FIGURE A-4

ACETYLCHOLINE LEVELS IN RAT BRAIN 60 MIN AFTER ADMINISTRATION
OF AChE INHIBITORS
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2244 INFLUENCE OF THE MAJOR METABOLITE OF SDZENA

713, SDZ 226-90, ON AChE ACTIVITY IN RAT BRAIN IN
VITRO AND EX VIVO [Doc. #103-307)

2.2.44.1 Method

Male OFA rats (200 g) obtained from ————"" ) were used. AChE activities
in rat brain regions were determined ex vivo following p.o. administration of either
SDZ 226-90 and SDZ ENA 713 alone and after co-administration of both
compounds. 48 rats were randomized into 8 groups, treated and sacrificed as
indicated in Table A-9.

TABLE A-S

EXPERIMENTAL DESIGN: ALLOCATION TO TREATMENT

)
'r,n'wvauw

Group/Treatment 226-90 ymol/kg | ENA pymolkg | Sacnficing after min
. Time min Time min

1 Control Placebo Placebo 60

2 226-90 100/ 0 min 90

3226-90 - 300/ 0 min 90

4 226-90-+ENA 100/ 0 min 8 / 60 min 90

5 226-90+ENA 300/ 0 min 8/ 60 min 90

6 ENA 8/ 60 min 30

7 ENA+226-90 100 / 30 min 8 / 60 min 60

8 ENA+226-90 300/30min | 8/60 min 60
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The brains were dissected after decapitation according the method described by
Glowinski and Iversen (J.Neurochem. 13, 655-669,1966) and immediately frozen
on dry ice. The dissected brains were stored at -70°C until analysis. The frozen
tissue was hornogenized and AChE activities measured as described in section

2.1. 3l

22442 g}_?esults
b

1.) Influence of 226-90 on AChE activity in vitro:

226-90 inhibits AChE activity isolated from rat striatum. In enzyme kinetics
experiments non time dependent inhibition was found in contrast to the inhibition
by the parent drug SDZ ENA 713. The results suggests a linear mixed type of
inhibition for this compound, indicating both competitive and non competitive AChE
inhibition. The apparent K, in rat striatal enzyme was determined to be
approximately 1.8 x 10° M. Based on the different mechanisms of inhibition by
SDZ ENA 713 and 226-90 a direct comparison of K values can not be made (time
dependent versus non-dime dependent inhibition). Due to the competitive
mechanism of inhibition by 226-90 the ranje of the IC,,’s is betweep ———e—
depending on the substrate concentration used. The arbitrary observed
IC50 following preincubation of the enzyme for 15 min with both compounds and
at maximal substrate concentration are as follows:

SDZ ENA 713 :IC50 : ~1.7 x 10°M and 226-90 : IC50 : ~12 x 10°M.

influence of 226-90 on AChE aclivity ex vive:

226-90 at the doses of 100 and 300 ymol/kg p.o. (16.7 and 50.1 mg/kg) does not
inhibit AChE activity in any rat brain regions determined ex vivo. Due to the
competitive part of AChE inhibiton determined in vitro, it seems reasonable to
assume that a high dose of 226-90 administered before SDZ ENA 713 could
prevent the carbamylation of the enzyme and therefore reduce the inhibitory
potency of SDZ ENA 713. As shown in Table A-10, 226-90 administered p.o., 100
and 300 umol/kg 60 min pefcre 8 umolkg p.o. SDZ ENA 713 showed a small
additional increase rather thar. decrease in AChE inhibition. Although the effects
were small they reached statistical significance in all brain regions examined
except the striatum due to the larger variability. The corresponding SDZ ENA 713
control exerted the expected inhibition in all brain regions. However, when 226-90
was administered p.o. after SDZ ENA 713 no additional inhibition of AChE was
seen,
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TABLE A-10

AChE ACTIVITY IN DIFFERENT RAT BRAIN REGIONS FOLLOWING ADMINISTRATION OF SDZ 226-90 AND SDZ ENA 713

|

fTreatment . , tnatum Cortex Hippocampus ons/medul "‘ Iy
, . .
Mean +SD Mean 35D Mean 18D | Mean %
“Control 4175 3.31 4.59 0. 6.31 0.40 17083 |
§226-50 100umolkg 40.29 345 [4.41 0.29 5.70 0.44 Y1486 |[O.
226-90 300pmolkg 41.38 3.22 4,74 0.42 5.88 0.24 11.07 0.84
ENA 8umolkg : 20.56 3.61 48 0.27 2.61 029 7.02 0.
X o+ P ) 1699 |[343 |[2.04 033 [2.02 030" [589 [O.
226-90 300pmol/kg+ENA Bumol/kg 16.35 2.87 1.92 0.14* 1.94 0.21* |5.79 0.44*
™ o+ moVkg 20.75 47 [ 225 013 [239 |[008 |6680 |O.
ENA 8pumol/kg+226-90 300pmol/kg 19.03 3.60 2.27 0.16 2.29 0.18 6.69 0.37
-

Mean values in nmol x min-1 x mg-1 tissue +SD; n=6; * significantly different from SDZ ENA 713 alone p<0.05, Dunnet's test.
(Significances (*) derived from Figure 3 of Doc.#103-307).
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2244 MUSCARINIC AND NICOTINIC EFFECTS OF SDZ ENA
713, PARSOSTIGMINE AND TACRINE ON BRAIN
DEOXYGLYCOSE UTILISATION (DOG). [Doc. #103-107]

Changes 3'”‘: the functional activity of the CNS are associated with altered
deoxygiucose (DOG) utilization in the brain which can be visualized
simuitaneously in several brain regions using the autoradiographic method of
Sckoloff et al., 1977. The administration of cholinergic drugs induces in this model
of DOG a characteristic “fingerprint” pattern by modifying regional glucose
metabolism. , '

2.2.44.1 Method

Male Wistar rats (150-200g) were used. Drugs were administered at various
doses and by different routes (iv, po, ip) to animals. [14C)-2-deoxyglucose
(125uCilkg) was injected 45 min before the animals were sacrificed. The brains
were immediately. excised, frozen at -80C and subsequently cut into slices with a
thickness of 20 m. The optical densities of the radiographic images were measured
as described by Sokoloff et al.,(J.Neurochem.,28, 897-916,1977) and modified by
Palacios and Wiederhold (Brain Res.327,390-394,1985).

2.2.4.4.2 Results

After p.o. application of SDZ ENA 713, 1.88mg/kg p.o.) significant changes in
DOG utilization in the rat brain were observed. The most marked changes were
found in the visual regions and the anteroventral thalamus and aiso in the lateral
habenula nucleus (Table A-11). A similar pattemn of effects was obtained with
physostigmine (0.25 and 0.5 mg/kg s.c. ). Tacrine was investigated in a higher
dose range (5, 10 and 20 mg/kg s.c.) and induced dose dependent DOG
changes in the same brain regions. With this AChE-l cortical and hypothalamic
regions were relatively more strongly influenced. Preadministration of
mecamylamine, which blocks nicotinic receptors, suppressed the influence of all
AChE-I's in visual regions such as superior colliculus and simuitaneously
potentiated effects in the other regions.

' .
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TABLE A-11

RELATIVE CHANCES IN DEOXYGLUCOSE-UPTAKE IN RAT BRAIN AFTER AChE-|

Brain area SDZ ENA 713 Physostigmine Tacrine

' 1.88 mg/kg p.o. 0.25 mg/kg s.c. 10 mg/kg s.c.

A s ¢

caudate putamen -4 -6 -8
ant cingulate cortex -17 -11* -6
frontopariet.cortex mot. area -8 -10 19* .
frontopariel.cortexsom.sens. 7 1 18*
anleromed thalamic nu -20 8 -15¢
anteroveniral thalamic nu 31 26* 44
lat habenular nu 18 9 27
dors lat geniculate nu 17 49* 52¢
laterodorsal thalamic nu -4 -2 3s*
veniroposierior thalamic nu 3 -10 13
basolateral amygdaloid nu -2 -14 -14
subthalamic nu -9 -3 -7
ant prefectal area 0 -7 9
sup coll superf, gray layer ne 92* 65°
hippocamp.stratum radiatum -7 6 -1
substantia nigra reticular -5 6 -7
med term. nu oplic tract 42 26* 14

Values are changes in relative deoxyglucose uptake in % difference of control animals. Administration of SDZ ENA 713, physostigmine 10 min.,
Tacrine 60 min., before deoxyglucose injection. Underline = nicotinic effects; * : p< 0.05, n=5.
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3 OTHER PHARMACOLOGICAL ACTIVITIES OF SDZ ENA 713
3.1 CARDIOVASCULAR EFFECTS

311 _ . - EFFECTS OF SDZ ENA 713 IN THE ANAESTHETIZED CAT
= [Doc. #103-107)

I ]

3.1.1.13 M&ﬁod

Male and female cats, ( ca 2 kg), were anaesthetized with chioralose (43mg/kg
i.m.) and urethane (430 mg/kg i.m.). Cannulae were implanted in the femoral
artery, the femoral vein and the trachea. After a period of adaptation, stable
control values were recorded for the vasopressor response to noradrenaline (1 -
8 g/kg i.v.) , the effect of isoprenaline (0.25 - 2g/kg i.v.) on blood pressure and
heart rate, and the pressor effect induced by occluding the carotid arteries for 30
seconds. SDZ ENA 713 was administered by infusion over a period of 30 min at
a rate of 0.00128 - 0.16 M/kg per min. The total doses administered were 0.0384
-6 molkg iv. (ca 0.01 to 1.5 mg/kg.i.v.). The volume infused was kept
constant at 0.2 mUmin for the 2 hours of the test. Noradrenaline was
administered 20 minutes, isoprenaline 25 min, and the carotid arteries were
occluded 30 minutes after the onset of each infusion.

3.1.1.2 Results

SDZ ENA 713 tested in the dose range 0 - 1.5 mg/kg i.v., exerted only minimai
effects on the circulatory parameters (Table A-12). At the dose of 0.75 mg/kg
i.v. SDZ ENA 713 induced central effects manifested by strong tremor or slight
cramps. Such central effects occurred after physostigmine at the dose of 0.14
mg/kg i.v., but in comparison to SDZ ENA 713 its influence on circulatory
parameters was also more potent and was seen after 0.33 mg/kg i.v..From
these resuits it was concluded, that SDZ ENA 713 is considerably better
tolerated than physostigmine, as regards the cardiovascular system.

- APPEARS THIS WAY
: AP oN ORIGINAL
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CARDIOVASCULAR EFFECTS OF SDZ ENA 713 AND PHYSOSTIGMINE IN

TABLE A-12

. THE ANAESTHIZED CAT
-v
=
X~
= L
Drug [Cumula|BP|HR|NABP|ISPBP | OCA|NT Lethal
tivel% % % % % dose
dose mg/kg
mg/kg iv.
i.v. .
ENA 0.01 +1 +1 -3 -7 -1 -7 >1.5
713 0.06 +2 | +1 +2 6 -1 -7
(n=4) 0.30 +5 0 -19 -13 +3 -12
1.50 +4 0 -27 -38 -8 . -10
Physo 0.01 +1 0 -17 +5 -2 -5 >1.7
s 0.07 +2 0 -33 -21 -2 -12
tigmin 0.34 +4 | -1 -59 -33 -46 -12
e 1.71 40| -5 61 -100 -75 +43
(n=3)

BP = blood pressure (mm Hg)

. NABP = pressor response to noradrenaline

ISPBP =

NT = nictitating membrane tone
Effects are expressed as percentage changes compared with predrug values

isoprenaline-induced fall in blood pressure
OCA = pressor response to carotid artery occlusion

APPEARS THIS WAY

Ol ORIGINAL

HR = heart rate (beats/min)
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3.1.2 EFFECTS OF SDZ ENA 713 ON THE CARDIOVASCULAR
SYSTEM OF THE NORMOTENSIVE AWAKE RAT. [Doc. #103-107)

Central chqlinergic stimulation by muscarinic agonists induces an increase in
blood pressure under certain experimental conditions in animals and man
(Brezenoff Xt~al. Ann.rev.Pharmacol.Toxicol. 22, 341-381,1982). Experiments on
awake rats led to the conclusion that besides an initial decrease in blood pressure
and pulse frequency, the blood pressure increase seen after these drugs was
centrally mediated by M2 receptors (Pazos et al. Europ.J.Phamacol.,125, 63-
70,1986).

