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NDA 20-427 60

2 WEEK ORAL RANGEFINDING STUDY IN BEAGLE DOGS

A) Dosage

1M+ 1F at0, 100, 300, 600, or 1000 mg/kg/day, by gévage (aqueous solution)

B) Results
1. Observed signs
P § Sporadic emesis at.300 mg/kg and above (ne more-than on 3 days per

dog).
b. Dark urine on 1-3 days in the M at 600 and 1000 mg/kg.
2. Mortality -

Death of HD F and HD M on days 11 and 13, resp. (See below for pathology
results).

3. Bodyweight
Decreased at 300 mg/kg and above.
4. Food consumption
Decreased at 300 mg/kg and above.
5. Laboratory tests
(Performed pre-and post-study, except for the HD F which died day 11). '
a. -‘Hematology
1. Several substantial abnormalities seen in the HD M: Elevated
Het, Hb, WBC, % band N, % PMN, % monocytes. Decrease in
% lymphocytes although absolute number of lymphocytes was -
also elevated. The report concludes that these changes were
consistent with a gastritis and myocarditis which were considered

incidental lesions in this dog. '

2. No consistent effects in other dogs on above parameters plus
RBC, % reticulocytes, Heinz bodies, platelets.

b. Blood chemistry

1. - Changes seen in the HD M: slight decrease in total protein and
albumin, elevated glucose (although this dog, in contrast to the
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others, was not fasted prior to bleeding), increased BUN (no
renal pathology noted), increased total bilirubin, and decreased
Cl.

2. Elevated AP in the M at 600 mg/kg (no specific organ pathology
noted, aside from G.I. irritation which was also seen in other
dogs at the higher doses)..

3. Elevated BUN in the LD F (no renal pathology noted).

4. ALT decreased in the F at 300 and in both dogs at 600 mg/kg,
possibly a result of anti-transaminase activity of the drug.

5. No effects on: A/G ratio, Ca, Pi, AST, CO,.

c. Urinalysis

1-. “In HD M: presence of occult blood, and decreased SG.

2. Né effects on pH, bilirubin, ketones, glucose, protein, sediment.
Organ weights '

Necropsy was not performed in controls, and organ weights not given for HD,
thus data are difficult to interpret. The absolute and relative weights of the
following organs were increased in M at 600 mg/kg compared to the 2 lower
dosage groups: thyroid, liver, kidney, and adrenals. Prostate weights were
decreased at 300 and 600 mg/kg (dose-related) compared to 100 mg/kg. In F,
absolute and relative weights of thyroid and gonads were lower at 600 mg/kg
compared to the 2 lower dosage groups.

Gross pathology
(Not performed in controls).

Hemorrhages of heart and stomach seen in HD M only. Reddening of various
G.l. tract structures seen at the 2 highest doses.

Microscopic pathology
(Not performed in controls).

The following were seen in the HD M only: heart - hemorrhage, myocardial
necrosis, myocarditis; stomach - submucosal necrosis, suppurative gastritis;
congestion of thymus, liver, jejunum, and mesenteric lymph node; atrophy of
thymus (also seen in the M at 600 mg/kg). The report concludes that these
were probably spontaneous lesions. No significant lesions were seen in the HD
F which died.
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3 MONTH ORAL TOXICITY IN BEAGLE DOGS
A. Dosage

3M+3Fat0, 30, 100 or 300 mg/kg/day, in gelatin capsules. Diet supplementatlon
in 2 HD on various days to attempt to overcome anorexia and weight loss.

B. Results
1. Observed signs

a. Loose stool and/or diarrhea in 0/3 3/3 1/3, and 2/3 M in controls LD
MD, and HD, resp., on 1-3 days each.

b. Anorexia and emaciationin1Mand 1 F at HD. (the F was sacrificed
day 33).

c. Emesis in HD F on day 28 only.
2. Mortality
1 HD F was sacrificed on day 33 in poor condition (anorexic, emaciated).
3. Bodyweight |
Slight weight l'oss in some HD dogs.
4. Food consumption.
Decreased in some HD dogs.
5. ECG

Performed on all dogs pre-drug and on days 8 and 90, approximately 2 hr.
post-dosing. No drug effects were noted. No quantitative data was presented.

6. Ophthalmoscopic exam

Performed pre-and post-treatment. No drug effects were noted, although 1 MD
M had a bilateral streak of corneal dystrophy noted on day 93.

7. Hematology

- Performed pre-treatment and on days 35 and 91 (except for the HD F which -
was sacrificed - performed day 33).

a. Large decreases (to about % pre-drug values) in RBC, Hct, and Hb
were seen in the 2 HD dogs which became emaciated. In the M the
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decrease was no greater on day 91 than on day 35. The other 2 HD M
and one other HD F had moderate decreases in these parameters,
mainly on day 91. -

A large increase in WBC at termination (day 33) was seen in the HD F
which was sacrificed. Four nucleated RBC/100 WBC were present.
There was a large increase in % band N and a large decrease in
absolute number of and % lymphocytes; the absolute number of PMN's -
was increased in proportion to the increase in total WBC. A substantial
number of metamyelocytes were present. In the HD M which became
emagciated, a large increase in WBC was noted, but only on day 35.
This was associated with an increased % band N and a decreased % of
lymphocytes. (Absolute number of lymphocytes was unaltered).
Absolute number of PMN's were increased in proportion to the increase
in total WBC. A substantial number of metamyelocytes was present on
both days 35.and 91. One MD M had an increased N (both bands and
PMN) and decreased L, with slight elevation of total WBC, on day 91.

-

No drug effects on platelets, PT, PTT

Blood chemistry

Performed pre-treatment and on days 35 and 91 (excépt for the HD F which
was sacrificed-performed day 33).

An elevation of AP (~4x pre drug) at termination was _seén in both HD

a.
dogs which became emaciated. (See below for pathology resuits). The
HD M also had an elevated ALT (3.5x) at termination. One MD F had
an elevated AP at termination; no specific organ pathology was noted.

b. Slight decreases in Ca (10-20% less than pre-drug values) were seen in
most dogs at MD and HD at termination.

c. Decreases in ALT were seen in a few MD and HD dogs, possibly a
result of the anti-transaminase activity of the drug.

d. No drug effects on: total pfotein, albumin, A/G ratio, P| glucose, BUN,
total bilirubin, AST, CO,, Cl, Na, K.

Urinalysis

Performed pre-and post-treatment. No drug effects were noted (pH, SG, occult
blood, bilirubin, ketones, glucose, protein, sediment.)
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Organ weights

a.

Liver-rel. wt. increased in 2 HD M (about 2x controls) without change in
absolute weight. In 1 of these, histopathology showed pale swollen
hepatocytes and hematopoiesis.

Absolute and relative weights of uterus and ovaries greatly increased in
1 LD F; small increases seen in a few a MD and HD.

" Spleen - in¢rease_d abs. and rel. wt in 1 HD F (about 2x control). Post-
- mortem exam showed enlarged-spleen {"not well bled out") with-

hematopoiesis.

Aside from those mentioned above, the organ weight changes were not
associated with any specific histopathology. :

Gross pathology

Performed on all dogs.

There were no clearly drug-related effects. Nodules on lungs were seen in 1
control M, 1 LD F, 0 at MD, and 3 HD M. Microscopic exam showed ‘

~ granulomas in 1 control and 2 HD which were considered as probably parasitic

in origin in the control and 1 of the HD; the 3rd HD showed no microscopic
abnormality in lung. See below for gross findings in the 2 HD which became
emaciated.

Microscopic pathology

a.

Although the initial report concluded no effects on brain, brain sections
were subsequently re-evaluated based on findings of brain vacuolization
in other ongoing studies. (Some sections were re-cut "to allow good
examination of the columns of the fornix and optic tract [location where
the lesion is most notable]". Also, in addition to H + E staining,
"sections from the cerebrum were stained with Iuxol fast blue in order to
further evaluate any effects on myelin". Results are shown in the
attached table. Vacuolization was seen at MD and HD in the areas
shown. (Note that, as indicated in the table, "not all of the listed
structures were examined in every instance"; thus the appropriate
denominations are not clear). It was stated that Luxol fast blue slides
showed no "evidence of segmental demyelination as is seen in ‘
demyelinating diseases such as multiple sclerosis™ (but again, it is not
clear how many sections in how many animals were examined). It was
stated that there were no drug effects in cerebellum, pons, or lumbar
spinal cord. (Sciatic nerve and eyes were said to have been examined;
presumably there were no drug effects).
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Hematopoiesis in spleen was seen in 2 HD M and 1 HD F, and sternal
marrow hyperplasia was seen in 1 HD M and 2 HD F. The text states
that this was probably a compensatory response to the anemia seen in
this group.

Findings in the HD F which became emaciated and sacrificed day 33

1.

_ hot seen in other dogs:

Gross:
Thoracic ¢avity - blood-containing fluid
Lung - ulcers and adhesions

Stomach - numerous ulcerations and erosions in fundus

. Colon - a few tiny eroded areas

Heart - pale areas
Microscopic:

Thymus - atrophic (also seen in the HD M which became
emaciated; considered by report to be a response to stress).

Lung - Abscesses and pleuritis

Diaphragm - Pleuritis

- Liver - brownish pigment in Kuppfer cells (also seen in another

HD F).
Heart - Areas of fnyocardial degeneration

Stomach - focal ulcerations

Findings in the HD M which became emaciated not seen in other dogs:

1.

2.

Gross - nothing specific

Microsco.pic

Thymus - atrophic (also seen in the HD F, above)..
Liver - pale swollen hepatdcytes and hematopoiesis

Pancreas - occasional necrobiotic cell.
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HISTOPATHOLOGIC REEVALUATION OF BRAIN TISSUE
" Table 2
Summary of Vacuolar Brain Changes#
Columns Fimbria
Animal Optic of of )
No. - Sex Tract Fornix Fornix Colliculus Hypothalamus
T e B - A »2Contreol it= - -2 & re e e—
77-151 M - - + - -
77-152 M + - + - -
78-105 M - - - - -
78-89 F - - o+ - -
78-110 F - - - - -
78-111 F + - +. - -
30 mg/kg/day
78-101 M - - - - -
78-103 M - - - - -
78-104 M - - - - -
78-86 F - - - - -
78-88 F - - - - -
78-106 F - - - - -
' 100 mg/kg/day
78-75 M - + - +
78-97 M - + - + -
78-98 M - - - - -
78-87 F -+ +++ - - -
78-107 F + FR - - -
78-112 F ++ -+ - + -
300 mg/kg/day
78-99 M -+ +HH - ++
78-100 M EURwS -+ - ++ ++
78-102 M N -+ - = -
78-90 F - - - + ++
78-108 F - FUEEEY - ++ +++
78-113 F -+ FREWEY - + ++
2 Also sl lght vacuolatlon of /h Epocampu : T

g L /
* See &%@zx’ﬁ pagé For Hustopatholo&c Gradmg Classification./ Not all of
the Tistéd strictures were examined lﬁme . .

DOW CONFIDENTIAL
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2 Mot DOG

[ See previos

Histopathologic Grading Classification prge

Hone or very rare isolated vacuoles :

Occasional vacuoles (sometimes seen in controls)

Slight vacuolation (slightly more than ever seen in controls)
Hild vacuolation

Moderate vacuolation

Severe diffuse vacuolation
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ONE YEAR P.O. TOXICITY IN BEAGLE DOGS:

A)

B)

Dosage
4/sex at 0, 50, or 100 mg/kg/day, and 5/sex at 200 mg/kg/day, in capsules.

~ Sacrifice times were as follows (see table). 1/sex/group at 6 months, 1/sex at
HD after 7 months' treatment + 4 month recovery period, 1-2/sex/group at 12 months,
and 1-2/sex/group after 12 months' treatment + 6 month recovery period.

- Lot #: 71,754-40 (days 1-133) o : -

71,754-46 (days 134-367)
Results
1) Observed signs
No clear drug effects. Loose stools were séen on rare éccasions

among treated dogs; too infrequent to be considered to be drug-related by
sponsor. (See table). :
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2)

3)-

4)

7)

8)

Mortality
One control F and 1 MD F died of accidental strangulation.

Bodyweight
No drug effect
Food Consumption
No drug-effect: {Subjective evaluation). - - -~
Ophthalmoscopic and physical exam.
Said to have been done pre-study, after 6 and 12 months, and after 6

month recovery period following 12 months' treatment. It was stated that there
were no drug effects, although the only results presented were for

" ophthalmoscopic exam at 11 months.

-EKG

(Performed pre-study, and approxifnately 2-and 24 hr. post-dosing at 3,
6, and 12 months.)

No drug effects. (No qﬁantitative data presented).
Hematology

(Performed pre-study and at 3, 6, 9, and 12 months).

"No drug effects.

Parameters measured: RBC, Hb, Hct, WBC, differential, PT, PTT,
platelets.

Blood chemistry

(Performed pre-study and at 3, 6, 9, and 12 months)

No clear drug effects aside from a decreased ALT in MD and HD M and
all F groups, mainly at 3 months. (Attributed to drug-induced transaminase
inhibition, although it is not clear why it was not more widely manifest at the

fater time points).

Other parameters measured: AST, AP, total bilirubin, arginase, total
protein, albumin, A/G ratio, glucose, BUN, Ca, Pi, C0,, Cl, Na, K.
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9)

10)

11)

12)

Urinalysis
(Done pre-study and at 6 and 12 months).
| No drug effects.
Organ weights

Drug effects difficult to determine due to small N sacrificed at each time
point. Large decreases in absolute and relative uterus weights were seen at 6
and 12 months at all doses; however this was not D-R, was not seenafter the
6 month recovery period, and was not associated with drug-lnduced
histopathological changes. -

Macroscopic organ exam

No clear drug effects; however such effects would be difficult to
determine in view of the small N sacrificed at each time point.

Microscopic organ exam

(In addition to routine exam, after 12 months' treatment + 6 months'
recovery "a standard transverse cerebral section through the optic tract and
another section through the cerebellum were stained with Luxol fast blue for
myelin and similar cerebellar sections were stained with Sevier Munger silver
stain for nerve endings and neurofibrils and phosphotungstic aCld hematoxylin
for neuroglial fibers.").

As above, some drug effects may be difficult to determine due to the
small N at each sacrifice. The only effect considered to be drug-related was
vacuolation in several brain areas as indicated in the attached table. It was
seen only at MD and HD at 6 months and at all doses at 12 months. The
severity was dose-related. There were no clear drug effects after the recovery
periods; the slightly more widespread occurrence of vacuoles seen after the 4
month recovery period is equivocal. In addition to the vacuolation, a mild
gliosis was seen in the optic tract of 1 HD at 12 months.

