliferation of
porial bile duct was increased it HD rats only at interim sacrifice but not at 18mo,

* Dr. A Wilk (previous Pharm/Tox reviewer), in a supplement dated May 1983, mentioned an increased
incidence of liver hyperplastic nodules in HDm. She also reported the opinions of 2 consultants: Drs.

~ Dr. ™ evaluated the liver slides and considered 3 liver adenomas to be foci of
cellular alteration. Dr. — on the other hand, did not evaluate the slides but was provided a table from the
sponsor showing 7 vs.1 liver nodules in 200mg/kg/d males and control respectively. Consultant’s
conclusion was that RS-zop was not a liver carcinogen because of the low incidence, these are
spontaneous tumors in aging rats in addition to absence of foci of cellular alteration. The latter though
apparently not observed at the end of 18month, was seen in the 24month rat carcinogenicity study as the
incidence of basophilic and eosinophilic foci in the liver increased in males dosed [00mg/kg/d
1988), at 22/50 and 8/50 respecitvely, vs. 12/50 and 2/50 in control groups respectively.

Thyroid follicular cell hyperplasia in HDm (table from sponsot).

Table 24: Incidence of Thyroid Follicular Cell Hyperplasia in Male and Female CD
Rats Receiving (RS)-Zopiclone for up to 18 Months

Control | (RS)-Zopiélone (mg/kg/day)

Group 7 o 1 3 20, 200
Males (35)* (G4 (39 (34)
- Hyperplasia 0 0 0 2
Females as! (34) @5y 3%)
- Hyperplasia 1 0 0 0

* Number examined includes terminal sactifices, deaths and unscheduled sacrifices through 78
weeks but does not include animals killed at the &-month interim sacrifice.

Neoplastic Findings: MDm & HDm thyroid follicular cell adenomas, dose related in mid and high
dose males (table from sponsor),

Table 23: Incidence of Thyroid Follicular Cell Adenomas in Male and Female CD
Ratg Recelving (RS)-Zopidone for up to 78 Weeks
Original and Supplemental' Microscopic Readings _

Control (RS)-Zopiclone (mg/kg/day)
Group
0 . 2 20 200
Males 351 (34) 34) (34)
Original : Adenoma 1 1 5 9*
Supplemental : Adenoma - 0 - 0
Fexnales GH* (34) 3% (3
Original : Adenoma Q 0 Q0 -
Supplemental : Adenoma - 4] 1 -

* p00.035, frovn control.

iA.d.c!eudmnn::v::rigiu.:l report (dated July 21, 1982), i.c. sccond slide reading, Dashes indicate that no
slides from those groups were evaluated in the supplemenal read.

? Nurriber examined includes terminal sacrifices, desths and unscheduled sacrifices through 78 weeks
but does oot include the 6-month interim sacrificed animals.

Liver carcinoma was seen in 1/33 HDm vs. 0 incidence in male control and other drug groups.
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18mo Rat Tox study, Sepracor#190-831F (Cont.)

Slides from low dose rat and mid dose female rat groups were not examined in the original study. In an
amendment dated Jul 1982, original thyroid slides for these groups were examined and only 1 additional
adenoma was found in MDf and no additional hyperplasia was found. There were no drug related
changes in mammary glands of either sex however, there was a significant decrease in incidence of
pituitary tumors in males: 47% control, 16% HDm; p<0.05 and in females: 26% control and 21% in HDf: p
not significant.

Because of the thyroid and liver findings, TSH, T3, and T4 hormone levels were measured in a2 1month
oral gavage study in SD rats (RP21439 Aug 1982/Sepracor# 190-853; see special Tox section for
mechanistic studies). Male and female rats (15/sex/group; 5/cage) were administered RS-zop at 0, 0.2,
2, 20, or 200mg/kg/d. Groups of 5/sex/dose were killed by ether anesthesia, on wks 1, 2, and 4 for
serum hormone determination, thyroid and pituitary wts plus macro- and micro-scopic examinations. Drug
related findings were transitory and included clinical signs (exaggerated pharmacology), only in the 2 high
doses during 1" wk of dosing, decrease in B.wt in HDm only during 1* 2wks of dosing, no drug effect on
organ wis or macroscopic findings. Microscopic findings showed a small dose related increase in
follicular cell hyperplasia indicative of increased thyrotd activity in males dosed 20&200mg/kg/d; no
changes in any female rat group. Mean TSH level was significantly increased in HDm relative to the
control in all 3 measurement periods (n=1 on wk2). Mean T3 levels were affected only mildly by RS-zop
in HDm and the sponsor contributed the statistical significance on wk4 to the low value of the control
(table 26 from sponsor). Mean T3 was also significantly increased in mid and high dose males on wk2
relative to the control value. Note that the control value of 62 during wk2 is not too different from 58 on
wk4 deemed low by the sponsor. Mean T3 levels were also significantly and dose dependently increased

in 20&200mg/kg/d female rats (note that there were no changes in thyroid histology in females in the
18month study).

Table 26: Mean Serum T; Leveis (ng/100 ml) in CD Rats Receiving up to 200
mg/kg/day of (RS)-Zopiclone for 1 Month
Males Females
Week [0 T902 [ 2 [ 20 ] 200 | 6 [ 02 2 | 20 | 200 .
1 78 74 84 88 83 74 91 90 | 115% (| 123*

2 62 67 68 83* 84* 71 78 80 o7* | 92
4 58 Tgh 59 70 87* 61 80 63 83+ | 85+
* p<0.05 relative to the control group. n=1.

Table 25: Mean Serum TSH Levels (ug/ml) in CD Rats Receiving up to 200
mg/kg/day of (RS)-Zopiclone for 1 Month
Week Males Females
. 0 0.2 2 20 200 0 0.2 2 20 | 200
1 049 1070 { 0.71 | 0.59 | 0.87* | 0.39 | 044 | 0.39 | 0.50 | 0.54
2 062 | 062 | 064 | 062 | 1.81" | 043 | 0.30 | 041 | 0.46 | 053
4 _ 70.58 0.82 | 108 | 114 | 1.34* | 040 | 0.40 | 0.38 | 0.40 ! 0.50
Consultant Opintons on the Thyroid Findings:
Dis. 7 - considered the follicular cell hyperplasia in HDm in the 18meonth oral
dietary study to be a drug effect on the thyroid/pituitary pathway. This was supported by the 1month
hormone study that showed an increase in TSH serum levels in HDm. The consultants concluded that
increase in T4 elimination caused by liver enzyme induction was the likely cause of TSH elevation in
HDm. Therefore, RS-zop affects thyroid hormones secondarily to its effect on the liver through enzyme
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induction. Such effect is indicative of a THRESHOLD phenomenon below which these findings may not
be observed (see 24 month rat study for more detail).

24 Month Rat Carcinogenicity Study/Sepracor#190-833:

Study design was that of the NTP: 2 control groups and 3 dose groups; GLP

Species/Strain/# per sex per dose: — CD rats; 50/sex/group inciuding control.
Doses/Route/Duration: 0,0, 1, 10, 100mg/kg/d* RS-zop for at least 105wks via the
DIET.

* note that these doses were lower than these used in the 18month study where thyroid tumors
were observed (2, 20, 200mg/kg/d).

Results:

Mortality/Clinical Signs: No drug effect; survival in all groups at end of study was 34-44%

B.wt/B.wt Gain:mean B.wt gain in HD rats was significantly reduced (25% m &35% f) relative to the
gains in corresponding controls. In females, this decrease in wt gain paralleled decrease in food intake
during the latter period of the study. Mean B.wt and food intake in MDf were increased during the 1%
13wks but were reduced (p<0.001) during the end of the study.

Organ wt:aithough mean absolute wts of the liver in MD&HDm were significantly increased relative to
the controls, this increase was small at 1.2x the control. Similarly, the relative liver wt increased only 1.6x
the control value without reaching statistical significance (table from sponsor). Moreover, mean absolute
liver wt in HDf was significantly decreased compared to the control value and no effect on relative wt in
this group. There was no other drug related effect on any organ including the thyroids.

Table 28: Mean Absolute and Relative Liver Welghts in Male and Female CD Rats
Receiving (RS)-Zopiclone for up to 108 Weeks

Control (RS)-Zopiclone day)
Group 0 0 i 10 100
Males
Absolute (g) 27.8 26,0 279 31.1%* J2.4%
Relative (%) 3.3 3.1 31 3.7 5.0
Females
Absolute (g) 225 221 219 21.1 20.4%»
Relative (%) 39 s 35 40 51

**+p<0.0l; ***p<0.001 from control.

Non-Neoplastic Lesions : HDm:_hepatocellular foci of baso- or eosino- philia, epididymal and testicular
changes, and pituitary hyperplasia . HDf: enlarged thyroid follicles (sce tables 34&35).

Table 34; Incideace of Non-Neoplastic Thyroid Lesions in Male CD Rats Receiving

(BS)-Zopiclone for up to 108 Weeks
" - Control (RS)-Zopiclone (mg/kg/day)
Tissue Finding o 0 1 0 _glk 100
(Number Examined) 49 {50) (50) (50) {49}
- Enlerged Follicles with
Basophilic Epithelium 1 1 0 0O 4
- Enlarged Follicles 2 2 1 3 4
- Follicular Cell Hypertrophy 0 0 0 0 0

Table 35: Incidence of Non-Neoplastic Thyroid Lesions in Female CD Rats
Recetving (RS)-Zopiclone for up to 108 Weeks

. Control (RS)-Zopiclone (mg/kg/day}
Tissue Finding n 0 1 ™ | 100
(N° Examined) G0 | (50 (50) (50) {49)
- Enlarged Follicles with
Basophilic Epithelium 0 0 0 i o
- Enlarged Follicles ¢ 0 0 1 4*
- Follicular Cel! Hypertrophy Q 0 0 2 0
* p<0.03, compared to the combined cottrols.
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Neoplastic Findings: HDm: increased incide nce of thyroid follicular cell carcinomas.

HDA: increased incidence of mammary gland adenomas and carcinomas.

HDm&S: decrease in incidence of pituitary tumors relative to the corresponding controls (42% control
male groups vs. 20% HDm (p<0.05); 64% control female groups vs. 39% HDf (p<0.01)).

Thyroid Foilicular Cell Tumors in Male Rat:
Carcinoma but not adenoma incidence, was significantly increased in HDm relative to the control and any
other drug group; no difference in adenoma incidence (table from sposor).

Table 30: Incidence of Thyroid Follicular Cell Tumors in Male CD Rats Receiving

(RS)-Zopiclone for up tc 108 Weeks
. . Control (RS)-Zoplclone (mg}_!gg!day)
Follicular Cell Tumor 0 9 1 10 100
(Number Examined) @ | G0 (50) 30) @)
Adenoma 2 2 5 0 3
Carcinoma 0 0 1 0 o
Adenoma or Carcinoma 2 2 6 0 Qe+

** p<0.01, compared to the combined controls.

Table 31: Incidence of Thyroid ¥oliicular Cell Tumors in Male CD Rats Receiving
(RS)-Zopiclone for up to 108 Weeks — Unscheduled Deaths

: Control (RS)-Zopiclone (mg/kg/day)
Foliicular Cell Tumor n 0 i ™ | 160
(Numbered Examined) 33 34) 29) (34) (32)
Adenoma 2 1* 3° 0 1¢
Carcinoma 0 0 14 0 Ge+f
Adenoma or Carcinoma 2 1 4 Q ™

* p<0.05; ** p<0.001, compared to the combined controls.

* Apimals No. 31 {(Disd- Wk 98) and No. 30 (Sacrificed- Wk 99).

* Animal No. 62 (Sacrificed- Wk 106).

© Animals No. 129 {Died- Wk 73), No. 133 (Sacrificed- Wk 79) and No. 137 (Died- Wk 98).

¢ Animat No. 111 (Sacrificed- Wk 70).

© Aaimal No. 214 (Sacrificed- Wik 102).

f Animals No. 212 (Dicd- Wk 101}, No. 225 (Died- Wk 80), Na. 227 (Sacrificed- Wi 105), No. 238
(Sacrificed- Wk 93}, No. 240 (Died- Wk 105) and No. 246 (Sacrificed- Wk 106).

Table 32: Incidence of Thyroid Follicutar Celi Tumors in Mate CD Rats Receiving
(RS)-Zopiclone for up to 108 Weeks - Terminal Sacrifice

. Control (RS)-Zopiclone (m day)
Follicular Cel) Tumor ry 0 1 7 oag’@-/-—l m
(Number Examined) (16) (163 (21) (16) an
Adenoma 0 r 2° 0 i
Carcinoma ] 0 0 0 [
Adenoma or Carcinoma 0 i 2 0 | 2
Animai No. 0.

* Animals No. 107 and Na. 117.
 Anfmals No. 205 and Na. 207
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All tumnors occurred in the unscheduled death rats with 3 of the 6 carcinomas found near end of study
after wk104; study pathologist did not determine cause of death in these or any rats. Tumor distribution
appeared random on a per cage basis. There were 2HDm (#240&246) that had thyroid carcinoma in

both lobes otherwise they were unilateral, another HDm (#205), had adenoma in both lobes otherwise
all adenomas were unilateral. Historical control mean incidence for thyroid follicular cell adenomas in
== in CD rats was 4.2% for 524 rats or 1.5-8.6% range and for carcinoma 0.4% for 524 rats or a
range of 0-1.5%. Thyroid carcinoma in HDm was 12% far exceeding this range with the incidence of
thyroid tumors in control, low, and mid dose groups within this historical range. Non-Neoplastic thyroid
lesions shown above in tables 34&35 from sponsor where incidence of enlarged follicles was slightly and
not significantly increased in HDm (4/49; table 34), but the incidence was significantly increased in HDf
(4/49 vs. 0/100). There was no follicular cell hypertrophy in any male group or female group except in
MDY, relative to the controls (table above from sponsor). The statistical significant increase in enlarged
follicles in HDf was attributed to the 0 incidence in the control and therefore, was considered of no
toxicological significance specially since the incidence of thyroid tumors in females was not affected.

Special Studies:
To investigate these tumors many studies were done (see Special Toxicity section for detail). Serum

thyroid hormones were measured in a 9wk study in SD rats (RP# 22387, May 1985; Sepracor#190-850).
Single-housed rats (40/sex/group) were administered via the diet, RS-zop at 0, 1, 10, or 100mg/kg/d,
for 2, 4, and 9wks, 10/sex/group were killed under ether anesthesia. Serum thyroid hormones, RS-zop
levels, and microscopic exams of thyroid, liver, adrenals, pituitary, ovaries, and mammary glands were
done during these periods as well as liver P450 content, aniline hydroxylase, and aminopyrine N-
demethylase activities were determined. There were no drug effects on mortality, clinical signs, or body
wt. Mean liver wt increased 33% at end of 9wks in HDm and 43% in HDf over the corresponding
control values. This increase in liver wt did not cause an increase in liver enzyme activities nor any
histopathology. Mean serum levels of TSH. showed marked variability in the data (table from sponsor; s.d.
>50% including the control group), accurate conclusion could not be made. Also noted, is absence of any
histopathology of the thyroids.

Table 36: Mean Serum TSH Levels (ng/ml} in CD Rats Receiving up to 100
mg/kg/day of (RS)-Zopiclone for up to 9 Weeks

Males Females
Wk ' T 7 [ o T w [ o [ 1 [10] 1%
0 | 756 | 528 | 547 | 438 | 300 | 245 | 251 | 261
2 {707 | 148 | 758 |nes | ze0 | 37 | 202 | 4z
4 J1oe0 | 1m | 112 {1807 | 336 | 250 | 415 | 418
o w0 e | 192 | e | 194 | 266 | 260 |40

%4 p0.001compared to controls.
Because of the non-supportive results in this dietary study and the one conducted previously both via the
diet, a 3" study was done to measure thyroid hormones following dietary and gavape administration of RS-
zop (RP#93, Dec 18™ 1987/Sepracor#190-849). Male and female SD rats (40/sex/group; 4/cage), were
given by gavage 0, 1, 10, 100, or 200mg/kg/d or via the diet 100 or 200mg/kg/d for 4 or 10wks of
dosing, Rats were killed at 2 and 11hr postdose on wks 4 and 10 of dosing (10/sex/group). Serum TSH,
T3, rT3*, and T4, histopath of thyroid, liver, adrenals, pituitary, ovaries, and mammary glands, and RS-zop
blood levels were determined. * rT3 is 3,3°,5’ -tri-iodothyronine (breakdown of T4 via 5-monocdeiodinase in
the liver and is nactive form of T3).
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Clinical signs of exaggerated pharmacology were seen in 100&200mg/kg/d groups via gavage only. Slight
decrease in mean wt gain in 100mg/kg/d males (gavage and diet) and females (diet) was seen. Similar to
previous study, there was large variability in the data as seen from the >50% s.d. However, changes in
mean TSH were recorded m male rats dosed 200mg/kg/d during both wks4810 (table from sponsor).
Note that change at 100mg/kg/d was less marked than at 200mg/kg/d and recorded only at 4wks (this is

Table 37: Mean Serum TSH Levels (ng/ml) in Male CD Rats Recelving up to
200 'day of -Zopiclone for 4 or, 10 Weeks

Sacrifice Gava Diet
Time ® 7 1 7 10 [ 100 | 200 | o | 100 | 200
Wk 4- 2h | 339 | 381 | 537 521 |754%% | 459 | 505 | 11645
Wk 4- 11h 840+
30 | 2 |20 [ase |B07 T a0 fa0 |,
WE10- 2B | 390 | 356 | 444 (294 [535 | 309 [asoe |
Wk10- Mbh J 576 | 267 | 245 j323  [990" | 239 | 373e sopeee

* p<0.05; +* p<0.01; *** p<0.001, compared to the respective control group.
the dose with the tumors, no tumors at 200mg/kg/d).
The sponsor indicated that changes in T3 were not obvious but levels of rT3 (wk4 at 12hr only), and T4
were significantly reduced in HD rats. Females in HD showed similar increase in TSH but the changes in
T3 were not as marked and levels of T3&T4 were similarly reduced. These hormone changes may be
reflective of the small increases in mean thyroid wts at 200mg/kg/d of both sexes via both routes of
administration. Thyroids were hyperactive in 200mg/kg/d wk4 and at wk10 for 100&200mg/kg/d groups.

Mean plasma RS-zop levels increased non-linearly with dose (less than proportional in HD), via either
route of administration (table from sponsor);

Table 38: Meag Planua Levels® (jig/ml) of (RS)-Zopiclone in Male CD Rats
Receiving (RS)-Zopiclone for 4 snd 10 Weeks

Sacrifice Gavage : Diet
Week 1 10- | 100 200 " 108 200
4 005¢ | 0435 | 7815 | 8472 1.875 1.591
10 0.077 1.130 ] 10940 8.806 2311 2392

n =5; samiples taken approximately 2 b after dosing.
More studies were done to further examine the thyroid findings: in vitro and 2 in vivo studies in rats. The
in vitro study utilized liver homogenates from SD rats (6/sex/dose) dosed via the diet, RS-zop at 0 or
200mg/ke/d for 36 or S6days. Liver homogenates were incubated with T4 and free T3 and
5’monodeiodinase activity measured (table from sponsor). Mean T3 levels in males increased 1.5x over
the control on d56 but no effect in females and no significant effect on enzyme activity in either sex except
for a non-significant 1.4x increase in activity in males over the control vatue.

Table 39: Free Ty and 5'- Monodelodinase Activity in Male Rats Recelving 200
_mg/kp/day of (RS)-Zopiclone for 4 and 10 Weeks

Males Females
Treatmeat Free Ty’ 5. MDP Free T, 5’- MDI
36d | 564 36d S56d | 364 | 56d | 364 S6d
Control |142 {188 0.12 018 | 155 | 175 | 012 | 016
Zopiclone | 18.1 | 27.5%¥ 0.15 0.25 19.5 17.8 | 0.15 0.18
** p<0.01, compared 1 the control value. 1 pgiiviey at 120 minutes, in waits of prsole/g protein.

2 5+, monodeiodinase activity at 120 minutes, in units of pmole/min/g protein.
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RS-zop was administered via the diet at 0 or 200mg/kg/d to male and female CD rats for 10wks.
Control and drug groups were injected 3uCi '%°[ 24hr pre-sacrifice, at necropsy, thyroids were weighed
and total radioactivity was measured. Thyroglobulin binding was assessed in thyroid homogenate
supernatant using chromatography. No increase in ">’ uptake in males but increased incorporation of

radioactivity uptake was seen in females (no thyroid tumors in females). No drug effect on thyroglobulin
binding in either sex. These results indicated at least in males, thyroid hormone synthesis was unaffected
by drug treatment but also note 200mg/kg/d is not the dose where thyroid tumors were observed.

APPEARS THIS WAY
ON ORIGINAL

Another in vivo study in CD rats (30/sex/group) examined liver enzyme activity and thyroid hormone
changes after dietary administration of RS-zop at 0 or 200mg/kg/d for 10wks (RPR report# SM566,
Dec 23, 1991). 'Zsl-thyroxine was administered to 6/sex/group rats to determine the clearance over 72hr,
serum T3, T4, and TSH, and 5 monodeiodinase activity in the liver microsomes. Mean serum fiee T4 &
TSH were increased significantly in both sexes over the control values as well as clearance of T4 (tables
from sponsor).

Table 40: Mean Serum FT; (pg/ml), FT (pg/ml) and TSH Levels (ng/ml) in CD Rats
Receiving 200 mg/kg/day of (RS)-Zopiclone for 10 Weeks

, Males Females ‘
Tmmm FT, FT, TSH FTs FT. TSH
Control 5.09 16.67 0.62 5.88 13.94 523
200 mg'kg 4.99 13.50** | 1643+ 646 | 1047%%* | 15.27%%

Table 41: “*I-Thyroxine Kinetics in CD Rats Receiving 200 mg/kg/day of (RS)-

Zopiclone for 10 Weeks
Males , Females
Tl'“mnt Cm-l ‘ AUC ’ : ] Cl < C“ a AUC i Cl ¢
Control 4.23 59.0 3.84 3.06 413 5.53
200mghkg | 287¢ | aa7ers SO0 gguan | 2500en [g1geee

** p<0.01; *** p<0.001, compared to the respective control group. * cpm x 10%ml. * b cpm x 10%/ml.
© ml/kg.
Table 42: 5'- Monodeiodinase and T, UDP-GT Activity in Male Rats Receiving 200
mg/kp/day (RS)-Zopiclone for 10 Weeks

, Males Females
Treatment I~ BT | T._UDP.GT | 5.MDI_ | T,_UDP.GT
Control 8.94 121.79 11.85 102.68
200 mg/kg 11.56 249,02+ 15.00% 201.45%++

** p<0.001, compared to the control value. ! 5 giopodeiodinase activity in units of 107 pmol/min/g liver.
? UDP-GT in units of pmol/min/g liver.
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From the above table, liver 5°deiodinase activity was significantly increased in female rats but only minimal
increase in males. UDP-GT activity responsible for clearance of T4 was also increased in both sexes
relative to the control. These results indicate increased elimination of T4 due to induction of hepatic UDP-
GT with lesser effect with 5’deiodinase. Therefore, continued lower levels of T4 will signal TSH to
maintain T4 production leading to thyroid hyperactivity — hyperplasia — neoplastic response.

In a recent 90 day rat toxicity/TK study of S-zop and RS-zop, thyroid function was also determined. SD
rats (15/sex/dose) were administered via oral gavage S-zop at 0, 25, 50, or 100mg/kg/d and RS-zop at
100mg/kg/d (Sepracor#190-818A). Blood TSH, T3 and T4 were determined at end of dosing and after 1
month recovery. Necropsy and microscopic exams were unremarkable for the thyroid and livers. Similar
to other studies, data were highly variabile and any drug related effect could not be detected in any group.
Mean liver wts were only slightly increased in S- and RS- zop groups, both cpds seemed to induce a
number of liver microsomal enzymes including UGT1A1 responsible for T4 clearance (in HDm, no
increase in females). Elevation in activity of UGT1Al is indicative of increased clearance of T4
consequently leading to continued stimulation of TSH and hyperactive thyroid eventually leading to thyroid
ftamors.

Sponsor’s Conclusion on the Rat Thyroid Tumors:

Thyroid tumors observed in 18 month and 2 year rat carcinogenicity studies are secondary RS-zop-
induction of liver enzyme activities that increases clearance of T4 through 5' deiodinase (minor pathway)
and UDP-GT (major pathway). Increased elimination of T4 — T TSH — hyperactive thyroid —
hyperplasia — adenoma/carcinoma. Based on absence of increase in thyreid hormones in humans,
these findings are irrelevant to human cancer risk assessment. The sponsor cited and provided
copies of published literature in support of their conclusion. The sposnor indicated that RS-zop enzyme
induction profile is similar to that of phenobarb where increased breakdown of T4 due to liver enzyme
induction, is responsible for thyroid cell proliferation. Other drugs with thyroid lesions related to disruption
in TSH activity include midazolam, oxazepam, amiodarone, and vidarabine. No evidence to date supports
similar induction of these drugs of thyroid effects in humans. Moreover, the sponsor stated that no non-
radioactive chemical exposure is known to cause thyroid tumors in humans. The sponsor also stated the
differences between rodent/rat and human thyroids: half life of T4 is shorter in rodents compared to
humans leading to higher basal thyroid activity in the former, transport proteins of the thyroid
hormones are different between the 2 species, and in the rat, only relatively small increases in
serum TSH are needed to stimulate thyroid follicular cell proliferation. JARC 1999, published
critenia for identification of agents that cause thyroid follicular cell tumors in rodents via hormonal changes:
[) The cpd and its metabolites must be non-mutagenic or non-clastogenic in vitro and in vivo assays
(RS-zop and S-zop were not mutagenic in a number of assays sponsor’s conclusion however, this
reviewer and members of the CDER genetic toxicology cmitt found both cpds to to be clastogenic).

2) Hormonal imbalance must be chronically demonstrated under conditions of carcinogenicity assay (RS-
zop increased TSH and decreased T4 in a number of studies; see above).

3) The mechanism of the cpd that leads to the hormone imbalance is defined. In this case RS-zop induced
liver enzymes 5°deiodinase and UDP-GT increasing T4 breakdown and TSH stimulation.

A clinical study showed no changes in TSH, T3, T4, or thyroglobulin following 30mg/d dose of
RS-zop for | month in human volunteers.
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Therefore, thyroid tumors were observred in one sex, one species, and at high doses, in sponsor’s opinion
RS-zop is not genetoxic drug. Also, there are differences between human and rodent thyroid profiles that
makes such tumors irrelevant to human cancer risk based on this mechanism.

Consultant Opinions on the Thyroid Findings:

The following experts evaluated the data and each submitted a written report:

— - Feb 25 1985:did not re-read the slides. Reviewed the results of both the 18
month and 24 month rat studies.

™  hun3j, 1985; re-read all slides of thyroid and pituitary from the rat 24 month
study. Reviewed reports of thyroid function study RP# 21439
dated Aug 16 1982 and clinical report by —  dated 1982,
genetox assays, and carcinogenic ity studies.

— i Jan 20, 1986: did not re-read the slides. Reviewed the results of both the 18
month and 24 month rat studies and the rat mechanistic thyroid
studies conducted at that time, 1982,

— Jan 22, 1990: did not re-read the slides. Reviewed the results of the thyroid
turnors in the 24 month rat carcinogenicity study and results from
the thyroid function tests.

All consultants concurred on the conclusion that the thyroid tumors in male rats are hormonaily mediated
and their incidence demonstrate a THRESHOLD effect since tumors were not observed at doses that
did not increase blood TSH levels.

A recent panel of experts, Pathology Working Group, PWG, reviewed the data and re-evaluated the slides
of the thyroid lesions in the rat 2 yr study. Dr.” — . neaded the group that
included: Drs. — X All experts used the common diagnostic
criteria of Hardisty et al., 1990 and Botts et al., 1991, slides were read blindly, and review and discussion
was done at the same sitting to reach a consensus on tumor type. Results and Conclusions were as
follows:

1. The PWG believes that the likely mechanism of thyroid tumors is secondary to liver enzyme
induction leading to increased metabolism of T4 and increase in TSH levels. Increase in TSH leads to
chronic stimulation of the thyroid and consequent proliferative lesions of follicular cells.

2. Liver enzyme induction leading to distruption of the hypothalamic-pituitary-thyroid axis is a known
mechanism of thyroid stimulation. RS-zop in the 2 yr study caused an increase in liver wts in HDm and

there was centrilobular hypertrophy, findings collectively reflective of enzyme induction

3 Thyroid wis were increased in HDm rats indicative of hyperactivity.
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4, Several neoplasia diagnosed originally as adenomas were reclassified by the PWG as follicular cell
hyperplasia. In addition, tumors originally diagnosed as carcinomas became adenomas (table from
sponsor).
Table 43: Incldence of Thyrold Follicular Cell Proliferations in Male Mice
Receiving (RS)-Zopiclone for up to 108 Weeks

- PWG Evaluation -
. , Control (RS)-Zopiclone (| /day)
Proliferative Lesion 3 0 1 10 Wmo
SP Evaluation
Adenoma 2 2 5 0 3
Carcinoma 0 0 1 0 6
Total Tumors 2 2 [ Q 9
PWG Evaluation
Adenoma o 0® 3c ] 4°
Carcinoma 0 0 0! 0 af
Total Tumors 0 0 3 0 7

‘SP=u'iginalmzdypaﬂmlogm‘|dhmk (same as reported in Tabie 32).

* Animals Nos. 031 and 050 were diagnosed by the PWG with follicular cclf hyperplasia mther than
adenornas as was previously noted by the SP.

* Animals Nos. 062 and 080 were diagnosed by the PWG with follicular cell hyperplasia rather than
adenomas ay was previously noted by the SP.

* Animals Nos. 129, 133 and 137 were diagnosed by the PWQ with follicular ccll hyperplasia rather than
adenoma as was previously noted by the SP. The slide for Animal No, 107 (adenoma) was missing bat
tcrcomparmvcpwpowswueonndemdmthlnldmombyﬁel’WG(uputheSP'sdlm)

4 Animal No. 111 was diagnosed by the PWG with a follicular cell adenoma rather than a carcinoma as
wupemmlynomdbytheSP
© Animals Nos. 214 and 214 were diagnosed by the PWG with follicular cell hyperplasia rather than with
madcmmauwupreuouslynowdbyth:SP
AmmllsNos.nS 227 and 246 weredngnosedbythePWGmthfctilcullrceﬂtdmmanmuﬂnnl
carcinoma as was previously noted by the SP.

Reviewer’s Comments:

This reviewer agrees with these conclusions based on the liver findings that included one or more of
the following: liver wt increase, enzyme elevation, and/or histopathology in absence of clear direct effect
on the thyroids. This opinion is formulated based on these results observed in one or more of the general
toxicity studies, special studies, and the 2yr carcinogenicity studies. Thereofe, RS-zop seems to have
caused the thyroid tumors indirectly and secondarily through liver enzyme induction, However, it should
be noted that this conclusion was reached by all previous consultants as well as the PWG with
the assumption that RS-zop is not a mutagen. This is not the conclusion of this reviewer nor
the CDER Genetic Toxicology committee where RS-zop was found to be clastogen in the MLA
and equivocal in the Chinese hamster ovary cell conducted conducted recently*. Therefore,
although the RS-zop induced thyroid tumors may be secondary and indirect to liver induction,
the possibility remains open for an mutagenic effect.

* positive mutagenic responses were also observed for the S-zop and its active metabolite, S-desmethyl.

Mammary Gland Tumors in Female Rats/24 month study:
Table from sponsor presents the incidence in female rats:

Table 45: Incidence of Mammary Tumors in Femate CD Rats Receiving (RS)-

Zopiclone for up to 108 Weeks
3 - Died on Test or Were Moribund Sacrificed -
| | M Gland | Conol [ (RS)zopiclonc (mg/kg/day) |

Table 48: Incidence of Mnmmary Tumors in Female CD Rats Receiving (RS)-
Zopiclone for up to 108 Weeks: Terminaifly Sacrificed

M ‘Control [ _(RS)-Zopiclone (mg/kg/day)
Gland Q 0 1 10 100
Number Examined 25 24 18 16 22
Adenoma 18 15 16 10 11
Carcinoma 2 3 2 2 4
Adenoma + Carcinoma 20 18 i8 12 15




It is of note that there seem to be a discrepancy or a different way of looking at the tumor numbers
reported here by the sponsor and those reported in Dr. Ann Wilk’s review dated Mar 1988 (previous
reviewer of the studics). In her review, the following table from sponsor was presented: this table lists #
of adenoma as 26/50 in HDf compared to 19/50 in table 44 from the sponsor but the number of
carcinomas and total number of tumors was similar in both tables.

Incidence of all female rats bear{ng one or lﬂre mammary gland neoplasms

Group and sex 1F 2F 3F 4F 5F
Number examined : 50 50 47 S0 50
Benfgn

floroepithelial tumour 37 kx| 7 32 26?
Carctinoma 4 9 6 8 Ciad/
Benign and/or malignant

tunour 37 36 38 a7 37

a Significantly different from controls, P < 0.05.
b Sigrificantly different from controls, < 0,01,

Pair-wise and trend test showed the significant increase in carcinoma and significant decrease in
adenomas in HDf (table 44). The overall incidence was not increased in HDf but rather, there was a
shift in the tumor progression from adenoma to carcinoma and from well differentiated to poorly
differentiated patholegy in HDf The combined incidence of adenomas and carcinomas in control rats
was high at 72 and 74%. The historical control incidence ir = for adenomas is 64.7% range 50-
75% (341/527), and for carcinomas is 9.2% range 5.0-18.6% (49/527). Clearly, the incidence of
carcinoma in HDf far exceeded the historical range (36%; 18/50), however adenoma incidence in this and
other groups including the controls were within the historical range. Note that the carcinoma incidence
was increased in rats that died or killed in moribund (table 45) yet these tumors do not seem to be
the cause of death in these rats since there was no difference in mortality between this eroup and control.
The sponsor indicated (tables from sponsor), that there were no differences in tumor multiplicity since
most rats with carcinoma also had 1 or more adenomas. Table 48 from sponsor presents wmor incidence
in terminally kill rats. Based on the above data, there was no difference in the incidence of marmimary
gland tumors in any group of treated rats killed at end of study and those in the control groups.

The following tables from the sponsor present the number of adenomas and carcinomas in individual
animals the wk of unscheduled death and the multiplicity of tumors.

Table 47: Incidence of Mammary Carclnomas in Female CD Rats Receiving (RS)-
Zopiclone for up to up to 108 Weeks:
Unscheduled Deaths and Moribund Sacrifice

Coutrol 1 Control 2 1m, 10 mg/kg 100
N /W | M N Wk M| N [wk M| N [wWk[MI N [Wk(M
267 102 |+ |311 |73 359 [94. |+ [415 |70 {4+ [451 [100 |+
275 |98 |+ |320 |48 360 {104 |+ |422 |94 453 196 |+
332 {100 |+ |387 |14 426 |91 456 ;100
333 (8% [+ [395 (104 [+ {434 [106 [+ [453 |70 |+
334 178 41 |75 470 {35
336 {53 |+ 47 |73 |+ |475 195
480 193 |+
484 88 |+
485 |96
488 | 88
492 {107
496 183 )+
497 |83 |+
498 182 |+

N'= Animal Numbet.  Animals Nos. 434 and 492 died just prior to the scheduled sacrifice (Weeks 105.108).
Wk = Week of death or sacnnce.
M = multiplicity, L. more than | adenoma and/or carcinoma on slide section (+).




Table 46: Incldence of Mammary Adenomas in Female CD Rats Recelving
{RS)-Zapiclone for up to 108 Weeks:
Unscheduled Deaths and Moribund Sacrifice

Control1 | Control2 | Imgh | 10mghe | 100mpis |
N {Wk M| N Wk M| N [Wk/M| N* |Wk!M] N* | Wk {M
251 |72 |+ §301 |89 351 191 401 |95 {+]457 |92 |+
259 |93 303 (99 |+ 356 {91 |+ (406 |95 458 | 103 |+
263 94 |+ ]312 |78 357 189 410 |99 459 |72
264 {98 41317 182 {1+ 365 |91 413 |88 |+3§472 |97 |+
265 |72 325 |97 368 |88 |+ J414 |86 |+ |477 | 102
271 |83 330 {90 |+ 1369 |103 |+ {416 {81 :+]478 |98
272 181 338 |84 [+ §372 {92 |+ [417 {93 482 1Tl
276 1714 339 197 |+ f373 (105 418 | 106 499 |83
2717 |91 |+ 1342 |93 377 1105 424 | 86
279 |9 |+ [343 |102 [+ 378 |98 |+ |430 |99 |+
282 102 |+ |24 {65 379 |98 433 |97 |+
285 |B9 {+]348 |82 |+ |384 |74 |+ §435 |84
288 98 j+ 388 |90 437 101
299 (82 396 1101 ]+ | 438 102
00 {93 |+ 398 |86 439 |89
399 |102 |+ |440 [77 1+

444 1101

448 102 | +

450 103 {+
N° = Animal Number, Animal No. 418 died just prior o the scheduled sacrifice (Weeks 105-108).

Wk = Week of death or meribund sacrifice.
M = moltiplicity, i.e. more than 1 sdenoma on the slide section (+).

From these tables, many rats with carcinoma also exhibited adenomas. The sponsor stated that
occasionally, hyperplasia was seen but there was no difference in incidence between treated and control
groups. The sponsor next attributed these mammary tumors to increases in 17beta estradiol and
provided some literature references. As stated in this review, serum levels of 17beta estradiol were
highly inconsistent and variable among the several studies conducted to address this issue therefore,
accurate conclusion could not be made,

Consultant’s Opinions on Mammary Tumors:
Expert pathologists reviewed these tumor data (some re-read the slides blindly) and provided written
reports. These experts were: al N _ ,

— T'he following is summary of their assessment:

¢ All agreed that mammary gland tumors were increased in high dose female rats administered
200mg/kg/d zop compared to the concurrent and historical control values for these tumors.

¢ This high incidence was seen in rats that died on drug or killed in moribund but no difference in
incidence of these tumors in rats that survived till end of study/tenminal necropsy.

¢+ These mammary adenocarcinomas were not the cause of death since there was no difference in
mortality rate in any group.