3.1.2.1 Methods.

The experiments were carried out using inale Wistar rats and the drugs were
administered orally (SDZ FENA 713) or by the intravenous route
(N-methyiscopolamine (NMS)). The method is described in detail by Pazos et al.
(Europ.J.Pharmmacol., 125, 63-70, 1986 ).

3.1.2.2 Results

Oral administration of SDZ ENA 713 induced only weak bradycardia in this model
which was reversed by methyl-scopolamine. At the higher dose (5.6 mg/kg p.o.),
SDZ ENA 713, significantly increased blood pressure (29%), this effect being
antagonized by scopolamine but not by the peripheral blocker
N-methyiscopolamine (Table A-13) In contrast to certain muscarinic agonists, SDZ
ENA 713 did not cause an initia! drop in blood pressure.

- - APPEARS THIS WAY
ON ORIGINAL
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TABLE A-13

- MAXIMAL CARDIOVASCULAR EFFECTS OF SDZ 212-712 (p.o.) IN AWAKE RATS

'
¢

e

Drug Blood Pressure (mm Hg) Heart Rate (bpm)
.Conlrol Treatment Difference Time Control Treatment Difference Time
(Mean (Mean (%) (min) (Mean (Mean (%) (min)
1SEM) 1SEM 1+SEM) 1SEM
ENA 713
mg/kg p.o.
1.88. 97 43 105 15 8 20 467 115 402 326 -14 20
56 95 15 122 15 29* 17 475 17 395 £7 -17 17
ENA 713
mg/kg p.o.
56 109 +2 139 11 28* 20
+ NMS
* p<0.01 paired sample t-test
NMS = N-mathylscopolamine 1 mg/kg i.v.
e ...uw



3.1.3 EFFECTS OF SDzZ ENA 713 IN THE CONSCIOUS
NORMOTENSIVE SQUIRREL MONKEY. {Doc. #103-107)

3.1.3.1 Method.

g

Squirrel nﬁnkeys (0.65 - 1 kg) were used. The animals were restrained in a
monkey s§al and were placed in a cabin (2 m3 in capacity). Blood pressure was
measured Dy means of a cuffer around the tail. Cardiovascular effects and
behaviorat changes were determined 1 and 5 hours after drug administration. Each
value represents the mean of at least 5 consecutive measurements of blood
pressure. -

3.1.3.2 Results

SDZ ENA 713, 0.1 mg/kg p.o. (n=2) induced in one animal slight vomiting and in
both monkeys tested slight tremor was observed. No effect on respiration rate and
blood sure 1 and 5 hours following drug administration could be detected (Table
A-14). With the dose of 0.3 mg/kg p.o. both monkeys vomited and exhibited
tremor. The small effect on blood pressure in one animal seems to be uncertain
because this monkey aiso showed an slight increase under placebo (Table A-14:
monkey no. 38). SDZ ENA 713 at the dose of 1 mg/kg p.o. induced strong
vomiting and tremor in one squirrel monkey and as a consequence the animal
showed disinterest toward the environment. At this dose.a slight increase in blood
pressure was seen after 1 hour. It was technically impossible to measure the blood
pressure in this animal after 5 hours because of marked tremor.

PEARS THIS WAY
RPN ORIGINAL
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TABLE A-14

BLOOD PRESSURE EFPECTS OF SDZ ENA 713 IN THE CONSCIOUS NORMOTENSIVE SQUIRREL MONKEY. 9
. e ! ,{V-)",.' '
1 Cy « )
Drug Animal Control value 1 hour after A BP | 5 hours after ABP
No. mm Hg drug mm Hg drug mm Hg I
SDZ ENA 713
0.1 mg.kg p.o. 42 130 14 124 19 -6 125 16 -5
0.1 mg/kg p.o. 40 98 13 92 +3 -6 97 +2 -1
Placebo
3 mi/kg p.o. 42 135 16 119 £9 -16 127 15 -8
§ 3 mikg p.o. 40 100 £7 103 19 +3 | 9914 -1
SDZ ENA 713
0.3 mg/kg p.o. 41 104 12 99 13 -5 92 16 -12
0.3 mg/kg p.o. 8 101 43 115 24 +14 114 24 +13
Placebo
3 mi/kg p.o. 41 100 15 92 +7 -8 110 14 +10
3 ml/kg p.o. as 97 13 102 13 +5 120 ¥2 +23
SDZ ENA 713
1 mg/kg p.o. 40 99 13 113 10 +14 not measured
Placebo
3 mikg p.o. 40 106 13 100 +2 -6 101 3 -5



3.1.4 COMMENTS ON THE CARDIOVASCULAR INFLUENCE OF SDZ ENA
173

The “eéWects of anticholinesterase agents on the cardiovascular system are
complex. The primary effect produced by these drugs is a bradycardia with
consequegt decrease in cardiac output and blood pressure. SDZ ENA 713 tested
in the rat, cat and monkey showed no influence on cardiovascular parameters at
doses at which clear central effects could be demonstrated. Higher doses of this
drug, inducing unwanted peripheral side effects -also started to influence

cardiovascular parameters.

3.2 PULMONARY EFFECTS

32.1 PULMONARY EFFECT OF SDZ ENA 713 IN THE VENTILATED
GUINEA-PIG (Doc. #103-107)

ACh induces bronchospasm in this animal mode! expressed as a dose. dependent
increase in airway resistance.

3.2.1.1 Method

= guinea-pigs (male, 400-600 g) were anaesthetized with
phenobarbital (100 mg/kg i.p. and pentobarbital (30 mg/kg i.p.) and paralysed with
gallamine (10 mg/kg i.m.). Animals were ventilated via a tracheal cannula (10
mi’kg, 1Hz). Blood pressure and heart rate were recorded from the carotid artery.
Ventilation was monitored by a flow transducer in line with the inspiratary circuit.
Coincident pressure changes within the thorax were monitored directly via an
intrathoracic trochar, so that the pressure difference between the trachea and
thorax could be measured and displayed. From these measurements of flow and
differential pressure, both resistance (R ) and compliance (C,,) were caiculated
(Buxco, model 6) at each inspiration.

3.2.1.2 Resuits

SDZ ENA 713 in the dose-range of 0.01 to 1 mg/kg i.v., injected at 10 minute
interval€, showed no influence on airway resistance, whereas ACh, starting with
the dose of .3.2 ug/kg i.v. dose dependently increased this resistance in the
ventilated animals (Figure A-5).
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FIGURE A-5

EFFECT OF ACETYLCHOLINE AND SDZ ENA 713 ON AIRWAY
A RESISTANCE IN VENTILATED GUINEA PIGS

00T A CZ3ACh 3.2 kg iv.

&8 ACh 5.6 pg/kg i.v.

s00d I MR ACh 10 pg/kg i.v.

B ACh 18 pg/kg i.v.
E=SDZENA 1 pg/kg i.v.
1004 i [0 SDZ ENA 10 pg/kg i.v.
SDZ ENA 100pg/kg i.v.
— SDZ ENA 1000g/kg i.v.
° ACh ; SDZENA713

Increase in RL
(cm H20/N/sec £SEM, n=5)

Blood pressure and heart rate were not affected by SDZ ENA 713 until the highest
dose used, 1 mg/kg i.v., where a drop in both parameters was observed.
However, in animals pretreated with 0.1 mg/kg i.v. SDZ ENA 713 (15 min.), the
effect of ACh on airway resistance at the doses of 3.2, 5.6 and 10 pg/kg i.v. was
clearly potentiated, probably due to the inhibition of AChE by SDZ ENA 713
(Figure A-6). For this reason the drug may be contraindicated in asthmatic patients.

o
e n'.r

FIGURE A-6

EFFECT OF SDZ ENA 713 ON ACETYLCHOLINE-INDUCED
BRONCHOSPASM IN VENTILATED GUINEA PIGS

300

==3ACh 3.2 kg i.v.
ESS3ACh 5.6 pg/kg i.v.

2004- i B ACh 10 pg/kg i.v.

-
L=
o

i
L)

i

increase in RL
(cm H20/sec 1SEM n=3)

SDZ ENA 713 0.1 mg/kg i.v.
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3.3 DEPENDENCE LIABILITY STUDIES

3.3.1 STUDY OF POTENTIAL TO CAUSE PHYSICAL DEPENDENCE
_[Doc.# 103-197)
nlfENrer
in a test ofpotential to cause physical dependence it wa:; determined if signs of
a withdrav@l syndrome occur following cessation of prolcnged application of the
compound >,

33.1.1 Method

Monkeys automatically received intravenous application of SDZ ENA 713 every
four hours for 8 weeks in a series of increasing doses (2 weeks at 5.6
Hg/kg/infusion, 2 weeks at 10 pg/kg/infusion, 4 weeks at 18 pg/kg/infusion)
following a 2-week Baseline period when the applied solution was saline.
Application of substance was then terminalied and replaced by saline in order to
determine if signs of a withdrawal syndrorne occurred. This schedule was then
repeated with morphine as a positive control. Three times a week plasma samples
were collected and assayed for butyryicholinesterase by the method of Eliman et
al. (Biochem Pharmacol, 7, 88-95,1961). At least once a week, and on every
workday in the first withdrawal week the occurrence of behavioral elements was
noted in three separate 5-min observation periods, and reactions to offering the
animal a peanut once per observation day were also recorded.