There were no dfug effects in peripheral nerve, spinal cord, or eye.
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ONE YEAR TOXICITY STUDY OF MDL 71,754 ADMINISTERED ORALLY TO DOGS
Table 2
Summary of Clinical Observations
i ' Dose Groups (mg/kg/day)
control " _'50 : 100 200
M &F TN L TN LF TM  SF
Aggressive/hyperirritable - - .- - - - 1/253 -
Skin - abrasion - - - 1197 1/38 - - -
- swelling
(between toes) - - - 1/6 - - - - -
Emesis . - - - - - - 1/1 -
Alopecia - 1718 - - - - - -
Lloose stool - - - WY - 3/5 1/2 3/10 -
Capsule found on cage floor = - - /1 - 1/1 1/1 -
' Obese - - 1 - - - -
Nothing significant 5 -2 3 2 i 2 ! 5

NOTE: The data is expressed as a ratio ("x/Y") in which X" is the number
affected and "'Y" is the total number of times it was observed

- DOW CONFIDENTIAL
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TSBLE 2
. QRAL TOWIONDY sbwwﬂm OF VIGABATRIN IN DOGS: . _ )
—SNEHRENOB-- SEVERTTY OF BRAIN NICROVACUOLATION : :
DATS FROM [TRDIVIDUAL ANINALS | Best POSS\b‘e_COPV
; A . v - .
{ BN  S
v : : . . 7-M0. TREATMENT-
ANATOMIC LOCATION . 6-MONTH TREATMENT : © 4-M0. RECOVERY
DOSE GROUP (MG/KG/DAY)  CONTROL 50 - 100 200 . 200
‘ H P M F K F n F u F
BIPPOCAMPUS - - - - 2 - - 2 - -
THALAMUS - - - - 3 3 2 & - -
COLUMN OF FORNIX - - - - 3 31 3 & 1 1
OPTIC TRACT - - - - 1 3 - 3 -1
INFERIOR COLLICULES - - - - -1 -2 - -
FINBRIA OF THE FORNIX - - I 1 -

ANTERIOR COMMISSURE - - - - - == 1 -

. ONE-TEAR TREATMENT-
ANATOMIC LOCATION ONE-YEAR TREATMENT SIX-MONTH RECOVERY

DOSE GROUP (MG/KG/DAY) ~ CONTROL 50 100 200 CONTROL 50 100
X

HIPPOCAKPUS T
TEALAMUS - - - - - - -
COLUMN OF FORNIX 1 - 1 1 2

OPTIC TRACT - - - - 21 -
INFERIOR COLLICULUS
 FIMBRIA OF THE FORNIX - - = -2 - - - 2 3
" ANTERIOR COMMISSURB

]

]

)

1

1

]

[}
1 b [ S I |
b [T T
TR SN VS S Ve |
ot 1 ]
- | §
[} 1 ]
) 1 [}
i i [}
1 \ t
1 t 1
i 1 1
¢ ] 1
' ' '
' '
' [l ¢

]
i
)
L}
)
i
]
]
§

GRADES FOR DEFINING THR AMOUNT OF CHANGE ARE AS FOLLOVS:
= NO CHANGE .

WINIMUM OR VERY SLIGHT DEGREE OR AMOUNT (SOMETINES SEEN IN CONTROLS)
SLIGHT DEGREE OR SMALL AMOUNT PRESENT :
MODERATE, MEDIAN, OR MIDDLE SEVERITY OR ANOUNT

XARKED SEVERITY OR DEGRER OF CHANGE, LARGE AMOUNT PRESENT

W=

LI T )

. In the brains of twvo dogs given 200 mg/kg/day of vigabatrin for seven
months} folloved by four months off drug, and in those animals treated
for one year, folloved by six months off drug, micro%acuolation vas sim-

11lar in severity to that of controls (Tables 2A and 2B). No residual
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6 YEAR P.O. TOXICITY IN MONKEYS:

A) Dosage

S/sex at 0, 50, 100, and 300 mg/kg/day, by gavage. The following interim
sacrifices were performed:

1) 3 months: 1/sex/group

2) 6 months: 1/sex/group

3) 16 months: 1 M-+ 2 F in control group, and the remaining 3 M + 3 F at HD

4) 6 years: 3 M + 3 F in control group (1 M + 2 F were added at 19 months to
replace the controls sacrificed at 16 months), and the remaining 3 M + 3 F at

LD and MD. :

(A rangefinding study was also performed, using 2/sex at 0, 500, 750, and 1000
mg/kg given for 4 weeks; an additional 2/sex received 300 mg/kg b.i.d. for 1 week.
Results of this study will be presented where appropriate).

Strain: cynomolgus monkeys (Macaca fascicularis).

Lot #s: D-2890, DX-2916, D-2957, D-2978, and D-2990

B) Results
1) Observed signs
Occasional, transient instances of loose stools or diarrhea at HD.

(Intermittent diarrhea was also seen in 1 LD and 1 MD, but this was considered

to be due to an infectious process and not drug-related). (In the rangefinding

study, loose stool/diarrhea was seen at all doses, i.e., 500 mg/kg/day and
above; this began within the first 3 days of treatment and lasted throughout the
study).

2) Mortality

None

3) Bodyweight gain
No drug effects in main study; in rangefinding study slight weight loss
was seen in some monkeys at 750 and 1000 mg/kg which was attributed to
drug by the sponsor; however the data provided showed similar weight loss in

some controls. :

4) Food consumption
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6 YEAR P.O. TOXICITY IN MONKEYS:

A) Dosage

5/sex at 0, 50, 100, and 300 mg/kg/day, by gavage. The fol!owmg mtenm
sacrifices were performed:

1) 3 months: 1/sex/group

2) 6 months: 1/sex/group

3) 16 months: 1 M + 2 F in control group, and the remaining 3M + 3 F at HD

4) 6 years: 3 M + 3 F in control group (1 M + 2 F were added at 19 months to
: replace the controls sacnf ced at 16 months), and the remaining 3M + 3 F at

LD and MD.

(A rangefinding study was also performed, using 2/sex at 0, 500, 750, and 1000
mg/kg given for 4 weeks; an additional 2/sex received 300 mg/kg b.i.d. for 1 week.
Results of this study will be presented where appropriate).

Strain: cynomolgus monkeys (Macaca fascicularis).

Lot #s: D-2890, DX-2916, D-2957, D-2978, and D-2990

B) Results
1) Observed signs
Occasional, transient instances of loose stools or diarrhea at HD.

(Intermittent diarrhea was also seenin 1 LD and 1 MD, but this was considered

to be due to an infectious process and not drug-related). (In the rangefinding

study, loose stool/diarrhea was seen at all doses, i.e., 500 mg/kg/day and
above; this began within the first 3 days of treatment and lasted throughout the
study).

2) Mortality

None

3) Bodyweight gain
No drug effects in main study; in rangefinding study slight weight loss
was seen in some monkeys at 750 and 1000 mg/kg which was attributed to
drug by the sponsor; however the data provided showed similar weight loss in

some controls.

4) Food consumption
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3)

6)

8)

9)
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No drug effect in main study; in rangefinding study it was stated that
food consumption was decreased at 750 and 1000 mg/kg based on "subjective
evaluation". :

Ophthalmoscopic exam

(Done pre-study and periodically thereafter).

No drug effects, although in most cases specific results were not given.
Lab tests - . O

(Done pre-study and periodically thereafter).

a)  Hematology
No clear drug effects. Values for Hb, Hct, and RBC were
equivocally very slightly decreased at some time points, primarily at HD.

(This equivocal trend was also seen in the rangefinding study).

Other parameters measured: WBC, differential, platelets and, in
. rangefinding study only, PT and PTT.

b)  Blood chemistry
No clear drug effects, except for a decrease in ALT, mainly at
MD and HD, considered to be due to the pharmacologic action of the '
drug (i.e., inhibition of transaminase). A few LD and MD had sporadic
elevations in triglycerides after long term treatment (i.e., after all HD had
been terminated).

Other parameters measured: BUN, glucose, AST, AP, total
bilirubin, total protein, albumin, globulin, cholesterol, Na, K, ClI, Ca, PO,.

c) Urinalysis
No drug effects.
Organ weights

No clear drug effects, although this was difficult to determine in view of
the small N sacrificed at each time point.

Gross pathology
No clear drug effects; however noté small N ét each sacrifice time.

Microscopic pathology
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10)

11)
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As above, drug effects are difficult to determine in view of the small N at
each sacrifice time. The only finding considered to be possibly drug-related
was vacuolization in brain. Such vacuolization was assessed by several
consultants in addition to assessment by the sponsor; individual conclusions
ranged from no drug effect through possible drug effect through slight drug
effect, with the latter two only pertaining to HD monkeys sacrificed at 16
months. Where a possible or slight drug effect was concluded the vacuolization
was generally in the optic tract; one consultant also concluded possible effects
in corpus callosum, septum, and cerebellum. One monkey also had an
"unusual amount” vacuoles in optic nerve, although this was not considered

“drug related by the sponsor. (In the 4 week-rangefinding study, it-was stated

that vacuolization seen in the corpus callosum in one monkey each at 500 and
750 mg/kg was possibly drug related since a similar lesion was not seen in
controls; however this conclusion cannot be made confidently in view of the
vacuolization seen in corpus callosum of some controls in the main study).

Some consultants considered at least some of the vacuolization to be
artifactual. Where a drug effect was concluded it was assumed that the
vacuolization was similar to the intramyelenic edema found in other species
although apparently EM exams were not done in monkeys. At any rate, if an
effect is present in monkeys, it appears to be less severe and less widespread
than in the other affected species.

No drug effects were apparent in sciatic nerve, spinal cord, or eye.
CSF pressure

Measured in 1 control M, 1 control F, 2 HD M, and 3 HD F which were
sacrificed after 16 months. (Measurements made after animals anesthetized
and prior to sacrifice).  As shown in the attached table, there was no apparent
drug effect, although note the relatively large inter-animal variation.

PK data
a) Plasma levels

Levels of parent drug obtained from monkeys approx. 22 hr. after
dosing on days 7, 30, and 91 are shown in the attached table. Levels
increased with increasing dose (but less than proportionately between
MD and HD) and appeared to reach SS by day 7; however this is based
on only 1/sex/dose/time point. Levels obtained at 6 and 22 hr. after 6
years' treatment at LD and MD are shown in the attached table. The 6
hr. values were similar between doses; the 22 hr. values were dose-
proportional. Levels obtained at 6 hr. after 16 month's treatment at HD
are shown in a separate table. (Plasma levels were also measured in
the 4 week rangefinding study, at 2 and 24 hr. after the last dose;
results, shown in the attached table, indicate no clear differences in.
levels across doses with the possible exception of lower levels at 500
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12)

b)
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mg/kg at 24 hr.).
CSF levels

* Levels of parent drug were sampled approx. 24 hr. post-dosing
on day 91, and approximately 6 hr. post dosing after 16 months and 6
years. Results are shown in attached tables. Mean values ranged from
about 1.5 n moles/g (24 hr. after 50-100 mg/kg) to about 15 n moles/ml
or more (6 hr. after 300 mg/kg). At the 6 year time point, levels were
greater in F than in M, but note the small N.

Urinary levels

Measured at HD after 31 weeks and at LD and MD after 6 years.
The % of the daily dose excreted as unchanged drug ranged from 5 to
37% across individual animals (mean approx. 10-20%). (Results in
attached tables). : .

Brain GABA, GABA-T, and GAD, and CSF GABA

Measured 6 hr. after final dose. Results shown in attached tables.

(Separate table for HD. Also, CSF GABA levels for LD and MD groups are in
table with CSF drug levels, above). Brain GABA-T was decreased (30-37%);
CSF GABA levels were increased (approx. 20-30%) but this was considered to
be of questionable biological significance due to the small effect, lack of dose
relationship, and lack of drug effect on brain GABA levels. The other measured
parameters showed no drug effects.
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Table 1

Cerebral Spinal Fluid Pressure Obtained at Necropsy
from Monkeys Administered Vigabatrin (MDL 71,754)
for 16 Months

‘Monkey-Number/Sex Dose (mé/kg/day) CSF Pressures’ (mm Hg)*]’2
180-F 0 No pressure obtained,
' _ respiratory failure

206-F 0  3.07%0.02 -

321-M ' 0 10.18 + 0.03

182-F 300 3.76 + 0.0}

210-F 300 - 3.13 i.0.0h

212-F _ 300 5.27 '+ 0.09

307-M 300 © 6.46 + 0.12

315-4 300 No pressure obtained,
clot formation in
cannula

323-M 300 9.51 iﬂ0.0h

% Mean and standard error of ten readings at six second intervals

1 Supp]émental CSF pressure measurements performed on colony cynomolgus
monkeys on 8/16/8L and 9/6/84 were as follows:

Animal MNo. Pressure {mm Hg)

334-F 2, 1

336-F .2.6, 10 Mean = 3.6
372~F 2.5, 3.2

2z Additional values in rhesus monkeys have been found to range from
3.7 to 14 mm Hg (cited as 50 to 190 mm HZO) measured by manometer
at the cisterna magna.

(a) Hayreh, $.S. Pathogenesis of edema of the optic disc,
- Docum. Ophthal., (Den Haag), 1968, 24, 289-41}

(b} Mclintyre, J.W.R., Miller, J.O.R. and Weir, B.K.A. Anesthesia
for cerebral angiography. Cardiovascular and cerebrospinal
fluid pressure observations in monkeys under pentobarbital~
halothane anesthesia. Canad. Anaesth. Soc. J., 1960, 16,
300-315. - T *—

-



TABLE 36

MDL 71,754: REVIEN OF THE CHRONIC TOXICI.TY STUDY -IN CYNOMOLGUS
MONKEYS THROUGH 18 MONTHS INCORPORATING CONSULTANTS OPINIONS
. AFTER HISTOLOGIC EXAMINATION OF BRAIN
Plasma Levels (ug/ml) of MDL 71,754 Obtalined Approximately
22 Hours Following 0, 7, 30 and 91 Doses from Those Monkeys
Necropsled at the end of the 3 Month_Treatment Perlod

Dose Level Number of Doses Administered

(mg/kg/day) Animal No./Sex 0 7 30 91

0 '287-M
226-F

50 317-M
126-F

100 291-M
236-F

300 289-M
204-F

* pverage of two determinations/sampie.

MERRELL DOW COMROENTML
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TaBLE 31

MDL 71,754: SIX-YEAR ORAL TOXICITY STUDY IN CYNOMOLGUS MONKEYS
GIVEN 50 OR 100 MG/KG/DAY
PLASMA MDL 71,754 Concentrations in Cynomolgus Monkeys 6 and 22 Hours
After 0-100 mg/kg/day Oral Doses.
Samples Were Taken After a 6-Year Treatment Peried

Plasma MDL 71,754

Concentrations
(Bpg/ml) )
Dose Animal a
(mg/kqg/day) Sex Number 6 Hours2 . 22 HoursP o
0 3 218 NEFS NF
F 362 NF NF
F 388 RF NF
M 325 NF NF
M 327 NF NF
M 569 NF .NF .
50 F 196
F 198
F 228
M 293
M 297
M 329
MEAN 4.33 0.58
Sp 2.06 0.18 “(4)
3 100 F 184
w F 208
P 240
M 301
M 303
M 311 o o
MEAN 5.57 . 1.21
sD 3.16 0.33

IObtained 6 hours .after the last dose and immediately after
collection of a CSF sample from the anesthetized monkey.
Obtajned 22 hours after the dose given one week prior to the
end of the study. :

SNot found, less than lower limit of quantitation (<0.2 (pg/mL).
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CONCENTRATION OF VIGABATRIN IN PLASMA AND URINE SIX HOURS AFTER THE LAST DOSE
IN MONKEYS RECEIVING VIGABATRIN 300 MG/KG/DAY P.O. FOR 16 MONTHS

Vigabatrih

Monkey D&ily Dose Plasma Urine

Vigabatrin umol

mg/kg p.o. nmol/ﬁﬂ umol/ml mg Creatinine
180 1\
206 0
321 _ y

) 182 " (&)
210
212 300
307
315
323 \ :
Mean + S.E.M. 67.5 = 12.3 4,57 £ 2.21 5.03 + 1.34

*Jsing the method of dJones (4), the urine of monkey 321 contained a small
peak .equivalent to 0.10 umol vigabatrin/mg creatinine. Using an
alternative method (5) it was found that none of the control urines
contained vigabatrin.
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ORAL RANGE-FINDER STUDIES OF MDL 71,754 ADMINISTERED TO MONKEYS

Table 5

Concentration of GVG in Plasma of Monkeys 2 and 24 hr.