¢+ Mammary gland tumors and endocrine tumors in general, are common tumors in aged, overfed, and
untreated rats.

+ There was no evidence of invasion and/or metastasis.

¢ The overall incidence of these tumors between the groups was not increased but there was a
statistically significant shift in progression of the pathology from adenomas (decrease in #)
to carcinomas (increase) in HDf,

+ Drs.l_ = .r(from the original pathologists), re-read the slides using more defined diagnostic
criteria (invasion, papillary pattern, mitotic activity, and extent of pleomorphism), and concurred that
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there is NO doubt that high dese of RS-zop had some effect on mammary gland as seen from
higher number of female rats with carcinomas with multi-layering and/or cribiform structure,
that the NOEL is 10mg/kg/d, no significant increase in number of rats with tumors showing muscle
invasion or metastasis (10 of the 18 rats had invasion of only the connective tissue), and therefore,

therapeutic doses of RS-zop is unlikely to impose an increased risk of breast cancer in humans i.e.
Threshold effect.

¢ Dr —  ce-read the slides blindly and used a grading scale to differentiate the extent of any tumor
progression using both cytological and histological endpoints (using atypia or lack of differentiation as a
feature). He came up with the table below:

Mammarv Tumors in Female Rats Recelving (RS)-Zopiclone in the Diet for 105 Weeks
=Dr  ~ Diagnosis®-

Dose (mp/kg) of (RS)-Zop:doue
Mammary Tumors 3 n 10 100
N° of Tumors/Group 37/50 | 36/50 38!50 37/50 | 3750
Tumor Classiflcation "
Grade 2-3 1o i3 18 20 y
Grade 4 3 6 1 4 |(ID
Mear N* Tumors / Rat 2.6 2.3 2.5 2.4 2.1
Mean Histological Grade 1.6 22 1.7 22 24

* Grading scale: 1 - adenomafibroadenoma with atypia:

2 — well-differentiated carcinoma with stight stypia;

3 — modecauely differentisted carcinoma with moderate atypia; and
4 — poorly diffarentiated carcinoma with severe stypia.

FromDr. . table the only difference was the non-statistical increase in number of rats with grade 4
tumors. There was no increase in mean histological grade and no increase in number of tumors per group
or mean number of tumors per animal. Therefore, he concluded that there was no adequate evidence to
indicate that RS-zop is a carcinogen.
¢ Dr. -~ concluded that in absence of genotoxicity, changes in tumor distribution in hormone-
dependent and endocrine organs do not increase cancer risk in humans.
¢ Chronic elevation in 7beta estradiol has been shown to increase the proportion of mammary gland
turnors induced by radiation.
¢+ Rodent mammary tumors are not to be extrapolated to humans because estrogens have not been
demonstrated to be causally related to mammary tumors in humans (the statement made in 1986).

Sponsor’s Conclusion:

The sponsor heavily relied on the relationship between the elevation in | 7beta estradiol and the increased
incidence of mammary gland tumors in HDf dosed with RS zop. The sponsor concluded that RS-zop
affect mammary giands through elevations in 17beta estradiol. This was based on “the increased
incidence of mammary gland tumors at doses that caused an elevation in 17beta estradiol and absence of
these tumors at RS-zop doses that did not cause an increase in this hormone level. Absence of
mammary tumors in the 18 month rat study at even higher doses of zop, underscores the
requirement for both long term and high exposure to the cpd. The sponsor also pointed out that
these types of rodent tumors are irrelevant and can not be extrapolated to humans because the “role of
estrogens in human mammary carcinogenesis is not yet proven’.

-

See Reviewer Conglusions on thyroid and mammary tumors in Section 3.4.8 special Toxicolopy Studies.

151



3.4.6 REPRODUCTIVE TOXICOLOGY:

Study title:  Oral rat developmental tox dose range finder of S-zopiclone.
Study No: Sepracor# 190-812/ — H#ZCP/008

Site and testing facility: - -

Start and Completion Dates: Feb and March 1999 respectively.

GRP compliance and QA reports: Yes/OECD; report was NOT QA

Methods:

- Specie s/strain: Time-mated female Sprague-Dawley rats

- Age/B. wt: 8-10wks/200-225g

- Doses employed: 10, 50, 100, 200mg/kg/d

- Route of Administration: oral gavage.

- Vehicle: 2.5% hydroxy propyl methyl cellulose.

- Study Design: there were 5 time-mated femalesf per group dosed orally with S-zopiclone on days 6-17
of gestation (dose volume 10mi/kg). Pregnant rats were killed on gd20.

- Number of animals/sex/dosing group: Sfemales/dose group.

- Parameters and endpoints evaluated: clinical signs, mortality, B.wt, food intake, gross necropsy on all
rats. Orgnasftissues with abnormalitics were examined microscopically and for pregnant rats that were
killed on gd20 the following was determined: # corpora lutea, # implantation sites, early, late, and dead/live
fetuses. Fetal wt, sex, external abs, and placental wts were determined

- Statistical evaluations: ANOVA, Kruskal-Wallis, and Fisher's Exact test. No analyses done on
parameters with less than 5 values per group.

Results:

- Mortality:  none

- Clingcal signs: all dose group females experienced incoordination, abnormal gait, and hypoactivity on 1 or
upto 5 days of dosing.

- Body weight/Food consumption: no drug effect.

- Toxicokinetics: not done.

- Fertility and Early Embryonic Development in Femaks: table below from sponsor:

Group mean uterine / impiantation data

Group : 1 2 3 4 5
Treatment : Control (5)-zopicione
Dosage {(ma/kgsday) : 0 10 50 100 200

Group 1 Group 2 Group 3 Group & Group 5

Number of females with implantations

at scheduled kill 4 5 4 5 5
Humber of corpora iutea 61 7 &7 78 82
Mean rumber per fepale 15.3 15.4 16.8 15.6 16.4
Standard deviation 3.4 1.5 2.8 1.5 2.5
Nunber of 1mplantations (3 &5 50 56 64
Mean number per female 10.3% 13.0 12.5 1.2 12.4
Standard deviation 4.9 1.0 1.7 1.4 1.9
Mran X pre-imptantation loss 32.1 15.0 2%.5 - 26.4 21.6
Nutber of early embryosfoetal deaths 2 @/ @ @
Number of Late embryo/foetal deaths 0 [i] ] Q9 0
Number of dead foctuses a 4 0 0 ) q
Mean X post- implantation logs 1.4 9.4 8.1 B3> 63
Number of {ive foetuses 39 59 &8 45 50
Mean number per female 9.8 11.8 11.% 9.0 12.0
Standard deviation 5.2 2.5 1.7 5.7 . 2.2
Mean X of implantations 2.9 90.8 1.9 ’55\7’*/ .7




Group mean titter weights (g) / foetal dats

Croup : ] 2 3 4 5
Ireatment : Controt {S)-1piclone
posage (mg/kg/day) ['] 10 50 100 200

Grouwp ¥ Group 2 Group 3 Group & Group S

wumber of females with live fortuses

at scheduled kill 4 5 [ 4 5
wumber of Live foetuses 3% 59 (13 45 &0
Hean number per female 9.8 11.8 1.5 15.3 12.0
Standard deviation 5.2 2.5 1.7 3a 2.2
 Mumber of male foeguses 17 29 r 2% 3
Humber of female foetuses ) 30 20 19 27
Mean % male foetuses 34.1 47.3 56.4 5.7 $5.0
Hean (itter weight 3.4 63.1 0.6 £5.5 43.2
Standard deviation 17.6 13.3 V4 & 13.7 7.0
Mean foetal weight 4.02 3.4 3.47 4.02 3.62
Standard deviation 0.75 a.&87 0.85 0.15 0.1%
Mean foetal weight - males oniy 3.80 3.77 1.57 4.08 31.74
Standard deviation 0.2% 2.52 0.93 0.47 Q.24
Mean {oetal weight - femates only 9 3.49 3.36 3.84 3.45
Standarg deviation 0.84 0.42 0.73 0.29 a.16
Hean placental weight 0.52 0.51 8.61 - 0.5 0.57
Standard deviation 0.05 0.04 0.8 a.08 0.09

Summary and Conclusion: doses upto 200mg/kg/d of S-zaleplon to pregnant female rats administered
orally during gd6-17 were well tolerated with no deaths. In general, there was no drug effect on fetal
development however, the following were recorded: number of early embryo-fetal deaths was increased
non-dose dependently in all drug groups, mean percent post-implantation loss was increased >2x in
100mg/kg group. These 2 findings led to a derease in mean % of implantations in 100mg/kg group. In all

dose groups, clinical signs were seen and included abnormal gait, hypoactivity, piloerection, and cold to
touch; severity was dose related.

Study title:  Oral gavage rabbit MTD of S-zopiclone/Sepracor# not reported by
Sepracor —- t ZCP/0O06

Site and testing facitity —_

Start and Completion Dates: Feb and March 1999 respectively,
GRP compliance: Yes/EC

QA- Reports: Yes () No (x)

Methods:

- Species/strain: New Zealand white rabbit
- Age/B.wt:  sexually mature females about 4months old between 3-4kg.

- Doses employed: mg/kg/d: 12.5, 18, and 25mg/kg/d see below for study design.
- Route of Administration: oral gavage.

- Vehicle: 2.5% hydroxy propyl methyl cellulose.
- Study Design: there were 2 phases for the study. Phase I, 3 females were dosed 25mg/kg/d for 3d
followed by 2d wash out. The dose was then reduced to 12.5mg/kg administered daily for 7d. in phase II,

the 3 control female rabbits from phase | were dosed 18mg/kg/d for 7d. Dose volume was 2mi/kg. Rabbits
that received the drug in phase | were killed and necropsied.

- Number of animals/sex/dosing group: 3females/dose group.
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- Parameters and endpoints evaluated: clinical signs, mortality, B.wt, food intake, gross necropsy on all
rabbits including those that were found dead or killed prior to schedule. Histopath done on orgnas/tissues
with abnormalities

Results:

- Montality:  none for both phases.

- Clinical signs: one or more female in both phases showed abnormal gait, subdued behavior, hypoactivity
and If phase II had slow breathing on d1 of dosing.

-*Body weight/Food consumption: there seemed to be loss in mean B.wt and reduction in mean food
intake in both phases.

- no other drug related findings.

It was concluded that eral administration of S-zopiclone to female rabbits was tolerated upto
25mg/kg/d without deaths. Clinical signs were seen in all drug groaps tested.

Study title:  Oral gavage rabbit developmental tox dose range finder of S-zopiclone.
Study Ne: Sepracor# 190-809. —  s# ZCP/G07

Site and testing facility: —_

Start and Completion Dates: March & April 1999 respectively.

GLP compliance: Yes/OECD

QA- Reports Yes () No (x)

Methods:

- Species/strain: New Zealand white rabbit

- Age/B. wt: sexually mature females about 4months old between 3-4kg.

- Doses employed: mg/kg/d: 4, 8, 16, and 24meg/kg/d.

- Route of Administration: oral gavage.

- Vehicle: 2.5% hydroexy propyl methyl cellulose.

- Study Design: time-mated females were orally dosed S-zopiclone from gd6-18.

- Number of animals/sex/dosing group: 5 time-mated females/dose group,

- Parameters and endpoints evaluated: clinical signs, mortality, B.wt, food intake, gross necropsy on all
rabbits. Histopath done on orgnas/tissues with abnormalities.

Resuits:

- Mortality: none.

- Clinical signs: were seen throughout dosing at >8mg/kg. Signs included unsteady gait, subdued
behavior, reduced feces; signs were dose related in severity and duration.

- Body weight/Food consumption: mean wt was significantly reduced in rabbits dosed >8mg/kg
throughout the dosing period (6-18days). Similar findings reported for food intake. Mean wt loss was 50,
40, and 190g at 8, 16, and 24mg/kg/d doses respectively, relative to a gain of 110g in the control during the
same period. Perhaps this decline was caused by the significant reduction noted during the period 6-
9days. Food consumption was reduced as follows: 86, 67, and 57g/rabbit/d in 8, 16, and 24mg/kg/d doses
respectively relative to 146g/rabbit/d consumed by the control over the 6-18day of dosing. Fetal toxicity
was relatively small seen as a non significant 9% reduction in mean wt relative to the control at the high
dose of 24mg/kg.
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It was concluded that maternal toxicity seen as clinical signs and reduced mean B.wt, were
observed at >8mg/kg/d and, fetal toxicity at 24mg/kg/d when zopiclone was orally dosed to
rabbits during gd6-18.

Table below from sponsor presents repro parameters:

Group mean uterine / implantation data

Croup : 1 e 3 & L
Treatment : Cantrol ($)-20picione
Dosage (mg/kg/day) : 0 [ 8 16 2%

Group 1 Sroup 2 Group 3 Group & Group 5

Number of females with implantations

at scheduled kill S 4 5 5
Number of corpora tutea &7 40 5 . 43 57
Mean number per female .4 16.0 0.4 10.8 11.4¢
Standard deviation 1.7 1.4 1.1 1.3 t.?
Rumber of implantations 34 3 113 n 39
Nean rumber per femals 8.8 7.8 8.8 T8 7.8
Standard devistion 3a 3.6 .6 725 4.1
Mean % pre-implantation loss 24.8 21.3 %.9 o 2841 32.0
Kumber of early esbryo/foetsl deaths 1 4 4 1 2
Number of late embryosfoetal deaths 1 3 r 6 . 1
Number of dead foetuses 0 0 0 R M a
Hean X post-implantation ioss 6.2 a1 15.4 7 1r2: 15.8
Number of live foetuses 32 24 38 24 -30.
Mean number per female 6.4 8.0 7.6 4.0 © 6.0
Standard deviation 3.2 2.4 2.5 1.4 - L 3.5
Mean % of implantations ¢3.8 81.9 8.6 2.8 . 84.2
N s

Group mean Litter weights (g) / foetal data

Group : 1 2 3 4 5

Treatment : Control (S)-10piclane

Dosage (my/kg/day)} : 0 4 g 14 24

Group 1 Group 2 Grnq-: 3 Group § Group §

Nurber of females with Live foetuses

at scheduled kill 5 4 5 . 4 H

Number of {ive foetuses 32 24 3a L 24 30

MNean aumbec per female f.4 6.0 7.6 6.0 6.0
$tandard deviation 1.2 2.4 2.5 1.4 3.5
Number of male foetuses ? 13 21 12 11

Hunber of female foetuses 23 11 17 .12 19

Mean X male foetuses 42.0 2.5 53.3 . 481 49.2
Mean litter weight 240.2 241.3 283 .3 2345 205.9
Standard deviation 100.8 82.7 8.3 "80.4 135.4
Mean foetal weight 39.4 41.2 38.2 39.3 - 5.7
Standard deviation 5.5 3.5 6.5 3.5 8.9
Mean foetal weight - males onty 40.3 421 38.8 6. 37.0
Standard deviation 5.8 2.8 .2 . A9 7.4
Mean foetal weight - females only 7.9 38.9 36.9 - 39.1 3
Standard deviation 5.6 3.3 6.2 3.5 7.6
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A study of the effects of S-zopiclone on fertility and early embryonic development to
implantation in rats/Sepracor# 190-827° — study# 312066.

Conducting lab- —_—

Study Initiation/Termination Dates: Mar 2000/Jun 2000

GLP:  Yes (x) Japanese & US FDA.

QA Yes(x)

Drug Lot/Batch#/punity: for S-zop 0290005 — , for RS-zop 3265659 purity =

Species/Strain: sexually mature male and virgin female Sprague-Dawley rats.

B.wt/Age at study initiation: males: 278-404g; females: 208-290g/males 10wk old and females 10-11wk old
for females at start of dosing.

Doses: 0, 60, 120, 180mg/kg/d S-zop and 120mg/kg/d RS-zop. On d3 (4'h dose), results from a
subchronic tox study in rats, = - 312047, showed adverse effects on spermatogenesis, therefore, dosing
in males in the current study was suspended on d3-5 and resumed on d6 where males were dosed S-zop
at 5, 15, and 45mg/kg/d and RS-zop at 15mg/kg/d. Table below from sponsor sumumarizes the
number of rats per group, doses and dose volume. Both S- and RS- zop were prepared in 0.5% aqueous
CMC administered by oral gavage once daily.

Dosage Level Dosage Volume Number of
Group (mg/kg/day)  Concentration (ml/kg) Animals
- a
Mumber, JestAdicle Males' Females (meol) Maled’ Females Male _Fomale
i WVehicle o 0 20 225 9 25 25
2 (S)-Zopiclone 5 60 20 02s 3 25 25
3 (S)-Zopictone  i5 120 20 0.75 6 25 25
4 (S)-Zapiclone 45 180 20 225 9 25 25
5 (R,S)Zopiclone 15 120 20 0.75 6 25 25

On study days 0-3, males were dosed at the same dosage levels/volumes as the
females. Following a two-day recovery period (not dosed), males were administered
the dosage levels/concentrations listed here,

Duration and dosing regimen: males were dosed for at least 28d premating, through mating, and until
Id prior to sacrifice (about 62-67 doses). Females were dosed 14d premating, through mating, and
through gd7 (about 22-36 doses), females with no evidence of mating were dosed till day prior to
sacrifice. Males were killed when mating was confirmed in females and females were killed on gdls
(dosing was till gd7). Males and females were mated at 1:1 ratio for a maximum of 14d.

The following parameters were assesed:

Clinical signs/mortality: 2x daily observations at 1,2, &4hr postdose.

B.wt. & food intake: 2x weekly for both parameters and at specified times during mating and gestation.
Reproductive Parameters : standard parameters were assessed. Mating index, fertility index for each
sexX, # corpora lutea, implantation sites and #, resoptions, live/dead fetuses, For males, immediately after
euthanasia, the male reproductive tract was exposed and epididymides excised and processed, sperm
parameters were determined (motility, morphology, sperm production rate, and number).

Organ wis: testes, epididymides (total and cauda), ovaries, and brain from all parental rats kilied at
scheduled necropsy.
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Macroscopic Exam: complete exam on each male and female was done this included all orifices,
external surfaces, cranial, abdominal, thoracic, pelvic, and visceral cavities, and external surfaces of the
brain and spinal cord. The following tissues/organs were removed and preserved in 109 formalin for
future processing if needed: cervix, epididymides (2), ovaries & oviduct (2), pituitary, prostate, seminal
vesicles (2), testes (2), uterus & vagina, vas deferens, and all gross lesions.

S-zop Segment 1 Fertility study in the rat/Sepracor#190-827 (Cont.)

Results:

Mortality & Clinical signs: no deaths in any group of either sex. Clinical signs were similar and
observed in both sexes in all drug groups: stereotypic-behavior (repetitive mouth and jaw movement,
wiping face on cage surfaces, excessive pawing of cage surfaces), hyperactivity, salivation, reduced hind-
limb extensor reflex and resistance, lethargy, rocking, lurching & swaying while ambulating, These signs
observed immediately postdose and up to 4hr observation period postdose.

B.wt: Males: mean wt was not significantly reduced but a non significant decrease noted in 45mg/kg/d S-
zop starting on study d20 through end of dosing (4-5% less than corresponding control), similar change
noted in RS-zop. Mean wt gain on the other hand, was significantly (p<0.05 or 0.01), reduced in males
dosed 15&45mg/kg/d S-zop and 15mg/kg/d RS-zop during premating study period 3-6d (this was the
period prior to adjusting/lowering the doses and no dosing on days 4&5, dosing resumed on d6 at the lower
doses). These decreases in mean wt gain were 55% in S-zop and 73% in RS-zop less than the control
gains at this period. The only other period where mean wt gain in males was reduced (p<0.05) was during
days 13-17 of dosing at 22% less than control in 45mg/kg/d S-zop and 15mg/kg/d RS-zop. It should be
noted that when wt changes were calculated using d6 as start of dosing (day of resuming dosing at lower
doses), there was no significant decrease in wt gain was observed in males except during daysi3-17 as
noted above. Females: because no female was pregnant in the 180mg/kg/d, evaluation of B.wt was not
done in this group during gestation period. During pre-mating period (study days 20-33), no drug effect in
60mg/kg/d on mean wt or wt gain, no effect on mean wt in 120mg/kg/d but a significant (p<0.05) increase
in mean wt of 5.6% seen in the 180mg/ke/d group relative to the control. Mean wt pain, was significantly
increased duriag pre-mating d17-20 in all drug groups (p<0.05 or 0.01), and in HD S-zop and 120mg/ke/d
RS-zop at d20-24 (dosing started on d20). Significant increase in wt gain was also observed in
180mg/kg/d S-zop when dosing intervals compared to I day of dosing (d20 of study) i.e. d20-24, 20-27,
20-31, and 20-33. Mean B.wt during gestation was unaffected but wt gain was significantly reduced in
120mg/kg/d group relative to control during gd7-10 (p<0.01), and significantly increased during gd10-13 in
120mg/kg S-zop and RS-zop.

Food Intake: males: paraliel to wt changes, mean food intake computed as either g/animal/d or g/kg/d,
was reduced in all male drug groups prior to dose adjustment and through d6 when dosing resumed at the
lowered doses (8-17% less than controls). Also noted that intake was increased (p<0.05) at few intervals
in low and mid doses or high dose S-zop relative to the controls (in HD-zop these increases began on
postmating days 48-52 through 62-66d based on g/animal/d and from d6-13 and d48-68). Females: during
pre-mating, a small but significant increase in mean intake, g/animal/d, was seen in 180mg/kg/d S-zop
relative to the control during study days 27-31 and 31-33, relative to the control values. Similar increase
was seen when intake was calculated as g/kg/d. Throughout gestation, mean intake calculated as either
g/animal/d or g/kg/d, was significantly increased in 120mg/kg/d S-zop and RS-zop relative to the control,
the increase was up to 20% of the control.

Fertility Parameter: Males: significant drug related decrease in fertility indices noted at the
15mg/kg/d (72%), and complete absence of fertility seen in 45mg/kg/d S-zop group (i.c. zero)
compared to the control (table from sponsor). There was no significant or drug related effects on male
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mating index (84, 100, 92, 84, and 96% in cont., 5, 15, 45, and 15mg/kg/d doses respectively). There was
also no drug related effect on # of days between pairing and coitus. Females: similar to the males,
fertility indices were significantly reduced (0%) in 180mg/kg/d relative to controls, no drug effect
on mating indices, but mean length of estrus eycle was increased by approximately 1d in
120&180mg/kg/d S-zop and 120mg/kg/d RS-zop relative to the control.

S-zop Segment [ Fertility study in the rat/Sepracor#190-827 (Cont.)

DOSR GROTP o 1 2 3 ]
) L} = % o L] »n 3

MALZS ON STUDY +H 28-1 25 5 8

MALRZE THAT DTED DURING STUDY ¢ ¢ 8 0 9
YALES WITR EVIDEXCR OF WATING L . U 100.0 1 G 11 " LR I )
NO. THAT STRRD A LIMIR 71 100,90 21 1.5 17 1.1 ¢ 0.0 21 1S
X0, THAT DID WOT 8IEE A LITIER LI X ] 3 1.8 5 1.7 21 109,49 3 LS
MALNS WITH WO IVIDENCE OF WATING {1 16.0 7 0.0 3.0 4 150 1 4
0. THAT SIREG A LITIER 6 0.0 0 0.0 1 31} o 0.0 8 0.0
%0. TEAT DID WOT BIRR A LITTER 4.100.0 0 0.0 1 667 4 100.0 1100.48
MALES THAT SYRED MOKE THAN ONE LITTER 0 0.0 o 0.0 1 80 [N 1 40
MALE MATING INDEX /15 1.0 /14 100.0 13/ 920 /15 W0 /28 3.0
WLE FIRTILITY INDRX 11725 M0 Wwu o oas 18/25  712.0 0/25  0.0re /15 Mo
KEAN PRE-COITAL INTHRVALS (DAYS) 4 W 1.5 WA Ll m LIS | .1 M
8.0, 107 m 0.8 m 3.4 m .96 ¥ 18T W

N 21 b1 H ] 2%

1- 0 Xo/xe/Day 1- 308 sgfIg/oay 3- 15(8) WG/EG/DAY 4-  45(F] M3/TG/OAY 5-  15(RE)NG/XG/DAY
HOTE: MALES WERE CORBIDERED TO EAVE SIRRD A LITTER IF THE PAIRED FPRMALE WAS GRAVID. HA = NOT APPLICBLE
MATING INDICRS WOT SIGNIPICARTLY DIFPERIMY FROM CONTROL GROUF TUSING CHI-BGUARR TRSY

%% « SIGNIFICANYLY DIFFERENT FROM CONTROL GROUP AT (.01 USING CHI-SQUARE TRST
PRE-COITAL INTERVALS WOT SIGNIPICANTLY DIPFRRENT FPRON CORTROL CROUF USING DONIGTT'S TRST

A » MALR MO. 42365 WAS NOT PAIRED DUR 10 EUTHANASIA OF FRMALE, NOT INCLODED IN CALCULATIONS
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YROULRS THAT DIKD DURING STUDY [ 1-k ° ] b

FENALRS PAIRED MR MATING 5 H13 1% 2% 5
FORLES WITE SVIDDICE OF MATING 21 .o 4 100.0 M 960 1 a0 25 100.4
GRAVID 21 100.0 n s 19 1T3.2 2 8.0 22 ..
RONGRAVID pone 11 5 20.e 12 190.49 3 120
FRMALRS WITE WO BVIDENCE OF MATING 4 160 ¢ 0.0 1 40 3 1240 0 0.0
GRAVID 0 0.0 9 o0 1 100.0 4 0.0 [N
MONGRAVID 4 100.0 0 0.b v 0.0 3 100.0 o 0.0
TEMAIR MATING INDEX 225 M0 W/ 1000 24/25 100.9 /15 8k 3§/15 160.0
FDOLE PEFTILITY IHDEX /25 M. /H s 10/25  80.4 0/28 0.0 2115 8.0
NARN PRE-COITAL INTERVALS (DAYS) 2.4 W 1.5 W 1] B 1 owm .1 m
8.0 147 W G.83 W 14 B 1. w 14 B
X 21 1 H] 7] 5

1- 0 ma/xc/oay - (B K;IIBMY 3-120{8) IGIIGIDH - 180(8 m/m/m 5+ 120({Rrs) lcmmr

PRE-COITAL INTERVALS NOT SIGNIFICANTLY DIFPERBNT FRON CONTROL GROUF 1 USING DUNNETT'S THST HA « ROT APPLICABLE

MATING [¥DICES WOT SIQMIFICARTLY DIFFSRENT FIOM COMTROL CROUP USING CRY-SQUANR TRET
*¢ = STCNIPICANTLY DIFFERENT FROM CONTROL GROUP AT 0.01 USING CHI-SQUARE THST

A v FEMALR NO. 4152% WAS EUTHANIZED PAIOR TO PAIRING, WOT INCLUDED IN CALCULATIONS

S-zop Segment [ Fertility study in the rat/Sepracor#190-827 (Cont.)

Reproductive Parameters: Females: there were no changes in any parameter that reached statistical
significance. However, the following were considered drug related though did not achieve statistical
significance: pre-implantation loss was increased dose dependently in 60&120mg/kg/d S-zop and
120mg/kg/d RS-zop with the relative loss being outside the historical range for — (154,217,
and 15.1% per litter for 60 and 120mg/kg/d S-zop and 120mg/kg/d RS-zop respectively (table from
sponsor}. There was also a small decrease in # of live embryos and implantation sites in 120mg/kg/d
S-zop compared to the control, all these effects occurred in absence of maternal toxicity.

PROJECT NO.: == 1120“! SUOGRY OF XSA¥ EMGRYUNIC DATA X7 THR SCHEDULED NWECROPSY

POST e w. or
VIABLE DEAD NESORPTIONS IMPLANTATION INPLANTATION CORPOXE INPLARTATION CGRAVID
GROUP EMBRYOS IWBRYOS BARLY LATE LOsSE gITRE LUTEA 1088 YIALYES
1 TOTAL 1 [ 28 1] 28 339 ki) 3 11
MEAN 4.t 0.¢ 1.3 6.0 1.1 16,1 18.0 PN |
8.D. 1.97 D.00 1.24 0.08 1.4 1.53 2.31 1.74
2 TOTAL 293 0 27 4] 17 120 1718 55 21
MEAN 14.0 6.q 1.3 o.e 1.3 15.2 17.% 1.6
$.D, 4.40 6.q0 1.7¢ .00 1.76 4.1% 3.72 3.04
3 TOTAL 257 4 18 0 13 2 EL ) 11} 19
MEAR 13.5 g.0 3.9 0.0 9.9 4.5 17.9 3.5
a.n. 5.2} Q.00 4.91 0.00 0.9 5.43 3.47 1.
4 THERE WERE WO GRAVID DAMS SURVIVING T THE SCHEDULED NECROPSY 1IN THIS GROOP
5 TOTAL a2l 1] 20 k! 10 311 403 1 a2
MEAN 14.¢ 0.8 Q.9 4.4 4.9 15.% 18.) 2.3
8.D. 1.5 g.co 1.06 4.00 1.06 3.6 2.5%9 31.20
None slgnificently differeat from control group 1. O O/EG/DAY 2. 60 (BJMG/XG/ENY  3-130 (S)MO/RG/OAY  §-160 (8)MG/KO/DAT  §-120 (RS} MQ/RG/DAY

NEAN NIDBER CF VIABLI BWBRYOS, MEAY NUMBRR OF IMPLARTATION SITBS, WEAN NUMBRR OF CORPORA LUTEA CONPARED USING DUNMETT'S TEST
1o%



SUMMARY OF MEAN EMHRYCKIC DATA AT SCHRDULED MECROPSY (% PER LITTIR)

GROUP NUMMER: 1 1 3 ] 5
TOTAL RESORPTIONS (V)
NEAN 8.4 8.4 6.3 A 5.6
8.0. 7.66 11,82 5.98 §.71
] 1 21 19 a2
PRE-IMPLANTATION LOSS (%)
AN 9.4 15.4 1.7 ) 15.1
B.D. 8.16 10.81 25.56 17.32
N a1 21 1% 22
POST-IMPLANTATION LOSS (A)
MEAR 8.4 8.4 §.1 A 5.§
8.D. T.66 11.52 5.98 £n
1 il - 13 n

............................................................................ . A R A EE A P ——————————— .

1- 0 MG/rG/DAY 2- G0{B)MQ/XG/DAY  3-120(6)MG/RG/DAY  4-180{8)MG/XG/DAY 5120 (R3)NG/KG/DAY

r;oponmnn (%} DATA OCMPARED USING TMRE ERUSKAL-WALLIS TEST ¥one sigoificantly different frem control group
CORPORA LUTER AND INPLAMTATION SITES COMPARED USING DUNNETT'S TEST A = HO GRAVILC DANS SURVIVED 10 TRE SCHXDULED NECROPSY

S-zop Segment I Fertility study in the rat/Sepracor#190-827 (Cont.)

Spermatogenic Parameters: drug effects were observed on all parameters in 45mg/kg/d S-zop as
follows (p<0.05 or 0.01): decrease in sperm #, motility (also in RS-zop), and morphology (tables from
Sponsor).

APPEARS THIS WAY
ON ORIGINAL
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(W0, OF SFERM IN MILLIOMS/GRAK OF TISSUE) - SMOIEY OF MRANS UTN- TS
KALE eeae.
QRoUP: O 95/X0/0KY $18) w5/Ra/mar 15(8) Xu/XG/DAY 45(3) Wa/xG/mAY 15{R8)M3/XG/DAY
LEFT TESTIS
MRAN 1.0 LU 5.2 TR 102.0
5.0, 18.5% 26,97 1.2 ~43.4 26.15
x 5 25 25 25 25
LEYT EPIDIDYMIS
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» 5 5 25 N 13
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** » Bigniticantly different from control group at 0.01 using Dunnett’s tesg
(WO, oF SPREM IN MILLIONS/GRAN OF TISGUR/DAY) - SUROGNRY OF MEAYE BTH-IvOd
----- EALE -e-ee
GROUP: G Mc/18/0AT S(8) WG/XG/DAY 15(8) WG/XG/DAY 45(8) MO/RG/IAY 15 (RS M9/K3/M0Y
LEPT TRSTIS '
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$.0. 1.08 .41 §.33 7,18 .19
u b s 25 5 5
¢ « Siguificantly differant from the control group st 0.05 uaing Dunnett's test
NIMBER OF SFERNM PER GRAX OF TISEUE
A: BPFRN PRODUCTION RATE = --oeooeooumorcoeo e e caeee 6.1 DAY a THE RATE OF TURNOVER OF THE GRRMINAL RPITHNLION
5.1 DATE
SPIRN WOTILITY ASSESCMRNT (PERCINTAGR}  SUMMARY OF Mmaws  ETH-IVOS
ceavs HALE  seuen
GROUP: ¢ MG/EG/DAY 5(8) MG/XG/DAY 1518) wa/es/may 45(3] Wa/T5/oNY 15{R5)MT/XG/DAY
WTuR SR T e e
KEAN 84.2 1.2 71,388 3.0-a 00. 4+
§.D. . 15.07 15.41 0.00 10.51
¥ Fi] 2% 20 ? 5

A = UNABLE TO FRRFORK STATISTICAL AVALYSIS DUR 70 INSUFFICIENT SAMPLY EIIE
* = Significantly ditferent from the coatrol group at 0.05 using Mana-Whitney U-test
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Sperm production rate was significantly reduced in 45mg/kg/d S-zop relative to the control {10.5 vs. 15
million cells per gm tissue/d respectively). There were significantly less normal sperms in 15&45mg/kg/d
S-zop than the control; no difference in RS-zop. Abnormal morphology included normal head with no
flagellum (12.3% vs. 0.2% cont), and normal flagellum with no head (26.6% vs. 0.3% in control).

S-zop Segment I Fertility study in the rat/Sepracor#190-827 {Cont.)
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Necropsy. Females: at scheduled kill on gd15, there were 3, 5, 22, and 3 nongravid females in 60, 120, and
180mg/kg/d S-zop and 120mg/kg/d RS-zop respectively, compared to all females gravid in control. Males:
small and soft testes were seen in all males dosed 45mg/kg/d S-zop and in 3/25 males dosed I5Smg/kg/d.
Raised yellow and white areas in epididymides were seen in all drug groups (19-22 rats affected per
group}, but not in the control.

Organ wts: Females: mean absolute and rehtive ovary wis in RS-zop were significantly increased
telative to the wis in the control (p<0.01; 13% over the control). Males: mean absolute and relative wt of
the testes and epididymides in 45mg/kg/d S-zop was significantly reduced compared to the control values.
These reductions ranged between 10-17% of the control and up to 21% for the right cauda epididymides.
There were no drug related changes in 5 and 15mg/kg/d groups except for increases in absolute and
relative wt of epididymides in males dosed 5mg/kg/d that reached statistical significance (this is in contrast
to the reduction in wt observed in 45mg/kg/d; see above).

Summary & Conclusion:

S-zop and RS-zop were administered by oral gavage to either male or female rats at pre-mating, during
mating, and in females till gd7. Additional group was administered RS-zop at 1 Smg/kg/d in males and
120mg/kg/d in females. S-zop doses in females were 60, 120, and 180mg/kg/d and in males 5, 15, and
45mg/kg/d. Both drugs had no effect on survival in either sex but clinical signs were observed in all drug
groups. Mean wt gain and food intake in females were generally increased in 120 and 180mg/kg/d S-zop
and RS-zop. There was no decrease in wt gain in males after dose adjustment (see above). There was
100% infertility in males dosed 45mg/kg/d and in females dosed 180mg/kg/d S-zop without an
effect on mating index, relative to the controls. Also, mean length of estrus cycle was prolonged by about
1d in HD S-zop. Pre-implantation loss was increased dose dependently in 60&120mg/kg/d S-zop (no
gravid females survived till end of study at 180mg/kg/d), and 120mg/kg/d RS-zop with the relative loss
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being outstde the historical range for ~ — . data (15.4, 21.7, and 15.1% per litter for 60 and 120mg/kg/d
S-zop and 120mg/kg/d RS-zop respectively). There was also a small decrease in # of live embryos and
implantation sites in 120mg/kg/d S-zop compared to the control. It should be noted that all these effects
occurred in absence of maternal toxicity. NOEL for male reproductive/fertility effects is <Smg/kg/d
because of the macroscopic findings and the increase in preimplantation loss in LD females mated with
these males. The NOAEL in females could not be determined because of preimplantation loss in the
60mg/kg/d group and the nature of the study design where both sexes were treated with the drug.
Therefore, a clear conclusion on the female reproductive effects could not be contributed solely to the
male (reduction in sperm parameters).

Additional study was conducted to further investigate the effects of S-zop on female reproduction and
fertility (Sepracor# 190-835). In this study only female rats were treated with the drug and later mated
with untreated males. There were 2 phases for the study in phase | female SD rats (25/group), were
administered oral gavage doses of S-zop at 0, 60, 126, and 180mg/kg/d and 120mg/kg/d RS-zop
starting 14d prior to mating, through mating, and until gd7 inclusive; females with no evidence of mating
were euthanized. One female dosed 180mg/kg/d was found dead on gd6 clinical signs were observed 1wk
prior to death included excessive salivation, lurching, swaying, and hypoactivity before dose; this death was
considered drug related. Clinical signs of exaggerated pharmacology of the drug were also observed in all
S-zop and RS-zop drug groups immediately postdose and up to 4hr postdose and some persisted till next
day of dosing. Mating index (fertility) was reduced in all drug groups though not dose dependently and not
significantly but consistently less than the control (92, 68, 83, 84, and 76% in cont., 60, 120, 180mg/kg/d S-
zop and 120mg/kg/d RS-zop respectively), the  =— . historical mean ferility index is 90.4%. There was
no drug effect on mating indices (96% in cont., 100, 100, 92, and 92% respectively)(tables from sponsor).
Mean estrus cycle lengths were increased in drug groups relative to control: 5,5, 7.0, 6.3, 5.8, and 6.7 days
in cont., 60, 120, and 180mg/kg/d S-zop and 120mg/kg/d RS-zop respectively. It is noted that the mean
value of the estrus length for the concurrent control of 5.5d was outside —  ange historical value: 4.1-
5.1 days but this effect still considered drug related Moreover, the number of females where cycle length
could not be determined due to absence of estrus, was also increased 5, 6, 3, 12, and 11 in the respective
groups. Because of the death and findings in all drug groups, a 2 phase was carried out following to
determine a NOAEL using comparable design except as noted and lower doses: female SD (n=25/group),
were dosed for 27d prior to mating through mating and through gd7 with 5, 15, and 25mg/kg/d S-zop and
25mg/kg/d RS-zop, the control group received 0.5% CMC. The reason for the prolonged premating
dosing period was to ensure target concentrations were ingested because of inconsistent concentrations
and changes in formulation procedures and stability data; according to the sponsor none of these affected
study outcome. A laparotomy was done on gd15.