3.3.1.2 Resuits

During the final weeks of treatment -with £72Z ENA 713 plasma
butyrylcholinesterase vaiues were: reduced to 20-25% of control. After cessation
of treatment values rapidly rose, reaching more than 80% of previous control levels
in every animal within a week,

The frequency of occurrence of behavioral elements in the withdrawal week was
compared to the corresponding frequency in the previous saline baseline and drug
phases by paired t-tests. A weak significance level (p<0.05, 2-tail) was accepted
in order to increase the chance of detecting a withdrawal syndrome. After
withdrawal from SDZ ENA 743 no behavioral element snhowed a significant
increase compared to the previous saline and drug phases. After withdrawal from
morphine elements showing a significant increase were: lying on stomach, body
twitching, retching and pilcerection. ‘After morphine withdrawal, but not afler
withdrawal from SDZ ENA 713, several other elements such as cowering and
lying on side showed quite large, but statistically non-significant, increases (Table
A-15). :

APPEARS T,
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Number of posilive observation periods per observalion day in various phases of

Table A-15

the ppysical dependence experiment

Behavioral Saline ENA 713 Saline Saline Morphine Saline
element basgline - bassline

Self-biting 010 0.0510.05 010 - 010 ot0 010
Lying on stomach 010 0.0%10.05 0,0510.0 o0 0.0910.09 1.5340.07
Unusual movomonts 0.1740.17 0,4310.27  0.5010.30 0.%016,29  0.3310.18 0O7ID.07
Vomiting 010 0.0210.02 0to 010 010 0.0710.07
Yawning 0.,08£0.08 0.0540,.0) 010 010 0.06:0.03 0.1310.07
Harness-biting 0.7510.55 1.0010.67 0.9510.43 0.6310.0) 0.1210.12 0,0010.60
Cowecl 0.3340.24 010 0.0510.05 010 040 0.9310.3¢
Locomot ion 2.0310.10 2.5210.)9% 2.5510.33 2,.6710.33 2.1010.56 2.6010.2)
Motillty 2.0310.10 3.0010.00 3.004£0.00 3.0010.00 2.9510.06 2.98710.1)
Twitching 0.1710.10 0.0210,02 010 010 0.0310.0) 1.7340.13
Vocalization 0.2510.16 0,3210.17 0.5510.24 1.5040.50 0.6110.27 . .05
Lying on side 010 0.0910.04 010 0.110.17 0t0 1.27106.3)
Steetching 010 0.0210.02 0.0510.05 019 010 010
Retching 010 0.0210.02 010 010 040 0.40£0.00
Trambling 0410 010 010 040 010 B B
Head-shake 1.00£0.41 1.05:0.17 1.1040.30 1.6710.44 0.40£0.35 1,2010.40
Biting apparatus [31] 0.1140.09 0.10%20.10 010 0.0310.03. 0,2010.20
Shaking cage floor 00 0.1410.14 0.0540.05 010 010 010
Scratching 2.0040.49 2.3210.30 2.4010,)32 2.8310.17 2.2410.24 1.2010.42
Piloerection 010 0.0510.05 010 0t0 010 1,6020.20
Salfvation 010 010 010 0£0 010 U OTIv. 07
Red nose 0.56£0.25 0.00120.35 0.9010.)1 2.1710.17 2.3610.45 2.7340.07
Shows toeth 0.4240.25 0.3910.24 0.3040.24 0.3310.3) 0.10:0.10 0.6740.1)
Strikes hand 040 010 00 010 010 040
Takes the peanut 0,5840.21 0.75:0.25 0.7540.25 0.6740.3) 0.6710.33 0.87110.13
Jumps forward 0.17:0.10 0.1010.10 0.2540.25 0.3310.33 0.3610.32 0.4710.1)0
Jumps avay 0.5010.16 0.3610.22 0.5010.29 0.6710.33 0.6710.33 0©.33#0. 1V
Vocalizes 0.3310.24 0.1110.09 010 019 010 0,2110.10
Aggression 0t0 010 0t0 010 0.0610.06 0.0710.07
Fear 010 0.0210.02 010 010 040 010

Shown are mean + SEM of 34 subjects. The occurrence of the behavioral elements was determined In three observation perlods per observation
day, except for the reactions shown in the bottom eight lines of the table, which were assessed only once after offering a peanut before the first
observatlon perlod. Values which ditfer significantly (paired t-test, p<0.05) from those in both the preceding substance and saline baseline phases
are shown underlined.
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332 STUDY OF POTENTIAL TO CAUSE PSYCHOLOGICAL
DEPENDENCE [Doc. #103-197]

3.3.2.1 Method
A

Five male rhesus monkeys had access to test solutions for 23 hr per day. Periods
of availability of SDZ ENA 713 were separated by periods when only saline, the
vehicle use®ie dissolve SDZ ENA 713, was available. Infusions through a chronic
intravenous cdtheter were initiated automatically by pressing a lever in the test
- cage. To encourage sampling of new solutions each infusion during the first 20
minutes of the test day on the first four days of availability of the new solution was
accompanied by a sugar pellet delivered into a container in the test cage. Since
during such periods the self-administration of about a hundred infusions is not
uncommon the maximum dose was set to be one hundredth of the dose (1 mg/kg
i.v.) which produced & clear side-effect in a dose-finding study. Following the
testing of three doses of SDZ ENA 713, morphine (01 mg/kg/infusion), as a
positive control substance, was tested.

3.3.2.2 Results

The results shown in Table A-16 show that three animais, S419, S8841 and S309
failed to seif-administer SDZ ENA 713, but self-administered the positive control
substance, morphine, at rates significantly higher than those of saline. One animal,
$487, did not self-administer either substance at rates significantly higher than
those of saline. One animal, S8863 was atypical in that it deveioped an atypically
high response rate as the experiment progressed. The decreased rate of self-
administering the highest dose of SDZ ENA 713 by this animal compared to the
previous rate of self-administering saline shows that this dose is capable of
influencing behavior. In summary, the evidence suggests that SDZ ENA 713 has
no potential to cause psycholcgical dependence.

APPEARS THIS WAY
ON ORIGINAL
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Table A-16

Treatment - Duration Infusions/day
ava ibeisle Subject

- S419 5487 58863 58841  S30¢
Saline +§gellets 4 days 62+2 126*12 179239 186%17 33217
Saline >~ 3 days 5%3 1324  51%8 126x15  S#2
Saline - 1 week 541 20%2 76£5 148411  4#1
ENA 713 {5.6) + Pell. 4 days B7+4d 12423 232429 173210 24%3
ENA 713 (5.6) 3 days 11+4 1827 106236 143124 613
ENA 713 (5.6) 4 weeks 120% 4%1* 342£38* 125£13 411
Saline 1 week 2+1 330 362134 111%7 1+0
Saline + Pellets 4 days 86+13 10243 474455 183442 4%l
Saline R 3 days 521 16x3 467#63 109+10 110
Saline 1 week 411 321 507+#32 118%14 010
ENA 713 (3.2) + Pell. 4 days 58+£9 109+3 437:16 133+10 2#1
ENA 713 (3.2) 3 days 121 161 677*2% 3615 11
ENA 713 (3.2) 4 weeks 7£3 320 731426%  3313* 010
Saline 1 week 621 322 548245 1413 i1z0
Saline + Pellets 4 days 7948 10149 381253 10410 6%2
Saline 3 days 6t1 2424 315153 25%2 121
Saline 1 week 1014 Stl 423469 2215 0x0
ENA 713 (10) + Pell. 4 days 74413 8112 169116 531214 10
ENA 713 (10) 3 days 48£25 21#8  194#21 197 020
ENA 713 (10} 4 weeks 12%1 531  191f12+ 17#2 00
Saline 1 week 2%1 220 548%72 3626 00
Saline + Pellets 4 days 75214 66%3  414%29 87+2 5#1
Saline 3 days 12+1 321 248251 219 10
Saline 1 week 9+2 3+1 258%23 488 00
Morphine + Pell. 4 days 2619 57%7 8027 2913 82
Morphine 3 days 102 41 423 52114 2622
Morphine 4 weeks 63+6 220  112#8* €5%£3* 22%2°*
Saline 1 week 71240 2416 122420 123%47 3%l

Daily rates of seif-administered infusions (mean £ SEM) of individual subjects during
consecutive phases of the self-administration experiment. During periods indicated by
“peilets” ("pell.”) each infusion during the first 20 min of the session was accompanied by
delivery of a sugar pellet into a receptacle in the cage. The "4 weeks" values at the mean
+ SEM of all the daily values in the finai four weeks of availability of the tested dose. (i.e.
each row corresponds to 4 rows of the tables 1a to 1e in Doc # 103-197). Doses in
parentheses are in pg/kg/infusion. * p<0.05 vs last preceding week of saline availability (2-

tailed t-test).

. APPEARS THIS WAY

ON ORIGINAL
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3.4 Drug Interaction Studies
at.;‘
3.4.1 Interaction with Amitriptyline (Doc. # 103-344)

&
The possible interactimp.of SDZ ENA 713 with amitriptyline was examined in a test to
assess antndepressan! potential in mice (Porsolt et al. Arch Int Pharmacodyn, 229, 327-336,
1977).

3.4.1.1 Methods

The test was performed according to the method publsihed by Porsolt et al, 1977. On the day
before the experiment male CD1 mice were caged singly in the experimental room. After
application of substances they were placed singly in a beaker (diameter 10 cm, height 18 ¢cm)
filled to a depth of 14 cm with water at room temperature (20 - 23°C). Using a stopwatch the
duration of immobility in. the final 4 minutes of a 6 minute test was measured. A mouse was
judged to be immobile when it had stopped struggling and made only those movements
necessary to keep its head above water.

SDZ ENA 713 and amitriptyline were dissoived in 0.9% saline. SDZ ENA 713 hydrogen tartrate
was administered p.o. 80 minutes before the test in a volume of 10 mikg. Amitriptyline
hydrochloride was administered p.o. 60 minutes before the test in a volume of 10 mUkg. Doses
of SDZ ENA 713 are expressed as those of the base and doses of amitriptyline are those of
the salt.

3.4.1.2 Results

A range of doses of SDZ ENA 713 (0.1 - 1 mg/kg) was administered orally before amitriptyline
(30 ma/kg p.o.) or vehicle in the Porsolt test of antidepressant potential. There was a dose-
related increase of immobility time with increasing dose of SDZ ENA 713 in the amitriptyline
group orly. When a range of doses of amitriptyline was administered to mice treated with either
SDZ ENA 713 (1 mg/kg p.o.) or vehicle analysis of variance indicated an effect of SDZ ENA
713 and of amitriptyline but no significant interaction of these treatments. These results indicate
that high doses of SDZ ENA 713 may antagonize the effect of amitriptyline in this test. The
present results indicate that SDZ ENA 713 antagonizes the reduction of immobility time
associated with amitriptyline in this test conducted in animals with an intact cholinergic system.
it is not clear whether this antagonism is due to elevation of immobility in all groups, including
the group which received no amitriptyline, as suggested by the analysis of the second
experiment or whether only amitriptyline effects are antagonized as suggested by the results
of the first experiment. The predictive value of these results for humans, especially for patients
with dementia whe have an altered cholinergic system, is questionable.

o
yw vov'gﬂ“
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Exelon™ (ENA 713) NDA, Section V
-+

C.
1

2.1

2.2

ABSORPTI@N, DISTRIBUTION, METABOL'SM, EXCRETION (ADME) STUDIES
INTRODUCTIBN

This section of the ENA 713 New Drug Application contains all of the studies which
investigated the absorption, distribution, metabolism, and excretion of ENA 713 in
laboratoty species. The majority of these studies were conducted using *H- or ‘C-
labeled drug. Included in this summary are two sections describing experimental
details and resuits. The first section, "General Methodology”, describes the synthesis
and characterization of the radiolabeled Jdrug used in the studies, the synthesis of
standards, the animal studies, and the methods used for characterization and analysis
of ENA 713 and its metabolites in biological samples. The second section,
*Comparative ADME", summarizes the resuits obtained in the laboratory animals and
compares them with corresponding data in humans. This comparison supports the
selection of the toxicity species and the extrapolation of safety data to humans.

(- 'um’m*

GENERAL METHODOLOGY

Radiolabeled ENA 713

Three preparations of radiolabeled ENA 713 wer¢ synthesized by the «—— _.
TN , Sandoz Research Institute, East Hanover, New

Jersey (7-3) The ENA 713 used in the animal studies was labeled with tritium in the
2-position of the phenyl ring, while the drug substance used in the human study and
in an in vitro protein binding stucy was labeled with carbon-14 in the benzylic carbon
position (Figure C-1).