After Final Dosei

Monkey '~ GVG dose Concentration of GVG (ug/ml)

No. Sex mg/kg/day 2 hr. post dose 24 hr. post dose
1M 0 ;
2 M ..
9 F

i0 F
3 M 500
k4 M

11 F

Y2 F - pld)
5 M 750
6 )

13 F

14 F
7 M IOOQ
8 M

15 F

16 F

2 (Composite of Tables 1 and 2 from Drug Metabolism Report D-8L4-Dk entitled

"Analysis of MDL 71,754 in Plasma Samples from Toxicology Study #300C-117"

|o

The mean of these two values is significantly less than the means for any
of the other dose groups (male or female) P <0.05
-- = No sample .



TABLE 37

MDL 71,754: REVIEW OF THE CHRONIC TOXICITY STUDY. IN CYNOMOLGUS -
MONKEYS THROUGH 18 MONTHS INCORPORATANG CONSULTANTS OPINIONS
AFTER HISTOLOGIC EXAMINATION OF BRAIN

Cerebrospinal Filuld Levels (ng/g) of MDL 71,754, obtalned : .~
Approximately [24 hours following 91 Doses pf MDL 71,754 from Monkeys
Necropsied at the end o ® h Treatment Perlod :

Dose Levels Animal No,/ MDL 71,754
(mq/kg/day) Sax __Levels
0 287N c—
226-F
50 : 317-M
126-F —
Average: 200 (1,5 n mole/q) b(a)
100 291-H
236-F
Average: 205 (1,6 n mole/g)
300 289-M —
204-F
Average: 1365 (10,5 n mole/g)

*Not Detected (Detection Limlt Approximately 150 ng/g)
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TABLE 33

GIVEN 50 OR 100 MG/KG/DAY

CSF MDL 71,754 and Total GABA Concen

MDL 71,754: SIX~YEAR ORAL TOXICITY STUDY IN CYNOMOLGUS MONKEYS

trations in Cynomolgus Monkeys 6 Hours
mg/kg/day Oral Doses. Samples were Taken after the Final Dose of a 6~Yeaxr Tre

after 0-100
atment Periodd

Dose Animal
(mg/kg/day) Sex Number
- o F 218
" F 362
F 388
M 325
M 327.
M 569

e i 2

OVERALL MEAN

sp
. 50 F 196
’ '? F 198
1 F 228
f
M 293
M 297
M 329
OVERALL MEAN
sb
100 F 184
F 208
F 240
M 301
M 303
, M 311
£ OVERALL MEAN
SD

Concentrations in CSF

Mean
Sb

Mean
SD

Mean
SDh

Mean
sD

Mean
SD

Mean
SD

(nmoles/mL)
MDL 71,754 Total GABA MDL 71,754 Total GABA
3 0.987 9.57
0.278 2.70
0.899 8.71
6.130 1.26
0.9423 9.14
0.200 1.94
0.783 1.403 6.06 13.61
0.299 0.291 2.32 2.83
RS
0.309 1.101 | 2.39 10.68
0.084 0.077 0.65 0.75
0.546 1.252 4.23 12.14
0.325 0.252 2.52 2.45
L
i
1.473 1.313 11.41 12.73
0.579 0.065 4.48 0.63
Seew—
RS
0.910 1.218 7.04 11.81
0.321 0.182 2.48 1.76
1.192 1.265 9.23 12.27
0.520 0.133 4.03 1.29

3CSF was obtained from monkeys anesthetized 6 hours after dose administration.

bNot found, less than lower limit of quantitation (<0.001 pg/01 mL sample) .

w4

bi4)
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wmr '. ([, N W
‘ | TABLE 32

MDL 71,754: SIX-YEAR ORAL TOXICITY STUDY IN CYNOMOLGUS MONKEYS
GIVEN 50 OR 100 MG/KG/DAY - -
MDL.71,754 in Urine Collected for 24 Hours after ‘Cynomolgus Monkeys were -
given 0-100 mg/kg/day Oral Doses.
Samples were Taken after a 6-Year Treatment Period®

MDL 71,754 in Urine
Dose Animal Concentration ____Amount
(mg/kqg/day) " Sex Number (tg/mL) (mg) (% Dose) R

] 218
362
ass

325
o5 . o

196
198
228
293
297
329

ZTRERMmMmm

50

LREMmm

———

Mean : 19.5
SD 9.7

100

(4)

TRENmr

Mean 13.2
sD 6.2

20btained one week prior to the end of the study. A -
byot found, less than lower limit of quantitation (<10 pg/mL).

3
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Lo he e g7

ACTIVITIES OF GABA-T AND GAD IN THE BRAIN
AND CONCENTRATION OF GABA IN THE BRAIN AND CSF
SIX HOURS AFTER THE LAST DOSE IN MONKEYS RECEIVING VIGABATRIN 300 MG/KG/DAY, P.0.

FOR 16 MONTHS % .
(Fred) (o)

Brain = Brain Brain CSF
 Monkey Sex Body  _ Dose GABA-T GAD GABA® Asa™t
Wt. Vigabatrin = “Activity Activity Concentration Concentration ~
mg/kg/day p-o. mol/g/hr  umol/g/hr weol/g - nmol /ml

321-1 M 3.24

180-1 F  2.81 0
&
206-1 F 2.5 0 | / »\‘,!U
\’

Mean + S.E.M.  36.2 + 3.0 6.7 £0.6  1.44 + 0.10 8.8 + 1.6
. 182-4 F 3.10 A
210-4 F o 2.43
212-4 F o 2.13 300
307-4 M 4.38 — )
315-4 M 4.39 \A
323-4 M 4.13
: = 2
. ' o
Mean + S.E.M.  22.8 + 0.6* 6.0 = 0.6  1.46 + 0.09 10.6 + 0.4 §
% Control # S.E.M.  63.0 % 0.6% 89 = 8% 3
. ~¥ AI\UH\Q* ‘Og/f-o;p in “H\!& N DH
*The method used measures free brain GABA. olse showed na rvg offect O
HThe method used measures total CSF GABA. @l/bkbmm GABA in ’HVZ&Q
' ' il S L plhovah T T
*Significantly different from control (P<0.05). & p o \"”\)"_ s ‘ g
' Aoted that the idues for 5
Aree bron GABA G iver in 7

Hhatt puger (Which gleo Showed
ho drvy effect ov free GABA)
were Oifderent $fvom the above
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GENOTOXICITY

A) Ames tests '

@) One lab performed two independent assays using salmonella strains TA 1535,

1637, 1538, 98, and 100; the highest concentration of GVG was 5000 ug/plate. (it
was stated that this concentration was not bacteriotoxic). GVG was negative both
with and without metabolic activation (Aroclor S9).

2) A second lab performed an assay using the same strains as above. The
highest concentration of GVG used was 500 ug per. plate; it was implied that this
concentration caused some toxicity but this was not explicitly stated and results of
toxicity testing were not shown. GVG was negative both with and without metabolic
activation (Aroclor S9).

3) None of the above studies contained GLP statements or QA inspections.

B) Point mutation assay in Schizosaccharomyces Pombe and gene conversion test in
Saccharomyces cerevisiae D,

GVG was negative in both assays, with or without metabolic activation (Aroclor
$9). The highest concentration of GVG used was 5000 ug/ml, which was said to be
nontoxic (although results in the former assay, without activation, showed bacterial
survival was decreased about 30% over the dose range studied).

These studies contained no GLP statements or QA inspections.
C) CHO/HGPRT forward mutation assay

Two assays were run, with and without metabolic activation, at GVG
concentrations up to 5000 ug/ml, which were shown to be nontoxic. Results are
shown in the attached tables. In one case (625 ug/ml, without activation, in one of 2
assays) the mutation frequency was statistically significantly above control (and above
the historical control range); however since an increase was not seen at this
concentration in the second assay and was not seen at the higher concentrations in
any assay, it was not considered to be drug related.

D) In vitro chromosomal aberration assay in rat lymphocytes

GVG was negative with and without metabolic activation (Aroclor SQ).
Treatment time was "approximately” 4 hours. The highest concentration of GVG used
was 5000 ug/mi, which did not alter the mitotic index.

E) Micronucleus test in mice.

Ten CD-1 mice per sex were given a single dose of 0, 170, 540, or 1700
mg/kg, by gavage, with sacrifice at 24 and 48 hr. post-dose. (5/sex/group at each
time point). (The doses were based on "an estimated oral LD 50 of 2830 mg/kg"; no
data on drug toxicity [observed signs, etc.] were given for the present study). GVG
was negative in this assay.
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NDA 20427 93

SEGMENT | REPRODUCTION IN RATS (MALE)

A)

B)

Dosage

20 M at 50, 100, or 150 mg/kg/day, in diet, for 84 days, after which drug was
removed from diet and each M was mated to an untreated F for 1 week.

Dams sacrificed approximately 16 days from the midweek of the mating period.

Strain: CD (SD), «—ee——

Lot #: 71,754-49 | wid)

_Results

1) ‘Observed signs

No drug effects
2) Food consumption and bodyweight gain

Decreased at MD and HD, D-R (See attached ﬁgure)
3) Reproductive data

No drug effects (See attached tables).
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NDA 20-427 96

SEGMENT | REPRODUCTION IN RATS (FEMALE)

A) Dosage
20 F at 0, 50, 100, or 150 mg/kg/day, in diet, from 2 weeks premating, through
a 1 week mating period, and for 1 week thereafter. Males (1:1 mating ratio) were
untreated except during the 1 week mating period when they were exposed to the
female's diet.
Dams sacrificed approximately 16 days from the mid-week of the mating period.
Strain: CD (SD) BR, ~esssm— &)
Lot #: 71,754-49
B) Results
1) Observed signs
Alopecia in several HD
2) Food consumption and bodyweight
Results shown in attached figure. Food consumption and weight gain
were decreased at all doses, D-R, during the treatment period. (HD also had a
transient weight loss). Food consumption and weight gain rebounded after
stopping treatment. :
3) Reproductive data
Results shown in attached table. No drug effects on pregnancy rate,

dead fetuses, resorptions, or pre- and post-implantation loss. Numbers Qf CL,
implantation sites, and viable fetuses were slightly decreased at HD.
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A) Dosage

20 F at 0, 50, 100, or 150 mg/kg/day, in diet, from 2 weeks premating, through

a 1 week mating period, and for 1 week thereafter. ' Males (1:1 mating ratio) were
untreated except during the 1 week mating period when they were exposed to the
female's diet.

Dams sacrificed approximately 16 days from the mid-week of the mating period.

Strain: CD (SD) BR, =mm—

Lot #. 71,754-49

B) Results

1)

2)

3)

Observed signs

Alopecia in several HD
Food consumption and bodyweight

Results shown in attached figure. Food consumption and weight gain
were decreased at all doses, D-R, during the treatment period. (HD alsc had a
transient weight loss). Food consumption and weight gain rebounded after
stopping treatment.
Reproductive data

Results shown in attached table. No drug effects on pregnancy rate,

dead fetuses, resorptions, or pre- and post-implantation loss. Numbers of CL,
im_p!antation sites, and viable fetuses were slightly decreased at HD. '
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REPRODUCTION STUDY WITH MDL 71,754 IN FEMALE RATS

PLATE ] - -
MEAN BODY WEIGHTS ({GMS)

PREGNANT FEMALES ONLY

® CONTROL
X 580 MG/KG/DAY
A 100 MG/KG/DAY
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NDA 20-427 99

SEGMENT || REPRODUCTION IN RATS:
A) Dosage

- 20 F at 0, 50, 100, or 150 mg/kg/day, days 7-16 of pregnancy (day 1 = first 24
hrs. after mating), by gavage.

Dams sacrificed day 21 of pregnancy; all fetuses examined externally; 1/2 of
fetuses from each litter examined for head (slicing method) and visceral (dissection)
changes; remaining fetuses examined for.skeletal changes (Alizarin Red S).

- .- - . - B

Strain: CD (SD), e
_ )
Lot #:. 71,754-46

B) Results =
1) Observed signs in dams
No information given.
2) ‘Dam bodyweight and food consumptibn

Results shown in attached figure; no further data given. The text states
that food consumption was decreased at MD and HD (5 and 9%, resp.) during
the first-week of treatment, which was reflected in a slightly decreased weight
gain. (From the figures, it appears that an effect at LD was also possibly
present).

3) Reproductive data

Results shown in attached table. No drug effects apparent except for a
slight decrease in fetal weight at MD and HD.

4) Fetal exams
Results shown in attached table.

Multiple malformations seen in 3 LD fetuses and 2 HD fetuses; they
were not considered drug-related by the sponsor since they were all of different
types with a low incidence of each type. (Historical control values not given).
Also note the lack of dose-relationship.

The incidence of enlarged ureters and renal pelves was equivocally
increased at HD; this was not considered to be of significance by the sponsor
due to the commonness of these variations. (Note that dilated renal pelvis or
ureter was not increased in the behavioral teratology study in rats).
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The incidence of sternal variations (small, pinpoint, incomplete
ossification, or unossified) was equivocally increased at HD; this may be related
to reduced fetal weight.

Rangefinding study

A non-GLP study was performed (apparently after the main study) in
which 5 F received 0, 300, 400, or 500 mg/kg/day. (Number pregnant at term:
5, 4, 3, 4, resp.). A marked decrease in food consumption, accompanied by
weight loss during the dosing period, was seen at all doses. Alopecia was
seen at MD and HD. Decreased fetal weights seen at all doses. Fetuses were
examined externally; 1 LD fetus was malformed (exencephaly and
gastroschisis).



(GRAMS)
(%]
3

w
Q
[s]

MEAN BODY WEIGHT
o
(&)

[
[$]

CONSUMPTION

FOOoD

" MEAN

o

250.

-0- g T T T

—
w

—
-~
.