Results:
Phase 1: tabies from sponsor

APPEARS THIS WAY
ON ORIGINAL
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ncidence of pre-implantation loss was observed in all drug groups and exceeded both concurrent and =~ ——
historical data of 10.0 and 14.3% respectively (table from sponsor). Because of this increase, mean # of
implantation sites and corpora lutea were also reduced (mean values for the former were outside ~
historical data but the concurrent control was within these values). Mean number of viable embryos in all
drug groups was also reduced compared to the control.
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In summary, 1f dosed 180mg/kg/d S-zop was dead and both drugs increased pre-implantation loss and
decreased fertility in all drug groups compared to concurrent control and tc ~— aistorical data. Based on
these findings, new doses were selected and phase 2 of study began (see above). There were no drug
related deaths in any group and no reproductive findings in Smg/kg/d group. Clinical signs were seen in all
drug groups including low dose, mean B.wt and food intake were decreased in 15&25mg/kg/d groups
including RS-zop compared to control; no effect on gross exam, or ovary and pituitary wts. Fertility
indices were reduced in >15mg/kg/d and RS-zop relative to control (tables from sponsor). Because of
decreased fertility and pre-implantation loss at >15mg/kg/d the NOEL for female reproduction is Smg/kg/d
and the NOAEL for embryofetal development is 25mg/kg/d.
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A study of the effects of S-zopiclone on embryo-fetal development in rats/Sepracor# 190-821;
— Study# - 312058

Conducting lab -_

Study Initiation/Termination Dates: Feb 2000/Mar 2000

GLP: Yes (%) Japanese and US FDA.

QA Yes(x)
Drug Lot/Batch#/purity: for S-zop 0290005/ — %, for RS-zop 29910002 putty —
Species/Strain/: sexually mature virgin female Sprague-Dawley rats from —_—

B.wt/Age at study initiation: females: minimum 220g/males were sexually mature and used exclusively for
breeding/females were 12wk old when mated.

Doses: 0, 62.5, 122, 250mg/kg/d S-zop and 125mg/kg/d RS-zop. Table below from sponsor
summarizes the number of rats per group, doses and dose volume. Both S- and RS- zop were prepared in
0.5% aqueous CMC administered by oral gavage once daily at 20ml/kg.

Dosc Dosage  Number

Group Test Dosage Level Concentration Volume of
DHumber,  _Adgide  (mekeiday) {meml _(mlke)  Femalcs

1 0.5%CMC (Control Amticle) 0 0 20 25

2 (S)-Zopicione 62.5 125 5 25

3 (S)-Zopiclone 125 125 10 25

4 {S)-Zopiclone 250 1235 20 25

$ (R,5)-Zopiclone 125 125 10 25

Drug administration started on gd6 through gd17 and dams were killed on gd20,

The following parameters were determined in this study:

Mortality & Clinical Signs: 2x daily (am and pm), detailed exam done from 2d0-20 predose during
treatment period.

Body wt & Gravid Uterine wt: maternal B.wis were recorded on £d0, 6-18 (daily), and gd20. Mean wt
changes were calculated for given intervals (6-9, 9-12, 12-18, 6-18, and 0-20). Gravid uterine wt was
determined and net B.wt (B.wt gd20 minus wt of uterus + content), and net B.wt change, were calculated
and reported for each gravid female at time of laparohysterectomy.

Food Intake: reported as g/rat/d and as g/kg/d for the corresponding B.wt change intervals.
Reproductive Parameters : all surviving females were killed by CO, inhalation on £d20. Thoracic,
abdominal, and pelvic cavities were examined. Uteri and ovaries were isolated and weighed and standard
reproductive parameters were evaluated i.e. # & distribution of implantation sites, # corpora lutea,
carly/late resorptions, live/dead fetuses, etc. The sponsor indicated that maternal tissues from treated
females were preserved in 10% formalin for possible future histopath exam, however, unlike what the
protocol specified, control tissues/organs were not preserved and retained. This deviation was indicated
not ta have an effect on quality or integrity of the study.

S-zop Seg Il study in the rat/Sepracor#190-821 (Cont.)

Fetal Parameters: fetal sex, weight, and number were determined. Complete external exam was done
and included: eyes, palate, and external orifices. Heads from ¥ of the fetuses in each litter were
sectioned for soft tissue evaluation (Wilson Method; Bouin’s sol.), and the other % heads were examined
by mid-coronal slices and all fetal carcasses were prepared and stained with Alizarin Red S for skeletal
exams. All and any external visceral, and skeletal findings were recorded as “developmental variations
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{alterations in anatomic structures representing slight deviations from normal and have no significant
biological effects on animal health) or as “malformations™ (structural anomalies that alter body conformity,
interfere with function, or can be incompatible with life).

Results:
Mortality & Clinical Signs: 1f dosed 250mg/kg/d S-zop was killed in moribund on £d9 due to gavage
accident confirmed by necropsy; no other deaths in any group. Clinical signs were observed in all drug
groups: dose related stereotypy (excessive pawing and/or wiping of face on cage postdose), up to 4hr
postdose, salivation frequency and severity were dose related (not seen in control), dose related swaying
while walking, rocking, and lurching 1hr postdose on gd6-14, and dose related increase in repetitive
movement (stereotypy), of mouth and jaw when rats were handled up to 4hr postdose during gd10-17.
Rales were infrequent but drug related and occurred in 250mg/kg/d S-zop and 125mg/kg/d RS-zop up to
4hr postdose on gd8, 11, and/or 16. Also cool to touch and moderate amount of wet red material around
mouth were seen in [HD S-zop 1hr postdose on gd8&9 respectively.
B.wt: no drug effect on mean wt except for a 6% decrease in RS-zop on gd20 relative to the control
(p<0.05). However, mean wt gain was reduced dose dependently during the entire gestation period
(gd0-20; note that dosing period ended on gd18)p<0.01)17, 18, and 19% in 1258250mg/kg/d S-zop and
125mg/kg/d RS-zop respectively). Mean wt gain was also reduced during few gestation intervals: gd9-12
(57% of control; p<0.01) in 125&250mg/kg/d S-zop and gd18-20 in ail 4 drug groups (34875% in
62.5&125mg/kg/d and a loss of -5 and -1g in 250mg/kg/d S-zop and 125mg/kg/d RS-zop respectively;
p<0.05 or 0.01). These latter reductions occurred after dosing was ended. There was no significant drug
effect on gravid uterine wt but net B.wt in all but low dose drug groups and net B.wt gain in all drug
groups were significantly reduced compared to the control (6-8% for net B.wt and 21-47% for net B.wi
change; p<0.05 or 0.01).
Food Intake: mean intake in 250mg/kg/d S-zop was transiently but significantly reduced (p<0.05&0.01)
during the 1™ 3 days of dosing i.e gd6-9 and intake was comparable to the control throughout the rest of
dosing i.e. gd9-12 and 12-18. However, intake computed for the entire gestation period (d0-20) showed a
small (-4g/kg), but significant reduction in 250mg/kg/d S-zop compared to the control. During postdose
gestation period (gd18-20) food intake expressed as g/rat/d or g/kg/d, was reduced relative to the control
(p<0.01) 1n drug groups. Mean wt gains were also reduced during postdose period in the 2 highest doses
of S-zop and RS-zop, these reductions were attributed to drug termination.
Necropsy: mean female fetal wt at necropsy was reduced in 1258250mg/kg/d S-zop (p<0.05 for the
250mg/kg/d), compared to the control. Mean fetal wt in males was comparable in drug groups and the
control. The 3.2g mean wt reduction in 250mg/kg/d group was below the minimum historical value of 3.4g
m (compared to 3.5g in control). No drug effect on resorptions, implantation sites, or post-
implantation loss. The small and not signific ant decrease in fetal wt at 125mg/kg/d was considered by the
sponsor to be drug related because of effects on development such as bent ribs, unossified sternebrae etc.,
(see below).
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The effects of S-zopiclone on embryo-fetal development in rats (Cont.)

Fetal Morphology: fetuses and (litters) examined were as follows: 342(22), 364(23), 339(22), 382(23),
and 413(25) in cont, 62.5, 125, 250, and 125mg/kg/d S-zop and RS-zop respectively. Malformations in
these dose groups were as follows: 0(0), 1{1), 1{1), 1(1), and 1(1) respectively, these malformations
presented as % per litter were 0.0, 0.3, 0.3, 0.2, and 0.2% respectively, none of these differences were
statistically significant. Drug related variations were seen in 125&250mg/kg/d S-zop and included
unossified sternebrae #5 and/or 6 and/or bent ribs, also drug related reductions in mean litter proportions of
fetuses with ossified cervical centrum #1 was seen 125&250mg/kg/d S-zop (table from sponsor). These
findings reflect developmental delay which was ako seen as smaller fetal wts in these groups. Other
findings were within historical range of the lab and/or small and not dose dependent.

PROJECT RO.° 112058 NOBKR OF FETUSES AND LITTERS NITH VARIATIONS - SBMGARY
FITUBERE LITTELS

r 20 POSE CROTP: 1 1 0y & 3 1 02 31 4 s
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1478 POLL AIB(E) 3 L 1 3 2 1 3 1 2 1
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REDUCED OSSIFICATION OF THE 13TE RIR(S} 3 0 1 9 3 2 0 2 [} 2
7TH STRREKARK [ o [ ¢ 1 [} [ [ [ 1
7TH CERVICAL RIB(S) 2 k| - T i 3 2 5 2
27 PRESACIAL VERTREEAR 3 2 0 t 2 1 2 [ [ 1
STERMERERA(E) #1,92,4) AND/OZ #4 UROSSIFIED ] 6 0 ] 1 ] 0 0 g 1
STEANEARA(E) MATALIGMED(SLIGRT OR MODERATE} 0 o 1 1 1 0 0 1 1 1
EENT NIB(S) 0 Y | 4 1 0 ¢ 3 _ 3 1
25 PRESACEAL VERTEERAE 1 0 0 [] 1 1 0 [ [ 1

1- 0 MG/KG/DAY 3-62.5(8)mG/Ka/DAY  I-115({5)NG/KG/DAY  4-250(5)NG/RA/DAY  3-125(NE)Wa/KG/DAY

¢ « Significantly differsnt from the control group et 9.0% uaing Pishex's Exsct test

Summary and Conclusion:

Oral gavage administration of S-zop up to 250mg/kg/d and RS-zop at 125mg/kg/d to pregnant female rat
during organogenesis did not cause death in any group and clinical signs were those observed in previous
rat studies and were extension of the pharmacology of the drug. There was maternal drug toxicity in
125&250mg/kg/d S-zop and RS-zop doses as seen by reduction in mean wt gain and food intake
particularly postdose (gd!8-20), and reduction in net mean B.wt and net mean wt gain. Fetal
developmental delay was observed in 125&250mg/kg/d doses of S-zop reflected by mean fetal wt
reductions and increase in unossified sternebrae and/or bent ribs and small incidences of ossified cervical
centrum# 1. The maternal NOAEL could not be determined due to maternal toxicity observed at the
lowest dose of 62.5mg/kg/d and the developmental NOAEL is 62.5mg/kg/d since growth delay was
observed at higher doses. There were no malformations in either the $- or RS- zop and that the 2 drugs
are comparable in terms of their fetal effects at 62.5mg/kg/d S-zop to 125mg/kg/d RS-zop.
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A study of the effects of S-zopiclone on embryo-fetal development in rabbits/Sepracor# 190-
822/ T study# 312059

Conducting lab — S,

Study Initiation/Termination Dates: Apr 2000/May 2000

GLP: Yes (x) Japanese and US FDA; ICH guidance on reproductive studies Sep 94/Apr 96.

QA Yes(x)

Drug Lot/Batch#/purity: for S-zop 0290005/ — ; for RS-zop 3265659 purity ~—

Spectes/Strain/# per dose/sex: 22 sexually mature virgin female New Zealand White rabbits/group were
received from —_— .see below for #/group.

B.wt/Age at study initiation: fernales: 3058-3719g on d0 of gestation and 6months old at time of
insemination.

Doses: 0, 4, 8, 16mg/kg/d S-zop and 32mg/kg/d RS-zop. Table below from sponsor summarizes the
number of rabbits per group, doses and dose volume. Both S- and RS- zop were prepared in 0.5%
aqueous CMC administered by oral gavage once daily at 3.2ml/kg.

Drug administration started on gd7 through gd20 and dams were killed on gd29.

' Dosage Dosage Number
Group Dosage Level Caoncentration Volume of

Humber  TesAdige Jmp/kg/day), Amgmd.  (mike)  Ecmales

1 0.5% CMC (Contro!l Article) 0 ¢ 32 2
2 (8)-Zopiclone 4 10 04 2
3 {S)-Zopiclone 8 10 0.8 2
4 (S)-Zopiclone 16 w0 16 22
5 (R,5)-Zopiclone 32 10 3.2 2

Female rabbits in this study were artificially inseminated. Semen was collected from 16 resident males of
the same strain and from the same supplier as the females. Diluted semen from Lm inseminated an equal
# of females in each group.

The following parameters were determined in this study:

Mortality & Clinical Signs: 2x daily, detailed exam done from gd0-29(predose during treatment).

Body wt & Gravid Uterine wt: maternal B.wts were recorded on gd0, 7-21 (daily), 24 and gd29. Mean
wt changes were calculated for given intervals (7-10, 10-13, 13-21, 7-21, 21-29 and 0-29). Gravid uterine
wt was determined and net B.wt (B.wt gd29 minus wt of uterus + content), and net B.wt change, were
calculated and reported for each gravid female at time of laparohysterectomy.

Food Intake: reported as g/rabbit/d and as g/kg/d for the corresponding B.wt change intervals.
Reproductive Parameters : all surviving females were killed by i.v. injection of Na-pentobarb via the
marginal ear vein on gd29. Thoracic, abdominal, and pelvic cavities were examined. Uteri and ovaries
were isolated and weighed and standard reproductive parameters were evaluated i.e. # & distribution of
implantation sites, # corpora lutea, carly/late resorptions, live/dead fetuses, etc. The sponsor indicated that
maternal tissues from treated females were preserved in 10% formalin for possible future histopath exam;
control tissues/organ sections were also preserved and retained for comparison.

Fetal Parameters: fetal sex, weight, and number were determined. Complete external exam was done
and included: eyes, palate, and external orifices. Heads from each fetus in each litter were examined by
mid coronal slice. All fetal carcasses were prepared and stained with Alizarin Red S for skeletal exams.
All and any external, visceral, and skele tal findings were recorded as “developmental variations
(alterations in anatomic structures representing slight deviations from normal and have no significant
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biological effects on animal health) or as “malformations” structural anomalies that alter body conformity,
interfere with function, or can be incompatible with life).
Effects of S-zopiclone on embryo-fetal development in rabbits/Sepracor# 190-822 (Cont.)

Results:

Mortality & Clinical Signs: 1 dosed 32mg/kg/d RS-zop aboried on gd19. This abortion was considered
spontaneous and not drug related since it was within the historical range of spontaneous abortions at —
" — the historical control data is 29% or 12/42 studies). It should be noted however, that drug related
clinical signs were observed in this female prior to abortion and were similar to those seen in other drug
groups (see below). There were no other deaths in any group. Drug related clinical signs were observed
mainly in the 2 higher doses of S-zop primarily during gd7-13 and in RS-zop during gd7-20: lethargy,
hypoactivity, rocking, lurching or swaying while ambulating, delayed righting reflex, and rabbits lying on
their side with heads down on cage floor. These signs were seen up to 4hr postdose. At 4mg/kg/d the
only signs observed were hypoactivity and/or rocking, lurching or swaying while ambulating in 6 rabbits
during gd7-12. Other signs in the 2 higher doses of S-zop included rales, prostration, and rapid respiration
during gd7-11 at time of dosing and up to 2hr postdose. Decreased defecation was noted in all drug
groups as well as the control but occurred earlier in the former (gd8-till end of study compared to gd21-29
in control). This effect was considered to be drug related since decreased food intake (see below) was
seen concurrently with this finding.

B.wt: mean wt, wt gain, and, net B.wt gain were affected in all drug groups. Mean B.wt was
significantly reduced (p<0.05 or 0.01) in 8&16mg/kg/d S-zop and RS-zop starting on gd11 through gd21 (5-
8% less than control), though non-significant reductions were seen on gd9-10. Mean wis in these groups
were comparable to the control values during gd24&29. Mean B.wt was also decreased in 4mg/kg/d (5-
6% less than control; p<<0.05) from gdi3 through gd18 and comparable to the control thereafter. Mean wt
gain was significantly reduced (p<0.05 or 0.01), in 8&16mg/kg/d S-zop and R3-zop starting on gd8-9
through gd10-11 with maximum loss of 50g in RS-zop gd10- {1 and 38g in HD S-zop gd7. However,
significant reductions in wt gain were seen during gd7-10 and 10-13 in all drug groups including RS-zop
relative to the control as well as during the entire dosing period of gd7-21 (91% less than control in
8mg/kg/d S-zop and 89% less than control in RS-zop). However, when B.wt was calculated based on the
whole study duration of gd0-29, there were no differences in mean wt cahnges between drug and
control groups. There was however, a significant reduction during postdose period, gd21-29, in the 2

MEAN BODY WEICET CHANGES |(QHAMS) DURING GEFTATION

GROTUPR @ 1 2 3 4 5
DAY 16- 17 MEAN 13. as, 29. 17. 1.
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highest doses of S-zop and RS-zop, relative (o the control (table from sponsor):
Effects of S-zopiclone on embryo-fetal development in rabbits/Sepracor# 190-822 (Cont.)

There were no significant drug related effects on mean gravid uterine wts in any group or in the net mean
B.wt. However, mean net B.wt change was significantly reduced in all S-zop groups and RS-zop relative
to the control, noted was the large s.d. indicative of the large intra-animal variability (means+s.d.:
195+278.7 cont., -15+201 4mg/kg/d, 10+165g Smg/ke/d, 4.6+236g 16mgkg/d S-zop (p<0.05), and
59+181g RS-zop (not significant)).

Food Intake: was significantly reduced in all drug groups including RS-zop relative to the control intake
throughout dosing period (7-10, 10-13, 13-21, and 7-21). Mean intake was also significantly and dose
dependently reduced throughout pregnancy period (study period), 0-29 in all drug groups relative to the
control (p<<0.01).

Necropsy: no drug related effect.

Fetal parameters: although the sponsor indicated no drug effects, early/late resorptions and implantation
loss were non significantly increased in 8mg/kg/d S-zop relative to the control (table from sponsor); though
findings were within historical range for the lab.
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g.n. 1.95 L.74 1.04 g.00 0.89 0.23 n.78 2.09 3.1% 1.00 4.63
3 ToTAL 15 M2 7 ] 10 ? 37 104 119 s - 21
WEAN 3.6 3.4 7.0 0.0 L4 8.1 1.8 [ X1 0.4 1.7 42.9
g9.b. 2.06 1.94 1.14 9.00 2.88 0.00 2.64 1.5% .11 1.93 4.25
4 T™OTAL 15 &2 137 ] [ 3 ] 146 195 49 -9 19
e 3.9 3.3 1.2 0.0 0.2 0.2 0.5 7.7 10.3 1.6 4.8
&.p. 2,01 1.52 2.04 0.00 0.67 0.37 0.70 1.03 3.1¢ .71 .73
S TOTAL £5 46 111 0 5 E 7 i1 19 71 MR 14
MEAN 3.6 2.6 6.2 0.0 ¢.3 0.1 4.4 6.6 10.% 3.9 46.2
£.0. 1.06 1.76 3.17 9.00 0.4¢ 0.47 0.61 .93 2.33 1.6 1.17

Noas significantly different from contrxol group

WA = NOT APRLICASLE

MEAN NUMBER OF VIASLE FITYUSXS, NMEAM NUMBER OF IMPLANTATION SITES, MEAN NUMSER OF CORPORA LOUTEA,
PETAL WEXGHTS COMPARED USING DUMNETT'S TEST

Fetal Morphology: the following number of fetuses (litters) was evaluated: 136(19), 137(19), 147(21),
137(19), and 111{17) in cont., S-zop 4, 8, and 16mg/kg/d and 32mg'kg/d RS-zop respectively. There were
2(2), 3(3), 7(5), 6(4), and 0(0)% per litter malformations in these fetuses(litters) respectively, and 74, 74.5,
79, and 83% per litter variations respectively. Fetal soft tissue, extemnal, and skeletal malformations were
considered spontaneous in nature. As indicated, there was no significant difference in the total percent
per litter with malformation or developmental variations between control and drug groups.

Summary and Conclusion:

Oral gavage administration of 4, 6, 16mg/kg/d S-zop and 32mg/kg/d RS-zop to pregnant New Zealand
white rabbits during gd7-21 caused no death in any group and no fetal toxicities and no malformations or
variations. Maternal NOAEL may be <4mg/kg/d S-zop due to effects on mean B.wt and food intake at ail
doses. However, animals seemed to recover with time and weights were comparable or higher than the
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controls. Therefore, in absence of other maternal toxicties and fetal effects the maternal NOAEL may
be 16mg/kg/d. The NOAEL for fetal parameters/development is 16mg/kg/d S-zop and 32mg/kg/d RS-zop.

APPEARS THIS WAY
ON ORIGINAL

8PPERRS THYS way
ON ORIGINAL

172




Pre- and postnatal development study of (S)-ZOP in rats (Sepracor No. 190-828 S
—  Study No.— -312067, 2001, GLP, NDA Section 5) This study was reviewed and

evaluated by Dr. Edward Fisher.

Methods
Pregnant rats (25/group) were treated with 0 (vehicle: 0.5% CMC), 60, 120, or 180 mg/kg/day S-zop orally
(gavage) from gestation day 6 through lactation day 20. A comparator control group (25 females) was
administered 120 mg/kg/day RS-zop during this period. Maternal clinical observations, body weights, and
food consumption were recorded and dams were allowed to deliver and rear offspring. Offspring
(25/sex/group) were evaluated for survival, growth, physical and behavioral development, and reproductive
performance. No basis for dose selection was provided.

Strain: Sprague Dawley ~ .CD(SD)IGS BR)

Drug lot #: 029 0005

Results
a. Effects on the dam and reproductive parameters

1 The only deaths considered drug related in the report were in the RS-zop group: 2 females {#s
44524 and 44520} in this group died, and 2 (44603 and 44615) were euthanized in moribund
condition, all on gestation day 22. However, | female (44571) in the LD (S) group was also
cuthanized on gestation day (gd)23. Clinical signs noted in these females prior to death or
euthanasia were the same as in survivors, and included hypoactivity in animal #s 44520, 44603 and
44571; rocking, lurching or swaying while watking, unkempt appearance, and hunched appearance
in female #44615; and prostration, paleness in color, and noticeable difficulty with parturition in
female #44603. All other females survived to the scheduled necropsy on lactation day (LD) 21.

Ii. Clinical signs consisted primarily of stereotypical behavior {mouth wiping and excessive pawing in
the cage bedding), other neuromotor changes (hypoactivity, rocking, lurching or swaying)
attributed to exaggerated pharmacology, which occurred in all treated groups, with a D-R
incidence in the S-zop groups. Incidences in the RS-zop group appeared to be generally similar to
those in the MD S-zop group (Table 1). These findings were observed for up to four hours
following dosing. Salivation was also noted in S-zop groups at all doses.

HL Weight gain during the gestational dosing period was decreased (21%, Sat Sig) in the RS-zop
group, but there were no drug related or statistically significant changes in the S-zop groups (mean
BW gains of 117, 107, 110, 110, and 93 grams over gds6-20 in C, LD, MD, HD S-zop and RS-
zop groups, respectively). Food consumption during the gestational dosing period was signific antly
decreased only in the HD S-zop group (means of 67, 67, 65, 62, and 64 gm/kg/day, respectively,
over gds6-20). BW gain during the lactational dosing period was dose dependently increased in all
treatment groups (mean gains of 26, 39, 45, 56, and 48 gm in the respective groups over LD 1-21).
Statistically significant (but not dose related) decreases in food consumption were seen during the
lactational dosing period in all treated groups (means of 173, 159, 154, 161, and 148 gm/kg/day,
respectively, over LDs 1-21). :

v, Pregnancy rates were 96.0%, 100%, 100%, 100% and 100% in C, LD, MD, HD S-zop and RS-

zop groups, respectively. Gestation length was increased statistically significantly in all S-zop
groups compared to the concurrent control (means of 21.8, 22.2, 22.2 and 22.3 in C, LD, MD, and
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v,

HD, respectively) and historical control (21.8 days). While there was no significant increase in the
RS-zop group (22.0 days), 3 dams in this group died or were euthanized on gd22, prior to
parturition. According to the report, "no signs of dystocia were noted in any of these animals prior
to death or euthanasia,” but clinical signs in these animals prior to death "suggested that the test
articles may have interfered with the initiation of parturition." Numbers of implantation sites were
similar among groups, but there was a dose related increase in the difference between the number
of pups born and the number of implantation sites counted at necropsy (ie, postimplantation loss) in
all treated groups (means of 0.5, 0.8, 1.4, 1.9, 1.3, respectively), reaching statistical signficance in
the HD S-zop group. 0, 2, 1, 3 and 2 females in the C, LD, MD, HD S-zop and RS-zop groups,
respectively, had total litter losses between LDs 1 and 8. There were no apparent drug related
gross findings at dam necropsy on LD 21.

Offspring evaluations

Live litter size at birth and pup survival (primarily PND 0-4) was decreased in treated groups
(Tables 2 and 3). An apparent dose related decrease in % male offspring was seen. No gross
findings that could be attributed to treatment were noted in pups that were found dead.

Pup weights were decreased in treated litters at birth, and this deficit persisted into the
postweaning period (Table 4).

There were no apparent drug related effects on the attainment of sexual developmenial
landmarks: mean days of acquisition of balanopreputial sepearation (PND 44.3, 43.6, 442, 43.9
and 44.0 in C, LD, MD, and HD Szop and RS-zop groups, respectively) and vaginal patency
(PND 33.7, 33.6, 33.7, 33.3 and 33.6) were similar among groups.

Behavioral evaluations consisted of auditory startle (10/sex/group on PNDs 20 and 60 using an
automated startle response device; same animals tested at each interval), locomotor activity
(10/sex/group on PNDs 21 and 61 using a photobeam device; same animals tested at each
interval), and Biel maze testing (10/sex/group on PNDs 22 and 62 using water-filled eight-unit T-
maze; animals not tested twice). No T-R effects on locomotor activity were seen at either testing
age, and no adverse effects on leamning and memory were evident in the Biel maze data.
However, in the auditory startle test, statistically significant increases in the mean Vmax and Vave
values (peak and average response amplitude) were observed in the MD (S) and (R,S) group
males, and reductions (generally statistically significant) in Tmax (latency to peak) values were
observed in males and females in all S-zop and RS-zop groups during the PND 60 testing interval
(Table 5). These differences appeared to be drug related, although, according to the study report,
“the concurrent control group values for Vmax and Vave were uncharacteristically low, and the
concurrent control group values for Tmax were uncharacteristically high when compared with
values in the -~ aistorical control data."

Offspring reproductive function did not appear to be affected by matemal treatment. Female
mating and fertility indices were 100%, 100%, 96.0%, 100% and 100% in the C, LD, MD, and
HD S-zop and RS-zop groups, respectively, and male mating and fertility indices were 100%,
95.8%, 95.2%, 95.8% and 100% in the respective groups. Maternal BWs were reduced in all
treated groups throughout gestation, but gravid uterine weights and overall BW gains were similar
between C and treated groups. There were no clear treatment effects on F2 fetal development.
Slightly decreased (but statistically significant) numbers of corpora lutea and implantation sites in
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LD and MD S-zop groups were not considered drug related (in report) since there was no change

in the HD S-zop group.

TABLE 1 CLINICAL OBSERVATIONS IN PREGNANT FEMALES (FQ) 1-HOUR POST-DOSING
GROUP: i 2 3 4 5
BEHAVIOR/CNS

-ROCKS, LURCHES OR SWAYS AS IT WALKS G/ 0 25/19  26/22 3125 33725
-HYPOACTIVE 171 34/16 3218 4022 39/23

-WIPES MOUTH IN CAGE BEDDING UPON 0/ 0 3/3 34/15 6822 24/13
HANDLING

-EXCESSIVE PAWING IN CAGE BEDDING UPON 0/ 0 5/4 o/ 5 17/9 15
HANDLING

I- 0 mg/kg/day 2- 60(S)mg/ke/day 3-120(S)mg/kg/day 4-180(S)mg/kg/day 5-120(RS)mg/ke/day

TABLE 2 SUMMARY OF PND 0 LITTER (F1) DATA

GROUP : 1 2 3 4 5

N 24 24 25 25 21
NUMBER BORN 16.5 159 15.8 15.0 15.2
SEX AT BIRTH (% MALES PER LITTER} 52.0 519 46,9 43.5 46.0
LIVE LITTER SIZE (PND 0} 16.0 143 15.0 12.9%*

1- 0 mg/kg/day 2- 60(S)mg/kg/day 3-120(S)mg/kg/day 4-180(S)mg/kg/day 5—I20(RS)rﬁgfkg/day

TABLE 3 SUMMARY OF POSTNATAL SURVIVAL - % PER LITTER

GROUP - 1 2 3 4 5

PND 0 (RELATIVE TO NUMBER BORN) 973 899 95.0 86.0 847

PNDOTOPND ] 98.4 88.7%*% Ql1¥* 83.7%+ §43%*

PND I TO PND 4 (PRE-SELECTION]} 1000  91.8** §82%* gHs**+ g **
PND 4 (POST-SELECTION) TO PND 7 1000 927 985 99.4 92.G%=
PND 7 TO PND 14 1000 946 1000 1000 950
PND 14 TOPND 2] 1000 1000 990 100.0 1000
BIRTH TO PND 4 (PRE-SELECTION) 959 TS TRA*E J25FF LT 2%

PND 4 (POST-SELECTION) TO PND 21 1006 89.6** 97.5% 994 9l.3**

1- 0 mg/kg/day 2- 60(S)mg/kg/day 3-120(S)mg/kg/day 4-180{S)mg/kg/day 5-120(RS)mg/kg/day
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PND =POSTNATAL DAY

* = Significantly different from the control group at 0.05
** = Significantly different from the control group at 0.01

TABLE 4 SUMMARY OF MEAN OFFSPRING WEIGHTS (GRAMS)

DOSE GROUP: ! 2 k! 4 5
PND 1

MALES 7.1 6.4%*  6.5* 6.2%*  6.5*
FEMALES 6.7 6.1%%  6.0%* 5.8% 62*
PND 4 (BEFORE SELECTION)

MALES 9.7 B.5%* g9* 8.7+ 8.8*
FEMALES 9.2 7.9%%  B3* 8.3 84
PND 7

MALES 16.1 13.0%*  13.9%% 13.5%% ]3.9%*
FEMALES 152 12.4%%  [3.0%% 13,0+ 12.9*%*
PND 14

MALES 344 29.2%% 29.6%*  29.1%* DG 5%+
FEMALES 328 27.7%% 282%% 2B3FF 2B 5+
PND 21

MALES 544 48.4*%%  48.5%%  46.9%* 47.5%*
FEMALES 521 46.0%%  46.3%+  AS TR A5 44*
PND 70

MALES 4210 4014 3B5.8%% 380.8** 4018
FEMALES 2618 244.5%% 243.4%*% 2355%F 231+

1- 0 mg/kg/day 2- 60(S)mg/kg/day 3-120(S)mg/kg/day 4-180(S)me/kg/day 5-120(RS)mg/ke/day

* = Significantly different from the control group at 0.05 using Dunnett's test
** = Significantly different from the control group at 0.01 using Dunnett's test

APPEARS THIS WAY
ON ORIGINAL
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TABLE 5 SUMMARY OF STARTLE RESPONSE DATA

GROUP: ! 2 3 4 5
~—MALE -

PND 20

Vmax (Millivolts} 1588 1385 1817 1560 1270

Tmax (Milliseconds) 240 250 242 247 30.0

Vave (Millivolts) 348 30.2 370 324 27.8

N 10 10 10 10 10

PND 60

Vmax (Millivolts) 872 209.8% 1720 1563 229.4%*

Tmax {(Milliseconds} 389 30.4%F  2B8**  30.6%* 30.4%*

Vave (Millivolts) 212 44.7*% 377 348 49.4%*

N 10 10 10 i0 10
~~—FEMALE —-

PND 20

Vmax (Miltivolts) 1497 1668 1637 1636 1592

Tmax (Milliseconds) 239 258 244 23.1 24.8

Vave (Millivolts) 324 35.7 332 335 329

N 1¢ 10 {4 10 10

PND 60

Vmax (Millivolts) 82.6 98.0 1519 1256 916

Tmax (Milliseconds) 37.1 32.1 29.7**  300%* 3235

Vave (Millivolts) 18.1 205 208 235 19.0

N 10 10 10 10 10

* = Significantly different from the control group at 0.05 using Dunnett's test
** = Significantly different from the control group at 0.01 using Dunnett's test

3. Summary and Conclusions

In a study that can be considered adequate for regulatory purposes, administration of S-zop to rats
during pregnancy and lactation resulted in developmental toxicity (decreased offspring growth and
survival pre- and postnatally, and pup behavioral alterations) in the absence of significant
maternally toxicity (a similar statement should appear in labeling). Although clinical signs thought
to represent exaggerated pharmacological effects (stereotypic behavior, hypoactivity, effects on
motor function) were seen in dams treated with both S- and RS-zop, treatment-related mortality
and decreased body weight gain were only seen with RS-zop. Decreased food consumption in $-
zop groups during lactation was likely a result of reduced litter sizes in these groups.

There was no NOEL for developmental toxicity following exposure to S-zop. Although the
increase in postimplantation loss and decrease in live litter size were statistically significant only at
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the HD, similar changes were seen at all doses; and the effects on postnatal survival, offspring
body weight, and PND 60 startle response were statistically significant in all dose groups.
Qualitatively similar effects on offspring development were seen in the (R,S)-zopiclone group. An
effect on rat offspring survival has been reported previously with zopiclone (Esaki et al., Preclin
Rep Cent Inst Anim 9:127-156,1983).

Other GABAmimetics have been reported to produce developmental toxicity in animals and
humans. Benzodiazepines, while not generally considered teratogenic, have been associated with
lasting neurochemical, immunological, and behavioral alterations in animals exposed prenatally or
neonatally (see diazepam listing in REPROTOX or TERIS for references). Studies by Olney and
colleagues indicate that drugs such as BDZs and barbiturates that activate GABA  receptors may
trigger apoptotic neurodegeneration when administered to immature rodents during the period of
synaptogenesis (Proc Natl Acad Sci 99:15089-94,2002). In humans, the use of BZDs during
pregnancy is associated with impaired intrauterine growth and an increased frequency of pre- and
perinatal adverse events. Although many of these effects have been attributed to acute
pharmacological actions in the neonate (neurological effects due to intoxication and withdrawal
symptorns), possible long-term neurobehavioral changes have not been well studied (REPROTOX,
TERIS). Barbiturates are also considered potential human developmental toxicants (see
phenobarbital listing in REPROTOX or TERIS).

Overall Reproductive/Developmental Summary:

In a dose range finding study, S-zop was administered by oral gavage to pregnant rats during gd6-17 upto
200mg/kg/d was well tolerated with no deaths, clinical signs were observed in all drug groups. In general,
there were no drug effects on fetal development but some changes exceeded those in negative control
such as the number of early embryo-fetal deaths was increased non-dose dependently in all drug groups,
mean percent post-implantation loss was increased >2x in 100mg/kg group consequently the mean % of
implantations loss in 100mg/kg group was increased. In a dose range finding study in pregnant rabbits, oral
gavage doses of S-zopiclone during gd 6-18 caused maternal toxicity seen as clinical signs, reduced mean
B.wt and, mean food intake at >8mg/kg/d as well as fetal toxicity seen as non-significant 9% reduction in
mean body weight at 24mg/kg/d.

Reproductive and developmental assessment was previously studied with RS-zop. The drug in rat fertility
study caused sperm death, clinical signs, and wt loss at >50mg/kg in rats. In another study on male
reproductive parameters, RS-zop caused sperm death and infertility at >50mg/kg doses where copulation
rates were reduced and pregnancy rates were zero, Histopathologically, this was seen as arrest of
spermatogenesis and dilation of epididymal ducts. In a Segment II study in rats, mean maternal and fetal
wts were reduced at 250mg/kg dose. RS-zop caused cannibalization of pups, death, and emaciation at
>50mg/kg doses, postnatal development was also affected seen as reduced fetal wits; litter size was also
reduced. In a cynomolgus study, RS-zop did not cause developmental toxicity when dosed upto 8mg/kg
during gd23-35 but caused anorexia in dams. Therefore, RS-zop has several adverse effects on male and
female reproductive and fetal parameters when orally dosed at >50mg/kg/d.

S-zop effects on fertility and reproduction were studied in the rat at S-zop doses up to 180mg/kg/d in

females and up to 45mg/kg/d in males (RS-zop dose in males 15mg/kg/d and 120mg/kg/d in females),
administered to both sexes premating, during mating and through gd7. Clinical signs were seen in all drug
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groups and were dose dependent in severity; no drug related deaths in any group. No drug effect on B.wt,
wt gain, or food intake. S-zop caused complete infertility in males dosed 45mg/kg/d and females dosed
180mg/kg/d without affecting mating index. Mean estrus cycle length was slightly increased in high dose
fernales, pre-umplantation loss increased in 608120mg/kg/d and RS-zop group in addition, number of
implantation sites and live embryos was decreased in the higher dose groups. In males various sperm
parameters were adeversely affected and a NOEL for male fertility could not be determined. In females,
a NOAEL could not be determined partly because of the study design (both sexes were treated with the
drug), therefore, additional study was conducted where only females were treated and mated with
untreated males. In this study the [** part of the study tested S-zop at doses up to 180mg/kg/d where 1f
was found dead at this dose and both S- and RS-zop increased pre-implantation loss and decreased fertility
in all drug groups compared to concurrent control and to — .istorical data (doses were 60, 120, and
180mg/kg/d S-zop and 120mg/kg/d RS-zop). The yi phase of the study attempted to find a NOAEL and
tested the following doses 5, 15, 25mg/kg/d S-zop and 15mg/kg/d RS-zop. Clinical signs were seen in all
drug groups including low dose, mean B.wt and food intake were decreased in 15&25mg/kg/d groups and
in RS-zop compared to control; no effect on gross exam, or ovary and pituitary wts. Fertility indices were
reduced at >15mg/kg/d and RS-zop relative to control.. Because of decreased fertility and pre-
implantation loss at >15mg/kg/d the NOEL for female reproduction is Smg/kg/d and the NOAEL for
embryofetal development is 25mg/kg/d.