The chemical identity of the product, ENA 713 hta (ENA 713 hydrogen tartrate salt),
was confirmed by comparative infrared spectroscopy (IR), HPLC, thin-layer
chromatography (TLC), and melting point (1,2) or differential scanning calorimetry (3)
with a reference standard. The enantiomeric purity was determined by optical rotation
measurement (1), HPLC using a chiral column (2), or chiral shift reagent proton NMR
(nuclear magnetic resonance spectroscopy) (3). The radiochemical purity was
established by radio-TLC and radio-HPLC to be >95% for all dilution batches. The
tritium label was metabolically stable as indicated by tninimal tritiated water formation
(1.3-6.0%) in the species tested, except for rat. Following an intravenous dose to rat,
ca. 15% tritiated water was formed; thus, the “C-labeled drug (2) was prepared for
human dosing.

Studies in Animals and Humans

AN

, ————— W Zealand White rabbits, and
beagle dogs were housed in appropriate metabolism cages and were provided with
food and water ad libitum. The animals received a designated range of oral doses or
an intravenous reference dose as shown in Table C-1. These doses encompassed the
dose ranges used and were prepared in the same form as in the toxicity trials for ENA
713. Relevant studies in humans, which are also described in Summary Section VI of
this NDA, are included here for comparison purposes.
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FIGURE C-1: ENA 713 LABELED WITH *H (T) OR “C ()

APPEARS THIS WAY
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TABLE C-1: Eg 713 ADME STUDIES

Reference

| H . 4

ﬂ M 0.25 suspension p.o. S 4 "
*H , 1.56 suspension p.o. S 4

ﬁ Rat H 0.38  solution Lv. S 5

" H 0.38 suspension p.o. S 5

H 375 suspension p.o. S 5

M 375 suspension p.o. M 5

~* 0.5 solution iv. M 6

. v M 6
[ Ravoi *H 1.12 solution i s 7 l
*H 1.12 suspension p.o. S 7 "#

" 4 1.12 suspension p.o. M &

suspension [

g aa:

* S = single dose; M = multiple dose
® Nonradiolabeled

° Placental transfer study

 Passage into milk study

APPEARS THIS waY
- ON ORIGINAL
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TABLE C-1:  ENA 713 ADME STUDIES - continued

page 5

-
Reference
W solution 10
M 0.038 capsule p.o. S 10
M 1.88 capsule p.o. S 10 %
» 0.11 capsule p.o. SM 11 jl
» 0.19 capsule p.o. SM 11 |
>, 0.26 capsule p.o. SM 11
» 0.038 capsule p.o. SM 12
> 0.38 capsule p.o. SM 12
» 1.88° capsule p.o. SM 12
lL » 0.19 capsule . p.o. SM 13 j}
L 0.38 capsule p.o. SM 13
> 1.31' capsule p.o. SM 13 "‘"
}L -~ 0.11 capsule p.o. SM 14 "
IL » 0.45 capsule p.o. SM 14 "
,[ » 1.58 capsule p.o. SM 14 II
| > 0.15 solution iv. SM 15
solution

* S = single dose; M = multiple dose
® Nonradiolabeled =~ -

® Initial dose was 2.25 mg/kg; reduced on Day 2 to 1.88 mg/kg
! Initial dose was 1.56 mg/kg; reduced on Day 4 to 1.31 mg/kg
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2.3

24

2.5

page 6

In this section, all doses are expressed as the equivalent weights of the free base, ENA
713. ses were prepared by weighing out the drug substance, which was the
hydrogen ta'ftrate salt of ENA 713 (see 2.1, this section). In order to convert from the
hydrogen m;ate salt to the base equivalent, division by the factor 1.60 is necessary.
In some studies, however, the incorrect factor of 1.65 was used, resuiting in minor
differences {less than 5%) among the reports in the calculated dose of ENA 713 free
base. The doses expressed in this summary are the free base equivalent derived from
the correct conversion factor.

After dosing, serial blood or plasma samples and quantitative urine and feces were
collected from each species. Selected tissues and organs were obtained from mice
and rats, and from the rabbits used for the placental transfer study. Bile samples were
collected from a selected group of rats and milk samples were collected from rabbits.

e g

o ) ain

_

Analysis of Radioactivity

,f’

T . . -

Analysis of ENA 713

e ————— e ———————

Characterization, Isolation, and Structure Elucidation of Metabolites (26-33)

Metabolites were characterized and quantified by HPLC coupled with radioactivity
monitoring (HPLC-RAM). Radioactive peaks were assigned Arabic numerals in order
of their elution from the reversed phase chromatographic column and in chronological
order of analysis of sample type and/or species. Metabolites were identified by co-
elution with radiolabeled or nonradiolabeled standards, by comparison of their retention
times with those of previously identified metabolites in another species, or by mass
spectrometry and nuclear magnetic resonance spectroscopy following isolation. Phase
il metabolites, e.g., sulfates or glucuronides, were also identified after treatment of the
corresponding precursor with 8-glucuronidase, sulfatase, and/or Glusulase® (enzyme
preparation containing both B-glucuronidase and sulfatase activities).

COMPARATIVE ADME

Absorption

As shown in Table C-2, the absorption of orally administered ENA 713 (solution,
suspension, capsule) was characterized by a rapid onset and rate in all species,
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ABSORPTION PARAMETERS FOLLOWING SINGLE AND MULTIPLE ORAL
~BOSES OF RADIOLABELED ENA 713

TABLE C-2:

X Dose

Time to Peak (h) in

Reference

1 Species X }
5 . . (mg/kg) Blood/Plasma® Absorbed ]
{ - Radioactvity | ENA 713 |
| Mouse 0.25 1.0 1.0 62 4 1’
L 1.56 0.25 05 68 4
| Rat 0.38 0.63 = 100 5 |
375 0.44 0.25 100 5 |
3.75/day’ 0.75 5
1.12
0.038
| 1.88 17 12 >90 10
| 0.11 K 0.5(M); 0.7(F)' > 11
’r 0.11/day* . 0.7(M); 0.5(F) » T
0.19 K 0.7(M); 0.8(F) L 11
0.19/day" . 0.7(M); 1.7(F) » 11
u 0.29 . 0.8(M); 0.5(F) > 11
0.29/day" . 1.0(M); 0.7(F) > 11

* Results in plasma are given in brackets, [ ]

® Not determined
¢ Below the limit of quantification

Y Denotes steady state in multiple dose study
* Nonradiolabeled dose
"M = male; F = female

APPEARS THIS WAY
ON ORIGINAL
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TABLE C-2: ABSORP’TION PARAMETERS FOLLOWING SINGLE AND MULTIPLE ORAL

~BGEES OF RADIOLABELED ENA 713 - continued

" 0.038

Time to Peak (h) in
Blood/Plasma*

0.5(M) 1.0(F)'

Reference

0.038/day’,

1.0(M); 2.0(F)

0.38

0.8(M); 0.7(F)

0.38/day”

0.5(M); 1.0(F)

2.25

1.0(M); 0.5(F)

1.88/day?

0.5(M); 0.5(F)

o1

0.5(M); 0.7(F)

0.11/day®

0.8(M); 0.7(F"

0.45

1.0(M);-0.7(F)

0.45/day’

1.7(M); 0.5(%)

1.58

0.7(M); 0.7(F)

1.58/day’

2.8(M), 1.2(F)

0.19

0.6(M); 0.6(F)

0.19/day*

0.8(M); 2.0(F)

0.38

0.5(M); 1.0(F)

0.38/day®

2.2(M); 2.2(F)

1.56

0.6(M). 1.2(F)

1.31/day* *

.4M1 .8()

* Results in plasma are given in brackets, [ ]

* Not determined

¢ Denotes steady state in multiple dose study

* Nonradiolabeled dose
' M = male; F = female
¥ Initial dose was 1.56 mg/kg; reduced on Day 4 to 1.31 mg/kg

5-879



3.2

page 9

including human. Peak concentrations of radioactivity and ENA 713 were generally
achieve®Between 0.25 and 1.7 h postdose, except following chronic dosing in the dog,
where peak #mes up to 2.4 h were observed. In all species but mouse, absorption was
essentiallyAg‘;mplete (85-100%). The extent of absorption in the mouse was moderate,
62-68%. orption was independent of the dose in mouse, rat, and dog and of the

frequency of administration (single vs repeated) in rat and dog.
Blood a‘nd Plasma Concentrations

To facilitate comparisons across species and dose levels, blood and plasma
concentrations were normalized by the respective doses. The resuits, expressed in
terms of peak concentration (C,,.) and area under the concentration vs time curve
(AUC), are shown in Table C-3 for total radiocactivity and Table C-4 for ENA 713.

As shown in Table C-3, the systemic exposure to total radioactivity was roughly
proportional to dose in all of the species except dog. In the dog, the dose-normalized
C.. and AUC values appeared to decrease with increasing dose, a possible reflection
of varying degrees of absorption in the wide dose range (a difference of ca. 50-fold)
used in the radioactive study. In the mouse, rat, and human studies smaller ranges
were employed (differences of ca. 2- to 10-fold). The systemic exposure of each ;
species relative to humans is presented in Table C-5. Based on either C,, or AUC ¥

values derived from total radioactivity measurements, the human (dosed under fasting :

conditions) was exposed systemically to drug and drug-derived compounds to a greater _.
extent than animals receiving an equivalent dose. ’

With respect to ENA 713, the AUC values showed a tendency to increase,
disproportionately, with increasing oral doses (Table C-4). Human was exposed (using
the results following the high dose) to higher plasma concentrations (AUC) of ENA 713
than laboratory animals (Table C-5). Among the various animal species, plasma ENA
713 levels were lowest in the rat, with a dose-normalized C,,, or AUC of ca. 3% of that
observed in human, and highest in the dog, where the dose-normalized AUC at the
higher doses was aimost equal to that observed in the human. In mouse after a low
or high dose, the dose-normalized AUC was ca. 20-30% of that observed in human.
No quantitative comparison can be made with rabbit, because the biood levels of
parent drug were below the limit of quantification. Repeated dosing of rats and dogs
up to 104 and 52 weeks, respectively, revealed no change in the pharmacokinetics of
ENA 713 (see Section 5.B. Toxicology Summary).

Following oral dosing, the decline of total biood radioactivity in all the animal species
was biexponential, except in rat, where, after the high dose, the decline was
triexponential. in humans, the decline of total plasma radioactivity was monophasic.
As shown in Table C-6, the terminal half-life of total radioactivity, which represented the
most slowly eliminated metabolite or group of metabolites, ranged from ca. 4 h (human)
to ca. 156 h (rat). The terminal half-life of parent drug could be determined only in rat
(0.4 h, muttiple high oral dose), dog (2.5 h, high dose), and human (0.62-0.69 h), due

5-880
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TABLE C3: TOTAL RADIOACTIVITY CONCENTRATIONS (C,_ AND AUC) IN

D/PLASMA® FOLLOWING SINGLE AND MULTIPLE ORAL DOSES OF
DIOLABELED ENA 713

—
k4

[6902]
al I

* Resuits in plasma are given in brackets, [ ]

® Denotes muitiple dose study; values of Crma @and AUC were determined for one dose interval at
steady state

APPEARS THIS WAY
ON ORIGINAL
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TABLE C4: ENA 713 CONCENTRATIONS (C_.. AND AUC) IN BLOOD/PLASMA®
TOLCOWING SINGLE AND MULTIPLE ORAL DOSES OF RADIOLABELED
ENA F13

AUC Dose-Normalized Reference
(ng-hVmL)

| Rabbit

0.038

| 1.88 72.1 165 | 384 §7.8 10
0.11¢ 2.20 2.10 20.0 19.1 11
0.11/day"* 2.30 2.15 20.9 19.5 1"
0.19° 5.55 710 29.2 374 11
0.19/day** 5.00 6.20 263 326 11
0.2¢° 6.30 7.45 21.7 25.7 11
0.29/day"* 4.50 5.85 15.5 20.2 11
0.038¢ 070 0.60 18.4 15.8 12
0.038/day** 0.95 1.45 250 | 382 12
0.38° 9.40 13.0 24.7 34.2 12
0.38/day"* 14.5 19.4 38.2 51.0 12 f
2.25¢ 146 301 64.9 134 12 |
1.88/day™* 92.0 166 48.9 883 12