LE R o T ) T

(ol
cal 800C~7

MORPHOLOGIC TERATOLOGY STUDY WITH MDL 71,754 IH RATS

Plate |

MEAN BODY WEIGHTS (GRAMS)

PREGNANT DAMS ONLY

O CONTROL
X 50 MG/KG/DAY
4 100 MG/XG/DAY -

.0~ X 150 MG/KG/DAY

T T T U

2 6 16 13 17 21
TIME (DAYS)
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NDA 20-427 105

SEGMENT Il (BEHAVIORAL TERATOLOGY) REPRODUCTION IN RATS:

A)

B)

Dosage
Two studies were performed, each using the following doses:

20 F at 0, 50, 100, or 150 mg/kg/day, days 7-16 of pregnancy (day 1 = first 24
hrs..after mating), by gavage

Dams were allowed to whelp and nurse their young. Litters were reduced to .
4/sex/group (where possible) at 48 hr PP. Various developmental milestone (surface
righting, auditory startle, pupil contraction, and eyelid opening) were assessed during
the nursing period. Pups were weaned day 26-28 PP and 1/sex/litter/group were -
mated (to nonsiblings) at about 90 days of age. (In the first study, cohabitation was
1:1 for 1 week, and F, dams sacrificed approximately 16 days from midweek of
cohabitation for reproductive evaluation. In the second study, 1:1 cohabitation
continued until there was evidence of mating; if this did not occur by 2 weeks the dam
was placed with a known breeder male from the same group for a similar length of
time; dams were sacrificed on day 16 of gestation for reproductive evaluation). (There
were no other apparent differences in methodology between the 2 studies).

Strain: CD (SD), ~e————— o | bld)

Lot #: 71,754-46 (both studies)

Results
1) Observed signs in Fy dams
No drug effects.
2) Fo dam bodyweight and food consumption

Results shown on attached figures, no further data were given.
According to the text, the following were statistically significantly
decreased ¢ food consumption during first week of treatment at all
doses in 1st study and at MD and HD in 2nd study; bodyweights at MD
and HD in the 1st study and HD in the 2nd study

3) Reproductive data (through weaning)

Results shown in attached tables. There were no clear adverse
drug effects on post-implantation loss, pup survival, pup weights,
appearance of developmental milestones, and necropsy of dead or
culled pups. (Number of implants and live pups were slightly decreased
at MD only; probably incidental).
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4) Reproductive data (post-weaning)

Results shown in attached figures/tables. There were no clear
drug effects on F, food consumption or bodyweight (note that no data
shown other than in the figures), clinical signs, reproductive
performance, or necropsy. -(There was no apparent explanation for the
unusually low conception rate in controls in the first study; it was
apparently because of this finding that the second study was
performed).
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MEAN BODY WEIGHTS (GRAMS)
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X 50 MG/KG/DAY
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BEHAVIORAL TERATOLOGY STUDIES WITH MDL 71,754 IN RATS -—SEES=R0

Plate 11

‘MEAN BODY WEIGHTS
DAMS WITH LIVE FETUSES ONLY

O CONTROL

X S0 MG/KG/DAY
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w
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20.
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BEHAV IORAL TERATOLOGY STUDIES WiTH MDL 71,754 IN RATS

Table 3

Mean Pup Weights

irst Stu
Dose Mean Pup Weight (g)
Group Number k3 Hr. L8 Hr. 21 Days
mg/kg/day Litters Birth Remain Retain Remain
0 17 5.9 7.6 7.8 48.7
50 18 5.9 7.4 7.5 47.6
100 18 6.0 7.8 7.9 48,8
150 18 6.0 7.8 7.9 48.3
800C-10
Table &
Mean Pu ights
Dose o ‘Mean Pup Weight (g)
Group Number 48 Hr. 48 Hr, 21 Days
mg/kg/day Litters . Birth Remain Retain Remain
0 ]L‘ 6.0 709 8-0 ) l’902 N
50 18 6.3 8.4 8.5 52.9
100 16 6.3 8.3 8.4 k9.6

150 12 6.4 8.3 8.3 53.6
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SEGMENT |l REPRODUCTION IN RABBITS:
A) Dosage

Two studies were performed, with dosing by gavage from days 7-19 of
pregnancy {day 1 = day of insemination) at the following doses:

1) First study: 20 F at 0, 50, 100, or 200 mg/kg/day
2)  Second study: 20 F at 0, 100, 150, or 200 mg/kg/day
Dams were sacrificed on day 29 of pregnancy. In the first study, fetuses

were examined externally; heads were fixed in Bouins for exam by gross
sectioning; thoracic and abdominal cavities examined grossly by dissection;
bodies were macerated in KOH, stained with Alizarin Red S and examined for
skeletal abnormalities. In the second study, nothing is stated in the "Materials
and Methods" section about fetal exams other than external and head (as
above); however results indicating visceral and skeletal exams are shown.

Strain: New Zealand White

Lot #s: 71,754-40 (1st study)
71,754-49 (2nd study)
B) Results
1) Observed signs in dams
Nothing stated
2) Mortality in dams
A few deaths were seen in the drug groups (Tables 1 and 2); the text
states that these were "usually from dosing accidents or pneumonia”. (In a
rangefinding study in pregnant rabbits, 300 mg/kg caused 4/5 deaths; these
were apparently considered to be drug-related).
3) Dam bodyweight énd food consumption
Results shown in attached "plates" | and Il. Large decreases in food
consumption (followed by rebound after drug discontinuation) were seen at 100
mg/kg and above. Transient weight loss was seen at 150 mg/kg and above.

4). Reproductive data

(Results in tables 1 and 2 [first and second studies, resp.]).
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a) A few abortions were seen in all drug groups, not D-R; not considered to
be drug-related by the sponsor.

b) In the first study, the number of F having total resorptions was increased
at HD; however this was not seen in the second study.

c) Mean number of resorptions was increased at HD in both studies;
smaller, equivocal increases also seen at the lower doses.-

Fetal exams
(Results shown in tables 3 [first study] and 4 [second study]).
Cleft palate was the only clearly drug-related adverse effect. It was

seen in both studies; overall incidence was 9/103 fetuses and 4/17 litters at 200
mg/kg and 3/131 fetuses and 2/17 litters at 150 mg/kg. (None in other groups).



MEAN FOQD CONSUMPTION

Sy 7SO

-
' 306€=98-

TERATOLOGY STUDIES WITH MDL 71,754 IN RABBITS
Plate | (First Study)

MEAN BODY WEIGHTS (kgs).
ONLY PREGNANT FEMALES
WITH LIVE FETUSES

O CONTROL

M 50 mg/kg/day
X 100 mg/kg/day
¥ 200 mg/kg/day
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TERATOLOGY STUDIES WITH MDL 71,754 IN RABBITS

Plate i1 (Second Study)

MEAN BODY. WEIGHTS (KG)
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NDA 20-427 131

SEGMENT Il REPROD IN RATS:
A)  Dosage

20 F at 0, 50, 100, or 150 mg/kg/day, in diet, from day 15 of gestation (day 1 =
first 24 hrs. after mating) through weaning of pups.

F, litters culled to 8 at 2 days PP. At weaning, 1/sex/litter was retained and
raised to sexual maturity for mating (at 99 days of age; cohabitation was 1:1 [to
nonsibling] for 1 week); these F, pups received drug in diet at the above doses. Mated ‘
F, females were sacrificed approximately 16 days from midweek of cohabitation-for
evaluation of reproductive parameters. Histopathological exams were performed on F,
dams and sires. ‘

Strain: CD (SD), e ' b(A}
Lot # 71,754-46

B) Resﬁlts
1) Observed signs in Fy dams
No drug effect
2) F, dam bodyweight and food consumption

Results shown in attached figure; no further data shown. The text
states that a D-R decrease in food consumption occurred during the first week
of treatment; from the figure it appears that consumption also remained below
controls during the 2nd week of dosing, and- also at HD at subsequent times.
The text states that bodyweights were statistically significantly less than control
at MD and HD after the first week of treatment, and remained decreased
throughout the nursing period.

3) Reproductivé data (through weaning)
(Results summarized in attached tables.)

a) According to the text, numbers of implants and live fetuses were slightly
decreased at LD and HD; this was considered to be drug related at HD.
(No explanation was given for this; it is not clear how decreased
implantations could be drug related since treatment was begun day 15
of gestation.)

b) Pup weights were decreased at MD and HD on day 21 PP (but not at
birth or day 2 PP); note that it is not clear how much drug the pups
received via the dams' diet.
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4)

5)

132

) One LD cannibalized all pups on day of parturition, one HD showed
evidence of dystocia, and one MD and one HD developed agalactia and
lost their entire litter. These findings were considered to be incidental.

d) No drug effect or number of dead pups at birth, pup survival through day-
: 21 PP, or necropsy findings on dead or discarded pups.

Reproductive data (post-weaning)

(Results summarized in attached tables/figures)

a)

b)

Convulsions seen in most HD and 1 MD. First seen at épproximately 43 days
of age. One MD F and 1 HD M died from undetermined causes.

Bodyweights at MD and HD remained below control through time of mating.
(Note that weights at weaning were decreased at these doses as noted above;
it is not clear how much of the subsequent decrease was due to this vs due to

further drug effects. [Individual and group mean weights used to compose plate

Il were not given]). Food consumption appeared to be decreased at all doses
but LD F. (Again, no data provided aside from the figure).

Reproductive results of F, matings shown in attached table 5. Numbers of CL,
implants, and viable fetuses were decreased at HD. (CL also slightly
decreased at MD). There were no drug effects on pre- or post-implantation
loss. '

Histopathology in F, parents

Results shown in attached Table 7. Brain vacuolation (primarily in

hippocampus; it is not clear what other areas were examined beside hippocampus and
cerebellum) seen at all doses; however incidence (and possibly also severity in F, not
shown in table) was inversely D-R. (This is curious in that convulsions were mainly
seen at HD.) ’
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PERINATAL AND -POSTNATAL. TOXICITY .STUDY WITH MDL 71,754 IN RATS
i ‘ (Fo GENERATION)

Plate |

MEAN BODY WEIGHTS (GRAMS)
(F0 Pregnant Dams)

_ ® CONTROL
. X S0 MG/KG/DAY . .
4 - 4 100 MG/KG/DAY o
350.0 - ¥ 150 MG/KG/DAY
2
Z 280.04
o
) i
—210.0
x
)
w
= 140.04
D
o
2 -
@
=70-9 7 Day 15 = first day of dosing
. E Day 23 - whelping
L]

o
(53
[ .
|

2 16 @ g 2z 35 @ 45
TIME (DAYS)

MEAN FOOD CONSUMPTION (GRAMS/ANIMAL/DAY)

O CONTROL
X 50 MG/KG/DAY
& 100 MG/KG/DAY

60.0 ~ ¥ 150 MG/KG/DAY
Z 48-01
- i
a.
=
D 36.04
n
=
o ~y
o
o 24.04
o
D -4
.
Z 2.0+ . .
=< DaY ]5 = flrSt day Of d°s|ng
uJ -
b N Day 23 - whelping

0-3 = r T 1l T T T T T T T 1

B iS5 22 29 36 43

TIME (DAYS)
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PERINATAL AND POSTNATAL TOXICITY STUDY WITH MDL 71,754 IN RATS

Table 1

Summary of Reproductive Data (FO)

Mean Number of Pups
Dose Group Number Mean Birth 48 hours 21 days

mg/kg/day Litters: Implants -Live " 'Dead’ Remain.- Retained Remain

Control 20 12.6  11.2 .05 10.8 7.8 7.8
50 19 1.7 10.8 - 10.4 8.0 7.9
100 19 12.0 10.9 .05 10.7 8.0 C 7.4
150 19 11.1% 10.0 .16 9.6 7.5 7.2
* = P <.05

Table 2

Mean pup weight (g9

Dose Group At 48 hours 21 days

mg/kg/day Birth - Remain "Retained Remain

Control 6.1 7.9 - 7.9 48.8
50 6.1 8.2 8.3 k7.1
100 6.1 7.7 7.9 L2, 1&%
150 6.2 7.9 7.9 39,5%=%

2 Mean of litter means
** = P <,01

DOW CONFIDENTIAL
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PERINATAL AND POSTNATAL TOXICITY-STUDY WITH MDL 71,754 IN RATS

(GRAMS)

MEAN BODY WEIGHT

(F' GENERATION)
Plate I!

MEAN BODY WEIGHT (GRAMS)
MALES

® CONTROL

X S50 MG/KG/DAY .

4 100 MG/KG/DAY o
¥ 150 MG/KG/DAY :

T v

21 40 . 60 79 ' 98
TIME (DAYS)

FEMALES. .

®©. CONTROL

X 50 MG/KG/DAY
4 100 MG/XKG/DAY
¥ 150 MGB/KG/DAY
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PERINATAL AND POSTNATAL TOXICITY STUDY WITH MDL 71,754 IN RATS
(F, GENERATION)

Plate 1! {Continued)

MEAN FOOD CONSUMPTION (GRAMS/ANIMAL/DAY)
MALES -

® CONYROL
X S0 MG/KG/DAY
4 103 MG/KG/DAY
36.9- ¥ 150 MG/KG/DAY
= -
Q24.O
— R
o
=
2 18.04
w
=
o -y
T}
c12.0
o
c -
e
z - 3
,ﬁs'o 4 Food consumption not
= 4 . measured during cohabitation
(days 71-78)
0.9 “r T U - T T ) S RERrI RS 1 |
g 26 44 63 g1 99
TIME (DAYS)
.FEMALES
@ CONTROL
X 50 MG/KG/DAY
a 100 MG/KG/DAY
25.0+ X 150 MG/KG/DAY
X
3 20-94 ﬁﬁ
— ;
n_ .
= )E)K
>
e .
<z
o
o
o 10.04 Food consumption not
=4 measured during cohabitat
e 1 (days 71-78)
Z5.3 -
w
3= B
0-? Ratl et § T 3 W]

g 24 a1 | st | 7% 20
TIME (DAYS:
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SUMMARY

A)

B)

C)

ADME/PK

The salient resuits of the ADME/PK studies, performed in rats, dogs, and
monkeys, are as follows: '

1) In rats and dogs, absorption of drug after oral dosing was nearly 6omplete,
with no apparent first pass effect.

2)  Oral absorption in monkeys was poor; based on urinary excretion data the
degree of absorption ranged from 10-40% of the dose across studies, with
some evidence of decreasing % absorption with increasing dose.

3) Excretion of labe! after dosing with labelled drug was almost entirely urinary
after p.o. and i.v. dosing in rats and dogs and i.v. dosing in monkeys. -

4) Plasma T% for parent drug was short (14 hr.) in all 3 species (although one
: monkey study showed values of 7 and 12 hr. after p.o. doses of 50 and 260
mg/kg, resp); plasma T% for total label in rats was 25-30"hr. (Note that the
duration of action of the drug, at least those actions mediated by GABA-T
inhibition, will be determined more by the resynthesis time of the enzyme than
by drug levels, since the enzyme inhibition is irreversible). :

5) GVG is excreted almost entirely unchanged in all 3 species.

6) GVG did not bind to human serum proteins at drug concentrations of 20 and
100 uM; protein binding was apparently not studied in other species.