In Segment H rat reproductive developmental study, no deaths up to 250mg/kg/d S-zop and 125mg/kg/d
RS-zop administered by oral gavage throughout the period of organogenesis. Clinicat signs observed in all
drug groups, matemal tox manifested as reduced B.wt gain and food intake occurred in 125&250mg/kg/d
S-zop and RS-zop groups. Fetal developmental delay was seen at 125&250mg/kg/d S-zop and RS-zop
groups reflected as decreased wt and increased incidence of skeletal variations. Maternal NOEL could
not be determined and developmental NOAEL is 62.5mg/kg/d. Neither drug caused teratogenicity and
both drugs had comparable effects on fetuses at the low dose tested. In rabbits, no maternal deaths and
no fetal toxicity or teratogenicity up to 18mg/kg/d S-zop and 32mg/kg/d RS-zop administered by ora!
gavage during organogenesis. Maternal NOAEL as well as fetal NOAEL is 16mg/kg/d for S-zop and
32mg/kg/d for RS-zop. S-zop caused developmental toxicities (decreased pup growth and survival, and
bpu behavioral changes), in absence of significant maternal toxicity when administered to female rats
during pregnancy and lactation up to 180mg/kg/d S-zop and 120mg/kg/d RS-zop. A NOEL for
developmental toxicity could not be determined for S-zop. Similar effects were observed for RS-zop at
120mg/kg/d dose.

347 LOCAL TOLERANCE
NA
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3.4.8. SPECIAL TOXICOLOGY STUDIES:

Several studies were conducted to investigate the effects of RS-zop on thyroid and mammary gland
following the findings of proliferation and tumors in these organs observed in 18month (only thyroid
tumors), and 2 year carcinogenicity studies in rats. Rhone Poulenc Rorer (RPR) in France conducted a
number of these studies starting in the early 1980s. Study titles and study#s are as follows:

.

10,

11

Thyroid changes induced in rats by RP 27267 zopiclone. Sepracor# 190-866

Evaluation of the 18month oral tox study in the rat of cpd 2726 7RP. —— . Teport
1981. Sepracor# 190-838

RP 27267 zopiclone thyroid function study in rats/Sepracor# 190-853
zopiclone, RP 27267, mechanism of action on thyroid hormones in the rat/Sepracor# 190-845

RP 27267 the study of mechanism of thyroid effects of zopiclone after 10wks treatment in the rat
by oral route/Sepracor# 190-846

zopiclone, RP 27267 action on hormonal system in the rat/Sepracor# 190-850
zopiclone, RP 27267, action on hormonal system in the rat (additional study)/Sepracor# 190-849

A 28d oral gavage endocrine function study of esopiclone and RS-zopiclone in male rats,
amendment and final report/Sepracor# 190-837A 1

A 3month dietary endocrine function study of RS-zopiclone in rats/Sepracor# 190-870F
A 3month dietary endocrine function study of RS-zopiclone in rats/Sepracor# 190-870A1

An endocrine function study of RS-zopiclone following single day and 3d oral exposure in
ovarcctomized female rats/Sepracor# 190-879A1
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12, An endocrine function study of RS-zop, S-zop, zolpidem, and zaleplon following single and/or 3d
oral exposure in ovariectomized rats/Sepracor# 190-884

13. Evidence of neuroendocrine disturbance in SD rats treated with RS-zopiclone/Sepracor# 190-878

14 Effects of muscimol, KCl, and RS-zop on basal and naloxone-induced GnRh secretion by the rat
hypothalamus in vitro/ex vivo/Sepracor# 190-425

15. A uterotrophic assay of RS-zop and $-zop administered orally yo ovariectomized rats/Sepracor#
190-883

16. Rat early reproductive senescence study with S-zop and RS-zop/Sepracor# 190-8821*

* 6month interim report, study will be completed in Feb 04.

1. Thyroid changes induced in rats by RP 27267 zopiclone. Sepracor# 190-866.

This is a joint report dated March 8" 1982, by 2 expert pathologists, Dr —

—_ }, and Dr —

— ~ These pathologlsrs were consulted by RPR the sponsor of the drug at that time, to

cvaluate the thyroid tumors observed in an 18month rat carcinogenicity study conducted by the

— . _(report date Feb 24™ 198 1). RPR provided the 2
pathologists with a total of 103 H&E stained hlstopathology slides from 103 rats. There were 35 slides
from the control (gr.[), 34 slides from mid dose 20mg/kg/d (gr.II), and 34 slides from high dose
200mg/kg/d (gr.VI). Rats were dosed daily with RS-zop by dietary administration for 18months. There
were 50/sex/group, with a 6month interim kill of 15/sex/group. All slides contained sections from 2 thyroid
lobes (only 1 slide from 20mg/kg group could not be evaluated because tissue was decomposed); not
mentioned how many sections were prepared from each rat. There was agreement between the 2
pathologists on criteria and nomenclature of pathology except for 1 where one pathologist considered the
finding to be follicular cell adenoma and the other pathologist considered it to be hyperplasia. The thyroid
findings in the original carcinogenicity report were as follows:

Dose (mg/ko/d) 0 2 20 200
Sex

# thyroids examined m 35 34 34 34
f 35 0 0 35

cystic acinar ectasis/

cystic follicles m 3 0 0 {
f 1 - - 0
follicular hyperplasia m 0 0 0 2
f 1 - - ]
follicular cell adenoma m 1 1 5 9
f 0 - - 0
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Both consultants concluded that the follicular adenomas diagnosed by . . pathologist (with 1
possible exception), do not fulfill the criteria for rat thyroid adenomas as set forth by IARC and
WHO. They found focal hyperplasia in 1/35 control, 2/34 in 20mg/kg/d, and in 5/34 200mg/ke/d male drug
groups. Epithelia of normal thyroid tissue in 200mg/kg/d male group were frequently cuboidal whereas, in
control and 20mg/kg/d RS-zop male groups, it was flat to cuboidal depending on the size of the follicles.
Parafollicular hyperplasia and adenomas were observed in drug and control groups at comparable
frequency. Based on these findings, the 2 consultants concluded that the thyroid results in male rats in the
18month study are NOT of neoplastic nature but rather a result of modest thyroid stimulation.
This conclusion was also supported by results of a thyroid function study provided by RPR to the 2
consultants © —  1981; Sepracor study# 190-853; see below for study detail). It should be noted that
this study was specifically designed to assess thyroid hormones. Male and female rats (15/sex/group),
were administered aqueous solution of RS-zop in gum Arabic, at 0.2, 2, 20, and 200mg/kg/d by oral
gavage for 1, 2, or 4wks (5/sex/group killed per time point). Serum T3, free and total T4, and TSH (‘>
labeling), were measured; histopath as well as macroscopic exam of pituitary and thyroid were also done.
Results showed NO drug effect on B.wt, pituitary or thyroid wts, no macroscopical findings, and no
histopathology of the pituitary. However, in males dosed 20 and 200mg/kg/d, RS-zop caused dose related
thyroid hyperactivity described histopathologically as “follicles with little colloid and tall columnar
epithelium containing a protrusion of apical cytoplasm”;

Thyroid changes in rats by zopiclone. Sepracor# 190-866 (Cont.)

no effect in females. Serum TSH in 200mg/kg/d males was significantly increased 2.3 fold the control
during 4wk of dosing but only small increase in T3 observed and only at wk4. Small though significant
decreases were measured in free and/or total T4 in HD males but only during I* wk. The only drug
related effect in female hormones was a significant increase in T3 in 20&200mg/kg/d groups at all 3 time
points but female thyroids showed no drug related changes. This study concluded that RS-zop
administered orally by gavage caused at 200mg/kg/d an increase in serum TSH and what
appears to be histologically, stimulation or hyperactivity of the thyroid tissue. No clear drug
effects on serum T4 or T3 though a decrease that reached statistical significance was recorded
in HDm at end of stady wk4. No findings in females except for increase in serum T3 in 20&200mg/kg
at all 3 time points of measurements.

2. Evaluation of the 18month oral tox study in the rat of cpd 27267RP. Dr. —_
report 1981. Sepracor# 190-858.

This is a report by - 7 . AD who was consulted by
RPR in 1983 to comment on the thyroid tumors observed in the 18month rat study. His report was dated
Jan 12, 1983, he reviewed the data but did not re-read the slides. He also had access to Drs.

—_ reports and/or conclusions (Sepracor# 190-866). Dr = was in general
agreement with these pathologists that the thyroid tumors are possibly due to thyroid proliferation. The
latter effect he continued, maybe due to direct effect of the drug on the thyroid tissue or suppression of
thyroid function that can cause a negative feed back via the pituitary with a consequent increase in serum
TSH (as demonstrated in Sepracor# 190-853 below). The results of the thyroid function study below
(tmade available to him t0o), supported this proposal and he concluded that RS-zop effects on the thyroid
gland if persisted for a prolonged period and was adequate, may eventually causes thyroid stimulation and
proliferation that leads to tumor formation i.e. not a direct carcinogen.
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3. RP 27267 zopiclone thyroid function study in rats/Sepracor# 190-853. This was the 1* study
done to investigate RS-zop effects on the thyroid because of the thyroid tumors observed in 18 month rat
chronic toxicity study. It was proposed that the drug acts indirectly affecting peripheral metabolism of
thyroid hormones where increase in T4 metabolism leads to positive feedback on TSH levels i.e. RS-zop
administration causes a decrease in serum levels of the former and increase in levels of the latter hormone
in the rat. This study was conducted on November 16 1981 by -
- at the request of RPR. The study results were QA (no signatures were

present). This study was specifically designed to assess thyroid hormones. Male and female SD rats

— (15/sex/group; 8wks old at start of study), were administered agueous solution of
RS-zop in gum Arabic, at 0.2, 2, 20, and 200mg/kg/d by oral gavage for I, 2, or 4wks (5/sex/group
killed per time point). Serum T3, free and total T4, and TSH (‘I labeling), were measured; histopath as
well as macroscopic exam of pituitary and thyroid were atso done. Four types of thyroid lesions were
descried (see PAS Hematoxylin micrographs from sponsor for reference):

Type [/ slightly active thyroid: many large follicles filled with profuse colloid and slightly flattened cubic
epithelium, few smaller follicles with thicker epithelium generally cubic with small basal nuclei regularly
arranged in the center of the gland.

Type I / moderately active thyroid: few large follicles filled with profuse colioid in the periphery of the
gland, but many small foilicles with cubsic, tall columnar epithelium with clear nuclei irregularly arranged in
the center and most parts of the gland.

Type 11/ marked activity: Very few sporadic follicles containing profuse colloid and many with nearly
collapsed lumina and tall columnar epithelium with protrusion of apical cytoplasm containing fair number of
droplets of PAS positive colloid.

Type IV: no follicles with profuse colloid. Foilicles with very little colloid with collapsed lumina and tall
columnar epithelium with protrusion of apical cytoplasm containing fair rumber of droplets of PAS positive

colloid,

Type [ thyroid

oy s




Type 11 thyroid
Thyroid function study in rats/Sepracor# 190-853 (Cont.)

Type HI thyroid

Type IV thyroid




Thyroid function study in rats/Sepracor# 190-853 (Cont.)

Results showed no drug effect on B.wt, pituitary or thyroid wts, no macroscopical findings, and no
histopathology of the pituitary. However, in males dosed 20 and 200mg/ke/d, the sponsor stated that RS-
zop caused dose refated thyroid “hyperplasia” characteristic of gland hyperactivity described
histopathologically as “follicles with little or no colloid and tall columnar epithelium containing a protrusion
of apical cytoplasm™. There were no drug effects on thyroid in female rats. The following are thyroid

findings according to type expressed as % for wks 1, 2, and 4 of sacrifice (15 rats per sex were
examined):

KALE RATS FEMALE BATS
Trpe T3pe

DOSE I 1I IIX v DOSE 1 11 I1I v
COSTROLS 20 80 [o] 0 CONTROLS 40 40 20 [}
0,2 mglkg 40 40 20 o 0,2 wg/kg 40 60 4] o

2 mglkg o 100 o - 0 2 wmglkg - 40 40 20 o
20 wmglkg o 60 Lo o 20 wmglkg 40 60 o o
200 mg/kg o 60 40 0 200 mg/kg 0 [1¢] 40 o

[n the reviewer’s opinion, percentage of animals affected is not meaningful. Data better expressed to
show whether the same rat had progression in the thyroid findings with the repeated administration of the
drug ie. from hypoactive to hyperactive gland tissue and if such finding correlated with the appropriate
changes in serum thyroid levels. Combining percentage for the 3 time periods does indicate that thyroids
of male rats administered the higher dose of RS-zop were in a hyperactive state compared to the control
rats however, as indicated above, this representation may not reflect an accurate assessment of the
results. Moreover, looking at each time point shows inconsistency: on wk1 20% of male rats each in
20&200mg/ke/d groups had thyroids in Type 111 vs. 0% in control yet with repeated dosing to wk2, no
difference in thyroid status between control and any drug group. On wk4 however, all RS-zop treated
male groups had thyroids with Type III stage vs. 0% in control (20, 20, 40, 40% in 0.2, 2. 20, and
200mg/kg/d respectively).

Serum TSH in 200mg/kg/d males was moderately and significantly increased after 4wk of dosing (2.3 fold
the control), compared to control. However, the drug had minimal effect on T3 (smali but significant
increases in T3 levels measured on wk? in males dosed 20mg/kg/d and on wk4 in males dosed
200mg/kg/d), and T4 where small but significant decreases were measured only during the I* wk of
dosing (28 & 37% less than corresponding control values for free and total T4 respectively)(table from
sponsor). The only drug related effect in females was a significant increase in T3 in rats dosed 20 and
200mg/kg/d at all 3 time points (not significant on wk2 in HDf; table from sponsor).
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Thyroid function study in rats/Sepracor# 190-853 (Cont.)

MALES FEMATES
DOSE ¥esk TSR T3 free ™4  Wolal T4. TSH T3 ‘free T4 Total 14
(pg/ml)  (ng/100 m1){nx/100 m1} (pg/100 wl)(ygfal) {ng/100 m1}(ng/100 nl) (/100 m1)
CORTROLS 1 0,4 78 ‘2,78 7,38 0,33 74 2,54 6,62
2 0,8 62 1,00 7.8 0,43 11 2,23 6,30
4 0,58 58 1,15 7,92 0,40 BT 2,17 7,16
0,2 mg/kg I 6,70 74 2,55 6,32 0,66 91 2,60 6,42
1 0,6 67 2,88 7,56 0,30 718 2,74 7,02
4 0,82 58 3,14 8,00 0,40 8o 2,78 7,50
2 mfeg 1 0,71 84 3,05 7,70 0,39 90 2,48 6,54
2 0,64 (3] 3,14 8,10 0,41 80 2,19 6,46
4 1,08 59 3,15 7.94 0,318 63 2,44 6,10
20 wmglkg I 0,59 88 3,2 8,50 0,50 I15eeit 2,37 6,34
2 0,62 83nt 3,43 9,02 0,46  97% 2,64 6,98
& 1,14 70 1,70 8,66 0,40 832 2,58 6,26
200 mgfkg I 0,87¢ 81 2,068t 4, 60%RkF 0,56 123%kkrt 2,98 7.6y
2 1.8 84 2,19 6,30 0,52 92 2,02 5,00
& 1,34 B7 Rt 2,96 7,90 0,50  6B5% 2,42 5,17

In conclusion, oral daily gavage dosing of RS-zop to male and female SD rats for 1,2, or 4wk at 0.2, 2, 20,
or 200mg/kg/d did not cause death, clinical signs or changes in B.wt, or thyroid or pituitary wts. There
were no histopath findings in the pituitary up to 200mg/kg/d. Serum TSH was significantly increased in
male rats dosed 200mg/kg/d on wks1&4. With the exception of wk |, there were no corresponding
changes in T4 and only a small but significant increase in T3 was seen on wkd. Histopath changes
mdicative of hyperactive thyroid seem to correspond to hormone changes on wk4 in HDm as well as to
hormone changes on wki (increase in TSH, decrease in free and total T4), but not on wk2. There were
little drug related effects in females except for a significant increase in T3 at 20&200mg/kg/d dose groups
without histopath correlate.

4. Zopicione, RP 27267, mechanism of action on thyroid hormones in the rat/Sepracor# 190-
845. Study conducted a: - . 00 QA statemnent and no mention of GLP;
RS-zop batch 7 (CA 84 10103). The study was conducted in July 1987 to further address RS-zop effects
on thyrotd hormones specially since at this time, results of the 2yr rat carcinogenicity study showed
increased incidence of thyroid carcinomas in males dosed 100mg/kg/d via the diet. Male and female SD
rats (17/sex/group from - . were 11wks old when RS-zop was administered in the diet at
200mg/kg/d (control group received basal diet with no drug). Rats were treated daily for 5, 8, or 10wks,
6/sex were killed at 5&8wks and 5/sex/ killed at 10wks for determination of conversion of T4 to T3
(wks5&8) and '*T uptake into the thyroid and thyroglobulin binding. Livers were removed and
homogenized, T4 was dissolved in buffer and added in vitro to liver homogenates. Free T3 was measured
after 15, 30, 60, and 120min of incubation using cormmercial kit. Concentrations of free T3 reflected
activity of 5’-deiodinase which converts T4 to T3 i.e. enzyme activity was measured indirectly, and
activity expressed as pmol free T3/min/g protein using a regression line. For the iodine uptake and
thyroglobulin study, control and drug treated rats were injected 3uCi '**I 24hr before kill. Thyroids were
removed and radioactivity of the whole gland was counted and thyroid uptake of iodine was measured
when total radioactivity was expressed as total cpm and cpm per mg of thyroid. For the thyroglobulin
uptake, the thyroids were homogenized, centrifuged, and aliquots of supernatant were
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Thyroid function study in rats/Sepracorf 190-853 (Cont.)

taken and subjected to chromatography. Radioactivity per cm of migration lane was counted. Percent of
free '’ and thyroglobulin bound '2*1 were calculated based on the “fact” that fiee iodine will migrate
5-7cm whereas, bound iodine will not. Clinical signs, B.wt. and food intake were also monitored and

recorded.

Results: there were no clinical signs, death, or changes in B.wt or food intake. Conversion of T4 to T3
no change at Swks however at 8wks, free T3 levels were significantly increased in males indirectly
reflecting an increase in 5’-deiodinase activity; no effect in females. After 10wks of dosing of RS-zop at
200mg/kg/d, no effect on uptake of '*I and no change in ' thyroglobulin binding relative to controls in
either sex (figure and tables from sponsor).

Male rats/Day 56 conversion of T4 to T3 by liver homogenates.
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Mean values - day 56 of above figure (conversion of T4 to T3 in liver homogenate)

KINETICS OF THE APPEARANCE OF FREE T, IN MALE RAT LIVER EOMOGENATES

Treatment pmele free T3/g protein at each incubation time
Eroup {Hean + 5D}
0 min 15 min 3¢ mim 60 min 120 min
Controls 0.8 4.2 6.7 11.9 18.8
(n=6) + 0.1 + 0.4 £ 1.0 + 2.1 + 2.6
200 mg/kg 1.1 6.0 9.9 16.5 27.5
(n=6) + 0.3 + 1.7 + 2.7 + 4.5 + 5.3
Significance & * * * sk

HEPATIC 57-DEIODINASE ACTIVITY IN THE MALE RAT

Treatment pmole free T,/min/g protein
group (Mean + SD)

Controis 0.18
{n=6) + 0.03

200 mg/kg Q.25
(n=6} £ 0.07

n  Number of animals
* sSignificant for p
** Significant for p

IA T~
<
Q
=

Summary and Cong lusion:

RS-zop at high dose of 200mg/kg/d administered to male rats in the diet caused thyroid proliferation in
18month chronic toxicity study and, in the 2yr carcinogenicity study at 100mg/kg/d by diet caused thyroid
follicular carcinomas in male rats. Some of the resuits from mechanistic studies showed RS-zop affects
thyrotd hormones causing an increase in serum TSH and decrease in T4 with or without an increase in T3.
Increase in TSH may result from action on one or more of the following sites:

1. direct effect on the hypothalamic -pituitary axis,
2. direct effect on the thyroid or,
3 indirect through effect on peripheral metabolism mainly in the liver

A central effect on the hypothalamic -pituitary axis was not supported by the results that showed an
increase in TSH and a decrease in T4. A central effect on TSH or TRH would cause an increase in
serum T4 and this has not been observed. Therefore, increase in TSH may result from a feedback
mechanism that causes serum T4 to go down. The latter
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zopiclone mechanism of action on thyroid hormones in the rat/Sepracorff 190-845 (Cont.)

may occur as a result of one or more of the following:

1. increase metabolism of T4 in the liver specifically enhanced 5°-deiodinase activity as well as
increased Cl of T4.
2. deficient thyroid hormone biosynthesis which can affect iodine uptake or iodination.

The current study tested in vitro conversion of T4 to T3 after 5 and 8wks of RS-zop dosing and thyroid
uptake of '*°I as well as thyroglobulin binding of '*'I after 10wk of RS-zop dosing. RS-zop 200mg/kg/d
administered in the diet caused a significant increase in free T3 in males indicative of increase in 5°-
deiodinase activity in the liver (expressed as pmol free T3/g protein) but no drug effect on thyroid uptake
of iodine or thyroglobulin uptake of iodine. Therefore, this study supports the proposal that increase in
TSH recorded after high doses of RS-zop is a result of peripheral action on hormone metabolism rather
than a direct effect on thyroid biosynthesis and/or uptake. I should be noted however, that the dose of
RS-zop that caused thyroid tumors/carcinoma is | 00mg/kg/d, the 200mg/kg/d caused thyroid
proliferation in 18month chronic tox study in the rat. T herefore, the 100mg/kg/d dose should have
been tested in addition to the 200mg/kg/d.

3. RP 27267 the study of mechanism of thyroid effects of Zopicione after 10wks treatment in
the rat by oral route/Sepracor# 190-846. Study conducted at — e e
QA & GLP statements provided and signed. The study was conducted in March 1991, RS-zop batch 7
(CA 84 10103). This study was done to “complete the exploration” of the mechanism of RS-zop effects
on thyroid hormones. Male and female SD rats (30/sex/group from - . were 10wks old
when RS-zop was administered in the diet at 200mg/kg/d (control group received the basal diet).
Animals were treated daily for 10wks, for each control and drug groups, the 30/sex rats were divided into
15 and 9 per sex for hormone measurements (subgroups 1&2), and 6 per sex for ['251] thyroxine
clearance. Parameters assessed included: mortality, clinical signs, B.wt, food intake, '*’I T4 clearance,
and the following blood hormones were measured using RIA: FT3 (free T3), FT4 (free T4), and TSH. In
addition, the following PK parameters were determined: Cinax, AUC ;¢ (from time 0 till time of last
quantifiable sample then extrapolated to wfinity), T\, k (elimination rate constant), V4, and Cl {total
plasma Cl). Subgroups 1&2 of control and drug treated were killed by decapitation and necropsied on
days70&71 for gross exam of liver, thyroids, and pituitary; weight of livers were determined from 1 1 orl2
rats/sex of subgroup 1; histopath was not done since no gross findings were observed. Transmission EM
was done on livers from 17/sex/group and thyroids from 6/sex/group on days 71&72.

Results: there were no drug related effects on mortality, clinical signs, or gross exam. Mean B.wt in
males and females started to decline from the 1* and 2 wk of dosing respectively, till end of study with
mean wt on d68 being 16 & 14% less than corresponding contro! weights respectively (figures from
sponsor). A small decrease in mean daily food intake in both sexes of drug groups occurred in parallel to
decrease in B.wt. (26&5% less daily intake in males and females respectively on d67).
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APPEARS THIS WAY
ON ORIGINAL

Mechanism of thyroid effects of zopiclone after 10wks treatment in the rat/Sepracor# 190-846 (Cont.)

BODYWEIGHTS {q)

BODYWEIGHTS ()
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Mean relative liver wt was only slightly increased (1.2 to 1.5x), in both sexes relative to corresponding
controls (4.0 vs. 3.3% in males and 5.0 vs. 3.3% in females). Mean serum FT4 was significantly
decreased in males (20%) and females (25%), relative to control values and mean serum TSH on the
other hand was significantly increased (70% in males and 200% in females)(table below). Only in
females, a small 10% increase in FT3 was recorded (table below).
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APPEARS THIS WAY
ON ORIGINAL

Mechanism of thyroid effects of zopiclone after 10wks treatment in the rat/Sepracor# 190-846 (Cont.)

Meants.d, FT4 and FT3 values are in ug/mi; TSH values are ng/ml. n=24m for cont. and drug group; n=
23f cont. and 24f drug group.

FT4 TSH FT3
' MALES
Control 16.743.0 9.6+4.6 5.1+0.8
200mg/kg/d 13.543.6%* 16.4+8.7%* 5.040.7

FEMALES

Control 14.0+2.4 52415 6.0+0.8
200mg/kg/d 10.542.4%%*  [53474%+* 6 5+] 0*
* p<0.05 ** p<0.01 p<0.001 using Student t-test

"I T4 i.v. injection, caused a biphasic decay curve. In drug groups, mean Cpay (cpm/mt), and AUCq.ipr

(cpm.hr/m), of labeled T4 were decreased relative to control values whereas, mean V4 (ml/kg) and Cl
(ml/he/kg) were significantly increased relative to control. Mean Ty, in drug groups was slightly increased
relative to that in control. The sponsor indicated that increased V, may explain the unexpected increase in
T4 half life. Significant increases in UDPGT-T4 activity was recorded in both sexes of drug groups when
activity expressed in pmol T4-G formed/min/mg microsomal protein (60% in males and 52% in females
over the control), and as pmol of T4-G formed/min/g liver (104% in males and 95% in females over the
control). Liver enzyme activity of 3’ -deiodinase was unaffected in males or females when FT3 was
expressed per mg protein but when expressed per g liver, a small but statistically significant increase of
25% over the control was seen in females, in males the increase was 29% but not statistically significant.

Summary and Conclusion; daily dietary administration of RS-zop at 200mg/kg/d to rats for 10wks caused
a significant decrease in serum T4 and a significant increase in serum TSH, no change in FT3 in males but
a small increase in females. Unlike the previous study (Sepracor# 190-845), no correlating increase in
5'deiodinase activity was observed in males when expressed as either per mg protein or gm liver, a small
though statistically significant increase noted in fernales only when expressed per g liver. However,
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activity of UDP-GT for T4 was significantly increased in both sexes. Mean concentration and exposure
of I T4 were decreased and its Cl and V4 were significantly increased. These changes collectively are
likely to reflect a peripheral mechanism where RS-zop modifies thyroid hormone metabolism in the liver.

6. Zopiclone, RP 27267 action on hormonal system in the rat/Sepracor# 190-850. Study
conducted at — study was QA with no signatures, no mention of GLP;
RS-zop batch 3 (CA 83 336 00). The study was conducted in Dec 1984 three years after the 1% study
that investigated RS-zop effects on thyroid (Sepracor# 190-853). This study investigated the potential
drug effects on a number of serum hormones: TSH, LH, FSH, GH, prolactin, progesterone, and 17
estradiol. Note the maximum dose of RS-zop in this study was 100mg/kg/d, however, 200mg/kg/d was
the maximum dose tested in the above study and in the 18month rat toxicity study that caused thyroid
lesions. Male and female SD rats —_ 9wks old on study initiation), 40/sex/group were
administered RS-zop in the diet at daily doses of 1, 10, or 100mg/kg/d for 2, 4, or 9wks. Clinical signs,
mortality, B.wt, and food intake were determined. Blood was collected from the abdominal aorta and
serum hormones were measured in 10/sex/group at day0 and after 2, 4, and 9wks of dosing /it is noted
that killings were time-scheduled between 9 and 10:30am/. The following organs were removed and
processed for histology from all groups on wks 2, 4, and 9 of dosing: pituitary, adrenals, thyroid, ovaries,
mammary glands, and liver (after 9wks only). The following organs were weighed: pituitary, adrenals,
ovaries, and liver. Histopathology exam was done after 9wk on control and HD however, the 2 remaining
drug groups killed at 9wks, were included later because of thyroid findings in HD. After 9wks of dosing,
samples of livers from 5/sex/group were processed for Electron microscopy (although samples were
processed for EM there was no indication that EM exam was done). Also activity of liver enzymes was
determined in 6/sex/dose after 9wks. Microsomal protein content was determined as well as the activity
of P450, aniline hydroxylase, and aminopyrine N-demethylase. Plasma RS-zop were measured at 9wks in
5/sex/drug group using HPLC with spectrometry detection.

Results: there were no drug related effects on mortality, clinical signs, B.wt, or food intake at any dose.
There were NO drug effects on serum FSH, LH, or 17-§ estradiol. It should be noted that data were
highly variable as reflected by the large s.d Serum TSH was significantly increased at 9wks in Sfemales
dosed 100mg/kg/d (359+100 vs. 195+113ng/ml in control), however, the sponsor stated that this change
may not be drug related since the value of the control on wk9 was less than that at the other time periods
(301, 260, 336ng/ml at predose, 2, and 4, respectively, vs. 195ng/ml on wk9). Again accurate conclusion
with respect to hormone levels can not be made because of the marked inter-animal variability of
the data for all hormones. Serum progesterone was significantly decreased after 2wks in 100mg/kg/d
males (however, pote that predose values in all 3 male drug groups, were significantly higher than the
control), and in all 3 femak drug groups relative to corresponding controls (non-dose dependent). This
decline persisted till 9wks only in HDf (19+11ng/ml vs. 29+13ng/ml in control); values were comparable o
control in other female groups and HDm. Serum prolactin was significantly decreased in HDm after
4&9wks (43&26% less than control), noted that NO change in 17] estradiol at any dose in either sex.
Serum GH was significantly increased after 9wks in males dosed 108 100mg/kg/d (128+169 and
65+60ng/ml respectively, vs. 17+9ng/ml control). No drug effect on organ wis except for a 30&40%
increase in @bsolute liver wt in males and females dosed 100mg/kg/d respectively, however, no change in
relative wt and no hustopath correlate were found in either sex up to 100mg/kg/d. No histopath findings
were found in adrenals, ovaries, pituitary, or mammary glands. There were no changes in thyroids of any
group at 9wks however at wkd, thyroids in males dosed 100mg/kg/d showed slight activity with follicles
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containing little colloid and cylindrical tall epithelium often with many PAS positive colloid droplets. Based
on thyroid findings in HD, thyroids from mid and low dose rats were examined; no drug changes were
noted (table below). The sponsor stated that in general, thyroids in male rats seemed more active than
those in females.

Zopiclone action on hormonal system in the rat/Sepracor# 190-850 (Cont.) _

Number of rats out of 10 for each type of activity; values in () are for females (see study# 190-853 for
definition of thyroid types):

Dose Thyroid findings after 4wks

(mg/kg/d) Type | Type 2 Type 3 Type 4

control oM 73 30 0(0)

1 0(6) 7 (4) EX(0)] 0

10 03 7(5) 30 0(0)

100 0(5*) 4(3% 5(1%) 1 (0%)
After 9wks

Control i 7(2) 0@ 1E()]

100 0(6) 10 (4) 0 0 ()

* only 9f were examined after 4wks at 100mg/kg/d, slide from the 10" rat could not be assessed.

It can be seen from the above table that type 3 activity was seen in 5/10 males in 100mg/ke/d vs. 3/10 in
control males and type 4 seen in 1/10 male rats dosed 100mg/kg/d vs. none in control. No change in
thyroid stimulation at 9wk of dosing in any group in either sex. :

There were no drug related effects on liver enzymes or microsomal protein content. Mean plasma RS-zop
at 9wks was higher in females than males and increased with dose linearly between 1&10mg/keg/d but
more than proportional between 10& 100 and 1&100mg/kg/d.

Plasma concentration in ng/ml wk9

Dose (mg/kg/d) Males Females
1 <2 4427
10 17+8 36+16
100 336+119 840+231

In summary, results of this study failed to support the findings from study# Sepracor 190-853 above i.c.
no drug related changes in serum TSH in either sex. The only drug related findings in this study were an
increase in serum GH in males and decrease in progesterone in females and in the reviewer’s opinion,
there was no drug effect on thyroid activity in males up to 100mg/kg/d.
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APPEARS THIS WAY
ON ORIGINAL

7. Zopiclone, RP 27267, action on hormonal system in the rat (additional study)/Sepracor#
190-849. Study conducted at —~ . -, study was QA, no mention of GLP
status. The study was conducted in Oct 1985, RS-zop batch 3 (CA 83 336 00). Study objective was to
address RS-zop effect on hormones since the 1** hormone study conducted in 1981 (#190-853) showed
increase in serum TSH with some histopath but the 2 study (#190-850) conducted in 1984 failed to
reproduce these findings. There were differences between these 2 studies: different maximum dose: 100
or 200mg/kg/d, and mode of administration i.¢. diet vs. gavage as well as other technical issues that aimed
at minimizing the variability in the data. In this study, both routes of administration were tested, diet and
gavage, blood was collected at 2 times of the day noon and 9pm, to account for potential diurnal variaticns
of hormones and, to reduce busy worktoad, the study was divided into 2 parts: study in males protacol#
372 conducted Oct 1985 and study in female s protocol 382 conducted Nov 1985. It is noted however, that
though rats were purchased from — males were obtained from the supplier ~——

and females from the supplier — - could not supply females on time). Male and
female SD) rats ages 10-11wks at start of dosing, were orally administered daily doses of RS-zop at 1, 190,
100, 200mg/kg/d by gavage (CMC for the control), 100 and 200mp/kg/d via diet for 4 or 10wks.
There were 40/sex/group, parameters assessed: mortality, clinical signs, B.wt, and food intake. The
following hormones were measured in serum at wk4 & 9 in 20/sex/group with 10/sex/group killed at noon
and the remaining 10 rats killed at night (9pm): TSH, T3, 1T3, T4, {T4, GH, Prolactin, FSH, LH,
progesterone, and 17-8 estradiol. Hormones were analyzed at a radioimmunology lab in  — Stage
of estrus in females was determined by a vaginal smear. The following organs were removed and
processed for H&E staining: pituitary, thyroids, adrenals, liver, ovaries, and mammary glands (in females
only). Absolute and relative wt of the pituitary, thyroid, adrenals, ovaries, and liver were recorded.
Histopath was done on control and HD (200mg/kg/d) killed at 10wks, if any drug related findings are
observed, lower doses and if necessary those at wkd, were also processed. The sponsor indicated that the
2 lobes of the thyroid were embedded to thoroughly examine the largest surface of the parenchyma
due to differences in morphology of the follicles located in the center and those at the border of the
gland. Samples of livers from 5/sex/group at 10wks were processed for EM but not examined due to
absence of any drug related findings by standard histopath exam. Plasma RS-zop were determined on
wks 4 and 9/10 from S/sex/dose 2hr postdose via gavage and 2hr post light on-set in animal room for rats
dosed via diet. Plasma drug levels were analyzed by RPR in France using an HPLC with
spectrophotomeiric detector.

Results: 4 males dosed 200mg/kg/d via gavage, died on days 5,9, 32, and 68 of study cause of death
considered by the sponsor to be drug related however individual animal history/data was not provided
therefore, exact cause of death remains unknown. Clinical signs as reported by the sponsor, were seen
only in rats dosed via gavage at 100 and 200mg/kg/d starting at wk4 onward they included: stereotypic
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movements such as “prancing and licking”, transient ptyalism and convulsion in 1m dosed 200mg/kg/d on
d58 and 1f dosed 100mg/kg/d d56. No clinical signs were observed in rats dosed via the

diet up to 200mg/kg/d. No drug effects on food intake. At both wks48 10, mean relative liver wt in
males dosed 200mg/kg/d was increased 18% afler gavage and 31% after dietary dosing over the control
means. Similarly in females dosed 200mg/kg/d wks 4& 10 both gavage and diet routes, relative liver wt
was increased up to 55&72% respectively relative to control. Mean relative thyroid wt was increased
26% after gavage and 50% after dictary dosing in males dosed 200mg/kg/d relative to wts in controls; no
marked changes in females. Mean relative ovary wt was increased 23&10% in 200mg/kg/d dietary and
gavage dosing respectively; none of the organ wt changes reached statistical significance. Mean B.wt in
males dosed 1008&200mg/kg/d via gavage, was significantly reduced 4-13% less than controls, and 10-
14% via the diet at 200me/kg/d dose. These B.wt losses began during the 1% wk of dosing via both routes
and continued till end of study d63. In femaies, mean B.wt was significantly reduced 7-12%

relative to control wt, in 200mg/kg/d diet starting 1% wk of dosing and continuing till end of dosing d63.

RS-zop action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

However, mean B.wt was significantly increased 5-8% over the control wts in 200mg/kg/d females dosed
by gavage. Mean serum TSH was significantly increased in both sexes at 200mg/kg/d of both
routes, there seem to be no effect of time on hormone measurement. Note the large variability in
the data reflected by the marked s.d. (table from sponsor; values are means+s.d.). Clearly such variability
makes interpretation and clear conclusions difficult to make.