* Results in plasma are given in brackets, [ ]

® Blood levels were befow the limit of detection

€ Nonradiolabeled dose; for Dog the value is the average of the male and female data

¢ Denotes muttiple dose study; values of C,,, and AUC were determined for one dose interval at

steady state
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TABLE C4: ENA 713 CONCENTRATIONS (C,_, AND AUC) IN BLOOD/PLASMA®
~EQLLOWING SINGLE AND MULTIPLE ORAL DOSES OF RADIOLABELED
ENA713 - continued

AUC

(ng-tvmL)

Dose-Normalized

Cose

AUC

page 12

Reference

0.11° 4.02 461 36.5
0.11/day"* 2.48 3.72 225
0.45° 11.4 17.5 25.3 38.9 14
l: 0.45/day"* 13.4 19.2 29.8 427 14
1.58° 89.7 113 56.8 715 14
! 1.58/day"* 46.1 83.6 29.2 52.9 14
4 0.19° 5.51 8.13 29.0 428 13
| 0.19/day** 6.83 13.8 35.9 72.6 13
0.38° 9.69 10.3 255 27.1 13
0.38/day"* 12.3 257 32.4 67.6 13
1.56¢ 60.5 114 38.8 73.1 13

[o.os 7

* Results in plasma are given in brackets, [ ]
® Blood levels were below the limit of detection

[2.91]

[61.9)

[93.9]

¢ Nonradiolabeled dose; for Dog the value is the average of the male and female data
* Denotes multiple dose study; values of Cae and AUC were determined for one dose interval at

steady state

* Initial dose was 1.56 mg/kg; on Day 4 it was reduced to 1.31 mg/kg

" APPEARS THIS WAY

ON ORIGINAL
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TABLE C-5: ANIMAL:HUMAN RATIOS OF DOSE-NORMALIZED PLASMA C__ AND AUC
YALUES FOLLOWING A SINGLE ORAL DOSE OF ENA 713"

%,Species Dose C.« Ratio AUC Ratio
T (mg/kg)
Radioactivity” | Mouse 0.25 0.366 0.0984
‘ 1.56 0.297 0.0884
Rat 038 0.148 0116 |
375 0.171 0.148 |
Rabbit 1.12 0.505 0.237 |
Dog 0.038 0.735 1.22 |
' 1.88 0.439 0813
ENA 713° Mouse 0.25 0.268 0.198
1.56 0.658 0.275
Rat 0.38 s = 5 }’
3.75 0.0352 0.0269 :
Rabbit . 1.12 K E :
Dog . 0.038 - -
| - 0.038

* Radioactivity data are extracted from Table C-3, ENA 713 data from Table C-4. The human ENA
713 C,,. and AUC values for comparison were based on the higher of the two doses, 2.5mg
(0.031 mg/kg). estimated to be the minimum therapeutic dose.

® Ratios were calculated using blood data for the animals, since plasma concentrations were
uaavailable. The blood to plasma distribution ratio for ENA 713 in rat, dog, and human was ca. 1
(see reference 17,18) .

¢ Blood levels of ENA 713 for the animals were below the limit of detection

APPEARS THIS WAY
ON ORIGINAL
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TABLE C-§: ANIMAL:HUMAN RATIOS OF DOSE-NORMALIZED PLASMA C__ AND AUC
VARUES FOLLOWING A SINGLE ORAL. DOSE OF ENA 713° - continued

; AUC Ratio

* Radioactivity data are extracted from Table C-3, ENA 713 data from Table C-4. The human ENA
713 C,,. and AUC values for comparison were based on the higher of the two doses, 2.5 mg
(0.031 mg/kg), estimated to be the minimum therapeutic dose.

® Ratios were calculated using blood data for the animals, since plasma concentrations were

unavailable. The blood to plasma distribution ratio for ENA 713 in rat, dog, and human was ca. 1
(see reference 17,18)

APPEARS THIS WAY
ON ORIGINAL
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TABLE C-8: HALF-LIVES OF RADIOACTIVITY AND ENA 713 AFTER ORAL
~ABMINISTRATION OF RADIOLABELED ENA 713

| Mouse

12.4°, 5.25°
| Rat 0.4° . 37.3°, 155.7* 5
| Rabbit 2 49'
| Dog 2.5 9.9% 11° 10
0.62°, 0.69" 35", 3.9°

. Slngle dose data
® Data unavailable due to the insufficient number of concentration-time points of ENA 713 above the
limit of quantification.
€ Determined from low dose data
9 Determined from high dose data ‘ b
* Determined based on data from muitiple oral dosing ' :
! Only one oral dose administered .
¥ Blood levels of ENA 713 were below the detection limit at the low dose , -

APPEARS THIS WAY
ON ORIGINAL
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to the insufficient number of concentration-time data points of ENA 713 above the limit
of quarifMcation.

The total boix..clearance (CL) and steady-state volume of distribution (Vd,,) of ENA
713 we(g_ca[culated using blood leve! data after intravenous dosing as follows:

CL = Dose vd, =
' AUC (AUC)?

where AUC is calculated from zero to the time point at which the concentration fell
below the detection limit and AUMC is the area under the first moment of the
concentration-time curve and was obtained by the trapezoidal rule. The results (Table
C-7) showed that total clearance was lowest in man (1.4 L/h/kg) and highest in the
rodents (ca. 12 L/h/kg). With the possible exception of the mouse, the difference in
clearance between species appeared to be attributable to differences in the volume of
distribution of ENA 713. The relatively small Vd,, in human was consistent with the
higher circulating levels and greater systemic exposure to the drug than that observed
in the animals.

Distribution

Blood
The in vitro binding of [’HJENA 713 to plasma proteins and red blood cells of man, dog,

- and rat was determined using an ultrafiltration method (77). The percentage of

radioactivity bound to plasma proteins was low (ca. 15%, 19%, and 43% for rat, dog,
and human, respectively) without any major charige of binding in the concentration
range between 1 ng/mL and 400 ng/mL. The biood:plasma ratios of ["HJENA 713 were
ca. 1, while the fraction of drug associated with red blood cells was ca. 0.67, 0.53, and
0.43 for rat, dog, and human, respectively. Irrespective of the species tested, there
was no evidence of concentration dependency of drug distribution in blood over the
concentration range tested.

A subsequent study, using only human blood cells and plasma proteins, was performed
to study the distribution and binding in the presence and absence of 1 mM
physostigmine (18). This study confirmed that ENA 713 was stable for the duration of
the study and that the binding of total radioactivity (see above) was representative of
the distribution and binding of ENA 713. However, it was noted in this study that
physostigmine competed with ENA 713 for the protein binding sites, resulting in a ca.
2-fold decrease in the binding of ENA 713.

n I Q' Q- I -I l- ‘

Tissue and organ distribution studies were.conducted in the mouse (4) and rat (5). In
Figure C-2, tissue and organ radioactivity levels at 2 h after a single dose are used to
illustrate the distribution of ENA 713 and its metabolites in these species. In general,
the dose-normalized concentrations were considerably higher in the rat than in the
mouse. In both species, the highest radioactivity concentrations at 2 h were observed
in the liver, kidneys, and salivary glands and the radioactivity in all tissues decreased
rapidly such that at 96 h little or no residual radioactivity was detected. In the mouse,

-.a:’w‘

Cewe
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TABLE C-7: TOTAL BODY CLEARANCE AND STEADY STATE VOLUME OF DISTRIBUTION

~OPENA 713
po— S — ? ey = S -~ - — - — - —
{ Species %«E_Jose Clearance vd,, Reference® |
(ke | (k) | k) )
| Mouse - 0.25 12.3 2.96 4

* Clearance and Vd,, were caiculated using the comect doses as shown in the table. Blood
(animals) and plasma (human) concentration data following intravenous administration are given in

the referenced reports.
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the dose-normalized concentrations were similar between the low and high doses, thus
reflectingesimilar absorption at both doses. In the rat, the dose-normalized
concentratioas were similar between the intravenous and high oral doses, but appeared
to be lower Q most tissues following the low oral dose. Following multiple oral dosing
in the rat, no~dgcumulation of drug-related material was apparent in the tissues.

Placental Transfer

The tissue distribution pattern during multiple dosing in pregnant rabbits (8) was similar
to that observed in rodents following a single oral dose, i.e., only the liver and kidneys
showing higher radioactivity concentrations than blood. The blood concentrations of
radioactivity at 2 h post-dose in the matemal blood were relatively constant over days
10 to 19 p.c. (post-conception) and the tissue radioactivity appeared to have reached
steady-state by day 10 p.c. (the fourth dose). The concentrations of radioactivity in the
liver and kidneys were ca. 2.5- and 8-fold higher than the measured blood levels,
respectively. The fetus:placentae ratio averaged 0.5 at 2 h and increased to 0.8-0.9
at 24 h and 48 h post-dose, indicating a moderate transfer of drug-related materials
across the placenta. The concentrations of radioactivity in the amniotic fluid were
similar to respective values in the fetuses. The blood concentrations of radioactivity
in the pregnant rabbits at 2 h post-dose were similar to those previously reported in -
nonpregnant female rabbits after a single oral dose (7), suggesting little or no i-:
accumulation following muitiple oral dosing.

Using an in situ rat brain perfusion/capillary depletion method, the blood-brain barrier
permeability and extent of brain penetration of ENA 713 was determined. The data
indicated a lack of sequestration of ENA 713 by the cerebral vasculature, that plasma
protein binding of ENA 713 should not limit the quantity of drug available for uptake into
the brain, and a high passage of ENA 713 into the brain. The brain extraction value
was found to be 70%, a value that is higher than observed with amiridine (17%),
another acetylcholinesterase inhibitor. The resulting permeability value of ENA 713
was 2.8 x 10? cm/min, which is similar to rimantadine, a drug actively transported
through the blood-brain barrier.

w ey

Metabolism

The biotransformation of ENA 713 has been investigated in the mouse (28), rat (26, 31,
32), rabbit (29), dog (27,31) and human (30) following oral dosing. The main
metabolite peaks found in plasma and urine (feces were not analyzed) are shown in
Table C-8 and the structures (32) of the known metabolites are shown in Figure C-3.

ZNS 114-666 and 226-980 are both names referring to the phenol resulting from the
hydrolysis of ENA 713. The compound 226-90 retains the stereochemistry of ENA 713,
which is an optically pure enantiomer (see 2.1, this section), while ZNS 114-666 is the
racemate. Since hydrolysis via the target enzymes does not involve metabolism at the
chiral center, it can be assumed that chirality is retained. In the initial development,
ZNS 114-666 was used as the reference compound, because it was readily available
and, as a result, that name has been used to refer to the phenolic metabolite of ENA

5-890
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TABLE C-8: MAIN® MIETABOLITES OF ENA 713 AFTER SINGLE ORAL DOSING IN VARIOUS

OPEGIES
Idenﬁﬁ@tion Metabolite Prese:nce in Species and Sample Type® I
"‘ - Rat
3
4 _. .O 0 H
5 M5’ - W) U
6 - ' : U .
7 M7 P,U PU )
B M8’ U U N
2
9 R u u P
10 M10' PU u F.U u P.U :
(ZNS 114-666) E
11 - v
15 R U |
20 ENA 713 ]
d

* Metabolites representing 5% or greater sample content

® P = plasma; U = urine '

¢ Plasma was not analyzed; blood was analyzed (ref. 4, 7) only for ENA 713 and ZNS 114-666
° Not identified

® Present between ca. 1-4%; not considered a "main" metabolite as defined in footnote "a"

! See Figure C-3 fur structures

APPEARS THIS WAY
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DENTIFIED MAJOR METABOLITES OF ENA 713
X~
-OH -~ OH
H H
H,C NICH,), H,C NHCH,
M 10 M8

(ZNS 114-666)

0SO,H
3 0SO,H b
H
N(CH "
H,C 32 H,C NHCH,
M7 M5
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713 in both preclinical and clinical documents. The analytical methods used

e RNy .] cannot distinguish
between zrg_s 114-666 and 226-90. The usage of ZNS 114-866 as the name for the
phenolic megabolite will continue in this section, recognizing that 226-90 is most likely
the proper tefminology for the phenolic metabolite.