7) GVG does not appear to induce hepatic drug metabolizing enzymes in rats.
8) Some discussion of comparative drug exposure across spécies in relation to
- GVG-induced intramyelenic edema is in the Evaluation section of this review,
below.

ACUTE TOXICITY

In studies done in mice and rats using p.o. and i.p. dosing, the most consistent
sign was a long-lasting (several days) sedation. Piloerection was seen in rats, and
convulsions were seen in 1 of 3 i.p. mouse studies at higher doses. Deaths were
generally delayed with most occurring within 4 days after dosing. The LD,, values
were in the 1-3 g/kg range.

SUBACUTE/CHRONIC TOXICITY/CARCINOGENICITY

The following oral studies were performed (daily doses in mg/kg in
parentheses): A
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1) ~ Mouse |
a) 1 month dietary rangefinding (10/sex at 100, 200, 300, 500)
b) 18 month dietary carcinogenicity (50/sex at 50, 100, 150)
2) Rat |

a) 2 week gavage rangefinding (5-10/sex at 10, 25, 50, 100, 200, 500
1000)

b) 3 month gévage (20/s<-::$( at 30, 100, 300)

) 1 year dietary (20-40/sex at 30, 100, 200, 300)

d) 2 year dietary carcinogenicity (50/sex at 50, 100, 150)
3) Dog

a) 2 week rangefinding (1/sex at 100, 300, 600, 1000)
b) 3 month (3/sex at 30, 100, 300)
c). 1 year (4-5/sex at 50, 100, 200)

4) Monkey

a) 1 month rangeﬁndlng (2/sex at 500, 750, 1000 [+ 2/sex at 300 b.i.d. for
1 week]).

b) 6 year (5/sex at 50, 100, 300)

Several additional, specialized studies were performed to further elucidate or
characterize selected aspects of the toxicity of GVG; these will be summarized after the
_following summaries of the routine studies by species:

1)  MOUSE

In the 18 month carcinogenicity study, sporadic convulsions were seen in a few

males at MD (100 mg/kg) and HD (150 mg/kg) starting at month 10. (No convulsions

seen in the 1 month rangefinding study; HD = 500 mg/kg). There were slightly more
deaths in all treated groups compared to controls in the carcinogenicity study although

this was not D-R (and not statistically significant by the sponsor's analysis). Weight

gain was slightly decreased in the carcinogenicity study at MD and HD; final weight at

HD was about 90% of control. It was implied that food consumption was slightly

decreased in the carcinogenicity study at MD and HD although this was difficult to

discern from the graphs provided. (No decrease in food consumption was seen in the
rangefinding study up to 500 mg/kg despite decreases in weight gain). Lab tests were

not done in either study. There were no drug-related increases neopiastic lesions in the
CAarci nogehtoc‘i\[ .STU/i\[ +he incidence ot +eial er‘! fhary ond el benigin
tumers wos decvensed geross al dosess (with Jruw T effed at Hp). Dr v -
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velited 1
findings in this study were in brain and eye. The incidence of brain vacuolation was
increased, in males only, in some areas at all doses, but not clearly dose-related. The
primary areas affected included cerebellum, reticular formation, and thalamus.
Although vacuolation was not increased in F, several MD and HD F (as well as several
MD and HD M) had foci of mineralization in the area of the cerebellar roof nuclei. (In
the rangefinding study, cerebellar and/or midbrain vacuolation were seen at 200 mg/kg
+in F and at all doses in M). There were no drug effects on sciatic nerve in either the
rangefinding or carcinogenicity study. An effect in eye was seen in the carcinogenicity
study only, where the incidence of "retinal degeneration" was increased in HD F and

equivocally in LD and MD F (incidence = 1/47, 3/38, 4/39, and 8/39'in control, LD, MD, -

and HD, resp.). It was described as mild, involving focal loss of rods and rod nuclei-
from outer retinal layers, and as "somewhat similar to that previously reported in albino
rats treated with Vigabatrin." (The finding of "outer nuclear layer dysplasia" was
decreased in treated groups of both sexes; this was not discussed in the text).

RAT

The most prominent toxic sign was frequent convulsions. They were seen at all
but the lowest dose (30 mg/kg) in the 1 year dietary study and at all doses (LD = 50
mg/kg) in the 2 year study. They were not seen until after 3-6 months of treatment.
Reversibility was assessed in the 1 year study; the convulsions regressed very slowly,
lasting at least 3-4 months after cessation of treatment. (After 12 month's treatment,
complete reversibility was not established). Ataxia was seen in association with the
convulsions, and various traumatic lesions were seen which were considered to be
caused by the convulsions. In the shorter term gavage studies, convulsions were only
reported in 2 HD (300 mg/kg) rats in the 3 month study.

In the 2 year study, a few LD and HD rats were "unable to move hind quarters".
Some of these rats showed histopathology in sciatic nerve, but this was apparently
similar to that seen in unaffected animals, including controls. Histological exam of
spinal cord (done in these animals only) was said to show only artifactual/autolytic
changes.- (No concurrent controls examined). This clinical sign.is pertinent in that the
intramyelinic edema caused by GVG, unlike that caused by hexachlorophene, has only
been demonstrated histologically in the CNS. This was the only report of this clinical
sign in any of the animal studies of GVG. '

Many HD (300 mg/kg) rats in the 1 year study became moribund and were
prematurely sacrificed. Mortality was also slightly increased at 200 mg in this study.
There were no drug effects on mortality in the 2 year study (HD = 150 mg/kg).

Bodyweight gain and food consumption were decreased at most doses across
all studies. In the 2 year study, final weights were about 93, 85, and 75% of control at
LD, MD, and HD, resp. ' :

Several slight lab test changes were seen; these were generally not consistent
across studies with the exception of a decrease in blood calcium. Decreased ALT and



NDA 20-427 . : 146

AST were seen at the higher doses in the 2 week study; this was attributed to
transaminase inhibition by GVG.

The primary drug-induced histological changes were in brain and eye. Brain
vacuolation was increased in all studies but the 2 week study. (Note that this does not
preclude this change occurring after 2 weeks' treatment since it is not clear that brain
wds as extensively examined in the 2 week study as in the other studies). Vacuoles
were seen primarily in white matter in several areas of brain; most affected were
cerebellum, reticular formation, optic tract, anterior commissure, columns of fornix,
colliculus, hippocampus, thalamus, cerebral peduncle, and corpus callosum.

- (Peripheral nerve was not affected).-. EM exam showed the vacueles split-the myelin

sheath at the intraperiod line, similar to the intramyelenic edema produced by drugs
such as hexachlorophene. Vacuolation was seen at HD (300 mg/kg) in the 3 month
study and eventually at all doses in the 1 and 2 year studies. (In the 1 year study,
vacuolation at LD was not seen at the 6 month interim sacrifice). The sponsor
considered the overall vacuolation in the 2 year study to be slightly more widespread
than in the 1 year study. Reversibility of the vacuolation was examined in the one year
study; it was not seen after a 3 month recovery period (but note that reversibility-at HD
following 12 month's treatment was not studied). However, other lesions, i.e.,

.eosinophilic spheroids (said to be suggestive of swollen or degenerated axons; gave

positive response to staining with antibodies to neurofilament protein) and calcium-
containing mineralized microbodies were seen (primarily in cerebellum) which were not
reversible (and in fact appeared to become more pronounced {regarding incidence and
size] during the recovery period). These changes were seen at all doses in the 1 and
2 year studies with the exception of the LD (30 mg/kg) in the former (and at 100
mg/kg, they were seen at 12 but not 6 months). It was the sponsor's impression that
the mineralized microbodies in the 2 year study had a greater incidence and were
somewhat larger and more widespread than in the 1 year study. (Also note that
various other findings were described by individual consultants as noted earlier. Also,
as discussed later, gliosis as demonstrated by increased GFAP staining was seen.)

Limited luxol fast blue staining and EM exams in brain led to the sponsor's
conclusion that despite possible indications of slight myelin disruption or degradation,
there was no evidence of classical segmental demyelfination.

In the 3 month study, the incidence of "retinal degeneration” was increased at
HD (7/30 vs 0/30 controls); lower-doses were not examined. (Further discussion of
retinal changes is made below under "Special Studies".)

In the 2 year study the incidence of pituitary adenomas was decreased at all
doses (D-R); the incidence of total benign and total malignant tumors was also
decreased (but not always D-R). .
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In dogs, daily doses of 300 mg/kg and above were generally not well tolerated;
drug effects included emesis, diarrhea, anorexia, decreased bodyweight, and
emaciation. Both dogs given 1000 mg/kg died during the second week of treatment.
Doses of up to 200 mg/kg were well tolerated in the 1 year study; no drug effects on
observed signs, bodyweight, or food consumption were seen. Ophthalmoscopic and
EKG exams, done in the 3 month and 1 year studies, showed no drug effects. There
were no clearly drug-related effects on laboratory parameters in the 1 year study (HD =
200 mg/kg) aside from a decreased ALT in all groups but LD M; this was considered to
be due to transaminase inhibition (although it is not clear why the decrease was
primarily manifest at the 3 month time point). In the 3 month study there were

- moderate decreases in. RBC, Hb, and Hct in a few HD (300 mg/kg) and slight (10-

- 20%) decreases in blood Ca in most dogs at MD (100 mg/kg) and HD. (Also,
decreases in ALT were seen‘in the 2 week and 3 month studies as was seen in the 1
year study). Several lab test changes were seen among the dogs which died or
became emaciated in the 2 week and 3 month studies; the direct relationship of these
changes to drug is not clear.

The primary histopathological finding in the dog studies was brain vacuolization.
This was seen at MD (100 mg/kg) and HD (300 mg/kg) in the 3 month study; in the 1-
year study it was seen at MD (100 mg/kg) and HD (200 mg/kg) at 6 months and at all
doses (LD = 50 mg/kg) at 1 year; thus a no-effect dose was not established. (Note
that the lack of a reported effect in the 2 week study does not preclude an effect at this
time since brains were apparently not as extensively evaluated. In fact, a
subsequently performed special study in dogs given 300 mg/kg/day in which animals
were sacrificed weekly and numerous areas of brain examined, slight effects in some
areas were apparent by 2 weeks). The primary areas affected were columns of fornix,
optic tract, and thalamus; also affected were hypothalamus, fimbria of fornix, and
inferior colliculus. (Note: Other areas were also identified in the evoked potential and
MRI studies, summarized later, in which dogs received 300 mg/kg subacutely. These
areas included anterior and posterior commissure, hippocampus, median forebrain
bundle, stria medullaris, cerebellar periventricular area, lateral geniculate body, .
mamillothalamic tract, corpus callosum, optic chiasm, habenular nucleus, and pretectal
nucleus.) The increased vacuolation was not apparent after 4-6- month recovery
periods in the 1 year study. No other changes in brain were seen aside from a mild
gliosis in optic tract of one HD at 12 months. (However, note that in a special study on
somatosensory evoked potentials discussed later, microgliosis was seen in dogs
receiving 300 mg/kg for 12 weeks. Also, as noted later, astrogliosis as demonstrated
by increased GFAP staining has been seen in dogs.) Limited myelin staining (mainly
in 3 month study) showed no evidence of segmental demyelination. There were no
drug effects in peripheral nerve or spinal cord.

Other drug-related histological changes in dogs were splenic hematopoiesis
and sternal marrow hyperplasia seen in a few HD (300 mg/kg) dogs in the 3 month
study; this was considered to be a compensatory response to the anemia seen in this
group. Several pathological changes were seen in the dogs which died or became
emaciated in the 2 week and 3 month studies (inciuding thymic atrophy, stomach
ulcerations/hemorrhage, myocardial-hemorrhage/degeneration/necrosis); however,
these changes likely represent indirect/agonal effects.
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4

MONKEY

In the rangefinding study loose stools/diarrhea was seen at all doses (LD = 500
mg/kg) beginning within the first 3 days and lasting throughout the study; in the 6 year
study the only clearly drug-related sign was occasional, transient instances of loose
stools/diarrhea at HD (300 mg/kg). There were no drug effects on food consumption
or weight gain in the 6 year study; these were said to be reduced at 750 and 1000
mg/kg in the rangefinding study but the data presented were not convincing.
Ophthalmoscopic exams were said to be negative in both studies.. <CSF-pressures =
were measured in a few controls and HD at 16 months; there was no apparent drug
effect but the inter-animal variation was large. The only clearly drug-related lab test
change was a decrease in ALT in the 6 year study, mainly at MD and HD, thought to
be due to transaminase inhibition. (Equivocal effects included very slight, sporadic
decreases in RBC, Hb, and Hct in the rangefinding study and primarily at HD in the 6
year study, and sporadic elevations in triglycerides.in the 6 year study).- The only

- histopathological effect considered to be possibly drug-related was vacuolization in-

brain. Conclusions by the sponsor's pathologists and several consultants regarding the
6 year study ranged from no drug effect to possible drug effect to slight drug effect,
with the latter 2 only pertaining to HD monkeys. Where a possible or slight drug effect
was concluded the vacuolization was generally in the optic tract; one consultant also
concluded possible effects in corpus callosum, septum, and cerebellum. In the
rangefinding study vacuolization in the corpus callosum was seen in 1 monkey each at
500 and 750 mg/kg but the relation to drug was equivocal in view of the vacuolization
seen in some controls in the 6 year study. No drug effects were apparent in sciatic
nerve or spinal cord.

Plasma, CSF, and urine levels of drug were assayed occasionally in these
studies; specific resuits are shown earlier in this review. Although conclusions are
difficult to reach because of the small Ns, it appears that plasma levels may become
saturated with increasing dose over the range studied. It was also seen that the % of
dose excreted as. unchanged drug averaged about 10-20%. Brain GABA, GABA-T,
and GAD, and CSF GABA, were measured 6 hr. after the final dose in the 6 year
study; brain GABA-T was decreased by 30-37% and CSF GABA was equivocally
increased about 20-30%; brain GABA level was unaffected.

SPECIAL STUDIES

Several studies were performed to try to further characterize the intramyelenic
edema produced by GVG in animals, and to try to develop a method for noninvasive
detection of this lesion which could be 'used to monitor for the lesion in humans. In
addition, retinal lesions were seen in some rodent studies and were further evaluated.
The sponsor's summary of these studies, which is generally accurate, is attached. The
salient findings are discussed below:
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Evoked potential and MRI studies in dogs

Several studies were done in dogs to try to establish a non-invasive

method for monitoring intramyelinic edema in brain. Attached is my previous
review of one of these studies, as well as several published studies, which
contain some details of the methods used and results obtained. In these
studies dogs were given 300 mg/kg/day, for 3-4 months, usually followed by
recovery periods of 3-4 months. Methods evaluated for monitoring the brain
lesion included evoked potentials (somatosensory, visual, and auditory) and
MRI. A summary of the main findings are as follows:

1)

2)

' Changes in sométosensory evoked potehfials (SEP), manifest as

increased central transmission time (i.e., difference between latency of
sensorimotor cortical response and latency of cervical spinal cord
response to electrical stimulation of forelimb), and in visual evoked
potential (VEP; also referred to as flash evoked potential, or FEP),
manifest as an increased latency of the initial cortical potentials (A
measure of purely central transmission, analogous to that made for
SEPs, was not assessed due to difficulty in accurately measuring the
peripheral component), were seen beginning at 4-10 weeks of treatment.
Both the SEP and VEP changes as well as the brain vacuolation
reversed during the recovery periods, although in one SEP study mild
microgliosis persisted.