Serum TSH (ng/ml), MALES
After After
4 weeks 10 weeks
(12 W) {21 H) (12 ¥ (21 H)
CONTROLS M 339.3 310.7 389.5 215.7
{gavage) 5D 3s50.7 202.,7 182.6 116.4
{10}
1 MG/KG MN 380.7 211.1 356.2 266.8
{10) Sp 254.5 69.9 113.2 116.0
10 MG/KG N 5336.7 2G2.6 443.6 245.2
{10) 3] 339.6 103.4 291.1 154 .2
*
100 MG/XG KN 320.6 464.4 293.5 322.7
{10) S 206.2 2513.2 154,11 158.3
*
200 MG/KG MN 754 .4 B40.3 535.3 900.1
¢10) 5D 3349.5 440.0 430Q.4 4B7.7
* % kK LE L]
-+ E S s
2) (8) (9}
CONTROLS MN 499.1 319.5 308.9 2318.7
{diet) sD 253.0 116.6 103.4 91.48
(10)
100 MG/KG N 309.1 309.9 480.7 372.13
(1O} 5D 129.2 85.0 160.9 150,2
(++) (+)
200 MG/XG MY 1163.7 712.8 769.9 593.2
{10) S0 725.4 336.7 350.4 239.1
(*k) {ttt) (*R*} (kk*)

{(+3 (++) (+++} (r++)
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APPEARS THIS WAY
ON ORIGINAL

Zopiclone action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

Serum TSH (ng/ml), FEMALES

after After
4 weeks 10 weeks
(12 H) (21 H) (12 H) {21 H)
CONTROLS MM 134.1 151.4 224.3 129.C
(gavage) sD 149.3 67.8 128.7 104.5
(10)
1 MG/KG MN 235.3 164.2 233.3 107.8
{10y 5D 57.8 95.1 100.6 35.3
10 MG/KG MN 287.0 182.9 189.3 115.5
¢10) SD 106.4 99,7 58.7 34.6
(83
100 MC/KG MN 224.2 186.9 209.9 137.0
(10} SD 74.0 86.4 B6 .8 59.90
200 HG/KG MY 269.4 242.58 421.3 123.6
{10) SD 115.8 192.6 281.0 72.6
*k
CONTROLS MM 312.4 100.1 159.4 103.2
(diet) SD 179.8 55.7 106.6 67.9
(103
100 MG/XG MN 11,1 167.0 188.2 13z2.0
(10} SD 137.0Q 75.3 231.6 65.0
(*%})
(+3 (++)
200 MC/XC N 1153.5 672.1 480.7 219.9
(10) sD 428.3 565.2 182.4 108 1
(i*i) (***) (t*t) (k*)
(+++) {(#++) (+++) {+)

The only change in TSH at 100mg/kg/d occurred in males/wk4 dosed via gavage and males/wk10 dosed
via diet and in females/wk 10 via diet (these changes reached statistical significance relative to control
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values and ranged between 54% in males both times to 144% in females/wk10 diet). Serum T3 in males
dosed 200mg/kg/d via gavage and diet, was significantly increased after 10wks of both time points (noon
& 12pm)(23-36% over control), T3 levels were also increased at 100mg/kg/d via diet on wk10 (not dose
dependently; table from sponsor). Reverse T3 levels on the other hand, were not changed at wk10 in
males but significantly and dose dependently decreased at 100&200mg/kg/d wk4 after gavage and dietary
dosing (table from sponsor). Female T3 levels were significantly but not dose dependently increased in
100&200mg/kg/d gavage/wk4 and wk9 at 200mg/kg/d dietary dose (25-33% over control). Reverse T3
levels in females were significantly decreased only after dietary dosing on wks4&9; all compared to
corresponding control (table from sponsor). Mean T4 levels in males were significantly reduced at both
time points after gavage as well as dietary dosing (table from sponsor). T4 levels in females were
significantly decreased in 200mg/kg/d at both time points and after gavage and dietary dosing. Parallel
decreases in free T4 in males were seen at 100&200mg/kg/d dietary and gavage administrations at both

RS-zop action on hormonal system in the rat (additional study)/Sepracor# 190-849 {Cont.)

time points and in females, levels were significantly reduced only in 200mg/kg/d at both time points relative
to control (table from sponsor). GH levels were significantly reduced in males dosed via gavage on wki0
compared to control but it should be noted that the data were extremely variable making accurate
conclusion difficult; no change in femnales. Prolactin was significantly reduced in females on wk10 after
gavage dosing, FSH levels were also significantly reduced in 200mg/kg/d gavage as well as dietary at
10wks compared to control. Serum LH level was significantly reduced at >10mg/kg/d gavage dosing but
data were highly vartable. Serum estradiol in females was significantly and dose dependently increased
at 100&200mg/kg/d gavage and diet wk4 and wk10 relative to control (table); no drug effect on
progesterone levels.

T3 in males (meants.d.; values in ng/dl):

APPEARS THIS WAY
ON ORIGINAL
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After After
4 waaka 10 weaks
{1z H) {21 H) {12 H) (21 H)
CONTROLS MN 101.7 80.4 85.1 73.2
{gavage) sD 20.3 13.8 9.1 7.1
(18)
1 MG/KG MN B4.6 8.1 91.2 84.3
(10) sD 16.4 10.6 7.4 14.0
(9>
10 MG/¥G MN 85.5 76.7 72.6 61.9
(10} sD 25.8 L2.3 i7.7 8.4
*
+ +
100 MG/XG MN 92.1 87.9 84.1 7.3
{10) SD 34.1 27.0 11.2 7.4
200 MG/KG HN 93.9 88.3 110.7 99.2
{10) 80 17.7 17.4 22.2 35.8
Hk "k
+*
(9) (8) (9}
CONTROLS MN 75.3 58.8 67.9 55.8
{diet) 5D 9.7 8.7 8.2 8.4
(10)
10C MG/KG MN 79.1 63.5 79.6 71.7
(10) 50 19.8 8.6 18.4 1L.3
(*) (k%)
(+) {(++)
200 MG/KG MN 77.0 76.6 75.3 69.3
{10} 5D 6.2 18.3 9.8 3.5
(%%} (*)

(+}

RPPEARS THIS way
CH ORIGINAL

Zopiclone action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

T3 in females (meants.d.; values in ng/dl):

APPEARS THIS WAY
ON ORIGINAL
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4

(12 #)

CONTROLS MN 103.7

{gavage) SD 25.7
(L0)

1 MG/KG MN 89.9

(10) SD 18.5

10 MG/KG MN 100.0

(19) so 20.2

100 MG/KG MN 119.8

(10) 5D 17.0

200 MG/KG MN 123.8

(10) sSD 24.9

*

CONTROLS MN 106.6

(dier)} sD 19.3
(10)

100 MG/KG MN 128.5

(1e) 5D 26.9

200 MG/KG MN 120.2

(10) sD 23.7

Zopiclone action on hormonal system in the rat (additional study)/Sepracor# {90-849 {Cont.)

rT3 in males (meants.d.; values in ng/dl):

After After
weeks 10 weeks
(21 H€) (12 H) (21 H)
77.4 123.% 90.5
16.6 29.3 20.9
91.8 102.9 92.3
32.3 15.3 15.3
*
86.9 109.6 94.1
15.9 12.0 28.6
{8)
103.0 139.46 106.0
21.0 15.9 17.6
4+
23.8 132.7 107.1
20.6 27.1 25.7
+
103.3 129.7 101.6
23.1 18.6 18.6
105.3 139.3 117.0
2.6 15.1 24.6
126.2 167.0 126.1
36.7 53.7 18.3
(*)
(++)
APPEARS THIS WAY
ON ORIGINAL
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Afrer Afeer
4 wegka 10 weaka
(17 O (21 B) (12 W) (2t H)
CONTRALS MN 28.9 24,2 290.8 23.3
{gavage) St 6.0 9.5 6.3 3
(1o)
1 MGI%G N 1..9 21.3 23.9 5.0
{10} in £.9 1.6 5.2 5.3
LG MG/XG i 15.3 26.5 23.¢0 2l.2
{10} 50 7.7 7.E 3. &
100 MG /X6 [ 5.0 13.8 20.1 9.0
(1) S5O 5.1 2.8 5.3 L1
Tk
‘e
100 MG/¥n MN e, ? 1B.% 16. % 1¢.13
(1a) ) 1.6 4.5 3.0 8.4
LE
e+
(9 {8y {51
CONTAOQLS M h.9 2.7 3.5 1.9
{(diez) 50 6.6 5.1 3.5 5.0
(ig3
130 NGSXS M 20,6 17 .4 2.1 9.5
{13) El 7.0 3.0 .3 2.5
*] (%3
- *
200 MOIKS o 16.6 13.7 716 2:.8
11O} S0 4_B 1.7 6.1 9.5
(*ﬁk] (.h&k)
Feied {e+1)
J N -
APPEARS THIS WAY

ON ORIGINAL

Zopiclone action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont )

T3 in females (mearrts.d.; values in ng/di):
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After afgar
4 weeks 19 wecks
(12 H) (21 B} {1z 8) {2 #)
CONTROLS o 3.7 26.2 29.3 3.6
{gavage) 3] 23,6 8.8 8.0 8.7
{19]
(5
1 NGSRG b 14.2 3.5 .3 33.13
{10) §b 7.6 10.¢ 9.1 a.4
10 MG/XS H 19.2 i..8 11,6 -3
(10) jiin] 13.9 6.8 9.9 15.5%
%) (&)
09 MCMXC My 3.7 6.6 25.9 21.8
{12) s 5.5 §.3 3.4 &.C
202 MG URG wi 24, = 213 29.8 1.4
10} 50 ] 6.9 A £.8
(a2
CONTROLS MN 5.8 1.4 25.9 22.9
{digt) s 2.9 13.0 L4 4.7
(12}
190G MGG MH 214 20,8 3.3 17.]
{10) an 5.5 F | 3.7 2.2
(] (%)
(el (+)
20T MGG s 1.9 2..6 3.8 0.9
(i 5D a.3 6.9 1.2 T.3
{*3 f&v}
(a=) i,'s«"

APPEARS THIS waY
ON ORIGINAL
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T4 in males (meants.d.; values in ng/dl):

Afrer Afcer
4 weeks 10 waeks
(12 m) {21 B} {12 H) (2L HY
CONTROLS L] E1.8 52.4 56.5 3.7
{gavage) 213 7.3 8.3 13.% 6.3
(1a)
$5]
1 HG/KG Hl 51.9 £4.0 56.0 57.0
{10} S0 7.8 7.8 7.7 12.0
*
-
(9 {7}
L0 HG/EG MY £2.3 45,4 53.0 56.2
{10) 5D 14.3 1.2 9.7 12.0
100 MG /RC MN 41.0 &2.8 37.5 44,7
{10} 50 14,8 8.1 2.0 10.9
&% E L L2 2
-+ ++ -
200 MG/KG My 33,7 39.9 4G, 5 37.7
(193 50 10,8 1.3 8.8 %.8
hhh ay" e *+4
*ry e » L X
(N (48 (9
CONTROLS " 601 4r.o Gl.6 54,3
{dier) SO 18,2 12,90 il.? 1.7
{10}
(&)]
100 He/Ka MN 40,8 37.2 w71 49.4
{10} 5D (3.8 1.7 [ 4.5
(hh) (dbb)
{+) {++]
200 MG /KRG Hy 26,2 2.9 2.3 1%.1
L1a) 20 5.6 10.: 3.0 o 2
(k*ﬂ) {:ll} {AA.’ (ilt]
[EX 2] [RLD] {44} (444}

APPEARS This w
ny
ON ORIGINA/
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T4 in females (meants.d.; values in ng/dl):

after After
4 woaks 10 wneks
(12 1) (2L 4) {12 ") (21 H)
CONTROLS MN 4%.0 23.1 37.2 36.1
{gavage} 50 1¢.9Q .t 1Z.4 1.6
(10)
(a2 (] (5) (4}
1 WG/ KG b 37.3 1% . ¢ 33.5 24.2
(10) s 6.9 T.2 B.6 1.7
&=
£5) 8] {6}
10 MGFEG MN 2.6 7.4 2.8 m|.7
c10) -4 ] 7.9 8.0 9.% 7.1
(6) (6 )
108 MG/KG My 3.1 6.7 36.0 29.6
{1Q) ip) 6.8 7.7 T.5 5.%
200 MG/KGC HN 36.6 24,8 29.7 3.1
(10) 3D a.1 6.6 9.7 7.1
* i
{9}
CONIRILS M 3%5.3 2.0 315.3 27.3
(dict) 5D 11.3 7.3 3.5 a.Q
(10)
(9) (8 (L] (&)
100 MGC/XG HN 13.1 8.6 35.% 2.7
{10} sh 3.2 i2.1 5.g 3.7
{8} {a) (52 {7
200 HGIKG MN 28.3 22.8 2r.7 Z3.5
(1) san 4.2 5.1 ?.s 12.4
(%) [
4}
(9

APPTARS THIS WAY
ON ORIGINAL
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Free T4 in males (meants.d.; values in pmol/l):

Aftar Aftgr
4 weoks 10 wnoks
(12 H) {21 1) {12 1) (21 H)
CONTRALS MN 9.1 55.9 53.7 47.0
{gavage) sn 8.2 5.1 3.1 6.0
(10
1 NG/KG MN 51.4 52.0 0.9 43.6
(10} 31} 7.2 1.3 5.5 5.5
-
10 MG/KG MN iB. 0 51.8 48.8 48.7
{10) s 9.7 7.6 8.9 4.k
o
*
100 M2 KC N 4.3 3.0 A1 52.13
{10} S0 11,64 5.0 8.4 5.2
" L] »
200 MG/XG MR 32.4 319.0 4.5 26.5
(10) =) B.9 0.1 7.2 1.2
LTE LAY LLR] LT
- b4 L XX ¥
(91 (&) {9
CONTRILYS MN 49,6 46.1 9.2 55.4
(dLec)? 53 £l 1.2 4. R 5.5
{1g)
103 MC/XE i S0.1 33.4 51.7 514
(103 i 9.1 6.6 4.0 4.2
(**)
(t+)
100 MCIKG MN 2.6 24.% 49 .4 41.9
) sD 6.9 4.1 7.? 8.0
{knk} (*tt} (Q**) (g*g}
{een] {i+) (et} tve)

APPEARS THIS WAY
ON ORIGINAL
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Zopiclone action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

Free T4 in females (meants.d.; values in pmol/):

Afcer Afcer
4 Weeka 1Q warks
(12 M} (21 H) {12 &) {21 H)
CONTROLS HiY £5.2 37.2 &3.8 32.4
{savage) S0 1.0 9.8 8.6 10.13
(Lo}
1 MCIRE . 38.8 7.8 34.8 39.8
{19) s I11.8 12.1 G.8 11.2
-*
*
10 MG/KG MN 4d .1 3.9 4.8 ar.?
{10) 5D 7. 10.8 a.8 1.0
(&)
100 MG/KG [ b 40.3 32.3 33,4 .4
{10) $0 8.5 14.4 1.9 6.5
E A ]
+
100 HGIKG b1 42.5 il.6 40.4 23.3
{i9) sD 6.6 6.8 5.8 6.3
CONTRQLS MN 5i.4 4.5 53.4 41_8
{digt) 50 6.5 1:.0 6.8 9.0
i)
190G MGIKS HN 51.% 49.0 46.6 2.8
(13} 8D B.2 15.3 5.7 9.6
{*)
{+) (+2
200 MG/KG M 6.2 3L.5 39.8 10.8
(ic2 8D 6.1 7.8 6.1 12,3
{emk ) [ELD] (%)
(+) (+t] {r} {+}

APPLARS TS w
LARS AY
UK GRIGINAL
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Zopiclone action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

FSH in females (meants.d.; values in ng/ml)

After
4 weeks

{12 H) (21 H)

CONTRCOLS MN 130.% 174.5
(gavage) 5D 40.7 50.8
(10}
(9
1 MG/KG MN 128.5 186.8
(103 S0 54.9 120.2
{9)

10 MG/XG MN 131.9 158.5

(10) SD 57.6 161.3

100 MG/KG MN 143.5 167.5

(10) sD 50.9 57.3
(9)

200 MG/XG MN 138.4 136.0

(LQ) 5D 8i.5 53.8

CONTROLS HN 164.9 221.9

(dier) SD 64 .4 111.5

{10)

(2)

100 MG/KC MN 180.1 205.3

{10) s 63.5 127.1
(9}

200 MG/KG i} 186.8 236.5

(10) Eh 84.5 97.0
KE D)

10
(12 H)

157.3
66.0

(9)

130.8
80.3

111.1
27.9

9

149.3
47.1

118.9
51.9

159.6
29.1

113.2
35.7
(**)
(++)

133.8
41,6
(+3

APPEARS THIS WAY
GN ORIGINAL
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Afrer
weeks

{21 H)
187.6
90.0
()

185.1
114.8

107.3
29.5

+
(8B)
214.9
107.4

119.6
19.4

(93

191.2
95.1

118.4
47.2
(9)

199.6
119.5
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17 B estradiol in females (meamnts.d.; values in pg/ml)

CONTROLS
(gavage)
Lo

1 MG/RG
(10>

1O MC/IKG
(Lo)

L0 MGIRG
(1)

200 HG/KC
(1aj

CONTROLS
{diec)
(103

100 HGSKS
Cio2

200 MG/SKQ
{12)

No histopathology found in any organ/tissue except in the liver and thyroids. Thyroid hyperactivity (types
3&4) was observed in both sexes dosed 200mg/kg/d via both routes for both wks4& 10 and, in 100mg/kg/d
males dosed via gavage and dietary on wk 10 (table below). There was no difference in thyroid activity
types 1+2 between drug and control groups at any dose. As noted earlier, livers were examined only after
9wks of dosing by both routes at 100 and 200mg/kg/d doses. Mild to moderate liver hypertrophy was seen
on wk10 in males dosed 200mg/kg/d via gavage and females of both routes (histopathology data were not

presented, this is taken from sponsor’s statement in report).

After AL Zer
4 weeko 10 eceks
(L2 H) $21 RH) (12 u) (21 u)
72.5 &4 .2 ap.a 8.9
29.5 16.1% 4.5 9.6
Ta.9 63.9 8.1 &2.3
26.9 14 . 27,5 2.1
a5.8 8).7 846.6 80.7
27.2 19.7 327 31.1
HE ]
76.7 17,7 93.5 9A.8
14.6 50.8 24 .2 2.5
LE 2 )
. -
330, 4 13z.1 a95.3 1z21.3
3. 3a.13 i7.5 33.5
ok b b iy
* - - *r
45.4 537.4 L8713 £% .5
15.4 24 .9 15.7 4.1
86 .0 81.3 114. 8 5.7
22.2 9.5 7.4 AR .7
L] (%) (44 [SaP]
[a+y '+ Ctre
135.4 92.6 132.9 ac.1
a4l 9.5 F3.r 269
[ Sl (*=) (R hn)
{es1} {*~> [ ] (+re+)

APPEARS THIS way

ON ORIGINAL
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RS-zop action on hormonal system in the rat (additional study)/Sepracor# 190-849

Incidence of animals with type 3-+4 thyroid hyperactivity (number of animals out of total exarnined).
Number of animals examined excluded dead rats and those with thyroids irrelevant for rating due to

technical reasons,

Males
GAVAGE
Cont 5/17
100mg/kg/ld 5720

200mg/kg/d  15/18*

DIET

Cont 9/20

100mgkg/d 9720

200mgkg/d 1420

Week 4

Females

1720
2119

G/20*

2/20

4/20

10/18*

* Fishers exact test or Chi square test.

Week 10

Males Females
3/19 3/20
14/20* 320
12/17* 12/20%
5/20 2/20
14/20* 3/20
17/20* 10/20*

Mean plasma RS-zop (ug/ml) increased proportional to dose between 1&10mg/kg/d but no change in
levels between 100&200mg/kg/d (table from sponsor). Levels were 2-5 fold higher after gavage than
after dietary at the same doses. There was no sex difference.

L MG/KG
{gavage)
(5)

10 MG/EG
(gavage)
(5

100 MG/KG
{gavage)
(5)

200 MG/KG
{gavage)
(3

100 MG/KG
(diec}
(5

200 MG/KG
(diat)
(5

MH
5D

MN
5D

After
4 weeks

0.435
0.10Q

7.313
2.44¢

8.472
3.668
(4)

L.B873

0.738

1.5%1
1.003

After
10 weeks

Q.077
0.008

1.110
0,235

13.%40
3.960

8.806
3.157
(4)

2.311

0.527

2.1382
0.554

FEMALES

After
4 weeks

0.1i5
0.045

1.017
0.267
(4)

1.400
1.880

7.670
2.205

3.397
1.145

2.634
C.65%

Afrec
9 weeks

0.157
0.050

1113
0.100
(4}

10,1740
3.714

13,771
3.2108

3. 400
0.754

3.438
0.589



RS-zop action on hormonal system in the rat (additional study)/Sepracor# 190-849 (Cont.)

Summary and Conclusion:

This study re-examined the effects of RS-zop on thyroid and other hormones following gavage and dietary
administration at doses that caused thyroid tumors in previous 18month chronic toxicity study in the rat.
RS-zop in this study was administered to male and female SD rats at 1, 10, 100, 200mg/kg/d by gavage
and at 100 and 200mg/kg/d via diet for 4 or 10wks. The following hormones were measured in serum
at wks4&9 in 20/sex/group with 10/sex/group killed at noon and the remaining 10 rats killed at night (9pm):
TSH, T3, (T3, T4, {T4, GH, Prolactin, FSH, LH, progesterone, and 17-8 estradiol. The 2 time point
measurements of the day were done to see if diurnal variations affect serum hormone levels. RS-zop
administered via gavage caused 4 deaths in males dosed 200mg/kg/d therefore, this dose exceeded the
MTD. However, the drug was well tolerated up to 200mg/kg/d via the diet in both sexes. Unlike previous
studies, clinical signs were observed in this study and included stereotypy, clinical signs occurred in the
100&200mg/kg/d doses via gavage and none seen when drug administered via the diet. RS-zop caused up
to 13-14% decrease in mean B.wt in males dosed 100&200mg/kg/d via gavage and 200mg/kg/d via diet
compared to controls. These wt changes started during the 1% wk of dosing and continued till end of study.
Mean wt was also reduced throughout the study starting from wk|, in females dosed 200mg/kg/d via diet
(up to 12% relative to control), however, mean wt was significantly increased up to 8% in females dosed
200mg/kg/d via gavage. Mean serum TSH was significantly increased in both sexes at 200mg/kg/d via
both routes and time of blood collection had no effect on hormone levels. Serum T4 and rT3 levels were
decreased and T3 were increased in both sexes at 200mg/kg/d and some in 100mg/kg/d doses via one or
both routes of administration. Together with these hormone changes mean relative thyroid and liver wts
were also increased in both sexes at both routes at 200 but not 100mg/kg/d dose. Thyroid histopathology
described as hyperactivity of the gland tissue was seen in both sexes at 200mg/kg/d at both wks4& 10 and
only in males dosed 100mg/kg/d at wk10. These changes in thyroid hormones and histopathology indicated
an indirect mechanism of the drug rather than direct effect on hypothalamic -pituitary axis. This is because
a direct effect on TRH or TSH would cause an increase in serum T4 which did not occur and a direct
inhibition of hormone synthesis by RS-zop would lead to decrease in not only T4 but also T3 which was
not observed. Therefore, an indirect mechanism of RS-zop may be responsible for the thyroid changes.
RS-zop may be inducing liver enzyme activity specifically 5'-deiodinase leading to accelerated breakdown
of T4 to T3 and rT3 to T2 with consequent stimulation of TSH that in turn causes thyroid proliferation. In
support of such proposition, liver hypertrophy was observed as stated by the sponsor. Other drug related
effects included an increase in mean relative ovary wt in females dosed 200mg/kg/d of both routes:
without histopathology. RS-zop seem to affect other endocrine hormones: a significnt decrease in
prolactin and FSH levels in females dosed 200mg/kg/d, serum LH was also significantly reduced at
>10mg/kg/d. Mean 17-f estradiol was significantly and dose dependently increased in females
dosed 100&200mg/kg/d via both routes and both wks4&10; no drug effect on progesterone. Drug effect
on estradiol may also be peripheral and indirect since a central role is not supported by an increase in FSH
(in fact levek of FSH were decreased).
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8. A 28d oral gavage endocrine function study of esopiclone and RS-zopiclone in male rats,
amendment and final report/Sepr.# 190-837A1, — -312087, 2001

Conducting laboratory and location: ~  —

Date of study initiation: April 19™ 2001; final report date Jan 8" 2002

GLP compliance: yes: FDA, Japanese & OECD

QA report: yes (x)

Study Objectives: primary objective was to evaluate the potential effects of S-zop and RS-zop On
thyroid homone homeostasis and liver enzyme induction and secondary objective was to investigate
drug effects on spermatogenic parameters based on findings in previous toxicity and reproductive
studies in the male SD rat. Reversibility of any of these findings was assessed by allowing rats 28d drug
free recovery period.

Methods:

RS-zopiclone (lot 326-7226; purity - ,, and S-zopiclone (lot 029-0014 purity ~  were
administered daily for 7, 14, or 28days by oral gavage at 200 and 100mg/kg/d respectively to 12wk old
male Sprague Dawiley rats. Rats were purchased from — The control group
received the vehicle 0.5% carboxymethyicellulose (CMC) on a comparable regimen; drug or control were
administered at 10ml’kg volume. There were 60 rats/group, each [5/group were killed at 7, 14, and
28days postdose, remaining 15/group were kept for additional 28d recovery period. At each necropsy, liver
and prostate samples from each rat were frozen for potential analysis and spermatogenic parameters
evaluated on 8 males at each necropsy. Blood for hormone analyses was collected from the vena cava of
all non-fasted anesthetized rats at each necropsy. Samples were collected in the morning between 7:30-
10:30am and the following hormones analyzed: TSH (by RIA), T4 & T3~ — j; T3 (by RIA), FSH &
LH (by RIA), testosterone and beta estradiol (by ~— —

Parameters Studied:

* Clinical signs and mortality were checked 2x daily (during recovery 1x daily), detailed exam, food
intake and, B.wt checked weekly,

* Serum hormones days 7, 14, 28, and 56 (recovery). FSH, LH, beta estradiol, testosterone, TSH, T3,
rT3, and T4.

¢ Complete standard gross exam on all rats at each necrospy and on any rat in extremis. The following
were preserved in buffered formalin: all gross lesions, liver sections from both lobes, pituitary, thyroids,
adrenals, testes, epididymides, and prostate.

» The following organs from all rats were weighed: adrenals, brain, epididymides, liver, pituitary,
prostate, testes, and thyroid/parathyroid (paired organs weighed separately).

¢ Microscopical exam of H&E prepared slides from the above tissues/organs was done. The pituitary
glands were sectioned longitudinally, both halves processed and special immunohistochemical statning
was done using rat TSH antibody. All tissues were evaluated by =~ = ,

~—  senior pathologist at —

* Spermatogenic assessment: immediately after euthanasia, the reproductive tract of 8 males per group
at each necropsy was exposed and epididymides removed according to SOPs. Sperm motility was
determined by computer-assisted sperm analysis system
on at least 200 motile and nonmotile spermatozoa/rat (actual numbers of spermatozoa/rat ranged
between 0-384). Sperm morphology was assessed by a modified wet-mount technique and abnormal
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sperms recorded from a differential count of 200 spermatozoa/rat as applicable. Also sperm
production rate were determined from the left testes and epididymides of the 1 8 rats per group at
each necropsy.

e Liver enzyme induction was evaluated from microsomes from the I*' 8 males per group at final
necropsy {analysis done at — B ). Samples were analyzed for P450
content and UDP-glucuronyltransferase (UDP-GT). The following tissues were frozen for potential
future analyses: testes, epididymides (for rats not receiving spermatogenic evaluation), adrenals, and
prostate. [enzyme induction was not done under GLP].

Results:

Mortality and Clinical Signs: no drug related deaths. Clinical signs occurred in both drugs and were
consistent with the pharmacology of the drug: hypoactivity, sleeping, and impaired muscle coordination.
B.wt, wit gain. Food intake: no drug effect.

Hormone Effects: there were NO drug related effects on serum estradiol, FSH, or LH. Mean TSH
was significantly increased after 2wks in both drugs and only in RS-zop after 4wks (2.682x for RS-zop
wks2&4 respectively, and 1.6x for S-zop over the control). Mean T4 levels were significantly decreased
32&20% relative to control in RS-zop on wks1&2 but not different on wk4 (end of dosing); no effect in S
zop. Mean T3 was 14% increased over the control in S-zop on wk1 only; no other changes in either drug
at any time. Mean rT3 was significantly reduced 11&33% in S- and RS-zop respectively only on wkl
relative to control. Mean testosterone was significantly reduced on wkl in RS-zop (61% less than
control) and in both S- and RS-zop at recovery wk8& (61 and 54% less than control respectively).

Organ wts: Mean absolute and relative liver wt was significantly increased over the control in RS-zop in
all interim necrospsies as well as recovery period d56 these increases ranged between 7.5% on d7 to 19%
on d28 (11% on d57), no liver wt changes in S-zop. Mean absolute and relative thyreid wts were
increased (rel. wt 17% over control), wk4 in RS-zop only. Mean absolute and relative wt of adrenals
{both or one adrenal), were significantly increased in RS-zop on all necropsies but comparable to control
on recovery d57 (increases in rel. wt up to 29% d7 to 14% d28). Both drugs caused significant increase in
mean relative testes and epididymides wts relative to control on days 7,14, and 28 (epididymides wt not
affected on d28 by either drug). These increases ranged between 16 to 41% (up to 108% for epididymides
on d7 in RS-zop and up to 93% for S-zop); weights were comparable to control during recovery. These
changes corresponded 1o histopath findings.

Gross morphology: both drugs caused changes in epididymides and testes as early as wk1 necropsy;
compared to nil changes in control. These effects included raised yellow areas, white areas and enlarged
cpididymides and enlarged testes. Changes in epididymides persisted till d56 recovery period in both drugs
whereas enlarged and soft testes were observed only in RS-zop during recovery period.

Histopathology: Adrenal cortical hyperplasia was seen in 3/15 rats in S-zop on wk!; no findings in other
groups. Liver wt changes correlated with minimal hepatocellular hypertrophy found in 2/15 wk1 RS-zop,
4/15 each on wks 2,4, and 8 (recovery period), with no incidence in control or S-zop groups. Thyroid
changes in RS-zop included thyroid follicular hypertrophy and decreased colloid from wk1 through wk4 but
no effect at end of recovery. The thyroid changes were seen in S-zop only on wk4.
Immunohistochemical staining in the pituitary was seen in drug and control groups at all times but the
rating of “severe” was seen only in RS-zop on wks2&4 and S-zop wk2. “Moderate” rating was seen in
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both drugs on wk4 (8/15 each drug vs. 3/15 control); no changes in pituitary at end of recovery in either
drug. Minimal hypertrophy of the pars distalis of the pituitary was seen on wk4 in 3/15 RS-zop group vs.
none in S-zop and control. Histopathology of the epididymides occurred in both drugs of the

28d oral gavage endocrine function study of S-zop & RS-zop in male rats/Sepracor#190-837A1 (Cont.)

majority of rats starting on wkl and through recovery period they included sperm granuloma (mild to
severe), interstitial edema, degenerative changes, cytoplasmic vacuolation, and subacute inflammation.
Changes in testes seen in both drugs and included seminiferous dilatation, and degeneration observed
throughout study and end of recovery in both drugs; none of these seen in control. Prostate changes
observed in both drugs and included epithelial hyperplasia and decreased secretion from wk1 through end
of dosing wk4 (only decreased secretion remained on recovery wk8 in RS-zop).

Spermatogenic parameters: drug related effects were observed at all 3 time periods with both drugs.
Mean testicular and epididymal sperm count, production rate, and motility were significantly reduced in
both drugs relative to control (p<0.05 or 0.01). This reduction was pronounced in some animals that
evaluation was not possible due to insufficient number of sperms available. Incidence of abnormal sperms
was increased with both drugs and consisted of normally shaped heads separated from flagetlum and
absent heads with normal flagellum. At recovery period, sperm motility remained reduced in both drugs
compared to control (p<0.01), all other parameters were comparable to control.

Liver Enzymes: total protein was unaffected by either drug and P450 content was unaffected by S-zop
and only mildly increased by RS-zop over the control value (1.3x control, p<0.05). Cytochrome BS was
not affected by S-zop and increased only 1.4x control in RS-zop (p<0.05). Mean thyroxine glucuronidation
was slightly but significantly elevated in both drugs 1.3x and 1.6x control (p<0.05). A moderate and
significant 4x increase was measured in 4-methylumbelliferone glucuronidation only in RS-zop, relative to
control (table from sponsor).

Summary and Conclusion;

< Protein yield | Cytochrome bs Cyt:i;;ome 4-Methylumbelliferone Th-“m.ﬂm.
b TREATMENT (mg proteinfg (nmol/mg glucuronidation glucuronidadon
o liver) protein) {nmoll:mg {nmol/mg protein/min) {pmol/mg
b protein} protein/min)
E Vehicle

&~ | Control 14.043.6 0.541+0.059 0.76810.096 136132 27.3+2.7
S 100 mgngiday | 15242 0.581+0.075 | 0.815+0.130 223350 356423+
3 [Lesopiclone (1.2) (L.1) (L) (1.6) (1.3)

£ | 200 mp/kg/day

& | (RS)-zopiclone 14.4+4.2 0.743+0.131* | 0.979+0.182* 530499 43.5+4 8

(1.0} {14 [¢)) 3.9 {1.6)
* = p<0.05 * = Values are mean + standard deviation of eight rats.
Values in parentheses indicate the fold increase over control or the fraction of the control (0 mg/kg/day vchicle control)

Oral gavage daily administration of 100mg/kg S-zop and 200mg/kg RS-zop to male rats for 1, 2, and 4wks
caused no drug related deaths and no effects on B.wt, wt gain, or food intake. Clinical signs were
extension of the phanmacology and observed in both drugs. Both drugs affected some serum hormmones,
organ wts, liver enzymes, and induced histopathology. Sperm parameters were also affected by both
drugs but more so by S-zop. There were NO drug related effects on serum estradiol, LH, or FSH at any
tume period. Mean serum TSH was significantly increased as early as 2wk of dosing by both drugs (2.6x
and 1.6x for RS-zop and S-zop respectively, relative to control). Serum T4 was significantly reduced only
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in RS-zop on wks1&2 but comparable to control by end of dosing wk4. Serum T3 was significantly
increased 14% over the control only in S-zop and only wkl; no effect in RS-zop. Serum rT3 on the other
hand, was significantly decreased 11&13% in S-zop and RS-zop respectively, but again, only on wk1.
Only RS-zop caused a significant decrease in serum testosterone on wk1 (61% less than control) but both
drugs caused 54-61% reduction relative to control at recovery wk8. Only RS-zop caused a significant

28d oral gavage endocrine function study of S-zop & RS-zop in male rats/Sepracor#190-837A1 (Cont.)

increase in absolute and relative weights of the liver, thyroid, and adrenals at 2 or all 3 time periods relative
to control. Both drugs caused a significant increase in weights of epididymides and testes at all 3 time
points but comparable to control at end of recovery. Gross exam of these 2 organs revealed them to be
enlarged with raised yellow areas. Histopathology showed thyroid follicular cell hypertrophy and
decreased colloid after 1wk and through wk4 of dosing but no effect at end of recovery period. Thyroid
changes were seen in S-zop only after 4wks of dosing. Immunohistochemicat staining of the pituitary was
seen in both drug groups and control group at ail times but the rating of “severe” was seen only in RS-zop
on wks2&4 and S-zop wk2 and moderate rating was seen in both drugs on wk4; no changes in pituitary at
end of recovery in either drug. Minimal hypertrophy of the pars distalis was seen on wk4 in 3/15 RS-zop
group vs. none in S-zop and control. Mintmal liver hypertrophy was found in RS-zop on wks2, 4, and 8
with no incidence in control or S-zop. RS-zop caused a mild induction of liver enzymes at 1.3-1.6x control
with a moderate 4x increase in 4-methylumbelliferone glucuronidation. Liver enzyme induction was less
impressive with §-zop without an effect on P450 content; neither drug affected total proteins. Both drugs
exerted toxic effects on the epididymides in the majority of rats starting on wk1 and through recovery
period such effects included sperm granuloma, interstitial edema, degenerative changes, cytoplasmic
vacuolation, and subacute inflammation. In the testes, seminiferous dilatation and degeneration observed
throughout study and end of recovery in both drugs; none of these seen in control. Prostate changes
observed in both drugs and included epithelial hyperplasia and decreased secretion from wk1 through end
of dosing wk4. Testicular and epididymal sperm count, production rate, and motility were significantly
reduced in both drugs relative to control and percentage of abnormal sperms was increased with both
drugs. At recovery period, sperm motility remained reduced in both drugs compared to control.

In conclusion, RS-zop at 200mg/kg/d administered via gavage had the following effects on the thyroid and
liver {see summary table from sponsor);

+ Increased serum TSH and decreased serum T4,

Increased relative liver and thyroid wts,

Increased thyroid UDP-GT and P450 content,

Caused thyroid follicular cell hypertrophy and mild liver hypertrophy,

Immunchistochemical staining in the pituitary for TSH was observed equally in control and drug group
however, rating of severe and moderate were observed only in drug group.

These changes seem to be consistent with an indirect secondary effect of the drug on the thyroid tissue
however, some of these changes occurred after 1 or 2wks but were not observed at end of study wk4.

S-zop at 100mg/kg/d also affected these 2 organs but not to the same extent as did RS-zop.
Both drugs adversely affected male reproductive parameters with S-zop more so than the RS:
» Significant decrease in serum testosterone only in wk1 and recovery wk8,

® Macroscopic changes in testes and epididymides,

¢ Increase in testes and epididymides relative wts,
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Histopathological changes included sperm granulomas and degeneration, obstruction, dilation and other
inflammatory changes in epididymides,

Tubule dilation in testes and decreased secretory function in the prostate,

Decreased sperm motility, production rate, and count as well as increase in percent of abnormal
malformed sperms.
Noted that neither drug affected serum estradiol, LH, or FSH levels.

Note that organ wis in the table are absolute wts.

28d oral gavage endocrine function study of S-zop & RS-zop in male rats/Sepracor#190-837A1 (Cont.)