In the human, following an oral dose of 1 or 2.5 mg, the major plasma and urinary
metabolite was M7, the sulfate conjugate of ZNS 114-866. The phenol itself, ZNS 114-
666 (M10), was aiso detected in the plasma and urine, but in a considerably lesser
quantity. These two metabolites represented 47-50% of the plasma radioactivity (PRA)
at C,,, and 45-46% of the radioactivity recovered in the urine. No parent drug was
detected in the urine following either dose. In both plasma and urine, the quantity of
M7 remained approximately the same between the two doses, while the quantity of
M10 increased by ca. 4 to 7 times greater at the higher dose, indicating probable
saturation of the sulfation pathway. All major (greater than 5% of the dose) metabolites
detected in the human were present in at least one of the animal species. Metabolite
peak 4 (Table C-8), a major peak in human (but, detected only at the higher dose of
2.5 mg), was found only as a minor metabolite peak (ca. 1-4% of the dose) in the urine
of mouse, rat, and dog. Together, all of the known metabolites (M7, M10, M5)
detected in the human represented 51-54% of the PRA and 49-50% of the ;_’
administered radioactivity. o f

All of the known metabolites detected in human (M7, M10, M5) were found in rat and -
dog, but not in the same proportions. The major circulating metabolites at C,,, in the -

. rat were M7 and M10, present in approximately equal quantities, while in the dog, M10 .
was the major circulating metabolite with M7 present in a minor quantity. At C,,, in rat
and dog plasma, these two metabolites, M7 and M10, represented ca. 32 % of the
PRA in rat and ca. 44% of the PRA in dog. On a dose-normalized basis, the ng Eq/mL
of M10 detected in the dog was 4-5 times that detected in human or rat.

The major urinary metabolite in rat was M10, present in ca. 2-fold greater quantity than
its sulfate conjugate, M7 (which was the major human urinary metabolite). In dog, the
major urinary metabolite was M8 (N-demethylated analog of ZNS 114-666) following
a low dose and both M8 and M10, in approximately equal quantities, following a high
dose. No parent drug was detected in rat urine, similar to the results in human; but,
in dog, ENA 713 was detected in all of the urines (ca. 1% of the dose after a low dose
and 16% % 14% of the dose after a high dose). In rat, the metabolism, both
qualitatively and quantitatively, was similar between the low and high oral doses
investigated, uniike in the human where the possible saturation of the sulfation pathway
was noted. In dog, when the dose was increased ca. 50-fold, a saturation of metabolic
pathways was -indicated by the increased urinary excretion of ENA 713 and by an
increase in the quantity of M10, with a concomitant decrease in the sulfate conjugates,

M7 and MS5.

The metabolism of ENA 713 in mouse and rabbit was similar to human only in that the
major pathway, enzymatic hydrolysis to the phenol, M10, was detected. M10 was a
major metabolite only in the mouse following a high dose, aithough neither its sulfate
conjugate (M7), or its N-desmethyl analog (M8) were present as major metabolites.
in the rabbit, none of these metabolites (M10, M7, M8) were present as major
metabolites. These three known metabolites, together, represented only 3-9% of the
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dose in mouse and ca. 12% of the dose in rabbit. In either s;pecies. no parent drug
was dglggted in the urine.

Thus, the icfe.ntiﬁed biotransformation pathways of ENA 713 (Figure C-4) in the species
tested can Be-summarized as follows:

1. _hidi'blysis via the target enzymes, cholinesterases, to M10

2. N-desmethylation (M8)

3. conjugation with sulfuric or B—glucuromc acid (M7, M5, metabolite peaks 2b and
3)

The major metabolites and metabolic pathways identified in vivo were also identified

in vitro, in addition to several minor metabolites not detected in vivo (33)

Excretion

The urinary and fecal excretion data following a single dose of radiolabeled ENA 713
are summarized in Table C-9. In all species, material balance was essentially achieved
in the 96 h collection interval for the animals and the 120 h interval for human. The

amount of total radioactivity recovered, including cage wash, was >88% except in the .

dog after a low oral dose (83%) and in the rat after an intravenous dose (83%). In all

species, the renal route was the major elimination pathway, regardless of the dose or :
dose route, accounting for >76% of the administered radioactivity, except in the mouse *

following an oral dose (ca. 51-66%). The urinary excretion was rapid and nearly~’
complete within 24 h of dosing. The remainder of the dose was eliminated in the feces

and represented <11%, except for the mouse where it ranged between 19-24%. In

bile-duct cannulated rats, 78.5% of the dose was recovered in the urine, compared to
5.6% in bile and 1.7% in feces (5). ENA 713 was not detected in the urine of any
species, except dog, following an oral dose; however, after an intravenous dose, parent
drug was detected in the urine of rat, rabbit, and dog. Because of the relatively smali
recovery of radioactivity in the feces, these samples were not analyzed for parent drug.

Following an oral dose of ["[HJENA 713 to lactating rabbits (9), transfer of drug-related
materials (radioactivity) was rapid and extensive. Little or no parent drug was detected
in the milk, although the milk:blood AUC ratios for total radioactivity and metabolite
ZNS 114-666 were ca. 1.5 and 2.3, respectively.

Projectmgtha rabbit data to humans, it was estimated the maximum amount of ENA
713 and /or metabolite(s) that a breast fed infant could be exposed to by ingesting one
liter of milk per day was 0.6% of the adult dose (9). With respect to the metaboilite,
ZNS 114-666, the exposure would be <0.1% of the adult dose.
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FIGURE C4: MAJOR METABOLIC PATHWAYS OF ENA 713 IN MAN

-"“tf*
0SO,H
R omem |
CH, |

H H,C N(CH,), H,C NICHy),

N(CH
HiC NICH), M 10 M7

SDZ ENA 713 (ZNS 114-666)
v
0SO,H
H,C NHCH, H,C NHCH3
M8 M5
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"EXCRETION OF ENA 713 AND TOTAL RADIOACTIVITY FOLLOWING A SINGLE
4A0SE OF RADIOLABELED ENA 713

Amount Excreted (% of Dose)

Urine Feces
| Radioactivity ENA 713 Radioactivity
| 096h | 086 h
Mouse | 0.25 iv. 864 | 993 . 5.8 75 | 4
025 | p.o. 347 | 512 . 141 | 238 | 4
| 156 | po. | 602 | 655 <+ | 168 | 192 | 4
| Rat 0.38 iv. 713 | 774 6.5 2.2 30 | 5 |
038 | po | 844 | 013 g 34 | 43 [ 5]
Rabbit | 1.12 iv. 833 | 856 7.2 0.87 1.1 7§
7

* Not detected
®Y-120 h

APPEARS THIS \AY

ON ORIGINAL
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The foliowing information reflects a brief summary of the Committee discussion and its recommendations.
Detailed study information can bo found in the individual review.

NDA # 20-823
Exelon (Rivastigmine tartrate)
Novartis

Mouse Carcinogenicity Study

The two year gavage study was adequately conducted. Doses were adequate; MTD was reached
based on toxic signs and decreased weight gain and food consumption. A slight statistically significant
increase in incidence in mammary adenocarcinomas in HD F (4/70 vs 1/140 in controls) was not feit to be
drug related since (1) the incidence of adenoma or hyperplasia was not increased, (2) the latency of tumo
discovery was not decreased, (3) the incidence was within the sponsor's historical control range, and (4)
there was no increase in mammary tumors in the rat study. .
Rat Carcinogenicity Study

The two year (gavage) study was adequately conducted. Doses were adequate, MTD was reached
based on toxic signs and decreased weight gain and food consumption. There were no drug-related
increases in neoplasms.

Executive CAC Recommendations and Conclusions:

The mouse and rat carcinogenicity studies were adequats and do not indicate drug related-
carcinogenesis.
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Jogeph DeGeosge, Ph.D.
Chair, Exe CAC
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1 INTRODUCTION
PR »

In this subrmsson the sponsor reported the results of two 2-year carcinogenicity studies
in rats and mice. The tles of the studies are *“ A two-year oral (gavage) carcinogenicity study in
the rat on SDZ ENA A3 (Study T-2740) and “Lifetime oral (gavage) carcinogenicity study in
the mouse on SDZ ENA 713" (T-2741). This review pertains to these studies.

2 STUDY OVERVIEW
2.1 T-2740 - the Rat Study

The study reported the results of two experiments, one in male and one in female rats.
The study was designed to determine the oncogenic potential of the test article (SDZ ENA 713)
after chronic administrationto - ———= y rats for a period covering the
largest part of its life-span. It is based on the statistical analyses of survival and neoplastic lesions
from a two-year chronic oral (gavage) study on the male and female Sprague-Dawley rats. There
were two control groups and three dose groups (low, median and high). The following table
summarizes the dose levels of compound SDZ ENA 713 administered.

Table. Dose levels administered in compound SZD ENA 713* (T2740)

N ey

I (Control I) | II (Control IT) | III (Low) IV (Mid) V (High)
Salt* 0 0 S
Base equivalent |0 0 — — o -

* SDZ ENA 713 is a hydrogen tartrate salt
! Base equivalent dose levels calculated using a conversion factor of 1.60. The dose levels stated

are the hydrogen tartrate salt dose levels

All surviving animals were sacrificed in Week 104 with the objective of having at least
10 surviving animals/sex/group at terminal sacrifice. Seven hundred and fifty rats were randomly
assigned to five groups each of 75 males and 75 females.

Inspections of individual clinical observations were recorded once daily during pretest
and twice daily during the treatment phase (once prior to dosing and again after dosing). Two
room checks for mortality were performed daily. Routine mass palpation examinations were
performed weekly on all animals through Week 13 and once monthly thereafter. Any masses
detected during routine handling of the animals were entered at the time of detection.

The sponsor’s Results
a) Mortality

Survival was analyzed by life table techniques consisting of Kaplan-Meier product limit
2



estimates, Cox-Tarone binary regression on life table techniques, and Gehan-Breslow
nonparametric mitheds (Thomas, Breslow, and Gart, 1977).

Trend probabilities %‘r‘g evaluated when there was existence of a1y monotone response.
Continuity corrected t€st statistics were used for evaluation of all the incidence tables where
appropriate. In thé abisence of any valid monotone trend, control versus treated group
comparisons were made using Bonferroni adjustment to significance levels. The sponsor stated
that ‘no such adjustment was deemed appropriate for this study for the multiplicity of control
groups because it would reduce the power of test considerably’.