It should be noted that initially performed VEP studies failed to
show the above-noted drug effects, apparently due to methodological
difficulties/differences. One of these studies, while not showing an effect
on the early components of the VEP, did appear to show a slowing of
late components (waveforms with latency > 75 m sec); however this was
concluded based on a comparison of VEPs obtained after 12 week's
treatment with those obtained after recovery periods; i.e., valid pre-drug
baselines were not obtained.

Changes in MRI, manifest as increased T, and decreased T, weighted
signal (with the former being apparently more sensitive to drug effect),
were seen in columns of fornix and surrounding hypothalamic structures,
and in thalamus. (It was stated that the clearest signal changes were
found in these areas, and thus these areas were chosen for further
semi-quantitative characterization of drug effect; other areas were
apparently not studied further). In one study, changes were seen after
15 week's treatment, with earlier times not examined. In another study
MRIs were examined only when weekly SEPs or VEPs showed a
change; such changes occurred weeks 4-7 and all affected dogs had
changed MRIs (and showed presence of vacuoles on histological exam
performed at these times). In another study in whichex vivo' MRIs were
done weekly, MRI changes were seen starting at week 7; vacuoles were

~seen histologically in these areas starting at 2-4 weeks in this study. In

an in vivo MRI study the MRI-changes decreased over the 12 week
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recovery period although some changes were still present at the end;
vacuolization at this time was indistinguishable from controls. In theex
vivo study vacuolization decreased over the 16 week recovery period
but was still marginally elevated at 16 weeks; the report states that the
MRIs demonstrated "a definite trend toward reversal” aithough my
interpretation of the data provided is that it is hard to conclude any clear
reversal of MRI changes in hypothalamus and thalamus after the 16
week recovery period.

As occurred in the case of VEPs, an early study failed to show
drug-induced MRI changes, indicating the effect of methodological
refinement on detectability of change.

3) A brief published abstract (copy attached) was included which claims
that MRI can detect brain vacuolization in rats.

4) One study examining auditory evoked potentlais in dogs failed to f nd
any drug effects.

GFAP staining of brain

Brain sections from rats, dogs, and monkeys were examined by GFAP
staining, and the results were correlated with the presence of vacuolation as
shown by H and E staining. (Sections from various studies were used,
including rats treated orally for 90 days at 30, 100, and 300 mg/kg, rats treated
for 6-12 months at 200-300 mg/kg followed by 3-6 month recovery periods,
dogs treated orally for 15 weeks at 300 mg/kg with and without 12 week
recovery periods, and monkeys treated for 16 months at 300 mg/kg or 6 years
at 100 mg/kg; see attached table for numbers of animals used). Increased
GFAP staining (considered to represent reactive astrocytosis) was seen in rats
and dogs (at all doses but the lowest in rats). In sofe areas it was said that
the astrocytosis was in "close association” with the drug-induced vacuoles,
although in some areas drug-induced vacuoles were present without
astrocytosis, (e.g., hippocampus of rats) and in some areas astrocytosis was
present without vacuoles (e.g., thalamus and medulla of rats, and cerebellum
and pons of dog). After the recovery periods vacuolation regressed or
disappeared; there were fewer reactive astrocytes but "a more quiescent,
residual gliotic reaction was seen". ("The astrocytes became less hypertrophic
and the GFAP positive processes became compact. The overall appearance
was of a more dense matrix of fibrillary processes in areas that were previously
occupied by the large prominent reactive astrocytes, and myelin vacuolation. M.

The production of intramyelenic edema by GVG in monkeys is
equivocal, as discussed earlier; the GFAP results were likewise equivocal. It



TABLE 1 :
 SUMMARY OF ANIMALS INCLUDED IN THE_INVESTIGATIONS
SPECIES | 'DOSE TOTAL TREATMENT - | RECOYERY REFERENCE
. ' NUMBER PERIOD :
Rat 0 14 90 days - Butler et al 1987 -
30 12 90 days - - (7)
100 13 90 days - '
300 24 90 days - _ }
300 6 6 months 3 months | Gibson et al 1990
200 -. 3, 12 months 3 months | (3)
200 3 12 months 6 months
Dog 0 2 |15 weeks - Schroeder et al
300 4 15 weeks - 1991 (8)
0 2 15 weeks 12 weeks |
300 4 15 weeks - 12 weeks
Primate 100 2 |6 years - | Lippert et al 1986
: 300 3 16 months - (9) S
0 2 16 months -
gerbig et al 1989,
 (10)

Y:\REP\O17a
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was stated that there was a minor increase in GFAP staining in the 2 monkeys

. treated for 6 years at 100 mg/kg compared to the 2 controls (although note the

controls were sacrificed with the animals treated for 16 months).

Changes in soluble proteins in rat brain
Published studies in rats showed that GVG given in a liquid diet at 300

‘mg/kg/day (but not 50 mg/kg every other day) decreased the synthesis of total
soluble proteins in brain, and changed the isoelectric focusing pattern of soluble -

proteins in brain and CSF. The authors hypothesize that the change in protein
pattern might reflect an increased glia-to-neuron ratio in brain.

Retinal lesions

Retinal lesions, generally denoted as "retinal degeneration”, were
reported in 2 rat studies done in Europe. In a study done at weesws Europe,
the lesion was seen in 80-100% of albino (Sprague-Dawley) rats of both sexes
treated with 300 mg/kg GVG by gavage for 3 months (lower doses not used).

- The lesion was described as "focal, multifocal, or occasionally diffuse

disorganization of-.the outer nuclear layer, with displacement of the nuclei into
the area of the rods". (This study also showed, as did another rat study, that
pyridoxine does not reverse GVG-induced toxicity).

In the other European study, done at essss both albino (Sprague-
Dawley) and pigmented (Lister-Hooded) rats were used, as was both gavage
and dietary dosing. Doses used and results obtained are shown in Table 5-36
of the sponsor's summary. It can be seen that retinal degeneration (described
here in a similar way to the lesion seen in the Hazelton study; it is further stated
here that "there was no clear evidence of necrosis, although there appeared to
be fewer nuclei per unit area” and that "no inflammatory infiltrate was present
and no other layer of the retina was affected") was seen in albino rats at all
gavage doses (LD = 30 mg/kg; although only 1 animal affected at this dose)
and at 100 and 300 mg/kg (NOEL = 30 mg/kg) dietary doses; both incidence
and severity were greater with increasing doses and with gavage (vs dietary)
dosing. As in the Hazelton study, a majority of animals were affected at the
higher doses. The lesion was not seen in pigmented rats given 300 mg/kg by
either route. (It is noted, however, that toxic signs and brain vacuolation were
also less in pigmented than in albino rats). It is noted that routine
ophthalmoscopic exams showed no drug effects in this study.

&
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In view of the above findings; the sponsor re-evaluated retinal slides
from many of their previously conducted routine and special toxicity studies with
GVG. In the 3 month rat gavage study, retinal degeneration was found in 7/30
rats at 300 mg/kg (0/30 in controls; lower doses not evaluated). In rat dietary
studies (ranging from 3-12 month's treatment with 300 mg/kg to 2 year's
treatment with 150 mg/kg), there was no drug-effect in the 2 year study but a
hint of a possible slight effect in the other studies (with overall incidence in the
latter ranging from approximately 1% in controls to 9% at 300-mg/kg). (In one
of these studies, the lesion was described as "loss of the rod and cone layer
[RCL] and disorganization of the ovter nuclear layer and its extrusion in the

. RCL": it was further stated that it appeared to be similar to the lesion seen in

the Hazelton study. Also, the description of the lesion in the 1 year study
included loss of rods and cones and thinning of the outer nuclear layer). In the
18 month mouse dietary study the incidence of retinal degeneration (said to be
"somewhat similar” to the lesion seen in rats) was increased, but in females
only (incidence = 2, 8, 10, and 21% in controls, 50, 100, and 150 mg/kg
groups, resp.; incidence in control males = 2%). No retinal effects were
apparent in the dog and monkey studies.

in summary, GVG produced retinal degeneration in albino rats of both
sexes, and in female mice, at doses as low as 30-50 mg/kg p.o. It was not
seen in 1 study of pigmented rats; however it is noted that the pigmented rats
were less sensitive to other toxic effects of GVG, raising the possibility of an
overall lower sensitivity to drug in this strain, or possible PK-ADME differences
between strains, as alternatives to the conclusion that pigmented animals are
particularly resistant to the retinal lesion. The incidence and severity of the
lesion is greater in rats dosed by gavage as opposed to diet. (In mice, only
dietary dosing was studied). Reversibility of the lesion was apparently not
examined. The lesion was apparently not manifested in routine
ophthalmoscopic exams; traumatic and inflammatory lesions in eye were seen
in rats which were considered secondary to convulsions. The sponsor states
that the histological appearance of the lesion is similar to that following
excessive exposure to light, and hypothesizes that GVG "somehow increases
light exposure or sensitivity of the already overly-sensitive albino retina". It was
not seen in dogs or monkeys. '

Differences between S and R enantiomers

Studies in rats showed that only the pharmacologically active S
enantiomer caused typical GVG-induced toxicity, including brain intramyelenic
edema and retinal degeneration. The sponsor also notes that other GABA-T
inhibitors, e.g., gamma allenyl GABA, ethanolamine-o-sulfate, and BW 357 U,

" have also caused intramyelenic edema. These observations support the

possibility that the mechanism of the brain and retinal toxicity might involve
GABA T inhibition/elevated GABA levels. (In addition to brain, GVG also
inhibits GABA-T and elevates GABA levels in rat retina). However, one cannot
exclude the existence of other differences between the R and S isomers
besides GABA-T inhibition, importantly including pharmacokinetic differences,
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e.gd., levels of the S isomer in rat brain are several fold greater than those of the
R. Also, in one published study (John, et.al., Biochem. Pharmacol. 36: 1467,
1987) both GVG and the GABA-T inhibitor ethanolamine-0-sulfate elevated rat
brain GABA to a similar degree but the brain vacuolation was greater with the
former, suggesting the existence of additional mechanisms.

D) GENOTOXICITY

The following genotoxicity assays were performed:

1) - Ames Tests

2) Point mutation and gene conversion assays in yeast

3) _’ CHO/HGPRT forward mutation assay

4)' In vitro chromosomal aberration assay in rat lymphocytes

5). Micronucleus test in mice

GVG was negative in these assays. All assays were responsive to positive
controls. "All In vitro assays were done both with and without a metabolic activation
system. The micronucleus test may be criticized on the grounds that signs of drug _
toxicity were not reported; however, the high dose was over 50% of a historically cited

LD50 value. The Ames Tests and yeast assays did not contain GLP statements and
were not QAU inspected.

E) REPRODUCTION
The following studies were performed (oral daily dose in mg/kg in parenthesis):
1) . Segment | rat (separate studies in M and F): 50, 100, 150 (dietary)

2) Segment Il rat: 50, 100, 150
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Segment Il rat (behavioral teratology) (2 separate studies performed): 50, 100,
150

Segment Il rabbit (2 separate studies performed):
a) 50, 100, 200

b) 100, 150, 200

Segment lll rat: 50, 100, 150 (dietary)

In the segment | studies, decreased parental weight gain and food
consumption were seen in all treated groups but LD M. Alopecia was seen in
several treated HD dams. The only effects on reproductive parameters were
slight decreases in numbers of CL, implantation sites, and viable fetuses
(without effect on pre- or post-implantation loss) in treated HD dams.

Three segment |l studies were done in rats: one with standard fetal
morphological exams and 2 behavioral teratology studies. Slight decreases in
food consumption and weight gain seen, primarily at the higher doses. (In a
non-GLP rangefinding study using doses of 300, 400, and 500 mg/kg a marked
decrease in food consumption accompanied by weight loss was seen at all
doses; alopecia was seen at the 2 higher doses.) Slightly decreased fetal
weights were seen in the morphological study, but no effect on pup weights
were seen in the behavioral study. There were no drug-related teratological
effects (including F, developmental milestones and reproductive performance in
the behavioral study); increases ‘in enlarged ureters and renal pelves and in
sternal variations at HD in the morphological study were equivocal, and if real
likely represent a slight developmental delay. (Dilated renal pelvis or ureter
was not increased in the behavioral teratology studies.)

Two segment I studies were done in rabbits. Large decreases in food
consumption were seen at 100 mg/kg and above and transient weight loss was -
seen at 150 mg/kg and above. (In a non-GLP rangefinding study, 300 mg/kg

- was lethal to 4 of 5 rabbits). The number of resorptions was increased at HD;

smaller equivocal increases were seen at the lower doses. The incidence of
cleft palate was increased in both studies, with an overall incidence of 9/1 03
fetuses (4/17 litters) at 200 mg/kg and 3/131 fetuses (2/17 litters) at 150 mg/kg.
(None in other groups).

In the segment 11l study slight decreases in dam food consumption were
seen at all doses and slight decreases in dam bodyweight compared to control
were seen at MD and HD. Pup weights were decreased at MD and HD on day
21 PP (but not at birth or on day 2 PP); it.is not clear how much drug the pups
received via the dam's diet. (In the rat behavioral teratology studies, where
dams received the drug by gavage days 7-16 of pregnancy, there was no drug
effect on pup weights.) There were no drug effects on pup survival through
weaning. After weaning, these F, pups received drug in diet until mating (99
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days of age); convulsions were seen in 1 MD and most HD (beginning approx.
43 days of age); one MD and one HD died from undetermined causes. Food
consumption was decreased in all groups but LD F; bodyweight, which was
decreased at weaning at MD and HD as noted above, remained below control
in these groups until mating. Results of this F, mating showed decreased
numbers of CL, implants, and viable fetuses at HD (CL also slightly decreased
at MD), but no drug effect on pre- or post-implantation loss. (A similar effect
was seen in the segment | study as noted above). Histopathological exams on
F, dams and sires showed brain vacuolation at all doses (although the
mmdence [and possibly also the severity in F] of this finding was mversely
dose-related).
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C. Toxicology

6. Special Toxicity Studies

a. Summary of Special Toxicity Studies
The following conclusions can be drawn from the series of investigative special toxicity studies:

Evoked potentials and MRI are good non-invasive techniques for detecting vigabatrin-induced.
intramyelinic edema. In the dog, a species susceptible to this pathological effect, an increase in
the central transmission latency of the somatosensory evoked potential and the flash visual evoked
potential has been observed in several different studies after about 4-8 weeks of treatment with
300 mg/kg/day of vigabatrin. These latency increases correlate with the presence of intramyelinic
edema (IME). As with the pathological change, these latency increases reversed when vigabatrin
treatment was stopped. The MRI data indicate that this imaging technique was also capable of
detecting the IME induced by vigabatrin and appeared to be equally sensitive to EP studies.