SUMMARY OF LIVER DATA 0 mg/kg/day Esopiclone (RS)-zopiclone
Week 1 1445 14.37 15.75%*
Mean Liver Weights Week 2 14.12 14.71 16.79**
(Grams) Week 4 14.89 15.84 17.86**
Week 8 (R) 16.51 16.27 18.08**
Week | 0 Q 13
Hepatocellular Week 2 0 0 27
Hypertrophy
(% Incidence) Weck 4 0 0 27
Week B (R) { 0 29
Rat Liver Microsome: UDP-Glucuronosyltransferase Activity at Week 4
Thyroxine (pmol/mg protein/min) 273 35.6* 43.5*
4-Methylumbelliferone {(nmol/mg protein/min) 136 223 530*
SUMMARY OF THYROID DATA 0 mg/kg/day Esopiclone (RS)-zopicloane
Week | 0.0224 0.0224 0.0213
Thmid%:i’;thm]d Week 2 0.0219 0.0238 0.0236
Weights (Grams) Week 4 0.0226 0.0241 0.0274*
Week 8 (R) 00216 0.0237 0.0233
Week ! 7 7 33
Follicular Cel! Week 2 7 4 27
Hypertrophy
{% Incidence) Week 4 0 47 40
Wecek 8 (R} 7 7 7
Week | 7 7 32
Decreased Colloid Week 2 14 7 27
(% Incidence) Week 4 0 47 40
Week 8 (R) 7 14 14
Week | 4.91 4.73 3.40*"
Total T, (ug/dL) Week 2 4.9% 5.22 381
Week 4 4.89 5.42 4.51
Week 8 (R) 4.83 5.61* 514
Week | 11.37 11.65 13.49
TSH (ng/mL) Week 2 9.72 16.56* 26.05%*
Week 4 11.83 13.27 23.19*
Week 8 (R) 9.99 8.82 8.39
* = stalistically significam at .03 = s'latislically sig}niﬁcam a1 0.01, R= Recovery
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9. A 3month dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F/
— -312109, 2002

Conducting laboratory and location: -—

Date of study initiation: Dec 14" 2001; final report date Nov14™ 2002

GLP compliance: yes: FDA, Japanese & OECD

QA reports: ves {x)

Study Objectives: this is a mechanistic study to evaluate the proposed theory that RS-zop causes
endocrine disruption in male rat (thyroid hormones) and &male rat (reproductive hormones),

Methods:
RS-zopiclone (lot ZP0010102; purity = —  was administered daily for 92days at 100 and 200mg/kg/d
via the diet to male and female Sprague Dawley rats purchased from - . The

control group received basal diet on a comparable regimen. There were 90 rats/sex/group and additional
15/sex/group for TK. Rats were approximately 1iwk old at start of dosing and weighed 297-358g males
and 197-249g females. Animals were killed at 3 time points for hormone analyses: the first 30/sex/group
were killed after 2wks of dosing, the next 30/sex/group were killed afier 4wk (28d) of dosing and the
remaining 30/sex/group were killed at end of 3month (d84 for males and 88-92 for fernales). Blood was
collected from the TK animals on days 28&84 at several time points from 3/sex/group/time point from the
tetro orbital sinus. B.wt and food intake was determined for these groups. Blood samples for both
periods were collected from the same 12 rats with each rat sampled up to 2x in 24hr. After blood
collection, TK rats were discarded without further examination or assessment; samples were shipped to

= . for analysis. Liver samples from all male rats at end of study were
evaluated for enzyme induction (total P450 content, UDP-GT), by —_

Parameters Studied:

¢ Clinical signs and mortality checked 2x daily, detailed exam, food intake and, B.wt checked weekly,

* Serum hormones days 14, 28, and 84 (males)/days 88-92 (females),

* Vaginal smears were examined daily for each female to determine stage of estrus from days -7
through 14 for necropsy females on d14, from d8-28 for necropsy females d28, and from dé1
through 84 for necropsy between days 88-92. Mean cycle length was calculated. Because of
results on d14 and 28 (see result section), the sponsor attempted to kill each female at final
necropsy at the estrus phase of her cycle, Therefore, necropsy was reassigned from d84 to 88-92.
Criteria for day of necropsy for each female: those that had a normal cycle were assigned a
necropsy day based on their mean estrus cycle length so that they were killed on expected day of
estrus, those that had an abnormal cycle were assigned necropsy day based on evaluation of cycle
data by beginning with the last evidence of cycling (i.e. occurrence of estrus, metestrus, or
proestrus), and counting in increments of 5 days (normal cycle).

*  Liver samples from all male rats at end of study were evaluated for enzyme induction (total P450
content, UDP-glicuronyltransferase), by —_

¢ The following organs were isolated and weighed at end of study from all animals: liver, adrenals,
ovaries/oviducts, pituitary, uterus, and thyroid/parathyroid.

3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)
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¢ All microscopic exams were done by Dr - { a consultant pathologist. These exams

were done to determine the stage of estrus at euthanasia.
H&E stained slides were examined microscopically for the following tissues/organs: ovaries, uterus,
vagina, and mammary tissue from all females at end of study. The inguinal pair of mammary gland
were examined as follows: 3 sections of each pair were examined with 1
section cut through the nipple (when it can be identified), and remaining 2 sections cut lateral to the
nipple but on opposite sides.

¢ TK parameters were determined for S-zop, R-zop, and $- & R- desmethyl zop using — with
quantitation limit of —  Sampling period was between 0-24hr

Results:

Clinical Signs and Mortality: no drug related signs or deaths in either drug group. It is noted however, that
in previous oral gavage study in the rat (Sep# 190-837F), clinical signs reflective of extended
pharmacology of the drug were observed at 100mg/kg/d. The sponsor suggested absence of any clinical
signs in the current study may be refated to diet vs. gavage administration however, signs have been
observed in animals dosed via diet in previous studies.

B.wt: (done only on tox groups), mean wt in both sexes at both dose groups was reduced compared to the
control animals throughout the study generally reaching statistical significance. Mean wt gain was
significantly and dose dependently reduced in both sexes throughout the study relative to wt gain in
controls. The decrease in wr. gain was as follows at 100 and 200mg/kg/d:

Wk 0-4 m: 20 and 40% f: 20* and 53% (* not statistically significant)

Wk 0-8 m: 14 and 33% f: 23 and 45%

Wk 0-12 m: 15 and 32% £ 23 and 43%

Wk (-13 not measured in males; £ 28 and 44%

Values are % less than corresponding mean value in control groups. p<0.05 or 0.01

Food Intake: no drug related effects. Mean intake during some weeks was reduced and reached statistical
significance however, the change was small and not dose dependent.

Organ wts: mean absolute and relative liver and thyroid wts in both sexes and both doses were
significantly and dose dependently increased over the corresponding control wis. At end of dosing, mean
relative liver wt increased 168&25% in males and 31&57% in females over the control wis in 100and
200mg/kg/d respectively. Mean absolute and relative liver wt in males on d28 was significantly increased
only in 200mg/kg/d relative to the control (128&14%). Mean relative thyroid wt increased in males
20&40% and in females 13&25% over the control wis in 100&200mg/kg/d respectively. Mean relative
wt of the left adrenal in males and right adrenal in females were significantly increased in both doses
relative to the control wts {8-17% more than control). No changes in uterus or

ovary wts except for a 16&24% increase (p<0.01) in 100mg/kg/d over the control but no

change in 200mg/kg/d group therefore, this effect was not considered drug related.

Macroscopy: at end of study, 7-8 males out of 30 males dosed 200mg/kg/d had soft or small testes and
2/30 males dosed 200mg/kg/d had small epididymides. In females, 15/30 dosed 200mg/kg/d had clear fluid
in uterus (6 and 8 of 30 each in control and 100mg/kg/d RS-zopiclone respectively). None of these findings
in either sex corresponded to histopathological changes nevertheless, they were considered to be drug
related.

Histopathology: the following is the pathology report written by consultant pathologist Dr ~ ~—

) — .. As indicated earlier, vaginal cytology was done up to d63-84 and was not done from
d85-92 (terminal necropsy). Cycle stage was therefore, estimated for these final days (see method
section above). The expert pathologist concluded the following: mammary gland changes develop
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over time in response to sustained increase in estradiol level. Such prolonged elevation in
estradiol can trigger earlier onset of reproductive senescence and over 1-2 year, mammary
tumors can develop early and occurs at higher incidence than the control. The persistent
increase in E2 sensitizes the gland to progesterone that consequently leads to lobular/acinar
profiferation. These hormonal changes in E2 and progesterone will cause prolonged cycle
lengths. The following table from the sponsor lists length of estrus cycle for each rat during days 63-84
(as stated above, data for terminal necropsy were not done). Since normal cycle length is 4-5 days in the
rat, this reviewer used cycle lengths >6 days to represent abnormally long cycles. Based on this,
abnormally long cycles were seen in 3/30 rats in control, 9/30 in 100mg/kg/d, and 3/30 rats in 200mg/ke/d
groups (table to follow). These rats spent the length of the cycle mostly in diestrus. The mean cycle
length was significantly increased in 100mg/kg/d at 6.2 days compared to 4.9 day in control. The
variability was so large at s.d. of 3.31 days which was contributed to 2 rats out of the 9 with cycle lengths
of 19 and 16 days (rats #82686 & 82706 respectively). Also, noted absence of dose response with
respect to prolonged cycle length as seen from the comparable mean cycle length at 200mg/kg/d RS-zop
and the mean cycle length in the control.

APPEARS THIS WAY
ON ORIGINAL
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OFLOMArS -
AMEMCAN COLLEGE

ar
YETZAINARY PATHOLOGISTS

/

RE: ™ PROJECTNO.312109Z. A 3-MONTH DIETARY STUDY OF [RS)-
ZOPICLONE INRATS.

TO:

Thitty females each from GROUP | - 0 mg/kag/day, GROUP 2 - 100 mg/ly/day, nd

GROUP 3 - 200 mg/kg/day were iiliad at study termination and blood collected for harmonal

analysis. Prior to terminafion estraus cycls datz was collected by daily vaginal lavage for 72 to 23

days. The rats were bled a1 presusaed peak sstradiol fevel by correlating the vaginal cytology with ) @

the aftamoon of proastrus. After 2 2 to 4 day lag period the rats wers necropsied and praescol

specified tissues collected. %‘
0

O

The ovary, Werus, vagina, and mammary gland were evaluated sepamately to datennine
ether normal or abnormal estrous cydes by histomorphological detenminants, ' q{}‘

',ﬂ

Review of the individual estrous cycle data derived from vaginal cytology revealed many - CZ‘

rats fiom the. coatrals 100, and 200 mg/kg/day groups with sbooemally loog, ecrous cycles. The ()
. Mmmnfm_:ﬂm wterus, and vagine alsa indicated masy rats with O

increased E&tros intervals. Those with sbnormal estrous cycles inciuded 14/30 - Group 1, 19/30 )
- Group 1, 7d 22/20 - Growp 2 ruts. The irregular cycles were consistart with 2 increased ‘0
dirstrus interval which is the firsy estrous cycla imegularity 3ssociated with iritial reproductive A
smesconce. The tistue changes in the ovasies, uterus, and vagina indicated o shghtly increased
time exposurs to carpora luteal progesterone {which causes vaginal mucification} and then a slowly
_rising By fevel but increascd exposure under the €, curve prior ta the next E; spile and ovulation,
Nearly all rats of all dose groups were cycling but irregudarly ot the time of necropsy.

Cycle iregulasities may have been partially influenced by treatment mmd appeared dose
respansive. The trettmant influence on the estrous Sycle was subtle but tendad to exaggerate
irregular cycles associared with the onset of reproductive wmescence.

——

The marmmary gland is an impertan indicator of repeated exaggerated oposure to By, By,
or PRL. Estradiol sensitizes the gland to P; stimulation which results i acinarfobular
development. Undar narmal estrus cycle conditions the mammary gland remaing static. If
lengthened cycles with increased Py expasure ooour, varying degrees of lobular development

occurs. I B, levels are sustained, as in most carly abnermal cycles associated with reproductive
senescence, then there may be assocated mammary gland alterations over tme.

There was no treagnant assodatad advancemant of abnommal mammary gland changes in
test mats when compared 1o controls at this time and age interval. Howevor, if tregment inftiates
the earlier anset of changes ndlated to reproductive senescence 25 suggestad by the niroher of
abnormal estrouy cycles in treated rats ‘whan compared to comrels then over the long temm (1 -2
Yeasslthie onset time and number of mammary neoplasms could be affected.
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3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

Summary of estrus cycle data days 61-84:

Group

Estrus cycle length (days)
Meants.d.

N

200mg/ke/d

When estradio! levels for the individual rats with long cycles were compared, there was no correlation

between length of estrus cycle and estradiol levels in these animals with cycle length >6 days. In addition,

“mean” estradiol levels were comparable between drug groups and control. The sponsor however,
determined estradiol and other hormone levels at each estrus stage for days 14, 28, and 84. [In all these

analyses it should be kept in mind the large inter-/intra-animal variability reflected by the marked
s.d.]. Statistics should not be performed on these data since n was as low as 1 rat (tables from sponsor).
Estradiol level at estrus seemed elevated in 200mg/ke/d on d14 (62+30pg/ml vs. 46+18pg/ml cont), d28
55+12 vs. 39+1 1pg/mi cont at estrus, but inconclusive on d84 because only 1 rat was in estrus and in fact
mean value was “significantly” reduced in both dose groups relative to the control during proestrus (n at

this stage ranged between 20-28)(table from sponsor).

TRBLE 10

ANALYSIS

ESTRADIOL {pg/ml]

DAY 14
ESTRUS

DIESTRUS

METESTRUS

PROERTRUS

DAY 28
ESTRUS

DIESTRUS

METESTRUS

PROESTRUS

PROJECT MO . -WIL-112109F

A 3-MONTX DIETARY STUDY OF (RS)-ZCPICLONE IN RATS

38.5
11.49%
€.61

64.7
30.40G
5.44
22

26.5
1 46
0.90

1.6
61.3:
43,358

62.2
25.73
11.2¢

0.6
36.85
3.52
is

41.1
pE- P
.09

297.0
4.00
0.00

54.9
12.42
4.69

6l.1
23.51
5.54
18

47 .6
18 40
10.62

5.1
2.05



3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

Other Serum Hormones in females: in addition to estradiol, FSH, LH, prolactin and progesterone were
measured and similar to estradiol, inter- and intra-animal variability was large (table below for Day 84;
values are meands.d. in ng/mi; n = 30 unless indicated otherwise; data from table 9 page 97 of 1172 of
SpOnsor report);

0 100 200me/kp/d
FSH® 1.1422 1.442.3 3.243.7*
LH 12+19 9+12 27+30%*
Prolactin 185+140 134496 214+177
Progesterone 105+87 141+111 201+155%
Estradiol/FSH ratio®  697+568 5104413 398+499
Prolactin/estradiol ratio 2.612.3 2242 3124
$ mean includes estimated FSH values  * p=0.05 from control ** p=0.01 from control

Because no drug effect was observed on serum hormones when mean values were calculated, data were
re-analyzed in relationship to estrus stage. [it should be noted that statistic s are meaningless for small
“n” in this case as small as n=1], therefore, this reviewer did not consider them in data evaluation but are
reported. Mean FSH values seem to show an increasing trend: on d14 during estrus, on d28 in metestrus
and, on d84 at proestrus compared to control mean values (table below; values are meants.d; ( ) number
of rats)(from report table# 10 page 106 of 1176):

0 100 200mg/kg/d
Day 14 Estrus 3.6+44 (10)  6+H4(5) T+ (7
Day 28 Metestrus 1.4+0.5 (3) 4.6+2.5(3) 4123 (3)
Day 84 Preestrus 1.6+2.5(21) 2426 (20) 3+4 (28)
Note that none were significantly different from contro! and the marked s.d.

Mean LH value at 200mg/kg/d was increased on d84 at proestrus (p=0.05) but no effect at 100mg/kg/d;
conclusion could not be made at the other time points. Mean prolactin levels were reduced on d14 and
d28 reaching statistical significance on d14 at both dose groups relative to control during diestrus (p=0.01);
however, mean levels increased dose dependently but not significantly, on d84 at proestrus (table below).
Mean progesterone exhibited an increasing trend during estrus d14 and d28 and, at proestrus on dj4

(values in table are meants.d.; number of rats is in ( )). Again, note the large s.d.

0 100 200mg/ke/d
LH Day 84 Proestrus 15.6+21.5 (21) 11413.6 (20)  29+30* (28)
Prolactin Day 14 Diestrus 173498 (15) 85+31** (11) 84433** (15)
Prolactin Day 84 Proestrus 151+115 (21) 138499 (20)  224+179 (28)
Progesterone Day 14 Estrus 145+111 (10) 1934220 (6) 2974200 (7)
Progesterone Day 28 Estrus 164460 (3) 1724223 (2)  205+166 (7)
Progesterone Day 84 Proestrus 111498 (21) 168+116 (20) 193+138 (28)

* significantly different from control at p=0.05
** significantly different from control at p=0.001



3mo dietary endocrine function study of RS-zopiclone in rats/Sepr# 190-870F (Cont.)

Serum Hormones in males: mean TSH, T4, T3, and rT3 (reverse T3) were determined in males on study
days 14, 28, and 84. Mean TSH was increased dose dependently and significantly at the 3 time points.
Such increase in TSH corresponded to the expected decline in serum T4 levels that were significantly and
dose dependently reduced at the 3 times points (table from sponsor). No drug effect on T3 but rT3 was
slightly though significantly reduced at both doses on d14 and only in 200mg/kg/d on d84. These thyroid
hormonal changes correlated with increase in thyroid wis of rats in drug groups compared to those in
control but no corresponding histopathology. RS-zopiclone-induced changes in TSH and T4 were also
observed in previous rat study * — . 312087). The sponsor indicated that these changes together with
increases in liver enzymes (see below), and liver wts, support the theory that thyroid hormone changes are
secondary to liver enzyme induction.

A 3 HONTH DIETARY STUDY OF (RS)-ZOPICLONE IN RATS

----- MALE -----

ANALYSIS  GROUP- 0 MG/KG/DAY 100 MG/KG/DAY 200 MG/KG/DAY

TOTAL T3 (ng/di)

DAY 14 MEAN 129.§ 130.5 130.8
5.D. 12,95 14.75 15.94
N 10 10 30

DAY 28 MEAN 120.6 121.2 120.3
$.D. 10.04 20.89 18.08
N 30 30 30

DAY 84 MEAN 12%1.5 123.0 121.7
5.D. 14 26 13.76 15.93
N 10 30 3

TOTAL T4 {uG/dL)

DAY 14 MEAN 2.9 2.6+ 1.94%
5.0. 0.49 0.50 0.35
N k1) 10 10

pat 28 MEAN 15 3.2 2.4%%
$.p, .57 8.53 5.51
N 10 30 0

DAY 84 MEAN 2.2 1,70 1.4+
5.0, 0.67 .56 0.56
N 30 e L1

MODIFIED STATISTICS USED. * [NDICATES PARAMETRIC AMALYSIS AND .. _ Significantly different from the control group at G.01

A 3-MONTR DIETARY STUDY 0? {RS) -ZOPICLONE IN RATS

----- MAL S
ANALYSIS GROUP 0 MG/KS/DAY 100 MG/KG/DAY 200 MG/KG/DAY
TSH (ng/ml)
DAY 14 MEAN 14.8 17.% 23 . 5%+
5.0D. 7.85 6.73 9.31
N EDY] 39 a0
DAY 28 MERNR 14.4 21.0++ 27.0++
5.D. 5.21 7.82 2.1
N a0 30 30
DAY 84 MEAN 13.6 15.5 21.7++
3.D. S.74 5.57 9.84
N g 3o 30
REVERSE T3 {ng/ml)
DAY 14 MEAN 0._05 0.0%5+ Q.09
5.D. a.010 0.009 0.011
N 10 30 ¢
DAY 28 MEAN 0.086 0.407 0.05
5. 0. £.013 D.082 . 0.012
N 30 30 30
DAY a4 MEAN 0.04 G.03 0.0
53.D. 0.011 0.010 0._0ce
N o 3G 30
MCDIFIED STATISTICS USED. * INDICATES PARAMETRIC ANALYSIS AND + INDICATES NON-PARAMETRIC ANALYSIS.
* = Significantly different from the control group at J.05

**, ++ = Significantly different from the control group at 0. C1



3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

Liver Enzymes: RS-zop caused a significant but small (except the 3x in 4-MUF), increase in P450
content, thyroxine glucuronidation, and 4MUF glucuronidation*. Table below presents fold increases over
the control (n=30 male rats per group):

Dose P450 Content 4-MUF glucuronidation T4 glucuronidation
{(mg/kg/d) nmol/mg protein nmol/mg protein/min pmol/mg protein/min
100 1.1 1.8 1.5

200 1.3 3.1 1.8

* 4-methylumbeliferone has been shown to be catalyzed by UGT1A6/7 in rat, and UGT!A6 and UGT2B8
in human liver microsomes.

For comparative purposes, protein content of P450 in historic controls at XenoTech labs in male SD rats
treated with Aroclor or beta-naphthoflavone caused 5.0 and 3.0 fold increase respectively, in P450
content, phenobarb caused 3x increase. Similarly, glucuronidation of 4MUF using historical male SD rats
showed 4.3 and 5.6x increases respectively and phenobarb 2x in 4MUF glucuronidation. Lastly, for T4
glucuronidation, historical data for Arochlor and beta-naphthoflavone showed 7.3 and 12x increases
respectively, and phenobarb 1.5x increase in T4 glucuronidation using male SD. It is clear that quantitative
comparison is inappropriate based on differences in animals, duration of treatment, differences in
exposure, and other factors however, qualitatively, it may be stated that RS-zop induces UDP-
glucuronosyltransferase activity slightly better than phenobarb but less than beta-naphthoflavone.

TK: rats were exposed to all 4 cpds measured. The highest plasma levels were seen for S-zop and R-
desmethyl zop in both sexes. Females had 2-3 fold higher S-zop and R-zop levels than males however
plasma levels of R-desmethyl and S-desmethyl were comparable between the sexes (the former was
slightly higher in males than females (table from sponsor). Note that tq,, was relatively long for all
cpds ranging between 12-20hr (one at 8hr), some of this may reflect route of administration (dietary vs.
gavage).

k]

APPEARS THIS WAY
ON ORIGINAL
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3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

| (RS)-Zopiclone
TOXICOKINETIC RESULTS
Zopiclone Results*
AUCq 34h Crax tmax
(ngeh/m].) (ng/mL) (hy=>
Gender/Analyte Day 28 Day84  Day 28  Day84  Day 28 Day8d
100 mg/kg/day
Males
(8)-(+)-zapiclone 12997 13250 20 12
(R)-(-)-zopiclone 2739 3813 12 12
(8)-(+)-desmethyl zopiclone 7358 7152 20 i6
{R)-(-)-desmethyl zopiclone 12717 14380 20 16
Females
(S)-(+)-zopiclone 38728 37862 20 20
(R)-(-)-zopiclone 1007¢ 12182 16 2
(8)-(+)-desmethyl 2apiclone 7643 7234 20 20
(R)-(-)-desmethyl zopiclone 11995 12207 20 20
200 mg/kg/day
Males
(8)-(+)-zopiclone 23765 20053 16 12
(R)-(-)-zopiclone 6029 6003 P 8 12
{S8}-(+)-desmethyt zopiclone 16276 13516 16 12
{R)-(-)-desmethyi zopiclone 27709 26399 16 12
Lemales
{S)-{-)-zopiclone 43183 51803 20 9
(R)-(-)-zopiclone 13301 14089 12 0
(S){+)-desmethyl zopiclane 12556 13563 20 0
(R)-(-)-desmethyl zopiclone 19528 21926 20 0

* The values are presented as the indicated analyie.
**  Time relative to 6:30 am on the day indicated.

Summary and Cenclusion:

This study was conducted in the rat to investigate the proposed effects of RS-zop on endocrine hormones
in males (thyroid), and females (reproductive). Such hormonal disruption could explain the thyroid and
mammary tumors observed in life-time bioassays. RS-zop was fed daily to male and female SD rats for
13wk at 100 or 200mg/kg/d; additional rats were used to assess TK. There were no deaths or clinical
signs or effect on food intake. Mean B.wi and wt gain were significanily reduced in both sexes at both
doses, overall mean wt gain reduction relative to control in males ranged between 15 and 32% and in
females 28 and 44% at 100 & 200mg/kg/d respectively. Drug related effects on organ wts included a
significant and dose related increase in mean liver and thyroid wis in both sexes with mean relative liver
wt increases of 16&25% in males and 31&34% in females over the control in both doses respectively.
The corresponding increases in mean relative thyroid wis were 20&40% in males and 13&25% in females
in both doses respectively. None of the organ wt changes corresponded to histopathology in either sex.
The only other change in organ wts were a 168&24% increase (p<0.01) in mean uterus and ovary wits in
the 100mg/kg/d females but not in the 200mg/kg/d group; again without corresponding histopathology; this
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change was not considered by the sponsor to be drug related due to absence of dose response. However,
drug effects on reproduction were seen in rat and rabbit Segment I and II studies therefore, a drug effect
in this case can not be ruled out (see section on reproduction and development).

3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

Drug related macroscopical findings included soft or small testes in 7-8 males out of 30 dosed 200mg/kg/d
and smatll epididymides in 2/30 males, half of the females in 200mg/kg/d group had fluid in their uteri.
Though none of these macroscopical findings correlated with histopathology, they were considered drug
related in both sexes since drug effects on fertility were observed in rats (see section on reproduction and
development). A consultant pathologist carried out the histomorphological exam of the uterus, ovaries,
vagina, and mammary glands for all females. In general, a normal cycle length in SD rats is 4-5 days long,
cycles equal to or longer than 6 days were observed in 3/30 controls, 9/30 rats in 100mg/ke/d and in 3/30
rats dosed 200mg/kg/d. Clearly this prolonged cycle length was NOT dose dependent based on number of
rats and mean cycle lengths of 4.9, 6.2, and 5.2 days in control, 100, and 200mg/ke/d respectively. The
length of the cycle was spent mostly in diestrus i.e. diestrus interval was increased. It should be noted that
intra-animal variability was very large with s.d. of 3.3 in the 100mg/kg/d (where the mean reached
statistical significance from the control). This variability was contributed to 2 out of the 9 rats that had
cycle lengths >6 days, (19 and 16 days). Mean serum estradiol levels were not increased in drug groups
compared to the control values and this hormone level in rats with prolonged cycle was not elevated as the
hypothesis proposes. However, when the sponsor analyzed the hormone levels as function of estrus phase
(estimated for end of study), estradiol level at estrus was elevated in 200mg/kg/d on d14 (62+30pg/ml vs.
461+18pg/ml cont), d28 55+12 vs. 39+11pg/ml cont at estrus, but inconclusive on d84 because only 1 rat
was in estrus and in fact mean value was “significantly” reduced and not increased in both dose groups
relative to the control during proestrus. Similarly, serum LH, FSH, prolactin, and progesterone did not
differ from the corresponding controls (very large intra-animal variability), however, when data analyzed
as a function of estrus phases mean FSH was increased at the 3 time points and during various stages of
estrus relative to control level in both doses. Mean LH was increased at 200mg/ke/d on day 84 at
proestrus without any effect at 100mg/kg/d and inconclusive at other time points. This is not in support of
the early senescence hypothesis where levels of LH should decrease leading to persistent elevation or
plateau of estradiol. Mean prolactin levels were reduced on days 14&28 with statistical significance on
d14 at diestrus, but mean levels increased dose dependently but not significantly, on d84 at proestrus.
Mean progesterone exhibited an increasing trend during estrus d14 and d28 and, at proestrus on d84.
These hormonal changes in females did not correspond to histopathological changes in mammary glands or
other reproductive organs except for mucification of the vagina indicative of changes in progesterone. In
males, mean TSH was increased dose dependently and significantly at the 3 time points. Such increase in
TSH corresponded to the expected decline in serum T4 levels that were significantly and dose dependently
reduced at the 3 times points. No drug effect on T3 but rT3 was slightly though significantly reduced at
both doses on di4 and only in 200mg/kg/d on d84. These thyroid hormonal changes correlated with
increase in thyroid wts of rats in drug groups compared to those in control but no corresponding
histopathology. RS-zop-induced changes in TSH and T4 were also observed in previous rat study. In
addition, mean liver wt and liver P450 content and glucuronidation were increased in males. Taken
together, these changes support the hypothesis that RS-zop effect on the thyroid is peripheral through
affecting thyroid hormone metabolism in the liver.
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3mo dietary endocrine function study of RS-zopiclone in rats/Sepr.# 190-870F (Cont.)

The following can be concluded from this mechanistic study:

RS-zopiclone-induced thyroid changes in long-term studies in male rats may be secondary to induction
of liver enzymes. However, liver enzyme induction occurred to the same extent in both sexes yet,
thyroid tumors were observed only in male rats. Therefore, such conclusion does not fully explain the
tumor findings and other factors may be involved.

None of the changes in liver or thyroid weights, enzyme induction, or hormone changes correlated with
any histopathology in these organs in either sex.

RS-zopiclone seems to have an overall effect on female hormones specifically, FSH where mean
levels were increased during the 3 time points and at various stages of estrus. However, mean LH
was increased during d84 at 200mg/kg/d but unaffected at any other tirne point nor at 100mg/kg/d. A
pattern opposite to what expected for early onset of reproductive senescence (i.e. 4 in LH level).
Trend for prolactin was inconsistent and progesterone seemed to increase over the 3 time points.
However, changes in estradiol are inconclusive because only | rat could be analyzed at end of study.
The sponsor concluded that RS-zopiclone increased estrus cycle length specifically diestrus. A clear
and accurate conclusion can not be made because of the large noise in the data (intra-animal
variability), and the effect on mean cycle length was not dose-dependent (mean values: 4.9, 6.2, and
5.2 days in control, 100, and 200mg/kg/d). Moreover, 2 rats in 100mg/kg/d group had cycle lenghts of
16 and 19 days that contributed to the large mean as well as large s.d. in this group. Also, the number
of rats with cycle lengths >6 days was 3, 9, and 3 out 30 rats in each control, 100, and 200mg/kg/d ie.
no dose dependency. Also a correlation between estradiol level and those rats with prolonged estrus
cycle length could not be established.

None of the hormonal changes in females correlated with histopathology in marnmary, vagina, uterus,
or ovaries except for increase in mucification of the vagina indicative of elevated progesterone level.
RS-zopiclone caused a significant reduction in mean body weight and body weight gain in both sexes
without an effect on food intake.

RS-zopiclone did not affect survival and did not cause any clinical signs up to 200mg/kg/d in this study.
Rats were adequately exposed to all 4 cpds, S- and R-zopiclone and, $- and R-desmethyl zopiclone. It
is noted that ty,, was relatively long for all cpds ranging between 12-20hr (one at 8hr), some of this
may reflect route of administration, dietary vs. gavage.

APPEARS THIS WAY
ON ORIGINAL
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10. 3 month dietary endocrine function study of RS-zop in the rat/Sepracor study# 190-870A1

GLP: Yes QA:  Yes
Report date:  March 2003
Conducting lab: —

This is an addendum to the previously conducted and reviewed study. After the final report was issued,
the sponsor decided to analyze samples of omental and peri-renal if needed, adipose tissue from females at
end of 3month study, for CYP19 (aromatase enzyme) activity. This enzyme converts androgens to
estrogens therefore, a potential source of elevated estradiol. At end of 3month study, 2g of omental
adipose tissue from 30 female rats were removed, frozen, appropriately stored and sent to —

™= _ for analysis. The aromatase protein activity was analyzed by Western immunoblotting to
determine the levels of immunoreactive aromatase with mouse anti-human P450 aromatase antibody from

—

Results and Conclusion:

RS-zop at 100 or 200mg/kg/d did not increase the levels of omental adipose tissue immunoreactive
aromatase enzyme activity relative to that in the vehicle control. Mean values were 2.61, 2 49, and
1.28pmol/mg protein in vehicle, 100 and 200mg/kg RS-zop respectively. In fact, the level at the high dose
was 50% suppressed compared to the control vehicle or low dose RS-zop (unclear biological significance
for this suppression). Additional control CYP19 cDNA was used and stained consistently across the
Western immunoblott. Failure of RS-zop to increase aromatase activity in female adipose tissue excludes
the potential mechanism where by elevated estradiol results from increased conversion of testosterone
and such elevated and persistent E2 levels could have caused the mammary tumors

LPPEARS THIS WAY
ON ORIGINAL
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11. An endocrine function study of (RS)-zopiclone following single-day and three-day oral
exposure in ovariectomized female rats/Sepr.# 190-879A1 - -312122, 2002

Conducting laboratory and location: -

Date of study initiation: final report date Dec 19™ 2002

GLP compliance: yes: FDA & OECD

QA reports: yes (x)

Methods:
Sexually mature SD females were purchased from — Study design was as follows
(table from sponsor): ‘

Dosage Dosage Dosage Number of Females
Group Level Concentration  Volume 1-Day 3-Day

Number  TestAtticle  (meke/dav)  (me/ml)  (mi/ke) TIeatment Treatment

1 Vehicle Control 0 0 5 10 12
2 Positive Control 30 6 5 10 10
3 Racemic Zopiclone 100 20 5 10 12
4 Racemic Zopiclone 250 50 5 10 12

Two regiments were tested: (1) the vehicle, drug, and positive control were dosed once (single dose), on
the 3 day after overiectomy, the (2) vehicle and drug were dosed once daily for 3 days starting 1d after
overiectomy and silastic capsule implantation. To validate the procedure, a preliminary study was done
where a positive control, Na pentobarb, and the drug were tested. LH surge was seen in the vehicle
control females whereas, this response was blocked by pentobarb and 250mg/kg RS-zop following a single
dose on the 3 day after ovariectomy (data not provided).

Rats for the 1d study were 14-15wk old and weighed 198-237g and those for the 3d study were 13wks old
and weighed 211-259g on first day of dosing [noted rats weighed more at younger age than older rats?].
Estradiol benzoate was prepared in sesame oil and the implants prepared a1~ ~— Estradiol benzoate
at 4mg/ml in sesame oil filled the 12-14mm silastic tubing. Ovariectomy was done under anesthesia and
the femoral vein was catheterized for multiple blood collection. The silastic tubing containing estradiol was
umplanted s.c. in the night flank region. This implant maintained an estradiol level comparable to that seen
in intact proestrus females. The implants also produced a daily aftenoon LH surge in the females to allow
a synchronized cohort of rats where the timing and amplitude of hormones are evaluated. Following
overiectomy and implants, rats were allowed to recover and health was monitored daily. The drug was
administered via oral gavage and the positive control, pentobarb, was administered via i.p. injection.

Observations and times:
Rats were observed 2x daily for mortality and morbidity, B.wt was recorded weekly starting on 1% day
of vaginal lavage (including day of overiectomy), and gross exam done; no tissues were preserved for

histopathology. Blood was collected at 4 time points from the femoral vein of ali rats 3d after
oveniectomy. Blood was collected from the trunk of all rats after decapitation at 2100hr. From afl samples
the following hormones were analyzed: LH and prolactin (RIA), and estradiol (chemiluminescent).
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Endocrine function study of RS-zop following single- & 3d oral exposure in ovariectomized female
rats/Sepracor# 190-879A1 (Cont.)

Results:

Single DAY

Estradiol levels were consistent in all groups as expected. Mean LH surge in the vehicle control peaked
at 3&5pm and progressively declined thereafter. Mean LH levels were significantly reduced in positive
control and both doses of RS-zop compared to vehicle control values at all 3 time points measured (3,
5, and 7pm)(figures and tables from sponsor). Mean prolactin levels were 95 & 96% less than the
vehicle control at 3pm (or 25 & 30 fold less than vehicle), 77 & 83% less at Spm and, 60 & 87% less
at 7pm in the 2 dose groups respectively; no effect of positive control values at any time point.

TABLE 7 {SINGLE-DAY REGIMEN;
PROJECT NO. 121228 ENDGCRINE S5TUDY OF (RS)-ZOPICLONE IN OVARIECTOMIZEL FEMALE BATS PAGE 2
SPONSOK : SEPrawur  INC . SUMMARY OF SERUM HORMONE LEVELS DaY 1

ANRLYSIS GROUP. 0.5% CMC PENTOBARBITAL 139 MG/KG 252 MG/RG

1230 LH {ngsmlj

MEAN 1.5-A 1.7-A 1.9-4 2.3-4

s.0. 1 1% 1.94% 1.51 1.32

.| 10 B 10 it
1509 LH (ng/ml:

MEAN &.7-A 1.6-A 1.9-n#% 1 3-Ad#

s.D. 1 %4 1.07 1.90 0,62

L] 10 4 12 12
17108 LH {ng/ml)

MEAN 6.8 1.1-A 1.2-A#k 1.1-AR#

5.0. 2.41 041 .87 365

N 13 L] 10 17
1330 LH wgrnli

MEAN 0-R 1.6-4 1.1-Ad4% 1.2-2kd

5.5 157 a3z G4 R Iy

N 12 B 13 10
2194 LH ing‘ml-.

MEAN 1.3-a 1.2-A L.5-A 1.1-&

5.3 0.E7 6,50 1.11 o 43

N 12 E 13 1%

g ml = HANCGRAMS /MILLILITER

A SIGNIFICANT [NTERACTION EPFETT OF TREATMERT V3. TIME WAS OBSERVED {p<@.001s; REFER T3 APPENDIX G FOR FUFTHER DETAILS
A% - SIGNIFICANTLY DIFFERENT FROM THE CONTROL GROUP AT p<0.01 USING DUNNETT' S TEST

A = FOR VALUES THAT WERE BELCW INSTRUMENT RANGE, THE LGWEST STAMDARD VALUE OF 0.8 Ni/ML WAS USED TG CALCULATE GROUP MERM
HOTE: STATISTILS ONLY PERFORMED FOP THE ‘RS -ZOPICLONE GROUPS

VALUE = NUMBER OF SAMPLES (N)

ERROR (NG/ML)
-1
=}

8TO.

SERUM LH +/-

1230 1500 1790 1900 2100
TIME (HOURS)

|00.5% cMC OPENTOBARBITAL M100 MG/KG D250 MG/KG)
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Endocrine function study of RS-zop following single- & 3d oral exposure in ovariectomized female
rats/Sepracor# 190-879A1 (Cont.)