The sponsor reported that “there were no statistically significant differences or trend in the
survival data. Both sexes showed similar life-time survival probabilities across all groups”.

b) Tumor Incidence

All nonpalpable tumor incidences were analyzed by Cochran-Armitage method for trend and
Fisher-Irwin exact test for control versus treatment comparisons (Thakur, Berry, and Mielke,
1985). In the event of any possible intercurrent mortality differer.ces due to competing toxicity
among the treated groups, survival adjusted tumor analyses were performed as follows: the occul
(“incidental” or nonpalpable) tumors were analyzed by logistic -egression of tumor prevalence
(Dinse and Lagakos, 1983). The ordinal dose levels, i.e., 0, 1, -, and 3, were used to obtain t
continuity-corrected one-sided probability levels for trend. The senign and malignant neoplastic =
incidences were evaluated separately as well as combined (where appropriate). The criteria for
combination were based on the work of McConnell et al. (1986).

The sponsor made the following observations:

1. There were a few instances of sporadic statistically significant findings in tumor analyses,
specifically, the mammary gland fibrosarcoma incidence rate was significantly increased
compared to the combined control incidence rate in the median dose (0.6 mg/kg/day) group of
female rats.

2. There was no trend in this incidence and this increase was not significant when compared to
the individual control group.
3. Most of the other ﬁnd.ings were actually in the negative direction.

4. The fluctuating numbers are indicative of background noise in common neoplastic lesions in
Sprague-Dawley rats. -

The sponsor concluded that “based on the statistical analyses of survival and neoplastic lesion
incidence data, there were no treatment related adverse toxic or oncogenic effects in either sex in

this study™.



Reviewer’s Analzsis and Comments

This reviewerperformed independent analyses on the survival and tumor data submitted
by the sponsor, usingthe programs provided by the statisticians of the SARB of the old Division
of Biometrics, CDER/FDA. Since the two control groups are identical in design, the combined
control groups was used in this reviewer’s analyses.

Mortality

Two statistical tests were used (Cox test statistic and generalized Kruskal-Wallis test
statistic) to examine the significance of the differences in survival among the treatment groups
(the homogeneity test), and (2) to determine the significance of positive or negative linear trend
(dose-mortality trend test).

The time intervals (0-52wk, 53-78wk, 79-91wk, 92-104wk, 104wk+) for two-year animal
study were used. The cumulative mortality rates and the survival at terminal sacrifice for each
dose group can be found in Table 1.

The results of this reviewer’s analysis were consistent with the sponsor’s results. Neither }’
Cox test nor generalized K-W test showed a statistically significant (p>0.05) positive linear trend :
or an increase in mortality in any treated group compared with the control in either sex. There .-
was no statistical evidence indicating a difference in mortality among the four dose groups
(p>0.31). The survival curves are displayed in Figure 1 for male rats and Figure 2 for female rats.

Tumor Incidence

Using the method of Peto et al. (1980), this reviewer applied the death-rate method to
fatal tumors and prevalence method to incidental tumors using standard time intervals of two-
year animal studies. Tables 2 and 3 summarize the results of this reviewer’s analysis for male and
female rats that follows the FDA draft document “Guidance for industry on statistical aspects of
design, analysis and interpretation of animal carcinogenicity studies”. In general, the exact p-
value is used to assess statistical significance, but for those tumors that are fatal to some animals
but nonfatal to others the asymptotic p-value may be used. The p-values presented in the tables
have not been adjusted for multiple testings. A rule proposed in the FDA draft Guidance
document was used to adjust for multiple testings, based on which a positive linear trend is
considered not to occur by chance alone if the p-value is less than 0.005 for a common tumor
(tumor with incidence rate in the control group greater than 1%) and 0.025 for a rare tumor
(tunor with incidenice Tate less than or equal to 1%). By use of this rule, subcutaneous tissue
fibrosarcoma showed a significant positive linear trend (tumor incidence: 0 (control), 0 (low
dose), 1 (median dose), 3 (high dose)) in male rats (see Table 2), but it was not significant in
female rats (Table 3).



The results of this reviewer’s analysis using standard two-year time intervals were
consistent with-dessponsor’s results except the above finding (not reported by the sponsor) in
terms of statistical mgmﬁcance after multiple testing adjustments.

22 T-2741- the ﬁ'ousc Study

The study reported the results of two experiments, one in male and one in female mice.
The study was designed to determine the oncogenic potential of test article (SDZ ENA 713)
based on the statistical analyses of survival and neoplastic lesions from a two-year chronic oral
(gavage) study on the male and female CD-1 mouse. There were two control groups and three
dose groups (low, median and high). The following table summarizes the dose levels of
compound SDZ ENA 713 administered.

Table. Dose levels administered in compound SZD ENA 713* (T2741)
I (Control I) II (Control II) | HI (Low) IV(Mid) - V (High)

Salt* 0 (vehicle)# 0 (vehicle¥ | ————

- - | S i

] : N I
Lo
Base! 0 0 ) - . r ey =] mrv esegyevey =

* SDZ ENA 713 is a hydrogen tartrate salt :
! Base equivalent dose levels calculated using a conversion factor of 1.60. The dose levels shown t

in this report are dose levels of the hydrogen tartrate salt.
# Aqueous 1% carboxymethylcellulose (CMC)

The duration of the study (103 weeks) was based on exposing the animals to the test
article for a majority of their adjust lifespan and having a minimum of 10 animals/sex/group at
terminal sacrifice. Seven hundred mice were randomly assigned to five groups each of 70 males
and 70 females.

Inspections for occurrence of clinical signs were made twice daily. Inspection of mortality
was made twice daily except on weekends and holidays when a single check was done in the
morning. Mass palpations were performed once during pretest, and monthly starting in Month 4,
with the location, size and texture of each mass being recorded. A palpable mass was defined as
having three measurable dimensions (length: measurement from head to tail; width: from left to
right; and depth: ffom dorsal to ventral surfaces). The disappearance of a mass was noted. The
initial onset of any mass was verified by the Study Director. Upon necropsy of the animals, all
regions which had at any time exhibited a mass were examined in detail and observations of

masses were recorded. -
The sponsor’s Results
a) Mortality

Survival was analyzed by life table techniques consisﬁng of Kaplan-Meier product limit
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estimates, Cox-Tarone binary regression on life table techniques, and Gehan-Breslow
nonparametric mgthads (Thomas, Breslow, and Gart, 1977).

Trend probabilities wére evaluated when there was existence of any monotone response.
Continuity corrected t&s statistics were used for evaluation of all the incidence tables where
appropriate. In the absence of any valid monotone trend, control versus treated group
comparisons were made using Bonferroni adjustment to significance levels. The sponsor stated
that ‘no such adjustment was deemed appropriate for this study for the multiplicity of control
groups because it would reduce the power of test considerably’.

In male mice, tests did not show any statistically significant change in mortality in any of the
dosage groups. All control and treated groups had similar mortality.

In female mice, the high dose group showed significantly decreased mortality compared to
control 2 and combined control. This group had the lowest mortality among all the groups
studied. The significant negative trend in the female mortality was due to the decrease in this
high dose group.

b) Tumor Incidence

All nonpalpable tumor incidences were analyzed by Cochran-Armitage method for trend and
Fisher-Irwin exact test for control versus treatment comparisons (Thakur, Berry, and Mielke,
1985). In the event of any possible intercurrent mortality differences due to competing toxicity
among the treated groups, survival adjusted tumor analyses were performed as follows: the occult
(“incidental” or nonpalpable) tumors were analyzed by logistic regression of tumor prevalence
(Dinse and Lagakos, 1983). The ordinal dose levels, i.e., 0, 1, 2, and 3, were used to obtain
continuity-corrected one-sided probability levels for trend. The benign and malignant neoplastic
incidences were evaluated separately as well as combined (where appropriate). The criteria for
combination were based-on the work of McConnell et al. (1986).

The sponsor made the following observations:

1. The combined skin mammary gland adenocarcinoma incidence rate in high dose group was
marginally higher (p=.0491, adjusted) when compared to the combined controls in the females.

2. The rate was not statistically significant when compared against the individual control groups.
3. There was no other statistically significant neoplastic finding in the treated female groups.
-4. There was no significant neoplastic finding in the males in this study.

5. All the incidences nbted in both sexes were common backgrounds in this strain of mouse.



The sponsor concluded that “based on the statistical analyses of survival and neoplastic lesions,
there was no aduasse toxicological or oncogenic effect due to treatment in either sex in this
study”. =

Reviewer’s Analysis%‘fd Comments

This reviewer performed independent analyses on the survival and tumor data submitted
by the sponsor, using the programs provided by the statisticians of the SARB of the old Division
of Biometrics, CDER/FDA. Since the two control groups are identical in design, the combined
control groups was used in this reviewer’s analyses.

Mortality

The purposes of the survival data analysis are (1) to examine the significance of the
differences in survival among the treatment groups (the homogeneity test), and (2) to determine
the significance of positive or negative linear trend (dose-mortality trend test). Two statistical
tests were used: Cox test statistic and generalized Kruskal-Wallis test statistic. The background
for these tests can be found in Lin et al., 1994 and Thomas et al. , 1976.

The standard time intervals (0-52wk, 52-78wk, 79-91wk, 92-103wk, 103wk+) for two- ‘ L
year animal studies were used. The cumulative mortality rates and the survival at terminal e
sacrifice for each dose group can be found in Table 4. =7

The results of this reviewer’s analysis were consistent with the sponsor’s results. Neither
Cox test nor generalized K-W test showed a statistically significant (p>0.05) positive linear trend
or an increase in mortality in any treated group compared with the control in either sex. There
was a significant decreased dose-mortality trend found in female mice. The decrease was
primarily attributed to the high dose group which had the lowest mortality among all the groups
studied. The survival curves are displayed in Figure 3 for male mice and Figure 4 for female
mice. -

JTumor Incidence

Using the method of Peto et al. (1980), this reviewer applied the death-rate method to
fatal tumors and ptevalence method to incidental tumors using standard time intervals of two-
year animal studies. Tables 5 and 6 summarize the results of this reviewer’s analysis for male and
female mice that follows the FDA draft document “Guidance for industry on statistical aspects of
design, analysis and interpretation of animal carcinogenicity studies”. In general, the exact p-
value is used to assess statistical significance, but for those tumors that are fatal to some animals
but nonfatal to others the asymptotic p-value may be used. The p-values presented in the tables
have not been adjusted for multiple testings. A rule proposed in the FDA draft Guidance
document was used to adjust for multiple testings, based on which a positive linear trend is |
considered not to occur by chance alone if the p-value is less than 0.005 for a common tumor



(tumor with incidence rate in the control group greater than 1%) and 0.025 for a rare tumor
(tumor with incidapce rate less than or equal to 1%). By use of this rule, there were no significant
positive linear trends in male mice (see Table 5) and female mice (see Table 6).

The results oﬁh‘is reviewer’s analysis using standard two-year time intervals were
consistent with the sponsor’s results using different time intervals (0-52wk, 53-78wk, 79-91wk,
92-103wk, 103wk+) in terms of statistical significance after multiple testing adjustments.

3 VALIDITY OF THE DESIGN

To evaluate the validity of the experimental design of carcinogenicity studies, the
following two issues are considered (1) Were enough animals exposed for a sufficient length of
time to allow for late developing tumors? (2) Were the dose levels high enough to pose a
reasonable tumor challenge in the animals? There has been no consensus among experts
regarding the number of animals and length of time at risk, although most caréinogenicity studies
are designed to run for two years with 50 animals per treatment group.