Retinal changes associated with vigabatrin treatment have occurred only in non-pigmented
(albino) rats. The observed lesion is similar to that seen in albino animals exposed to light.
Similar effects have not occurred in any of the pigmented species studied to date (dog, monkey, or
pigmented rat).

Supplementing the diet with pyﬁdoxine, a co-enzyme for GABA transaminase, did not appear fo
protect rats from the toxic effects of repeated administration of vigabatrin.

In the rat, 300 mg/kg/day vigabatrin for 3 months produced a reduction in body weight, brain
weight, and the synthesis of soluble proteins as determined by isoelectric focusing, but no effects
were seen at 50 mg/kg/day. Similar changes have not been observed in CSF of epilepsy patients
treated with 50 mg/kg/day vigabatrin for up to 24 months.

Individual vigabatrin-induced intramyelinic edema vacuoles in rat brain ranged from 0.9u-17um
"(mean 4.7x) with coalesced vacuoles ranging from 6.2uM -24.5uM (mean 12.7uM). Special
immunocytochemistry stains for glial fibrillary acidic protein (GFAP) have demonstrated reactive
astroeytes in close association with the microvacuoles of rat and dog. These GFAP changes
persist after the vacuolation disappears, and may, therefore, be useful in differentiating fixation-
artifact vacuolation from vigabatrin-induced vacuolation in human brain tissue.

b. Table of Special Toxicity Studies

AD3810AB*11 5-193, vl.12
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c. Individual Special Toxicity Study Report Summaries

i Sequential Neuropathology Study with Vigabatrin in Dogs
{240 on page 5-6060, v1.28)

This neuropathology study was conducted to obtain detailed information on the time course of
the onset and recovery of vigabatrin-induced brain microvacuolation (intramyelinic edema) in the
Beagle dog This data was needed to determine the significance of evoked potential and magnetic
resonance imaging data generated in the dog.

Four treated (2/s€x) and two control (1/sex) dogs were necropsied weekly during a 12-week treat-
mént period and also 1, 2, 4, 8, 12, and 16 weeks after treatment was stopped. Vigabatrin was
administered orally by gelatin capsule in single dose of 300 mg/kg/day. A detailed
neurohistopathologic examination was conducted in a blinded fashion by two different
pathologists. Four different coronal brain sections were examined on each dog as well as spinal
cord (lumbar), sciatic nerve, eyes (retina and optic nerve) and several ganglia (dorsal root, stellate,
caudal cervical and celiac). A standard set of hematology and clinical chemistry tests were con-
ducted pretest and terminally. Samples of terminal plasma, cerebrospinal fluid and brain tissue
were collected and analyzed for vigabatrin levels, vigabatrin and GABA levels and GABA concen-
tration, and GABA-T and GAP activities, respectively. In addition, an ex vivo T,-weighted MRI
evaluation was obtained on the brain of each dog.

During the first four weeks a number of treated dogs became anorexic and lost weight and three
either died or had to be sacrificed.  The anorexia and associated signs regressed after
supplementation with canned dog food and adaptation to the drug. Lowered erythrocytic values
were detected in S treated dogs after 5 weeks of treatment. Cholesterol levels were also elevated
in 50% of the treated dogs terminated during the first 3 weeks, and was possibly related to the -
anorexia and dietary changes. Serum glutamic-pyruvic transaminase values were also somewhat
reduced during the treatment period.

Histopathologically vigabatrin-treated dogs had varying degrees of brain vacuolation, which was
reversible upon cessation of dosing. The most sensitive areas included the thalamus, columns of
the fornix and the hypothalamus, all of which showed notable effects after about 4 weeks and
reached their maximum effects after 8-12 weeks of treatment and returned to background levels
within 12-16 weeks of cessation of treatment.

Vigabatrin concentrations (24-hour post-dose) in the cerebrospinal fluid (CSF) reached steady
state within one week, and were higher than comparable plasma concentrations, reflecting slower
clearance. Total GABA concentrations (frée and conjugated) also reached steady state within

one week. Both vigabatrin and GABA concentrations in the CSF were unusually high during the
first three weeks of the study, but then appeared to stabilize, suggesting some adaptation. They
returned to background within one week after dosing was stopped. Brain GABA levels tended to
paralle] CSF GABA levels. Brain GAD and GABA-T activity were below control values ‘during
the treatment period.

AD3810AB*11 5-196, v1.12
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In conclusion, brain microvacuolation induced by vigabatrin (300 mg/kg/day) in Beagle dogs was
first noticeable after about 4 weeks of treatment, and reached maximum levels after 8-12 weeks.
The microvacuolation showed noticeable regression within 1-2 weeks after treatment was stopped
and had returned to background within 12-16 weeks. :

il. The Use of Non-invasive Techniques for Detecting Intramyelinic Edema in Animals

Studies have been carried out in dogs in an attempt to find non-invasive techniques for detecting
vigabatrin neurotoxicity which could be used in clinical trials. Two techniques have been
investigated: magnetic resonance imaging (MRI) and evoked potentials (visual, auditory, and
somatosensory). An increase in the latency of somatosensory and visual evoked potentials has
been correlated with the occurrence of brain microvacuolation (intramyelinic edema) in several
different studies. In addition MRI studies have also shown changes which are correlated with the
intramyelinic edema. Therefore both techniques appear to be useful for clinical monitoring.

iil. Magnetic Resonance Imaging (MRI) Studies in Dogs Treated with Vigabatrin

To date, several studies have been conducted evaluating the ability of MRI to detect
neuroanatomical changes produced by vigabatrin (247 on page 5-6722, v1.29, 248 on

page 5-6817, v1.29, 249 on page 5-6845, v1.29, 250 on page 5-6862, v1.29, 251 on

page 5-6904, v1.29). In the first investigation (249 on page 5-6845, v1.29), two male Beagle
dogs from the initial evoked potential study (245 on page 5-6631, v1.29) were used, with each
animal serving as its own control. MRI scans (T, and T, weighted images) were taken prior to
the initiation of vigabatrin administration and again after three months of oral treatment with
300 mg/kg/day of vigabatrin. In both dogs, there were no differences between the baseline scans
and the scans done after three months of drug treatment. The dogs were necropsied at the end of
the treatment period, and their brains were examined by light and electron microscopy. Both
dogs showed extensive microvacuolation. Thus, the MRI procedure used in this study was not

capable of detecting pathological changes in dog brain resulting from three months treatment with -

vigabatrin.

More recently, the ability of MRI to detect neuropathological changes induced by vigabatrin in
male Beagle dogs was re-evaluated (247 on page 5-6722, v1.29). This was done due to the
number of advances that had occurred in MR1I technology since the original investigation dis-
cussed above. In this study, in which evoked potentials were also evaluated (247 on

page S5-6722, v1.29), MRIs (both in vivo and ex vivo ) were obtained for each dog (8 -treated,

4 control) at baseline, after 15 weeks of dosing with vigabatrin (300 mg/kg/day), and repeated in
3 treated and 2 control dogs 5 and 12 weeks. after discontinuation of dosing. MRI was per-

~ formed at 1.5 Tesla on a GE Signa magnet, using the GE extremity coil. Sagittal and coronal
images were obtained with T, and T, weighting. After dosing week 15, all treated dogs showed
increased T, and decreased T, weighted signal, prominent in and surrounding the columns of the
fornix, and less obvious in discrete areas extending throughout the thalamus and hypothalamus.
As noted above, these regions are known to show microvacuolation in dogs dosed chronically
with vigabatrin and also showed microvacuolation in this study. Control dog MRIs were unre-
markable. Signal abnormalities improved markedly after vigabatrin withdrawal.
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In an additional ex vive study (250 on page 5-6862, v1.29) done in conjunction with the sequen-
tial neuropathology study in dogs (240 on page 5-6060, v1.28), Beagles were administered
vigabatrin orally at a dose of 300 mg/kg/day. Animals were sacrificed and the formalin-fixed
brains examined at weekly intervals during the 12 weeks of ireatment and at 1,2, 4, 8, 12 and
16 weeks after discontinuation of drug treatment. Myelin microvacuolation in the thalamus,
hypothalamus and fornix were noted histologically after 4 weeks of treatment. Ex vivo inereases
in MRI T, intensity were observed in the hypothalamus after week 4 and in the thalamus and
columns of the fornix after 7 weeks. MRI T, intensity and microvacuolation continued to
increase during the 12 weeks of vigabatrin treatment. When vigabatrin treatment was stopped
after week 12, both MRI T, intensity and microvacuolation began to decrease. Sixteen weeks
after discontinuation of vigabatrin, MRI examination demonstrated a near complete reversal of
microvacuolation. ‘

Thus, as a result of advances in MRI technology, this technique now appears to be capable of
detecting intramyelinic edema produced by vigabatrin in dogs and should be a valuable non-
invasive techinque for clinical monitoring.

iv. Evoked Potential Studies in Dogs Treated with Vigabatrin

To date, four separate electrophysiological studies have been completed in dogs dosed repeatedly
with vigabatrin. In the first investigation (245 on page 5-6631, v1.29), eight male Beagle dogs
were treated orally with vigabatrin at a dose of 300 mg/kg/day for 12 weeks; two dogs treated
with placebo capsules served as controls. At the end of 12 weeks of treatment, two drug-treated
animals were sacrificed for histological examination. The remaining animals were allowed to
recover for an additional 17 weeks, at which time they were sacrificed for histological examina-
tion. Electrophysiological data (flash visual, auditory, and somatosensory evoked potentials) were
obtained weekly during the bascline and the drug treatment phase, and every two weeks during
the recovery phase. During all test sessions, animals were tranquilized using a combination of
ketamine (25 mg/kg) and xylazine (22 mg/kg). One treated dog died within 2.5 weeks of initi-
ation of drug treatment and was excluded from the study. The dogs were also evaluated by MRI
both pretest and just prior to termination.

A summary of the results for each of the types of evoked potentials tested in this study is given
below:

a) Brainstem Auditory Evoked Potential (AEP) -

AEPs were recorded to binaural, high intensity (80 db/SPL), 100 usec compression clicks deliv-
ered at a rate of 1/sec. The recording montage consisted of vertex to right mastoid and vertex to
mid-inion configurations. End points assessed inclyded: 1) peak latency of wave I (measured in
mastoid to mastoid data); 2) peak latency of wave V (measured in vertex to mastoid data); and
3) total central transmission (i.e., inter-peak latency between waves [ and V).

AEP data failed to demonstrate a consistent alteration in peripheral or central transmission

latency throughout the course of the study. In the Beagle, peripheral auditory transmission is
approximately 1.2 msec, while the central delay (V-I) is approximately 2.5 msec. These are
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extremely rapid responses that reflect activity in the VIII cranial nerve as well as the brainstem
auditory pathways. The AEP waveform was well recorded in the Beagle and the data were gener-
ally within 10% of the baseline for all dogs across all weeks of the study. There was also no AEP
amplitude effect associated with vigabatrin treatment.

b) Somatosensory Evoked Potential (SEP)

SEPs were recorded to 100 usec constant current electrical square waves delivered to the right
forelimb (median nerve) at a rate of 1/sec. ‘Stimulating electrodes were pbsitioned with the anode
1.0 cm distal to the cathode, and current was adjusted to supra-maximal levels (between 3.0 and
6.0 mA). Positioning of the stimulating electrodes was facilitated by observing a twitch of the
distal paw extensors. Recording electrodes were positioned overlying the cervical spinal cord and
the contralateral sensorimotor region. End points assessed included: 1) peak latency of response
at the cervical spinal cord; 2) onset and peak latency of the initial cortical component; and

3) total central transmission time (defined as the difference between the latency overlying the
cervical cord and the onset latency of the initial cortical negativity).

A significant increase in the somatosensory central transmission latency was associated with
‘Vigabatrin treatment (Figure 5-18 on page 5-200, v1.12). This effect began between the fifth and
seventh week of drug administration. The prolongation in latency relative to baseline ranged -
from 22 to 55% in drug treated dogs, while in control animals most values were within 5% of the
baseline mean. The prolongation of SEP latency began to reverse within two weeks after treat-
ment was stopped. By the end of the eleventh week of the recovery period, the SEP latencies had
returned to baseline values. Histological examination showed that after 12 weeks of treatment
with vigabatrin, there was extensive microvacuolation in the brain. The microvacuolation showed
a marked degree of recovery after 17 weeks off treatment. The intramyelinic edema in these dogs
was also characterized by electron microscopy.
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Figure 5-18. Effect of vigabatrin on somatosensory evoked potential central trans- .
mission time (C.T.T.) in male Beagle dogs. Animals received either
placebo or vigabatrin 300 mg/kg/day PO for 12 weeks. At the end of the
treatment period, two dogs given vigabatrin were sacrificed, and their brains
examined for the presence of microvacuolation. The remaining dogs were
allowed to recover for 17 weeks prior to sacrifice. Somatosensory evoked
potentials were determined weekly during the treatment phase of the study,
and every two weeks during the recovery phase of the study.

< Dogs treated with vigabatrin for 12 weeks and sacrificed at the end of the
dosing period (n=2). '

U Dogs treated with vigabatrin for 12 weeks and allowed to recover for
17 weeks prior to sacrifice (n=5). ’

o Control animals (n=2).

c) Flash Visual Evoked Potential (FEP)

Short latency FEPs were recorded to binocular high intensity stroboscopic visual stimuli delivered
at a rate of 1/second. Recording electrodes were placed at empirically determined optimal
locations over the left and right visual cortices. The electroretinogram (ERG) was recorded from
surface electrodes positioned approximately 45 degrees above the inner canthus of each eye. End
points assessed included: 1) onset and peak latency of the initial cortical negativity; 2) the
latency of the B wave of the ERG; 3) total central delay (defined as the difference in latency
between the onset of the B wave of the ERG and the initial cortical activity); and 4) the ampli-
tude of the initial cortical negativity.

Short latency FEP data proved to be extremely difficult to record in these unanesthetized Beagle
dogs. The "A wave* of the ERG, which reflects receptor depolarization, was broad in needle
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surface recordings, and it often obscured the onset of the *B wave", which reflects activity in the
optic nerve. Consequently, central transmission latencies were unobtainable, and only the onset
of the initial cortical response (approximately 17.5 msec) was measured. The cortical activity was
also variable in waveform and difficult to score in the Beagle. No consistent alterations in the
amplitude or latency of FEP activity were found. However, this negative finding appears to have
been related principally to technical difficulties with the FEP methodology used in this study.