TABLE 7 (SIMGLE-DAY REGIMEN}
PROJECT NO 12122R ENDGTRINE STUDY OF (AS!-ZOPICLONE IN OVARIECTOMIZED FEMALE PATS PARGE 3
SPONSOR:SErmacur INC. SUMMARY GF SERUM HORMONE LEVELS DAY 1

ANRLYSIS GROUP: 0.5% CMC PENTORARBITAL 190 ME/KG 250 MG/XG
1239 PRL ing/mli
MEAN 751.4 748.1 721 8 5489
S.0 SR 11 312.71 143 07 216 7
N 10 8 1w 14
L5030 PRL {ng/mi]
MEAN 404 .4 352.7 16.548 13,4980
5.0. 139,67 159.42 5. 26 T 47
N 13 ] 1% ]
1700 PRL og/mlt
HMEAN 216 1 165.4 [ERET 36.540
5.D. 44.55 136.65 25.10 18 7%
N 1 ) 19 1¢
1926 PRL {ng/m]}
MEAN 172.4 5.5 LS8, BHN 27144
3.p. 43174 64.35 6315 18.23
3] 19 ] 12 10
‘ 1% PRL ing/ml}
\ MEAN ER IR § 24.3 45.1 la. g
; 5.D. 18,97 112.3G 37.72 5 Gt
N 19 ] 132 13

1na/ml = NANCGRAMS/MILLILITER

A SIGNIFICANT INTERACTION EFFECT GF TREATMENT V5. TIME WA3 O3SERVEDR (p<0.901!, REFER TG APPENDIX ¢ PGP FURTHER DETAILS
He « SIGNIFICANTLY DIFFERENT PROM THE CONTROL GROUP AT £<9.01 USING DUNNETT S TEST

NOTE: STATISTICS ONLY PERFORMEC FOR THE (RS} -ZOPICLONE GROUPS

1000
~ 900 VALUE = NUMBER OF SAMPLES (N)
b
w800
L3

700 |
[+4
=
% 500
m
. 500
a
[
W 400
¥
T 100
2
& 200 g
g 100 10 v 40
4 - 10
3 :
7] 0 s

1230 1500 1700 1900 2100

TIME {(HOURS)

3 DAY

Similar to the 1d, estradiol levels were consistent in all groups as expected. Mean LH surge was
significantly but not dose dependently reduced in both drug groups relative to vehicle value but only at 1
time point, 3pm. The extent of this reduction was of much less magnitude than that observed following the
single dose above. LH values were also reduced though not significantly at Spm but comparable to control
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vehicle at other time points (table and figure from sponsor). Similar to the single dose regimen, LH surge
in control vehicle occurred at 1500 and 1700hrs. The sponsor analyzed the individual data for

Endocrine function study of RS-zop following single- & 3d oral exposure in ovariectomized female
rats/Sepracor# 190-879A1 (Cont.)

females that had LH surge and those that did not, with the conclusion that 4 females in both drug groups
had LH surges similar to or greater than the vehicle control but the remaining rats had suppressed LH
surpe at 1500 and 1700hr. The sponsor suggested that these data (minus the 4 females) demonstrated in
the majority of rats, LH blockade (figure from sponsor).

TABLE 3 (THREE-DAY REGIMEN;
FRQIETT NO. 121220 EHDOURINE STUDY OF [RS:-ZOPITLONE TH OVARIECTOMIZED FEMALE RATS EAGE 2
‘SPONBOR .5F_ __._.n INC. SUMMARY OF SERUM HORMONE LEVELS DAY ]

----- FEMALE -----

ANALYSIS GROUP : J 5% CMC PENTOBARBITAL 130 HG/KG/DAY 253 MG/ EZsDAY
1236 LH {ng/mls
MEAH 0.9-2 a4 1. 4-A8 1.8-4
5.0 527 a.22 9,68 c.13
N 12 14 12 k]
1504 LH {ng/ml;
MEAN 5.1 1.3-5 2144 2.1 ARd
5D 21 d.dd 1.21 2.2
N 11 1m 12 2
1729 LH {ng/ml}
MEAN 4.9 H.9.8 2.34 S d-a
$.0 1.3 o.ie i.50 1oac
N 13 ) 12 2
i99) LH (hgfmlj
MEAN 2.1-A 1 3-A& 1.7-A 1.7 A
5.0 13 G5 a.aq 5.8
] 11 ) 12 El
2107 LH {ng/m}}
MEAN L.5-5 1.3-k 1 3-A S.-A
5.0. IO a.98 3.43 2,87
N 11 o 2 £l

ng/ml = NANOGRAMS /MILLILITER

A SIGNIFICANT INTERACTTION EFFECT OF TEEATHENT vs. TIME #WAS OBSERVED {p<9.U0ii, REFEP TG APDPENDIX 3 FOR FURTHER LETAILS
E#l = SIGNIFICANTLY DIFFERENT FRGM THE CONTROL GROUF AT p<d 11 USING DUNNETT 5 TEST

# = SIGNIFICANTLY DIFFERENT FROM THE CONTROL GROUP AT peG.05% USLNG OUNNEIT'S TEST

A = FOR VALUES THAT WERE BELOW INSTRUMENT HANGE, THE LOWEST STANDRRD VALUE OF 0.8 NG/ML WAS USEC TO TALTULATE GPOUE MESN
HOTE.STATISTICS PERFORMEDR ONLY FOR THE 'B5% -ZOPICLONE GROULS

VALUE = NUMBER OF SAMPLES (N)

SERUM LH +/- STD, ERROR {(NG/NL})

1230 15090 1700 1900

TIME (HOURS)

|[D0.5% CMC GPENTOBARBITAL M100 MG/KG/DAY D259 MG/KG/Ijm
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Endocrine function study of RS-zop following single- & 3d oral exposure in ovariectomized female
rats/Sepracor# 190-879A1 (Cont.)

PROJECT NO. i21220 FIGURE 7 (THREE-DAY REUIMEN)
SPONSOR: SEPRACCR I[NC. ENDOCRINE STUDY OF (RS)-ZOPICLONE IN OVARIECTGMIZED FEMALE RATS
LH SURGE ANIMALS ONLY !MG/ML)

14.0

VALUE = NUMBER OF SAMPLES (N,
TOTAL NUMBER IF GROUPS = 12, 10, 12 AND 9, RESFECTIVELY

12.0 4 LY SURGE = LH VALUES AT 1502 OR 1703 HOURS MCRE THAN 2 -FCLL GREATER THAN
THE 12300 HOURS VALUE

10.0 4

2.81 112 4 3

SBRUM LY +/- STD. BRROR (NG/ML)

1210

TIME {HOURS)

|go.s% cMc mrenTOBARBITAL m10C MG /G /DAY D250 MG,’KG/DAY]
There were no drug related effects on B.wt, no deaths in the 100mg/kg dose however, 3f dosed 250mp/kg

were killed in moribund after 2-3doses* of RS-zop in the 3d regimen. Clinical signs in these femnales
included lethargy, prostration, paleness, cold to touch, shallow respiration, lacrimation, and drooping eyelids,

* statemnents made in the report including those on page 31 of 295 indicated that these females were killed
in extremis “prior to dose administration 2 or 3days after surgery.” This gave the impression that these
animals were not dosed however, on page 38 of 295 3" paragraph, it was stated that these animals were
monbund and killed in extremis after “1 or 2 doses”. This created confusion and was misleading.

Mean prolactin level was dose dependently and significantly reduced at 12:30 and 3pm but comparable to
vehicle control at the other time points and even statistically increased in HD at 9pm. This reduction in
prolactin occurred at an earlier time point than that following single administration of the drug and did not
last as long. Pentobarb had no effect.

BOD [ e e e - BN
200 4 VALUE - NUMBER OF SAMPLES (N!

660 +

500 | s
12{,-.
400 -

300

11 lb
200

100

SERUM PRL +/- STD. BRROR (NG/ML)

1230 15C0 17408 1900

TIME (HOURS)

I00.5% CMC OPENTCBARBITAL M100 MG/KG/DAY D250 G/ KG /DAY |
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Endocrine function study of RS-zop following single- & 3d oral exposure in ovariectomized female
rats/Sepracor# 190-879A1 (Cont.)

TABLE & (THREE-DAY RESIMEN

PROJECT NO i12122D ENDOCRINE STUDY OF (RS)-ZOPICLONE IN OVARIECTCGMIZED FEMALE RATS PAGE 3
SPONSOR : Stormnvwit INC. SUMMARY OF SERUM RORMONE LEVELS DAY E]
-----FEMALE -----
ANARLYSTS GROUP : 0.5% UMC PENTCBAREITAL 149 MG, KG/DRY 250 MG/EG/DAY
1230 PRL !ng/m]l}
MEAN 519,46 593,46 G WY 126 . TEE
8.0, 248 BT 256.17 172.913 160,13
N 1z in i2 [:]
1506 PRL ing/ml!
MEAN 111.3 431.8 153,748 T1.04E
5.D. 114.47 111.44 20,44 TE.5%
N 1n 10 1z 2
1700 PRL {(ng/ml}
MERN 245.7 142.% 147.13 253.1
5.D. a%.401 82.18 r2.42 173,32
N 13 L 17 2
1805 PRL (ng/ml)
MEAH 149.7 17e.¢ 1281 252.1
8.0, 85 .94 171 %5 B5 .12 1A% .14
N 11 2 12 &
2144 PRL ingsml}
NEAN 4.7 124.7 41,8 250 .48
5.D. -E Q.50 a8.040 213.48
N 11 9 12 2

ng/al - NANMOGRAMS/MILLILITER
A SIGNIFICANT INTERACTION EFFECT OF TREATMENT VS. TIME WAS CBSEPVEG {p<d.391); REFER TO APPENDIX G €3R FURTHER DETAILS
4# - SIGNIFICANTLY DIFFERENT FRGM THE CONTROL GROUP AT p<0.¢1 USING DUNNETT 5 TEST
¥ = SIGNIFICANTLY DIPFERENT FROM THE CONTROL GRGUP AT p-7.35 USING DUNMETT'S TEST
NOTE -STATISTICS PERPORMED GNLY FOP THE {RSI-ZOPICLONE GROUPS

Summary and Conclusion:

Following single oral administration of RS-zop to ovariectomized female rats, mean LH surge was blocked
significantly at 3 time points (3, 7, and 9pm), relative to vehicle control. However, such block was of less
magnitude and observed only after | time point following 3 daily dosing in overiectomized rats. Prolactin
levels were blocked significantly at 3 time points (3, 7, and 9pm), following single administration but, such
decrease noted earlier at 12:30 and 3pm afier 3 daily dosing and did not last as was observed after single
administration of RS-zop. Some of these inconsistencies in hormone responses were contributed to a
subset of females, the sponsor re-analyzed the data for females that had an LH surge and those that did
not. Doing so, showed that the majority of rats did block LH surge. In general, this study following single
RS-zop oral administration showed blockade of LH surge and decrease in prolactin levels but this profile
did not persist, for whatever reason, when the drug was administered daily for 3days. There were 3
females in 250mg/kg in the 3d design that were killed in moribund following 1 or 2 doses of RS-zop. No
deaths in either dose in the single dose design or in the 100mg/kg of the 3d design. Clinical signs observed
in the females included lethargy, prostration, cold to touch, shallow respiration, and drooping eyes.
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12. An endocrine function stady of RS-zop, S-zop, zolpidem, and zalplon following single
and/or 3day oral exposure in ovariectomized rats/Sepracor study# 190-884f

GLP: Yes but signatures not provided*

QA: No*

RS-zop lot# Not Reported (NR) S-zop lot# NR
Study initiation date: Jan 2003

Conducting lab: -

* This is an interim report of the study, data analyses and statistics are still ongoing. The report has not
vet been QA by -

Objectives: to investigate the proposed mechanism of RS-zop and S-zop early onset of reproductive
senescence in the rat and to see if it is a class effect. Zaleplon and zolpidem, 2 known GABA agonists
were used to test the latter assumption; pentobarb was tested as the positive control.

Methods:

SD — varectomized female rats with normal 4-5day estrus cycles were used. A femoral vein
catheter with access port was implanted and a silastic capsule with 4mg/ml estradiol benzoate in sesame
oil was implanted in the right flank region. This maintained a blood estradio! level comparabie to normal
proestrus female. The implant also provided a daily afternoon LH surge and prolactin so that a
synchronized cohort of rats was obtained in which timing and amplitude of each hormone could be
evaluated. There were 2 parts for the study, a single day and a 3 day regimens. S-zop was administered
by oral gavage at 4, 16, and 50mg/kg for the single day and 2, 4, 8, and 16mg/kg/d for the 3d at
10ml/kg. There were 10 and 12 rats for the | and 3d studies respectively, and 2 comparable control
groups that received the vehicle control 0.5% CMC. The single day regimen, 10f per group dosed the
drug once after the 3" day of ovariectomy and for the 3d regimen, 12f per group were dosed daily for 3d
one day after ovariectomy. Two positive controls, one for each regimen were also used, 10 and 12f were
njected Lp. with pentobarb 30 and 20mg/kg respectively. Zolpidem at 80 and 200mg/kg and zaleplon at 20
and 50mg/kg were administered to female rats using the single day regimen only. RS-zop was also studied
in a group of ovariectomized females at 100mg/kg administered at 10ml/kg by oral gavage following the
single day regimen. All doses were administered at 1330hr +10min.

Results (see figures and table from sponsor):

S-zop as wel as RS-zop caused a significant decrease/attenuation in LH amplitude and decrease in serum
prolactin so did zaleplon and zolpidem 2 GABA agonists, indicating that this response of neuroendocrine
disruption at high doses may be a class effect. At S-zop of 4mg/kg single dose no drug effect was
observed therefore, this dose was considered the NOEL. In the single day regimen,

S-zop at 50mg/kg and RS-zop at 100mg/kg caused a comparable reduction in LH surge and prolactin at

1500, 1700, and 1900hr. At 16mg/kg S-zop, decline in LH amplitude was also comparable to that of the
50mg/kg S-zop and 100mg/kg RS-zop however, decline in prolactin was only evident at the {500hr. In the
3d regimen, S-zop caused a decrease in maximum amplitude of LH surge and a dose dependent shift in
time of day at which the LH peaked (table below from sponsor). The decrease in mean amplitude of peak
LH by S-zop was comparable at 2.4, and 8mg/kg but greater reduction observed at 16mg/kg which was
comparable to that observed at this dose following single administration. The shift in time to peak for LH
surge observed in the 3d regimen had no effect on serum prolactin up to 8mg/kg S-zop dose. Serum
prolactin levels were does-dependently reduced following S-zop at the peak of prolactin level i.e. 1500hr;
so did the positive control pentobarb at this time; all relative to vehicle control. Also noted, the number of
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rats that surged in the 3d was as follows: 10/11, 8/11, 7/12, 10/11 and 6/12 in control, 2,4,8,and 16mg/kg S-
zop respectively, and 6/11 in pentobarb (table below). The lower number of animals surging and lower
amplitude of the surge indicate reduction in serum LH levels therefore, supporting the early reproductive
senescence mechanism of mammary gland tumors.

Effect of Eszopiclone on Serum Luteinizing Hormone Levels Following Three-Day Exposure in

Ovariectomized Female Rats

6z

Vehicle 10 mg/kg 2 mglkg 4 mg/kg 8 mg/kg 16 mg/kg
Control _j Pentobarbital { Eszopiclone | Eszopiclone Eszopicione | Eszopiclone
Number of Animals that
Surgedfroul Number of 10/11 6/11 g1 T2 10714 6/12
Animals (P1%) (85%) (73%) (58%) (91%) (50%)
Mean Amplitude of
Peak LH Among 9.36£0.90 | 187 +0.78%* | 58|+ 0.60*% 6.76:0.89 | 545 083" | S.004 13T~
Animals that Surged
{ng/mL + S.E.M.)
Mean Amplitude of Peak
LH for all Animals 8874095 | 389 0.46%% | 522+£0.53* | 5.6320.78% | 5.194 0,794+ 356 082~
(ng/mL + S.E.M.)
Number of Animals that
Surged with LH T, at
Euch Timepoint
1506 2 0 2 0 2 1
1700 6 0 4 4 2 1]
1930 2 k] 1 I 4 ]
2100 0 3 i 2 2 3

PROJECT nNO
SPGNSOR : SEPRACOR INT.

Serum LH + std. error {ng/mL)

*Significamly lower than vehicle control {p=0.03),
**Signilicantly dower than vehicle conirol (p=<0.01).
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FIGURE 15 (THREE-DAY REGIMEN}
STUDY OF 1RS] -ZOP./ESZGP./20LPIDEM/ ZALEPLON IN OVARIECT. RATS
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SPONSOR : SEFRACOR INC.
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FIGURE 3 {SINGLE-DAY REGIMEN)

STUDY OF (RS)-ZOP./ESZOP./ZOLPIDEM/ZALEPLON IN OVARIECT. RATS
MEAN SERUM LH LEVELS {NG/ML) SEPARATED BY TIMEPOINT - ESZOPICLONE
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Endocrine function study of RS-zop, S-zop, zolpidem, and zalplon following single and/or 3day oral
exposure in ovariectomized rats (Cont.)

PROJECT NO.

L2129V

SPONSOR : SEPRACOR INC
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Endocrine function study of RS-zop, S-zop, zolpidem, and zalplon following single and/or 3day oral
exposure in ovariectomized rats (Cont.)

PROJECT NO. .12127C FIGURE 10 (SINGLE-DAY REGIMEN}
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Endocrine function study of RS-zop, S-zop, zolpidem, and zalplon following single and/or 3day oral
exposure in ovariectomized rats (Cont.)

This figure presents the effect of all drugs on LH level:

Figure 9.2.1.2-1 Effect of Eszopiclone, (RS)-Zopiclone, Zolpidem, and
Zaleplon on Serum Luteinizing Hormone Levels following
Single-Day Exposure in Ovaricctomized Female SD Rats

Serum LH +/- std, error {(ng/m1.)
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CMC - Carboxymethylecllulose. Pento - Pentobarbital. Eszopi  Eszopicione.
RS-Zopi - (RS)-Zopiclone. Zolpi — Zolpidem. Zale - Zaleplon.

Bars for cach treatment correspond to blood collection tines of 1230 ( predosc).
1500. 1700. 1900, and 2100 respectively.
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13. Evidence of neuroendocrine disturbance in SD rats treated with RS-zopiclone — Dr. RL
Cooper report/Sepracor# 190-878

This report was presented in serial 109 dated Nov. 17" 2002 and was reviewed. Dr. RL Cooper, a
neuroendocrinologist with NIEHS, EPA, reviewed studies from RS-zop and S-zop and all other relevant
information provided to him by Sepracor. Dr. Cooper expanded the hypothesis on endocrine distuption by
RS-zop and proposed an in vivo mechanistic study. The following is a brief summary of his report and
conclusions (report date Nov 18" 2002). Dr. Cooper concluded that all data reviewed indicated that no
single hormone change such as estradiol or prolactin, is responsible for the rat mammary gland tumors
observed in the 2yr rat carcinogenicity study as previously suggested. However, results indicate that a
central disturbance in neural control at the hypothalamic/pituitary axis of GnRH and LH, is the
site of action of RS-zop. Changes in LH specifically decrease, lead to early onset of
reproductive senescence with persistent estrus and increase in serum estradiol levels
eventually leading to mammary tumors. He continued that this mechanism of tumorigenesis in
the rat is irrelevant to humans. He also cited results from reproductive studies and general tox studies
in support of this theory. To further support this mechanism, Dr. Cooper proposed conducting an in vivo
rat study that is used by EPA to prove or disprove this mechanism and he stated that definitive results
from this study should provide adequate evidence that the rat mammary tumors occurred as a result of
disturbance in LH surge. The following are Dr. Cooper’s arguments in support of the proposed
mechanism:

L. GABA activity in the hypothalamus of the rat is affected by age and reproductive status. During
and before LH surge, GABA secretion is decreased in the preoptic area leading to increase in GnRH and
LH levels during the estrus cycle. Because of these changes in GABA during the estrus cycle as well as
its decline with aging, GABAergic cpds can affect reproductive activity in the rat. Zaleplon and zolpidem
are non-bzd cpds with GABAergic activity used in insomnia. High dose of 100mg/kg/d of zolpidem in the
rat led to irregular estrus, zaleplon at 100mg/kg/d decreased fertility in rats and zaleplon label states that
decreased fertility is due to an effect on females. Since RS-zop is a non-bzd with GABAergic activity,
these effects on female reproductive activity may be a class effect.

2. [n a 3mo endocrine study, RS-zop administered in the diet at 100 and 200mg/kg/d showed
prolongation in estrus cycle length in the 200mg/kg/d* compared with the control (Sepracor# 190-870).
Such an effect is indicative of onset of reproductive senescence.

*Reviewer Comment: according to results in Sepracor90-870 study, mean estrus cycle length was
increased only in 100mg/kg/d not 200mg/kg/d as reported by Dr. Cooper (see review and tables for detail).

3. In 3mo study (Sepracor#190-849), serum estradiol was increased and FSH decreased in female
rats after 100 and 200mg/kg/d RS-zop. Changes in these hormones* were also seen at 200mg/kg/d RS-
zop dosed for 2 or 4wks but no changes at end of 3mo (Sepracor#190-870). Also in the latter study,
changes in serum FSH, progesterone, and LH were also observed*. These hormone changes support
central drug related effect on GnRH.

* Reviewer Comment: an increase was observed only in estradiol, no change in FSH, LH, or progesterone
(see review and tables of study 190-870 for detail). '
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4, Both RS- and S-zop have effects on male fertility. S-zop at 45mg/kg/d reduced spermatogenesis
(Sepracor#190-827) and sperm motility was reduced in RS-zop administered at 15mg/kg/d. Decreased
spermatogenesis was also seen in 13wk RS- and S-zop tox study (Sepracor#190-819) where these
changes correlated with marked decrease in testosterone hydroxylase activity and the effect was
reversible after cessation of treatment. In female rats, S-zop at 1204 180mg/kg/d decreased implantation
sites and at 180mg/kg implantation sites were absent. In a 2™ Segment I sudy (Sepracor#190-8351),
untreated males and treated females had decreased fertility and implantation losses at equivalent dose of
S-zop of 60mg/kg/d and 120mg/kg/d RS-zop. All these effects indicate changes in estrus cycle and
decrease in LH in female rats.

5. Gestation length was increased in SD rats dosed 120mg/kg/d RS-zop and 60 & 120mg/kg/d S-zop
by oral gavage (Sepracor#190-828). Also in this same study, dams neglected their pups. These effects
are indicative of disruption of the neuroendocrine system.

6. Dr. Cooper referred to the genetic toxicology evaluation of S-zop and RS-zop. He mentioned the
positive findings in the in vitro cytogenetic assays with RS- and S-zop but dismissed them and concludes
“with no apparent in vivo relevance”. He also referred to the negative P53 transgenic studies with the
S-zop and its active metabolite S-desmethyl, taken together, conchudes that the tumor findings with
RS-zop are not the result of a genotoxic mechanism.

Reviewer Comment: this reviewer disagrees with this conclusion which is also made by the sponsor. RS-
zop was clastogenic in vitro mammalian assays, having a negative P53 and in vivo MN does not over-
ride the positive findings in the clastogenicity in vitro assays (see genetic toxicology section for detail).

7. Dr. Cooper discussed some of the clinical data from other hypnotics and their effects on
endocrine hormones. He also mentioned the increase in prolactin levels without an effect on ACTH or
LH after 7.5mg/d RS-zop. It is noted that there is not adequate information or testing in humans regarding
this 1ssue.

Dr. Cooper as indicated above, proposed one in vive and 2 in vitro studies to show if RS-zop triggers the
neuroendocrine effects necessary for the induction of early reproductive senescence as a mechanism for
mammary tumors. The following are the study titles, they were conducted by Sepracor and reviewed (see
below):

1. Endocrine function study of RS-zop after 1 and 3-day oral expeosure in ovariectomized fernale rat.

2. Effects of RS-zop on basal and estradiok-induced GnRH secretion by the rat hypothalamus in vitro/ex-
vivo. :

3. in vitro effect of DA, GABA, and RS-zop on basal and GnRH induced prolactin and LH hormone
secretion by cultured rat anterior pituitary cells,

[this study could not be done due to technical difficulties with the cell cultures).

The following is the in vivo study proposed by Dr. Cooper, it is ongoing. The study objective is to
demonstrate if RS-zop and/or S-zop administered chronically will accelerate the time to onset of
reproductive senescence in female rats. An interim report for the completed 6months of the |yr study
was submitted electronically on Aug 28™ 03, the following describes study design and brief summary of
the results (full and final report will be submitted in 2004).
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14. Effects of muscimol, KC1, and RS-zop on basal and naloxone-induced GnRH secretion by
the rat hypothalamus in vitro/ex vivo/Sepracor study# 190-425

GLP & QA: Yes

RS-zop lot# 0022400(1IN-0693)
Study initiation date: Aug 2002
Conducting lab: . T

Objectives: to determine whether RS-zop affect hypoythalamus GnRH secretion. Originatly, the
objectives were to compare the effects of GABA, RS-zop, and KCl on basal and estradiol-induced
release of GnRH by rat hypothalamus in vitro/ex vivo. Preliminary experiments failed because neither
estradiol nor GABA stimulated hormone release. Later, norepinephrine was tested since data indicate that
it enhances GnRH secretion by rat median eminence in vitro, however, this alse failed since the results
were inconsistent. Another stimulator, naloxone, in preliminary data caused a reproducible increase in
GnRH secretion therefore, naloxone (1mg/ml), was selected to induce GnRH secretion from the
hypothalamus explants. Also originally, effects of RS-zop were to be compared to those of GABA
however, the latter was ineffective in stimulating hormone release in the preparation. Based on literature,
GABA may stimulate, inhibit, or has no effect on GnRH secretion depending on the hypothalamic tissue
and experimental conditions. Therefore, muscimol, a GABA agonist, was selected as the positive control
since it has a reliable and consistent response in inducing GnRH secretion in vitro. It is noted that though
the effects of GABA 4 agonists are inconsistent on the hypothalamus in vitro, they do weaken LH surge in
VIvVO.,

Methods;

Seventy scven female Hsd rats 2-4months old weighed 200-270g purchased from - A

~ were housed 4/cage. Estrus cycle for each rat was monitored by examining changes in vaginal
cytology through vaginal lavage. Vaginal wash was placed on a slide to dry and processed for
microscopical exam. Animals were considered acyclic if they stopped cycling and remained in one stage
through the study duration. Rats were killed on day of proestrus by decapitation, basal hypothalamic
explants were dissected away from the hypothalamus, Tissues processed and placed in oxygenated
buffer and incubated according to SOPs. At final incubation period, 56mM KC was added to ensure
release of GnRH from tissues after exposure to K*-induced depolarization. Supernatants and digested
hypothalamus were then frozen awaiting analysis of GnRH by ELISA or protein determination.

Results & Conclusion:

Both RS-zop and muscimol in a concentration-dependent manner increased the secretion of basal and
naloxone-induced secretion of GnRH from hypothalmic explants (figures from sponsor}. Therefore,
RS-zop acted like a typical GABA, agonist on GnRH secretion by the hypothalamus in vitro. Also as
expected, KCI induced the release of GnRH from the preparation.
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Figure 8: Effect of muscimol on naloxone induced GnRH sccretion (as % increase in

GnRH seeretion)
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Figure 10: Effect of (RS)-zopiclone on naloxone induced GnRH secretion (as %

increase in GnRH secretion)
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15. A uterotrophic assay of RS-zop and S-zop administered orally to ovariectomized

rats/Sepracor study# 190-883
GLP & QA: Yes
RS-zop lo# ZP0O010102 S-zop lot# 0290013 code 029

Study initiation date: Jan 2003
Conducting lab:

Objectives: to determine if RS-zop and S-zop possess any estrogenic activity that may explain the
mammary tumors observed in RS-zop 2yr rat carcinogenicity study. A uterotrophic assay was used to
address this issue. This assay is conducted in immature or ovariectomized rats to identify cpds that mimic
biologic activity comparable to that of natural estrogens. Compounds with estrogenic activitics cause an
ncrease in uterine wt following a minimum of 3d exposure. It is an accepted and recommended assay by
the USEPA as part of Tier | screening for endocrine disruptor activity.

Methods:

Figure 14: Effect of (RS)-zopiclone on basal GnRH sccrction (as % increase in
GnRH secretion)
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SD ovariectamized female rats from =", . were 65-68d old at start of dosing and

weighed 246-291g. There were 8 groups of lO/group, animals were housed individually. Compounds
were administered daily for 3 consecutive days via oral gavage. RS-zop and S-zop were prepared in 0.5%
CMC and additional 10 rats were administered CMC and served as the control for these drugs.

RS-z0p was administered at 1, 10, and 100mg/kg/d and S-zop at 16 and 50mg/kg/d. The positive
control was injected s.c. 17a-ethinylestradiol 0.001mg/kg/d prepared in com oil, and additional 10 rats
were administered com oil served as the vehicle control for this group. All animals were killed 24hr after
the last dose and blotted as well as wet uterine wts were recorded. Luminal fluid was measured by
subtracting blotted uterine wt from the wet wt. Parameters assessed included clinical signs, mortality,
B.wt, and uterine wts.

Results and Conclusion:

There were no mortalities. Clinical signs observed in both drug groups and were extension of the
pharmacology. Within 1hr postdose hypoactivity recorded for both drugs, in RS-zop 100mg/kg/d and 1-2
rats in the S-zop groups showed hypoactivity and/or rocking, lurching or swaying while ambulatory. Mean
B.wt was significantly decreased in 100mg/kg/d RS-zop and 50mg/kg/d S-zop during the 1-2d period and
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in RS-zop 100mg/kg/d wt loss was seen over the entire dosing period of 0-2. Mean wt gain was also
reduced in the positive control group on d1-2 and 0-2 (p<0.01 relative to com oil control values). Neither
drug had an effect on wet or blotted uterine wis, the positive control 17¢. ethinylestradiol caused a
significant increase in wet and blotted uterine wt as well as mean luminal fluid wt. (7, 3, and 20x increase
respectively, relative to control comn oil wts). Therefore, this study demonstrated that RS-zop does not
have an estrogenic activity (indirectly via uterine wt changes), that may have played a role in induction of
mammary tumors observed in the 2yr rat carcinogenicity study.

APPEARS THIS WAY
ON ORIGINAL

16. Rat early reproductive senescence study with S-zop and RS-zop/Sepracor.# 190-
8821 — 312125, 2003

Conducting laboratory and location: -
Date of study initiation: Jan 6™ 2003

GLP & QA: yes however, signature page will be presented with final report..

Methods: i
S-zop was administered daily by oral gavageto = .« female SD rats according to the experimental
design below (from sponsor):

Design for Phase 1

Dosage
Group Dose Level  Concentration Dosage Volume  Number of
Number Lrcatment {mg/kg/day) (mg/ml ) tml/kg) Females
t Vehicle Control 0 0 10 40
2 Atrazine 40 4 10 40
3 Eszopiclonce 4 0.4 10 40
4 Eszopiclone 16 1.6 16 40
3 Eszopiclonc 30 3 10 40
6 (RS)-Zopictone 100 o 10 40
Design for Phase 2
Dosage
Group Dose Level  Concentration Dosage Volume  Number of
Number Treatnent (me/lesr/dav) {me/mlL) (ml kg Females
7 Vehicle Control 0 0 10 il
¥ Eszopiclone 50 5 to il
9 (RS-Zopiclone OO 10 it I
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Female rats for phase I were 9-10wks old and for phase 2 were 11-12wks old at study initiation. First day

lSI

and 1™ wk of dosing were designated as 0. Animals were checked 2x daily for mortality and morbidity
and after 134d of study detailed weekly exam was also incorporated; B.wts were recorded weekly.
Following assignment, vaginal lavages were done 1x daily between 81 lam to determine stage of estrus
for a 2wk interval each month. Prior to dose, vaginal lavage for phase 1 was done 2wk before and for
phase 2 4wks before dosing. Rats with normal 4-5d cycles (typically including td of estrus) prior to
dosing, were assigned to phase 1 groups. For comparison, rats displaying irregular cycles with 2 or more
days of estrus in a cycle, were assigned to phase 2. Rats in the latter groups were included to test if a
sub-population of rats that is in estrys at higher frequencysthan normal prior to dosing would be more likely
to have estrus cycle disruption with RS-zop and/or S-zop than rats with normal cyele (phase 1 rats). Only
33 females of 411 or 8% were identified as having greater than normal frequency of days in estrus and
those were distributed equally among the phase 2 groups {1 1/group).

APPEARS THIS WAY
ON ORIGINAL

The following is example of normal regular and irregular cycles (from sponsor):

4-5 Day Estrons Cyvele (assigned 1o Phase 1)

Animal No. [8197 (WTDMS™ Protocol WIL-312123R), Weeks -2 to -1
PEDDPE|IDDDE|{IDDDE|DD

2 or More Consecutive Days of Estrus (assioned to Phase 2)

Animal No. 18114 (WTDMS™ Protocol WIL-312123R), Weeks -2 to -1
D{EEIDDDIEEIDDP{EE|D

where E = Estrus, M = Metestrus, D = Dicstrus and P ~— Proestrus

Dose Selection: RS-zop dose of 100mg/kg/d is the dose used in the 2yr carcinogenicity study where
mamimary gland tumors were observed. The 50mg/kg/d S-zop is equivalent as an isomer, to the racemate
dose of 100mg/kg/d and the 4& 16mg/kg/d are the low and high doses used in the 2yr carcinogenicity study
with the S-zop. Afrazine was used as a positive control since it has been shown to cause at 40mg/kg/d,
estrus cycle dismuption and increased incidence or early onset of mammary tumors in Charles River SD
rats {Eldrige et al., 1999; Wetzel et al. 1994). As noted, most of the atrazine studies used SD from
Charles River, Sepracor used SD from == because this was the source for the carcinogenicity study.

’ o 33, used 8D from = and it seemed that these rats are
less sensitive to atrazine effects than Charles River SD rats. In that study, atrazine at 75mg/kg/d
administered orally for 21d disrupted the cycle but without an effect on the percent of days spent in
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diestrus or estrus, 150mg/kg/d significantly increased the percent of days in diestrus and, 300mg/kg/d both
increased percent of days in diestrus and decreased the days spent in estrus. However, the MTD in
chronically fed SD rats was 40mg/ke/d (Eldrige et al, 1999), therefore, Sepracor used this dose here since
the study is long term.

Stages of Estrus Cycle: there is a good correlation between estrus cycle changes in cell types present in
the vagina and, changes in plasma levels of estradiol and progesterone secreted by the ovary (Cooper and
Goldman 1999).  — s divide estrus cycle changes into 4 stages:

Estrus: the majority of cells are the comnified cpithelial cells (indicative of estrogen secretion), with no
leuckocytes present. Estrus usually lasts 10-{5hrs

Metestrus: in the early phase of metestrus, the majority of cells are nucleated epithelial cells though some

leuckocytes and comified epithelial cells can be present. This stage looks similar to estrus except the cells
are nucleated and dark in color. End stage metestrus, majority of cels are leuckocytes surrounding groups
of nucleated epithelial cells. Metestrus lasts 6-14hr.

Diestrus: in any group of rats, many of the femnales will be in this stage of the cycle. In early diestrus,
usually, all 3 celi types (leuckocytes, comified epithelial, and nucleated epithelial cells), are found and
toward late diestrus, nucleated epithelial cells become more spherical and all other cells become more less
populated. Rats spend 2-3d or 60-70hr is diestrus.

Proestrus: this stage usually follows diestrus and is the prep stage for estrus therefore, 50% of the cells
are cornified epithelial cells. this lasts 8- 12hrs.

Regularly cycling rats have 4-5 estrus cycle. In this study irregular rats are those that either have >4d

consecutive days in diestrus (persistent diestrus), or >3 consecutive days in persistent estrus (metestrus,
proestrus or estrus). The sponsor presented example for each as follows:

Persistent Diestrus

Phase | Animal No. {7893 Protocol -3121258B;4. Group I; Weeks 0-1
MIDDDDDDDDDIMDDE
Persistent Estrus
Phasc 1 Anumnat No. 17845 ¢ Protocol 312125D), Group 4, Weeks 8-9
fMMMMIDIMMMMI|DDEEM
and
Phase 1 Animal No. 18007 7 Protocol 312125E), Group 4, Weeks 12-13

MMDIPMMEEMMMMME|
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Determination of Repro Senescence: in aging rats (8-15month old depending on strain) regular cycles will

be replaced with persistent estrus where the ovarian follicles are fully developed but, no ovulation (Cooper
et al. 1986; Meites 1982). Some but not all rats will bave irregular cycles during the period of transition
from regular to persistent estrus. The constant estrus state may continue for several months which is
often followed by a state of pseudopregnancy. At this time of persistent estrus, ovulation ceases and the
animals are said to be in reproductive senescence. The sponsor therefore, used this as its definition for
onset of reproductive senescence i.e. constant estrus.

Interim Results:
The following are tables from the sponsor showing the interim results for the 1% 6mo of the study. These
results in this reviewer’s opinion as well as opinions of reproductive toxicology experts in the Division, are
NOT in full support of the theory that RS-zop and S-zop induces early onset of repro senescence in the
female rat which in tum is responsible for mammary tumor induction as a result of persistent increase in
serum estradiol and other hormones. This is demonstrated by the following negative results:
* Absence of dose response in the S-zop in any of the measured parameters (tables from Sponsor),
* No difference in percent of rats in persistent diestrus vs. the control (table 5A) in fact fewer rats
were in this stage in 16&50mg/kg/d S-zop than in control at end of 6mo (2/40 vs. 14/40 in
50mg/kg/d and control respectively); positive control failed,
* Failure of the positive control, atrazine, to cause the expected changes in all measured parameters
* Rats in phase 2 were not more responsive to the effects of RS-zop or S-zop as was anticipated.
Although any conclusions from this group should be considered with caution because of the
inherent noise in such group of rats as well as the small number of rats tested per group,
* The positive responses when observed, generally showed a stronger signial with the S-zop than
with the RS-zop. Yet, mammary tumors were seen in the latter and not in the formwe i.e. even
the positive findings don’t seem to support the proposed mechanism.

il

A convincing finding would be to see if either drug will cause mammary tumors at the end of the yr study
and/or the appropriate changes in serum hormones (see Sepracor#190-870 Dr report).