The following are some rules of thumb regarding these two issues as suggested by experts?,
in the field. Haseman (1985) mvestxgated the first issue. Based on the data from 21 studies using
Fisher 344 rats and B6C3F1 mice conducted at the ™ —-- —_— , he '
found that on the average, approximately 50% of the animals in the hxgh dose group survxved the-~
2-year study period. According to my personal communication with Dr. Karl Lin, Division of
Biometrics II, CDER, FDA, Haseman suggested that, as a rule of thumb, a 50% survival of 50
initial animals in the high dose group, after 80-90 weeks, would be considered as a sufficient
number and adequate exposure. However, the percent could be lower or higher if the number of
animals used in each treatment/sex group is larger or smaller than 50 so that there would be 20-

30 animals still alive after the 80-90 weeks. Chu, Cueto and Ward (1981) proposed that “To be
considered adequate, an experiment that has not shown a chemical to be carcinogenic would have
groups of animals with greater than 50% survival at 1-year”. From these sources, it appears that
the proportions of survival at 1-year, week 80-90 and at 2-year are of interest in determining the
adequacy of exposure and the number of animals at risk.

For the adequacy of the chosen dose levels, it is generally accepted that the high dose
should be close to-the MTD (maximum tolerated dose). Chu, Cueto and Ward (1981) suggested:
(I) “A dose is considered adequate if there is a detectable weight loss of up to 10% in a dosed
group relative to the controls.”

(1) “The administered dose is also considered an MTD if dosed animals exhibit clinical signs or
severe histopathologic toxic effects attributed to the chemical”.

(II1) “In addition, doses are considered adequate if the dosed animals show a slight increased
mortality compared to the controls.”

Bart, Chu, and Tarone (1979) stated that the mean body weight curves over the entire



study period should be tzken into consideration with the survival curves, when adequacy of dose
levels is to be examined. In particular, “usually, the comparison should be limited to the early
weeks of a study whea no or little mortality has yet occurred in ariy of the groups. Here a
depression of the me@n weight in the treated groups is an indication that the treatment has been
tested on levels at or‘p'broaching the MTD.”

Based on the above suggestions and recommendations, this reviewer examines the
validity of the experimental design of the rat and the mouse studies.

3.1 T-2740 - Rat

The proportions of survival at the end of 1 y2ar were 91% for male rats and 96% for
female rats in the high dose group. Although these proportions were lower than 50% at the end of
2-year (17% for male rats and 31% for female rats), there were 30 or more animals stil] alive
after 80-90 weeks corresponding 1o 47% for male rats and 60% for female rats. Using the above
survival criteria, it is reasonable to conclude that there were enough number of rats exposed for
sufficient amount of time to Exelon in both sexes.

Summary Table from Table 4A of the sponsor’s report (T2740) A }'
Sex _Group Median Body 2t weight | % reduction :
weight in grams(n) gain from Cntl
Beginning End
of study of study
Male Cntl | 133.5(150) 810(27) 507
rats Low 135.5(75) 785(16) 479 6%
Med 136.5(76) 763(15) 459 9%
High 137.5(75) 739(13) 437 14%
Female Cntl 127.5(150) 631(42) 395
rats Low 130.5(75) 599(24) 359 9%
Med 129.5(74) 555(20) 329 17%
High | 132.0(75) 544(23) 312 21%

The body weight gain information is summarized below (data are from Table 4A of the sponsor’s
report). Relative to the control, % reduction of body weight gain in the high dose group is 14%
for male rats and 21% for female rats at the end of study. The mortality rates did not show any
ordering with dose in either male or female rats. Thus, assessing whether the high dose was close
to the MTD proved more difficult. There was weight reduction in the dosed animals. These
reductions are higher than 10% for both male and female rats in the high dose group and for
females receiving the medium dose. Mortality did not show any association with dose. To draw
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conclusion in this regard, all clinical signs and histopathological effects in the treated rats should
be taken into congidaration.

3.2 T-2741 - Mouse
R

The proportions of survival at the end of 1 year were 93% for male mice and 93% for
female mice in the high dose group. These proportions were 21% for male mice and 34% for
female mice at the end of 2-year study. There were 30 or more animals still alive after 80-90
weeks coresponding to 30% for male rats and 44% for female rats. Using the above survival
criteria, it is reasonable to conclude that there were enough number of mice exposed for
sufficient amount of time to Exelon in both sexes.

The body weight gain information is summarized below (data are from Table 2A of the
sponsor’s report). Relative to the control, % reduction of body weight gain in the high dose group
is 7% for male mice and 21% for female mice at the end of the study. The mortality rates did not
show increased trend with dose in male mice. In female mice, the mortality decreased in the high
dose group. It is of concern that their lack of tumor incidences may be due, at least in part, to the
fact that leaner animals develop less tumors, and that the carcinogenic potential of this compound
cannot be assessed in this sex and species. To draw a conclusion in assessing whether the high },
dose was close to the MTD, all clinical signs and histopathological effects in the treated mice
should be taken into consideration. .

Summary Table from Table 2A of the sponsor’s report (T2741)

Sex Group Median Body % weight % reduction
weight in grams(n) gain from Cntl
Beginning End
of study of study
Male Cntl 29(140) 43(31) 483
mice Low 29(69) 44(19) 51.7 7%
Med 29(70) 43(17) 483 0%
High 29(70) 42(15) 448 7%
Female |Cntl _ |24(140) 38(28) 58.3
mice Low 124(71) 39(14) 62.5 -5%
Med 24(70) 37(13) 54.2 7%
High | 24(70) 35(24) 458 21%

4 CONCLUSION

In the 2-year rat study, no statistically significant positive linear trend or heterogeneity in
mortality between combined control group and three dose groups was detected in either sex. In
male rats, tumor incidence of subcutaneous tissue - fibrosarcoma was shown to have a positive
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linear trend with p-value of 0.0025 (asymptotic test). None of the other tested tumor types
showed a statistjgglly significant positive linear trend in either sex. The evaluation of the design
validity suggested that it is not clear whether the high dose used in rat study reached the MTD.
To draw any final coficlusion for this issue, all clinical signs and histopathological effects in the
treated rats should be%ken into consideration.

In the 2-year mouse study, no statistically significant positive linear trend or heterogeneity
in mortality between the combined control group and three dose groups was detected in either
sex. None of the fested tumor types showed a statistically significant positive linear trend in
either sex. The evaluation of the design validity suggested that the high dose used in female mice
may or may not be the MTD. To draw any final conclusion for this issue, all clinical signs and’
histopathological effects in the treated mice should be taken into consideration.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES

PUBLIC HEALTH SERVICE
- FOOD AND DRUG ADMINISTRATION
;” CENTER FOR DRUG EVALUATION AND RESEARCH
DATE: March 4, 1998
FROM: Glenna G. Fitzgerald, Ph.D.

Pharmacology Team Leader
Division of Neuropharmacological Drug Products

TO: NDA 20-823
Exelon™, rivastigmine tartrate
— 1.5, 3.0, 4.5, 6.0 mg capsules
Sponsor: Novartis

SUBJECT: Approvability for Pharmacology and Toxicology

SRR

The pharmacology and toxicology studies submitted to this NDA for Exelon, an
acetylcholine esterase inhibitor indicated for the treatment of mild to moderately severe
dementia of the Alzheimer's type, have been reviewed by Dr. Barry Rosloff and are
adequate to support its approval. | have incorporated Dr. Rosloff's recommendations
for labeling changes and requests to the sponsor for information (see pages 47 - 49 of
his review) into the sponsor’s draft labeling, and a copy of the revised sections is
attached [see Description, Clinical Pharmacology, Clinical Pharmacokinetics
(Metabolism), Carcinogenesis, Mutagenesis, Impairment of Fertility, Pregnancy, and
Overdosage].

Exelon was clastogenic in two in vitro assays, producing structural chromosomal
aberrations in Chinese hamster lung cells and both structural and numerical aberrations
in human lymphocytes. To assess the carcinogenic potential of Exelon, lifetime oral
(gavage) studies were conducted in mice and rats. Both studies were adequate with
respect to attaining.a maximum tolerated dose, and neither showed an increase in
tumors, as confirmed by the CAC-EC (report attached). However, the maximum doses
tested represent less than the human exposure at a dose of 12 mg on a body surface
area basis. Humans apparently tolerate much higher relative doses than rodents, and
the relevance of this species difference in sensitivity with respect to evaluating
carcinogenic risk is unknown. :



The sponsor labeled Exelon Pregnancy Category C. They have cited no drug related
effects, so it is not clear why they chose category C. Dr. Rosloff has recommended
Category B. However, he notes in his labeling review that several studies showed
decreased fetal angyor pup weights and recommends that the information be included
in the pregnancy sébtion. The doses at which this effect was noted varied across
studies, there was not a clear dose relationship, the effects were slight, and they were
undoubtedly due to developmental retardation rather than a direct effect on the fetus
since they were usually associated with maternal toxicity. There were no effects on
fetal deaths or pup survival. It becomes problernatic to recommend Category B and
also to include effects on the fetus in labeling. Section §201.57 CFR states “If animal
reproduction studies have shown an adverse effect on the fetus, —— the labeling shall
state Pregnancy Category C.” | therefore asked Dr. J.E. Fisher, our expert for
reproductive toxicology, to look at the data to determine if he thought the effects on
body weights would be considered a drug-related adverse effect on the fetus. His
conclusion, and | agree, is that because of the minimal nature of the effects, lack of
dose relationship and absence of more serious effects on fetuses/pups such as
stilibirth/deaths, possible drug effects on fetal and pup weights should not be included
in labeling and Exelon should be labeled Pregnancy Category B.

Recommendations:

This NDA is approvable for pharmacology/toxicology with the attached recommended
labeling, and there are no outstanding issues.

&
lenna G. Fitzger F;hD

Attachments: 2
NDA 20-823
cc. /Div. File HFD-120
/ Leber/Levin/Rosloff/Fitzgerald/Nighswander

Fewer



Executive CAC
12/23/97 .l

Committee:  Joseph DeGeorge, Ph.D., HFD-024, Chalir
dpsaph Contrera, Ph.D., HFD-900, Member
_Paul Andrews, Ph.D. HFD-150, Alterate Member
~ -Barmry Rosloff, Ph.D., HFD-120, Presenting Reviewer

Author of Draft Barry Rosloff

The following information reflects a brisf summary of the Committes dis.cussion and its recommendations.
Detailed study information can bo found in the individual review.

NDA # 20-823
Exelon (Rivastigmine tartrate)
Novartis

Mouse Carcinogenicity Study

The two year gavage study was adequately conducted. Doses were adéquate; MTD was reached
based on toxic signs and decreased weight gain and food consumption. A slight statistically significant
increase in incidence in mammary adenocarcinomas in HD F (4/70 vs 1/140 in controls) was not feit to be
drug related since (1) the incidence of adenoma or hyperplasia wes not increased, (2) the latency of tymor
discovery was not decreased, (3) the incidence was within the spcnsor’s historical control range, and?‘g
there was no increase in mammary tumors in the rat study. :

Rat Carcinogenicity Study

The two year (gavage) study was adequately conducted. Doses were adequate, MTD was roached
based on toxic signs and decreased weight gain and food consumption. There were no drug-related
increases in neoplasms.
Executive CAC Recommendations and Conclusions:

The mouse and rat carcinogenicity studies were adequate and do not indicate drug related-
carcinogenesis.
eph eGeo Ph D
air, CAC

/Division File, HFD 120
/BRosloff, HFD-120
MWSchmidt, HFD-024




-- o

THIS SECTION
“WAS

- DETERMINED :

- NOT
TO BE

RELEASABLE

G

Deact LARE L




NZOE

k1.6 mmmmﬂmuumummmmu
L — - :

****** i E;/(//w
Exelon
(Rivastigmine Tartrate)
Capsules N

e 1.5 mg, 3.0 mg, 4.5 mg, &GOmg

NDA 20-823

Clinical/Statistical