The foliowing results were in support of the proposed mechanism:

* Table 1A - the cumulative number of rats that reached senescence was higher in drug groups than
in control. By end of 6mo, S-zop 16mg/kg/d had 78% of rats vs. 5% in control that reached
senescence and 50 and 20% in 50mg/kg/d S-zop and 100mg/kg/d RS-zop respectively (no dose
response). Atrazine positive control failed to show any difference.

* Mean percent of days in estrus was higher in $-zop 16&50mg/kg/d though not dose dependent,
and RS-zop (table 2A),

e At 16&50mg/kg/d S-zop, statistical significance was observed in percent of regularly/irregularly
cycling rats vs. the control starting on wk8 onwards (table 3A). However by the same token,

there was NO difference in RS-zop as of wk16 onward vs. control; atrazine failed to show a
favorable response.

* Percent of rats in persistent estrus was increased in drug groups vs. control (table 4A) though not
dose dependently and the positive control also failed.

Conclusion:
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In conchusion, so far results from this study are not in full support of the early senescence theory of
mammary gland tumor induction. There were negative as well as positive findings and generally, the
positive findings with the S-zop showed stronger signal than those with the RS-zop (tables 1A, 2A, 4A),
and in some parameters, the RS-zop failed to induce any effect (tables 3A & 5A). Based on the positive
findings, mammary tumors should be observed (increased incidence and/or early onset per atrazine
mechanism), by S-zop. However, no tumors were observed in the S-zop carcinogenicity studies in the rat.

Although not all parameters up to this point, support the early senescence theory of mammary gland-
induced tumors, it remains to be seen if by the end of the 1yr the number of aging rats in drug groups with
signs of early senenscence is much higher than those in the control and/or will develop mammary tumors
early or with higher incidence than the controls. Also in support of this theory, would be to correlate
changes in hormone levels or loss of cyclicity in these rats with vaginal cytology. However, it is
unfortunate that this study is not planning to assess any of these parameters because its mainly and
exclusively a cytology mvestigation of changes in estrus cycle.

In conclusion, this study up to the 6mo interim have shown some changes in vaginal cytology that supports
the theory of early onset of reproductive senescence however, other parameters did not and the positive
control failed to show any effect. Another important finding here is the weaker signal of the RS-zop (the
drug that caused mammary tumors), relative to that of the S-zop which did pot cause mammary tumors in
a recent 2vr bioassay. It is unclear how meaningful the results will be at the end of 1yr in absence of
assessment of palpation, mammary gland histopathology in search of tumors, and hormone measurements
to show absence of cyclicity or elevated levels. These parameters were assessed in atrazine and their
results supported its proposed mechanism of mammary gland tumor induction via early onset of
senescence.

APPEARS THIS WAY
ON ORIGINAL

251



SUMNARY OF TIME TO SENESCENCE

100 MG/KG
{RS) -ZOPICLONE"
(N=401

Ev
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(0.9)
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STUDY NO. 312128 CUMULATIVE NUMBER {PERCENTAGE! OF ANIMALS TO REACH SENESCENCE BY
SPONSOR:SEPRACOR INC. END OF STUDY DAY INTERVAL
TABLE 1A - PHASE 1

GROUP VEHICLE 40 MG/KG 4 MG/K3 16 MG/KG 50 MG/KG

CONTRGL ATRAZINE ESZOPICLAONE* ESZOPICLCNE* ESZOPICLON,

1N=40) (N=40} {N=40} [(N=40] {N=40)
STUDY DAYS
PRETEST 0 0.0} 0 (0.0} a (2.q} S {00} (OB NI
g - 27 0 (9.0 g {0.5) 0 (5.0} 0 (0.0} ¢ {D.0}
28 - 5% 9 (0.0} 0 {n.01 0 {0.0) 2 {5.0} 5 115.G¢
56 - 81 J 10.0} 0 {o.0 9 (0.CH 10 (25.07 a {20.4G:
84 - 111 LU R o) a2 i0. 500 14 (35,0} 8 (20.G;
112 - 13¢ 2 {5.0! 2 {3.4! 2 (5.0} 24 (s0.0! 16 {4%.0:
140 - 167 2 (5.0 S {1Z.5) 9 {(22.5; 31 {175 20 059,09,
* - Significantiv differemt from vehicle control at p<0.0%

TABLE 1B - PHASE 2

GROUP VEHICLE S0 MG/KG 100 M3/KG

CONTROL ESZOPICLONE {R8} -ZOPICLONE

(N=11} iN=11} (N=111
STUDY DAYS
PRETEST g (9.0} 4 {6.3) Z (0.0}
3 - 27 0 {a.0) 0 a.mn 1 {9.1:
28 - 55 6 {0.90) 4 (36.4) 2 {18.21
56 - 83 a (0.0} 4 (36.4) 3 {ie.2)
84 - 11l 0 (0.0) 4 {16.4) 2 {18.2)
112 - 139 1 (5.1} 5 {45.5} 2 (18.2%
140 167 1 {9.1j 5 145.5! 2 (18.2)

None significantly different from vehicle contral

STUDY NO. 512125 MEAN PERCENTAGE OF DAYS IN ESTRUS OR METESTRUS
SPONSOR : SEPRACOR INC.
TABLE 2A - PHASE 1
GROUP VEHICLE 40 MG/KS 4 M3/Ke 16 MG/KS 5S4 MG/EG
CONTROL ATRAZINE ESZOPICLONE ESZOPTCLGNE E3ZOPICLONE
‘N=43: [ EE iN=q43% N=40) IN=¢ 0
STUDY WEEKS
-2 - -1 30.4 304 33.0 31.4 23.9
[N | 3.8 25.6 23 .4 29.9 13,8+
4 5 26.8 22.¢ 24.1 4a, 0% $2.5"
8 - 5 24.1 18.8 29.2 51.3+ 44. 6%
iz - 13 24.8 22.¢0 18.9 47.5" 35,0+
STUDY NG. 117125 PERCENTAGES OF REGULARLY/TRREGULARLY CYCLING AMIMALS
SPONSCR:SEPRAQOR INC.
TABLE A - PHASE 1
GROUP VEHICLE 40 MG/EG 4 MG/KS 16 MG/KG 50 MG/KG
CONTROL ATRAZINE ECZGPIOLANE ESZOPICLONE REZOPTOLONE
"N=401 {N=40) (N=40) {N=49) N=40!
STUDY WEEKS
-2 - -1 $2.5/ 7.5 7.5/ 2.5 9.2/ 5.0 00,0/ 0.0 9757 2.5
I | 5.0/ 5.0 47 .5/ 12.5% 5.0/ 15.0 9.0/ 5.¢ 92.5%/ 7.5
4 -5 5.0/ 25.0 65.0/ 35.0 83 .9/ 20.9 50.0/ 59.9 5% 0/ 15.0
8 -9 55.0/ 35.0 45 0/ 55.3 72.5¢ 27.5 37.5/ €2.5+ 50.40/ 55,0
12 - 113 72.57 2%.5 65.0/ 35.0 0.0/ 30,0 17.5/ 82.5+ 17.5/ 2.5
16 - 17 62.5/ 37.5 62.5/ 31.5 55.0/ 5.0 15.0/ 85 3G 27.5; S2.5%
20 - 21 5.0/ 50.0 45.0/ 55.0 0.0/ 60.0 15.0/ 85,9+ 17.5/82.5%
* - Sigmficantly different from vehicle control ar Pl 0%
TRELE 3B - PHASE 2
GROUP VEHICLE 5o MG/RS 120 MG/KG
CIONTRUL ESZIPICLONE IRS) - ZOPICLONE
iN=11F {N=11} 'N=11}
STUDY WEEKS
-2 - - 150.0/ .0 LA2.07 @ 12G.6, 0.0
2.1 160.0/ 2.0 90 3, e.t Bl 3/ 18.2
4 -5 35.4/ 61,5 18.2/ a1.3 G.10 G0.9
g -5 83.6/ 36.4 45.57 %4.5 6.4/ 81.8
1z - 13 72,7/ 27.% 27,3/ 92.7 53.6/ 16.4
16 - 17 3.3/ 35.4 9.1/ 98,9 6.4/ 63.8
20 - 21 45.5/ 54.5 45.5/ 54.5 27,3/ 72.7

.

- Significantly different from vehicle centrsl at ped 6%
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STUDY NG. 312125 PERCENTAGES OF ANIMALS IN PERSISTENT ESTRUS

SPONSOR : SEPRACOR INC.
TABLE 4A - PHASE 1}

GROUP VEHICLE 40 MG/KG 4 MG/KG 16 MG/KG 53 MG/KG
CONTROL ATRAZINE ESZOPICLONE ESZOPICLONE ESZCPICLONE
iN=40]) {(N=40!) {N=40} N=43} IN=40;
STUDY WEEKS
-2 - -1 G.0 0.1 0.9 6.0 9.0
0-1 0.0 2.5 25 0.0 2.5
4-5 5.0 2.5 0.9 25.0% 30.0"
8-g 12.5 7.5 2.5 45.0% 42.3%
12-13 7.5 2.5 G.0 SO0k 22.5
16-17 2000 15.9 17.5 70,0 57.5%
20-21 15.0 20.0 2.5 82.6¢ IT.5
* - Significantly different from vehicle control at p<3. 05
TABLE 4B - PHASE 2
SROUF VEHICLE 5C MG/EKG L0 MG/KG
CONTRCL ESZOPICLONE (RS} -ZOPICLONE
{N=111 {N=11} N=11!
STUDY WEEKS
-2 - -1 0.0 0.0 0.0
0-1 . 9.1 18.2
4-5 54.5 81.8 50.9
a-9 18.2 94.9 43.8
12-13 5.1 54.5 27.}
la-17 16.4 B1.4 54.65
20-21 27.3 18.2 2.1
None significantly different from vehicle cantrol
STUDY NG. 312125 PERCENTAGES OF ANTMALS IN PERSISTENT DIRSTRUS
SPONSOR :sevnslOR TNC.
TABLE 5B - PHASE 1
GROUP VEHICLE 40 MG/KG 4 MG/K3 16 HG/KG S0 MG/KS
CONTROL ATRAZ INE ESZOPICLUNE ESZOFICLONE ESZOPICLONE
iN=40} iN=40} {N=40) ¥=40]) (N=40!
STUDY WEEKS
-2 - -1 7.5 2.5 G.0 (U] 2.5
-1 5.¢ i9.0 12.6% 5.3 5.0
4-5 20.1 32.5 20.0 25.0 5.0
8-¢ 27.5 50.9 25.9 17.5 7.5
i2-13% 2.0 32.5 30.0 35.0 42.5
15-17 17.% 22.% 17.5 15.0 20,0
20-21 35.0 37.5 27.5 5.0 S.0t

- Significantly different from vehicle concral at pet. 05

TABLE SB - PHASE 2

JROUDE YEHICLE 50 MG/KG 100 M3/EKG
CONTROL ESZOPICLONE {R$) - ZOPICLONE
(N=11} (N=11j N=11:
STUDY WEEKS
-2 - -1 a.0 a.¢ 0.0
0-1 G.0 a.0 0.9
4-5 9.1 G.¢ LNy
8- 18 .2 a.e 2.9
12-13 18.2 19.2 8.1
16-17 a.e 5.1 .1
20-21 27.4 45.5 531.&

None significantly different from vehicle control
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

OVERALL SUMMARY AND EVALUATION OF RS-ZOPICLONE EFFECTS ON THYROID
GLAND AND THYROID TUMORS:

Thyroid proliferation and tumors were observed in 18month chronic toxicity study and 24month
carcinogenicity study in the rat conducted in the early 1980s by ~ _ at the requestof RPR  ~ _

i - . These findings prompted the sponsor to conduct a number of mechanistic studies to
investigate whether the drug is acting centrally through the HPA or peripherally on thyroid hormone
metabolism causing these thyroid lesions. In addition to conducting studies, experts in the field were
consulted and provided with the specific slides for their review and evaluation. These experts prepared
written reports and conclusions of their opinions. The sponsor as well as experts concluded that RS-zop
acts peripherally and indirectly affect thyroid hormone metabolism through its direct action on the liver as
follows:

. RS-zop causes liver enzyme induction specifically those enzymes responsible for thyroid hormone
metabolism i.e. UDP-GT and 5° deiodinase.
. Increase in T4 metabolism and Cl will decrease its blood concentration which in turn through

positive feed back increases TSH release from the pituitary.
Increase in TSH stimulates protein synthesis in the thyroid and,

. Increase in thyroid synthetic capacity lead to tissue proliferation, increase in thyroid wt and if this
stimulation continues for sometime, will lead to thyroid histopathology and tumors.

The results from the mechanistic studies were inconsistent and data showed marked inter- and inira-
variability as reflected by the large s.d. values. However, coflectively, the results from all the studies and
other toxicity studies seem to support the proposed mechanism. The following are the resuits in favor of
this indirect mechanism:

. Increase i liver weight relative to B.wt. sometimes with minimal hepatocyte hypertrophy
indicative of enzyme induction (a finding also observed in mice and dogs).

. Increase in thyroid wt sometimes with follicular cell hypertrophy and hyperplasia and decrease in
colloid.

. Increase in activity of UDP-GT for T4 and 5’ deiodinase in the liver.

. Increase in serum TSH and decrease in serum T4.

. Inconsistent changes in T3 and rT3 serum levels.

In conclusion, the overall results from the mechanistic studies seem to support the mechanism where by
RS-zop induces liver enzymes which in tum increases thyroid hormone metabolism and CI. Decrease in
serum T4 through a positive feed back, increases TSH release from the pituitary and stimulate protein
synthesis in the thyroid to produce more T4. Continued thyraid proliferation can progress to tumors. RS-
zop has not been shown to affect liver enzymes in humans and thyroid hormone physiology is different
between humans and animals hence these tumors are imrelevant to human risk. As mentioned in the
carcinogenicity section, S-zop in recently conducted study did not induce any thyroid tumors when
administered daily by oral gavage to male and female rats for 2yrs up to 16mg/kg/d* and similar to
RS-zop, does not seem to be a liver enzyme inducer in humans.

* this dose did not provide adequate expaosure to S-zop compared to le vels measured following
RS-zop administration at the dose that did cause the thyroid fumors in the original study.
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SUMMARY AND CONCLUSION FOR MAMMARY TUMORS IN FEMALE RATS:

Twelve investigative in addition to sections in the general toxicity studies, have been conducted to address
the mechanism of RS-zop induced mammary tumors observed in female rats administered 100mg/kg/d
RS-zop for 2yrs. These studies included in vivo, in vitro, and hypothalamic explants with the I study
conducted in 1981 and the last study recently completed in November 2003. Over this long period of
investigation (22 years), 2 theories were put forth for the mechanism of action of these tumors:

I RS-zop induces an increase in 17 estradiol and other hormones such as LH and prolactin.
Persistent elevation in serum estradiol is known to cause mammary proliferation in rats and
consequent tumor formation. This theory would have human relevance.

2. RS-zop-induces early onset of reproductive senescence in female rat. Similar to the herbicide
atrazine, where high doses in SD female rats over prolonged period were shown to enhance early
onset of reproductive senescence characterized by constant secretion of estradiol and persistent
estrus leading to mammary gland tumors. This mechanism would have no relevance to humans.

Two of the 4 studies that investigated the 1* theory showed an increase in serum estradiol and/or LH
levels. The first study conducted in 1984 failed to show any drug effect on serum LH, FSH, prolactin, or
estradiol at 100mg/kg/d RS-zop administered up to 9wks (#190-850). One month oral gavage study done
in male rats failed to show any changes in serum estradiol, LH, or FSH in male rats dosed up to
200mg/kg/d (#190-837A1 )(unclear why these hormones were measured in malies). A follow up study
done in 1985 did show increase in serum estradiol in females dosed 100&200mg/kg/d RS-zop by gavage
and dietary administration on both wks 4 and 10 of dosing (#190-849) with NO change in progesterone
level, Also in this study, serum FSH, LH, and prolactin levels were affected/reduced in female rats
compared to control (not dose dependent changes and change usually noted after gavage but not dietary
administration). Mean relative ovary wt was increased in females dosed 200mg/kg/d by either gavage or
dietary route without an effect at 100mg/kg/d dose (this is the dose where tumors were observed). This
study was supportive of the theory and concluded that RS-zop may be acting indirectly to increase
estradiol since a central role was not supported by the change in serum FSH (levels were decreased
instead of increased). Study# 190-870F conducted in 2001 was a 3-month mechanistic study with daily
dietary administration of RS-zop at 100&200mg/kg/d where in addition to serum hormone measurements,
vaginal smears were examined to assess stage of estrus. Mean estradiol and other hormones were Not
affected by the drug however, hormone levels re-analyzed as a function of estrus stage showed an
increase in estradiol level at wks 2 &4 but not at end of study d84. Serum FSH was increased at the 3
time points at different stages of estrus, so did progesterone levels, but prolactin levels seemed to
decredse and LH levels increased (instead of a decrease). It is important to point out that all of the

serum hormone data were extremely variable and any conclusion should be considered cautiously).

Prolongation in diestrus was seen at 100mg/kg/d relative to control, 6.2days vs. 5days in control but with
s.d. of 3.3days in the former. Dr. — . 4 consultant, examined and reviewed the data and
concluded that RS-zop may have caused cycle irregularities but the effect was subtle. He added, that
absence of any histopathology in the mammary glands at this time could suggest that mammary gland
changes may occur over prolonged period of exposure to the drug and in response to sustained increase in

estradiol levels. For this same study, the sponsor decided to analyze samples of omental adipose tissue
from females at end of the 3month study to assess CYP19 aromatase enzyme activity (#190-870A1).
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Results showed that RS-zop at 100 and 200mg/kg/d did not increase the adipose tissue enzyme activity
indicative that any potential elevation in estradiol did not occur from conversion of testosterone.

Five studies were conducted to investigate the 2 theory. Study# 190-879A1 exposed ovariectomized
rats to single or repeat 3d dose of RS-zop at 100 or 250mg/kg/d with Na-pentobarb used as the positive
control. Animals were implanted with silastic estrogen capsules. LH levels were significantly decreased
after the single administration at both doses and at all 3 time points compared to control, however, the
response was much less obvious following 3d dosing and occurred only at 1 of the 3 time points. Re-
analysis of the latter data however, showed 4 of the rats (out of 9 or 12 rats), had LH surge equal to or
greater than the vehicle and the remaining rats showed LH suppression. Prolactin levels were decreased
after the single and 3d dosing. These results scemed to0 support RS-zop-induced decrease in LH
surge but only after a single administration and less clear of an effect after 3days. In another
study with similar design to the above (ovariectomized rats, single and 3d regimen; #190-884), S-zop and
RS-zop caused significant attenuation in LH amplitude and decrease in serum prolactin so did
zaleplon and zolpidem, 2 non-benzodiazepine GABA agonists. The sponsor concluded that this
response of neuroendocrine disruption at high doses may be a class effect. The NOEL for S-zop was
4mg/kg following single administration. In the 3d regimen, S-zop caused a decrease in maximum
amplitude of LH surge and, a dose dependent shift in time of day at which LH peaked. The shift in time to
peak for LH surge observed in the 3d regimen had no effect on serum prolactin up to 8mg/kg S-zop dose.
Serum prolactin levels were does-dependently reduced following S-zop. In conclusion, the lower number
of animals that surged and lower amplitude of the surge indicated reduction in serum LH levels therefore,
supporting the early reproductive senescence mechanism. However, it is of importance to note
that zaleplon and zolepidem did not cause mammary tumors or any relevant tumors in the 2 vear
bioassays. Therefore, a cpd that causes estrus cycle irregularities i.e endocrine disruption,
does not necessarily causes mammary tumors. RS-zop caused a concentration-dependent increase in
basal and naloxone-induced GnRH secretion from hypothalamic explants supportive of “central”
disruption of the endocrine hormones (#190-425; see above where a central role was ruled out as
a mechanism for increase in serum estradiol). Both RS-zop and S-zop have no estrogenic agonistic
activity based on a single study where blotied or wet uterine from ovariectomized rats did not increase
when the drugs administered up to 100&50mg/kg/d respectively (#190-883). In recently completed study
#190-882I (terminated in November 2003) its objective is to show endocrine disruption and early
onsct of reproductive senescence evidenced by persistent estrus in drug groups. This was planned as a
lyr cytology study where .~ SD female rats administered S-zop at 4, 16, and 50mg/kg/d and RS-zop
at 100mg/kg/d via oral gavage, the results of the 1¥ 6mo were submitted in August 2003. Atrazine, the
prototype for this mechanism was included as the positive control at 40mg/kg/d oral dose. Interim resuits
showed PARTIAL support for the proposed mechanism as evidenced by the increase in cumulative
number of rats that reached senescence by end of study wk21-23 at: 50% in 50mg/kg/d

S-zop and 20% in RS-zop 100mg/kg/d vs. 5% in vehicle control but 12.5% in atrazine group (the latter was
not different from control). Moreover, the percent of rats in persistent estrus was increased in
S-zop (16&50mg/kg/d not dose dependently), and RS-zop compared to control (postitive control also failed
to produce the anticipated response). However, the following were not in support of the mechanism: in
none of the parameters measured was there a dose response in S-zop, the positive control failed to
produce its effect, no difference in percent of number of rats in diestrus in fact, significantly lower percent
of rats were in diestrus compared to control: 5, 5, and 15% in 16, 50mg/kg/d S-zop and 100mg/kg/d RS-zop
respectively, vs. 35% in control (again, atrazine failed with 37%). Additionally phase 2 rats, selected
specifically with irregular cycles prior to dosing, used by the sponsor with the expectation of a more
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pronounced response than rats with regular cycles, faded to support this presumption. Although not all
parameters up to this point, support the early senescence theory of mammary gland-induced mmors, it
remains to be seen if by the end of the 1yr the number of aging rats in drug groups with signs of carly
senenscence is much higher than those in the control and/or will develop mammary tumors early or with
higher incidence than the controls. Also in support of this theory, would be to correlate changes in
hormone levels or loss of cyclicity in these rats with vaginal cytology. These parameters are the essence
of the mechanism of early senescence proposed for atrazine and argued by Dr. Cooper. However,
unfortunately there are no plans to assess any of these parameters in this study because its mainly and
exclusively designed as a cytology study investigating changes in estrus cycle.

In conclusion, this mechanistic stydy up to the 6mo interim have shown some changes in vaginal cytology
that supports the theory of early onset of reproductive senescence however, other parameters did not and
the positive control failed to show any effect. Another important finding here is the weaker signal of the
RS-zop (the drug that caused mammary tumors), relative to that of the S-zop which did not cause
mammary tumors in a recent 2yt bioassay. It is unclear how meaningful the results will be at the end of
Lyr in absence of assessment of palpation, mammary gland histopathology in search of tumers, and
hormone measurements to show absence of cyclicity or elevated levels. These parameters were assessed
in atrazine and their results supported its proposed mechanism of mammary gland tumor induction via early
onset of senescence. Another important finding is the disturbance in estrus cycle evidenced by
suppression of LH surge, by zalelpon and zolepidem, 2 drugs of the same class as zopiclone but neither
drug cuased mammary tumors or any relevant tumors in long term bioassays. Therefore, it seems that not
always disturbance in cyclicity can lead to mammary tumors unless the other factors observed with
atrazine are fulfilled.

It is the opninon of this reviewer that although there are similarities between the atrazine-induced
mechanism of mammary tumors and that proposed for RS-zop, there are also many differences (see
below).

According to the literature, neuroendocrine disruption playes a sigrificant role in the normal aging process
of the rat as it applies to development of mammary and pituitary tumors (Elduidge et al., 1999; Lu et
al.,1994; Meites 1982; Huang et al., 1978). The aging process begins at 10-12month of age (middle age),
where irregular estrus cycles (prolonged) appears, followed by persistant estrus characterized by fully
developed follicles but without ovulation (may last few months), then pseudopregnancy (ovaries with many
corpora lutea but without ovulation), and finally anestrus where ovaries are atrophied with small
undeveloped follicles. Prolactin levels seem to increase with age with highest levels occurring during
anestrus. This elevation in blood prolactin occurs in presence of a parallel decline in estrogen secretion by
the ovaries. Spontaneous mammary fibroadenomas in aging rats are seen in presence of elevated blood
prolactin, incidence between 50-80% have been reported for SD and 25-40% for Long Evans. It is of
note that both prolactin and estrogen are essential for the development of mammary tumors. In the
specific case of atrazine and triazines in general the proposed mechanism of compound-induced
mammary tumors in female SD is that these cpds seem to accelerate the onset of senescence and the
consequent persistant elevation in estrogen over a prolonged period leading to increased incidence and/or
early onset of mammary tumors. The following was met (were observed) for the atrazine-induced tumors
to qualify for the proposed mechanism of early senescence:

L No intrinsic estrogenic activities,
2. Not mutagenic or genotoxic cpd,
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3. Tumors develop only at very high doses close to or exceeding MTD,

4. In normally aging rats, tumors develop predominantely at >20 month of age, with many rats
not developing tumors,

5. Only in female SD rats, a strain with high background spontaneous mammary tumors
incidence (mean control incidence of 44% at 2yrs of age),

6. Histopathologically, these tumors are qualitatively identical to those in untreated rats,

7. Initial palpation of masses showed earlier onset of developing tumors “but not necessarily final
higher incidence”,

8. Female rats with high incidence of estrus tend to develop mammary tumors earlier than those
with normal cycles that develop these tumors later in life,

9. Decline in LH surge and prolonged “elevation” in estrogen secretion i.e. loss of cyclicity in

hormone secretions with age.

Of the above, RS-zop meets #s 1, 3, and 6 and part of #9 where LH levels were shown to decline with
treatment but effects on estrogen were inconsistent, For #2, RS-zop is a clastogen so is S-zop and its
active desmethyl metabolite, #5 can not be verified since RS-zop has been tested only in SD, #7 palpation
incidence can not be verified but clearly, tumor incidence at end of study was significantly higher than in
controls, #8 can not be validated at this time and, #9 though decline in LH levels have been demonstrated,
elevation in estrogen have not.

In conclusion, results to date from all mechanistic studies, only partially support the theory of
mammary gland tumors induced as a result of early onset of reproductive senescence.
Therefore, we are left with the following prefile of RS-zop:

¢ Incompletely explained mammary tumors in the rat,
Positive clastogenic response in in vitro mammalian assays for RS-zop, S-zop, and the
active S-desmethyl zop,

*  Marked reproductive toxicity and adeverse effects on male and female rat fertility,

e Zaleplon and zolepidem, 2 GABA agonistis of the same class as zopiclone, caused estrus
cycle disturbances but neither drug induced mammary tumors or any relevant tumors in
2yr carcinogenicity studies.

The original theory of drug-induced persistent elevation in estradiol could not be fully
supported by the results from studies specifically designed to address this proposal with only 1
or 2 of the studies in support of this mechanism (this conclusion is agreed to by the sponsor).
Data were highly variable and not all hormones were affected in the expected manner. It should
be noted that this theory would have had a human relevance if proven. On the other hand, the
2"! mechanism of drug-induced mammary tumors seem to have more suppertive findings for
estrus cycle disturbances. Dr. Cooper of the EPA used the mechanism of early onset of
reproductive senescence applicable to atrazine -induced mammary tumors, as the working
hypothesis for RS-zop induced tumors. Similarly, studies specifically designed to address this
effect were done and the 2 studies in ovariectomized rats showed marked decrease in LH surge
and effect on prolactin level. However, not all of the results in these 2 studies agreed to this
conclusion. The interim 6month results of the recently terminated 1yr study showed some
reasonable evidence in support of the early senescence mechanism of action. Nevertheless,
lack of dose response, failure of the positive control to induce its anticipated effect, and

absence of correlation of serum estradiol in these rats (not done), made accarate conclusion

258



difficult. However, this study could provide adequate explanation if correlation between
persistent estradiol elevation/absence of cyclicity in rats demonstrated to have early

senescence and, early onset of mammary tumors is observed at end of 1yr. These 2 factors are
the essences of the mechanism of atrazine -induced early onset of reproductive senescence with
the consequent tumor promotion. It is however, unfortunate that this lyr study is only a
cytology investigation and the protocol does not include assessment of these parameters.

LIVER FINDINGS IN 18 MONTH RAT CHRONIC TOXICITY STUDY:

In addition to the thyroid findings in this study (Sepracor# 190-831f), liver hyperplastic nodules were also
reported. RPR consulted in 1983 Dr — _ to review these liver findings in addition to the thyroid lesions
(see Special Toxicology Studies Sepracor# 190-858). Unlike the thyroid report where he reviewed the
data from the study, for the liver he was provided by RPR selected liver tissue slides from 12 males
reported by — . pathologist or Dr. —  to have hepatic neoplasia. Dr. — re-reading and
evaluation of these slides agreed with Dr.+  — , conclusion that the few “foci of cellular alterations”
were over diagnosed as adenoma/neoplastic nodules. The findings of 5 lesions in HDm vs. 1 in control
male rats in his opinion, are sporadic variations of the spontaneous incidence of these tumors in aging rats.
Moreover, and as shown by Dr. © — | absence of increase in foci of cellular alteration in these rats
supports the conclusion that RS-zop is not a true hepatocarcinogen.

Sepracor also requested the opinion of Dr. — on the liver findings (Sepracor# 190-859). He was
provided with slides from 12 animals identified by the original pathologist as having liver lesions. Similar to
Dr — above, he concluded that based on the data provided to him from the 18month study, RS-zop
does not seem to be a liver tumor promoter. This conclusion was also based on his understanding that RS-
Zop was not a mutagen in the assays conducted at that time. He did however, recommend the drug be
tested in the 2yr bioassay to further support this conclusion. Dr — 1n his report referred to some issues
that made his assessment difficult where . processed different number of liver sections from rats in
different groups with more stides in control and HD than in low and mid dose groups. He continued by
stating that partly due to this, additional 3 standard slides per group were prepared from all rats killed at
end of study. However, this created some inconsistencies he noted such as his doubts that the 3 additional
slides processed from rat#62034came from the same animal since the findings reported in the original
slides from this rat (infiltration by mononuclear cells indicative of adenoma), were completely absent from
the current 3 sections,

It is of note that hepatic tumor findings were not further addressed or investigated specially since no such
tumors were observed in the subsequently conducted 2yr carcinogenicity study. Based on results from
other toxicity and mechanistic studies, RS-zop as well as S-zop are found to be liver enzyme inducers in
the rat.

SUMMARY AND CONCLUSION FOR SKIN TUMORS IN MALE MICE
Incidence of skin sarcoma was significantly increased in male mice orally administered 100mg/kg/d RS-
zop via the diet for 2yrs, compared to the control incidence. Re-evaluation of tumors by the Pathology
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Working Group did not change the number of skin tumors in male mice reported in the original analysis.
Therefore, the increase in skin sarcomas in high dose male mice remained statistically significant as
agreed to by both the sponsor and our statistician. Consultants agreed that the incidence of s.c.
sarcomas in the 100mg/kg/d RS-zop in male mice was unusually high and exceeded several historical data
bases, that there was a good correlation between the incidence of dorsal tumors and incidence and
duration of dorsal bites leading to the conclusion that fighting causes tumors in the subcutis of male
B6C3F1 mice. This fighting behavior in RS-zop is paradoxical phenomenon of long term exposure to high
dose of RS-zop. RS-zop seemed to modify the animal's fighting behavior increasing aggressiveness of
these mice leading to biting and mutilation with consequent lesion formation. Therefore, the fibrosarcoma
in male mice is not considered a direct effect of RS-zop but indirect mediated by increased aggressiveness
and biting. The proposal that RS-7op increased aggressiveness in male B6C3F1 mice housed in a group
setting was tested in a 2™ study were male mice were housed individually and others 4/cage and RS-zop
administered at 100mg/kg/d RS-zop, appropriate control groups were also included. Results indeed
showed absence of encrustations and skin tumors in single-housed males and their presence in group-
housed mice. However, considering the incidence for both parameters in the control group housed mice
vs. the RS-zop group housed mice, remained higher in the drug group compared to the control. This led to
conclude thata drug effect can not be ruled out and that the drug may be acting as a promoter (i.e. in
presence of wounds would RS-zop promote them to develop into tumors?). Having said all this, there are
no reports in the literature to indicate that RS-zop increases aggressiveness in patients taking the drug
therefore, the skin findings in male B6C3F1 mice may be considered irrelevant to hurnans though a
promotr mechanism can not be ruled out.

SUMMARY AND CONCLUSION FOR PULMONARY TUMORS IN FEMALE MICE

Incidence of lung carcinoma was significantly increased in female mice orally administered 100mg/kg/d
RS-zop via the diet for 2yrs, compared to the control incidence. Later re-analysis of these tumors
reclassified the carcinomas reducing their number and, consequently the incidence fell within the historical
range (2/52 vs. 0/104 in control originally the number in HD was 4/52). Statistical analysis by our
statistician using pair-wise comparison of high dose and controls for combined tumors (adenomas and
carcinomas) still showed statistical significance (p=0.0063); this finding is also reached by the sponsor.
Although the statistics is still significant, this reviewer believes that these tumors are of no toxicological
impact based on the following (but are drug related):

Morphologically these tumors are similar to spontaneous tumors,
They are usually common turmnors,

Incidence within historical range of NTP data base,

Observed only in one sex,

They were not fatal, and,

Did not metastasize.
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The following information reflects a brief summary of the Committee discussion and its recommendations.
Detailed study information can be found in the individual review.

NDA # 21-476
Drug Name: Estorra/Eszopiclone/S-isomer of RS-zopiclone
Sponsor: Sepracor Pharmaceuticals

Marlborough, MA 01752

Background:

S-zopiclone is the pharmacologicaily active isomer of RS-zopiclone. It is a non-benzodiazepine GABA,
agonist proposed as a short acting hypnotic. Rat and mouse dietary carcinogenicity studies have been
previously conducted with RS-zopiclone at 1, 10, and 100mg/kg/d doses for both species. The results
showed four tumor types at the high dose in both species and both sexes as follows: thyroid tumors in
male rat, mammary gland tumors in female rat, lung tumors in female mice, and skin tumors in male mice.
On October 2™ 2001 the Executive CAC reviewed these studies and recommended that lifetime
bioassays be conducted with the S-zopiclone. These studies have recently been completed and final
reports submitted to the Division. In addition, the sponsor conducted a P53 mouse alternative bioassay
and provided the final report for evaluation.

Mouse Carcinogenicity Study:

S-zopiclone was administered daily via oral gavage to male and female CD-1 mice at 25, 50, and
100mg/kg/d for 97-104weeks and standard parameters were evaluated. In addition, TK of S-zopicione
and its active metabolite, S-desmethyl zopiclone was determined in sateilite groups on wk25 of study,
There were no drug related findings in any of the measured toxicological parameters. S-zopiclone did not
cause a significant increase in tumors except for an increase in the incidence of malignant uterine
leiomyosarcomas seen in females dosed at 100mg/kg/d. This finding was not considered to be drug
related but rather a random occurrence. Exposure was measured for both the parent compound and the
S-desmethyl zopiclone metabolite; the AUC for S-zopiclone was 17,608 and 17,095ng.hr/ml in males and
fermales respectively. These values represent approximately 43 times the exposure in humans at the
maximum recommended human dose (MRHD) of 3mg/d. In absence of any significant drug related
finding, it is concluded that the MTD was not achieved in this study and the 25 fold human exposure
multiples can not be used as basis for dose selection because S-zopictone tested positive in in vitro
mammalian mutagenicity assays.



Rat Carcinogenicity Study:

S-zopiclone was administered daily via oral gavage to male and female SD rats at 2, 4, 8, and 16mg/kg/d
for 97-104weeks and standard parameters were evaluated. in addition, TK of S-zopiclone and its 2
metabolites S-desmethy! and N-oxide were determined on weeks 4, 24, and 56 of study and significant
exposure to all three metabolites was demonstrated. The drug caused a significant decrease in survival
in both sexes at the highest dose of 16mg/kg/d. There were no other significant drug related findings in
any of the measured parameters and S-zopiclone did not induce a significant increase in any tumor type
up to 16mg/kg/d. Exposure to S-zopiclone at 16mg/kg/d as measured by AUC on week 56 was 3980 and
17,000ng.hr/ml in males and females respectively, representing 10 and 42 times the exposure in humans
at the MRHD of 3mg/d. Itis concluded that the MTD was reached in this study based on decreased
survival in both male and female rats at the highest dose of 16mg/kg/d and the study was considered as
adequate.

p53 Mouse Carcinogenicity Study

S-zopiclone was administered daily via oral gavage to male and female p53 C57BL/6 haploinsufficient
mice at 100, 200, and 300mg/kg/d for 26wks and standard parameters were evaluated. In addition TK
analysis ot S-zopiclone and its desmethyl metabolite were measured at end of study. Two positive
control groups were included: p-cresidine in corn oil and p-cresidine in 0.5% CMC vehicle in addition to
control vehicle and untreated control groups. S-zopiclone caused a 42-58% decrease in mean weight
gain in male and 75-82% decrease in female mice in all 3 dose groups compared to vehicle control
values. No other drug related findings observed in females. In males, changes were observed in the
absolute and relative weight of the epididymides in all S-zopiclone groups in addition to histopathological
findings in 300mg/kg/d group. There were no drug related tumors in either sex up to 300mg/kg/d, the
positive control induced the expected tumors in the urinary bladder. Toxicokinetics revealed that mice
were exposed to both the parent and desmethyt metabolite with exposures generally higher in females
than males. It was concluded that oral administration of S-zopiclone to p53 haploinsufficient mice did not
cause tumors up to 300mg/kg/d administered for 26weeks. This dose produced exposures of 9374 and
10,656ng.hr/ml in males and females respectively (equivalent to 23 and 26 times the MRHD of 3mg/d).

Executive CAC Recammendations and Conclusions:

The committee concluded that the rat carcinogenicity study is adequate based on MTD reached in both
sexes. The mouse carcinogenicity study was found inadequate as the MTD was not achieved in either
sex and exposure multiples could not be used as basis for dose selection because S-zopiclone was
clastogenic in in vitro mammalian assays. However, the committee found the P53 mouse alternative
assay to be adequate therefore, assessment of the drug's carcinogenic potential in the mouse has been
fulfiled. For all three studies, the committee concurred that there were no drug-related findings up to the
doses tested,

David Jacobson-Kram, Ph.D.
Chair, Executive CAC
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