As noted above, FEP data proved to be extremely difficult to record in this initial :
electrophysiological study investigating the effects of daily administration of vigabatrin to dogs.
However, since microvacuolation produced by vigabatrin is consistently apparent in the optic
tract of the dog, several additional studies were performed with the goals of determining whether it
was possible to reliably measure FEPs in the dog and, if so, to study the effect of chronic admin-
istration of vigabatrin. The next investigation (246 on page 5-6683, v1.29) was a preliminary
study in which six male Beagle dogs were used. Four were dosed orally with vigabatrin

300 mg/kg/day. The other two dogs were treated orally with placebo capsules; and served as con-
trols. - FEPs were measured every two weeks during the 12 week treatment phase and 12 week
recovery phase of this study. Results from this preliminary study showed that it is possible to
reliably measure FEPs in the dog. In addition, it appeared that vigabatrin produced a significant
slowing of the late components (waveforms with a latency of >75 msec) of the FEP; early com-
ponents of the FEP were not affected by drug treatment. This slowing of the late components of
the FEP was apparent by treatment week 12 and was found to be progressive throughout the
waveform. Due to experimental difficulties prior to the 12th week of treatment, the time of onset
of late latency FEP slowing could not be determined. Posttreatment waveforms in dogs given
vigabatrin gradually accelerated after 2, 4 and 6 weeks of recovery; no differences were noted in
FEP latencies in treated dogs between 6 and 8 weeks of recovery. FEP peak latencies of treated
dogs were similar to those in the two control dogs after 6 weeks of recovery. This pattern of
slowing, combined with an inability to detect a change in early components of the FEP, suggests
a drug-induced effect that is distributed at multiple points along the visual pathway rather than an
effect focused at the optic tract or other discrete locations. Alternatively, this pattern of slowing
could also be due to increased GABA inhibiting cortical processing (277 on page 5-7765, v1.31,
278 on page 5-7775, v1.31). No evidence was obtained in this study for vigabatrin having an
effect on the shape of the FEP. Due to intra- and inter-animal variability, it was not possible to
determine if vigabatrin had an effect on the ERG in this study.

More recently, another study was done with the goals of confirming the earlier SEP findings with
vigabatrin and to investigate again whether the compound (when given chronically) has any effect
on the short latency FEP (247 on page 5-6722, v1.29). Prior to the initiation of this study the
FEP techniques were improved and evaluated in several additional dogs. For this study,

seven Beagle dogs received vigabatrin 300 mg/kg/day for 15 weeks; (one other dog that became
anorexic and died in the first few weeks was excluded) 4 additional dogs were given placebo and
served as controls. SEPs and short latency FEPs were recorded at baseline and every 2 weeks
throughout treatment and recovery. Dogs given vigabatrin showed an increase in central latencies
beginning at 6 weeks, attaining significance (p < 0.05) at 8 and 10 weeks for the SEP and FEP,
respectively. No changes occurred in peripheral or spinal conduction in treated dogs, or in any
measure in control dogs. Four treated and 2 control dogs were necropsied after 15 weeks of treat-
ment, while 3 vigabatrin-treated and two control dogs were followed for an additional 12 weeks
during the recovery pericd. Both electrophysiological measures returned to baseline values within
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5 weeks. Thus, in this study the SEP and the short latency FEP were delayed by subacute
administration of vigabatrin, and returned to baseline within 5 weeks following drug discontinua-
tion.

v. Histopathologic and MRI Correlates of Initial Electrophysiologic Changes

An additional evoked potential study (248 on page 5-6817, v1.29) was conducted in male Beagle
dogs to determine the status of the brain histopathology and MRI at the time when the initial
delay in evoked potential transmission time was observed. Two controls were used while

7 treated dogs were given vigabatrin (300 mg/kg/day single oral doses) daily until the weekly SEP
' central transmission time showed an increase greater than 0.5 msec and/or the flash VEP showed
a2 1.1 msec increase in absolute cortical onset latency. As soon as possible thereafter a brain MRI
was conducted and the dog necropsied for neurohistopathologic evaluation. A control dog was
terminated at the same time as the first and last treated dog. Initial evoked potential changes were
poted after the 4th through 7th weeks (5 showing changes after 4 or 5 weeks). Two dogs were
identified by SEP and 5 by VEP. In vivo MRI’s and histopathology were both positive at the
time of the initial evoked potential changes. These findings indicate that intramyelinic edema
must be present for alteration of evoked potentials or MR, which appear to be about equally
sensitive to these changes. ' ‘

" The timing of these effects on evoked potential latency and their reversibility suggests that it is
correlated with the histopathological lesion produced by long-term administration of vigabatrin.
Thus, SEP and VEP latency appears to be a useful non-invasive technique for monitoring both
" the formation and the disappearance of microvacuolation induced by vigabatrin. These
histopathologic alterations also correlate with MRI changes, which are as sensitive as
electrophysiologic techniques.

vi. Retinal Studies

As noted above, in studies with albino rats conducted at — EE—S—G—_—E—————— (220 on
page 5-3499, v1.21), retinal degeneration was noted microscopically in animals given large doses
of either vigabatrin or its pharmacologically active S-enantiomer, administered by gavage. By
contrast, from a much larger series of subacute and chronic dietary studies in dogs, monkeys, and
albino rats conducted at = s definitive evidence of drug-related retinopathy was not
apparent (see 5.C.6.vi.a.” Review of wmmm Studies on page 5-203, v1.12).

In attempting to reconcile these disparate findings, a comprehensive histologic review was made
by emsm  staff pathologists of the eyes of all animals entered in these studies, as well as a rep-

o

fosentative series obtained from the emmms study. In addition, studies were initiated by the bm‘)

———————————eemEemwns. {0 Which the compound was adminis-
tered via the diet and by gavage to both albino and pigmented rats. The rationale for this test
design was 1) to establish whether different modes of drug administration (gavage vs. diet) might
influence the occurrence of retinal changes, and 2) equally important, to determine whether
routine exposure of control and treated albino and pigmented rats to identical lighting and other
laboratory conditions would reveal any differences regarding retinal changes.
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a) Review of esmss Studies (215 on page 5-3020, v1.20, 217 on page 5-3123, v1.20, 218 on
page 5-3173, v1.20, 219 on page 5-3181, v1.21, 221 on page 5-3571, v1.22, 223 on
page 5-3693, v1.22, 225 on page 5-3759, v1.22, 226 on page 5-3874, v1.22, 228 on
page 5-4010, v1.23, 229 on page 5-4101, v1.23, 230 on page 5-4233, v1.23,231 on
page 5-4245, v1.23, 232 on page 5-4476, v1.24, 233 on page 5-4756, v1.24, 244 on
page 5-6588, v1.29). _

An in-depth histologic review of the eyes of all animals from "= studies with vigabatrin
revealed no retinal degenerauons in dogs receiving doses up to 200-300 mg/kg/day for 3-12
months or monkeys given 300 mg/kg/day for 16 months or 50 or 100 mg/kg/day for six years. In
addition, no retinal degeneration was noted in pigmented Long-Evans rats given the drug in the
diet at dosages of 150 mg/kg/day or less for 2 years (carcmogemcﬁy study). Among albino rats
treated for 3-12 months at doses up to 300 mg/kg/day via the diet, retinal degeneration was only
occasionally noted, and w1thout evidence of a dose-relationship.

b) = Study (243 on page 5-6453, v1.29)

In this study, both Lister-Hooded (pigmented) and Sprague-Dawley (albino) rats were used.

. Albino rats were given doses of 0 (control), 30, 100, and 300 mg/kg/day of vigabatrin, either by
gavage or via the diet, for a period of three months. Pigmented rats were similarly administered
0 (control) and 300 mg/kg/day. At termination of the study, the eyes from all animals were fixed
in Davidson’s solution and prepared for histologic evaluation.

As shown in Table 5-36 on page 5-204, v1.12, retinal lesions were not found in any of the
pigmented rats, whereas alterations similar to those found in the emms study occurred in the
albino rats. The incidence and severity of these changes were dose-related, and occurred to a
considerably greater extent in the groups treated by gavage rather than via the diet.
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| Table 5-36. Comparative Incidence of Retinal Degeneration in Pigmented and
Albino Male Rats Given Vigabatrin by Different Routes for 3
Months. (Data from Reference 243 on page 5-6453, v1.29)
1 Route of Administration
Dose Group (mg/kg/day) | Dietaryz . Gavagea
' Pigmented ' ’
' 0 (Control) 0/15 0/15
300 ‘ 0/15 0/15
" Albino .
0 (Control) _' 015 ' 0/15
30 - . 0/15 115
100 2/15 8/15
300 ' 10/15 14/45
a Data are expressed as number of animals with retinal changes/number of animals
examined.

In the wide array of experiments conducted to date, retinal degeneration associated with vigabatrin
treatment has consistently occurred only in nonpigmented (albino) rats. Similar effects have not
occurred in any pigmented species (dog [one-year], monkey [six-year], Lister-Hooded rat
[3-monthl, or Long-Evans rat [2-year]). Retinal degeneration was also rare and not dose related
in esmme studies in albino rats, including the one-year chronic study with doses up to
300 mg/kg/day. Since the only differences in the albino rat studies = e—————m———  and
emmmm=appear 10 be associated with room light and/or caging (clear plastic vs. stainless steel), it
appears that vigabatrin somehow increases light exposure or sensitivity of the already overly-
sensitive albino retina (274 on page 5-7693, v1.31, 275 on page 5-7711, v1.31, 276 on
.page 5-7736, v1.31). These studies clearly demonstrate that pigmentation of ocular structures
protects the retina from the degeneration associated with vigabatrin administration in albino rats.
Such findings are quite consistent with the absence of ophthalmologic pathology reported to date
in vigabatrin-treated patients.

vil. Effect of Pyridoxine on Vigabatrin Toxicity
A total of 60 male and 60 female CD essmmme  rats were divided into 6 groups and given

vigabatrin and/or pyridoxine hydrochloride in the diet for 4 months as illustrated in Table S-37
on page 5-205, v1.12.
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Table 5-37. Schedule for PO Dosing of Pyridoxine and Vigabatrin in Male and Female
CD Rats for 4 Months. (Data from Reference 244 on page 5-6588, v1.29).
Dosing Schedule o
Treatment Groups 1 2 3 4 5 6
Vigabatrin .
{mg/kg/day) 0 0 100 300 100 300
Pyridoxine HCI '
(mgrkg/day) 0 300 100 300 ) 0

The principal clinical sign observed in these studies was convulsions in rats receiving

300 mg/kg/day of vigabatrin (Groups 4 and 6) after three months of treatment. Slightly fewer
convulsions were observed in rats given pyridoxine; the difference did not suggest any protection
against development of convulsions by the vitamin. Animals treated with vigabatrin occasionally
experienced alopecia. Administration of pyridoxine alone caused little toxicity.

Decreased body weight gain and food consumption were also observed in animals given 100 and
300 mg/kg/day vigabatrin. Supplementation with pyridoxine resulted in little improvement in
body weight gain.

Microscopic observations of the brain and eyes revealed microvacuolation (intramyelinic edema)

* in the brains of rats treated with either 100 mg/kg/day (Group 5) or 300 mg/kg/day (Group 6)
of vigabatrin. As with previous studies, the microvacuolation was located primarily around the
roof nuclei and in the folia of the cerebellum as well as to a lesser extent in such diverse structures
as the reticular formation, thalamus, hippocampus, optic tract and anterior commissure. Results
of this study further demonstrate that supplementation with doses as high as 300 mg/kg/day of
pyridoxine had no apparent effect on the development, incidence, distribution or degree of severity
of the microvacuolation in the brains of rats treated with vigabatrin at doses up to :

300 mg/kg/day.

Histopathelogic examination also revealed a-low incidence of retinal degeneration in these albino
rats (Table 5-38 on page 5-206, v1.12). The exact significance of this finding is not obvious, but
pyridoxine treatment did not prevent this effect and pyridexine alone did not produce any brain
or retinal lesions.

In a previously reported study at  ————————————— 2417on page 5-6430, v1.29),

pyridoxine 10/mg/kg/day was administered in conjunction with 300/mg/kg/day of the vigabatrin h(a)
racemate. In that study neither the retinal degeneration nor the intramyelinic edema were pre-

vented by the administration of 10 mg/kg/day of pyridoxine in conjunction with 300 mg/kg/day

of the vigabatrin racemate.
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- Table 5-38. Incidence of Retinal Degeneration in CD Rats After PO Administration of Vigabatrin
and/or Pyridoxine for 4 Months. (Data from Reference 244 on page 5-8588, v1.29)

. Dosing Schedule
Group
Number : 1 2 3 4 5 : 6
~ Treatment 100 VGB 300 V6B |
(mg/kg/day) Control | 800 PHC 100 PHCI 300 PHCI | 100VGB 300 VGB
Male ‘ 0 . 1 ' 0 o c
Female o . 0 0 2 0 2

Male and female CD rats (10/sexlgroup) were given vigabatrin and/or pyridoxine hydrochlorlde in the diet for 4
months.

VGB Vigabatrin
PHCI Pyridoxine hydrochloride

viii. Electron Microscopic Evaluation of Brain and Peripheral Nerves
(238 on page 5-5989, v1.28)

Rats from a 6-month pharmacokinetic study (Reference numbers 289 on-page 5-8170, v1.33 and
290 on page 5-8189, v1.33) were used to examine by transmission electron microscopy (TEM)
perfusion-fixed tissues, and to measure the size of vacuoles resulting from this treatment.
Cerebelilum (2 rats) and sural and tibial nerves (2 rats) were examined from rats treated w1th

300 mg/kg/day for 6 months.

TEM confirmed previous light microscopic results, i.e., that vacuoles in the cerebellar roof nuclei

" area were due to splitting of the myelin sheath at the intraperiod line. Diameter of individual
vacuoles ranged from 0.9 um - 17.0 ym (mean 4.7 pm) and coalesced vacuoles ranged from

6.2 pm - 24.5 pm (mean 12.7 ym). Examination of sural and tibial nerves did not reveal signs of
intramyelinic edema.

ix. Special Inmunohistopathological Investigation of Vigabatrin-induced Intramyelinic
Edema in Animals

. (239 on page 5-6022, v1.28) -

In several animal species chronic treatment with vigabatrin gave rise to a reversible non-
progressive intramyelinic edema in specific white matter tracts of the brain. The pathogenesis of
the lesion remains unknown although the lesions are similar in appearance to neurctoxicological
changes induced by triethyltin and hexachlorophene. Because of this effect in animals, an exten-
sive program has been carried out to assure safety during clinical trials. Evoked potential moni-
toring as well as magnetic resonance imaging have been shown to be effective non-invasive
techniques for demonstrating the presence of this lesion in dogs, and have been used clinically.
Another important means of determining whether vigabatrin-induced intramyelinic edema occurs
in man has been the histopathologic examination of human post-mortem and surgical brain speci-
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mens. However, because of occasional post-mortem fixation artifacts, questions concemning the
presence of brain microvacuolation (intramyelinic edema) may be difficult to evalvate. For this
reason special immunocytochemical staining (immunoperoxidase method) has been used to study
the tissue responses associated with the myelin vacuolation in animals. Using antibody stains to
glial fibrillary acidic protein (GFAP), reactive astrocytes with increased glial fibers have been
shown to occur in association with the focal microvacuolation present in treated rats and dogs.
Limited study of monkey tissues was inconclusive. This reactive ghial change is not easily recog-
nized using conventional histologic stains. It was found that these GEAP changes in rats and
dogs-persisted, even after the myelin vacuolation disappeared when treatment was stopped. Thus,
this GFAP immunohistochemical stain can be used on human post-mortem material to differen-
tiate fixation artifact vacuolation from drug-induced intramyelinic edema. The results of the
human post-mortem and surgical histopathologic evaluations are reported in the clinical section,
but bave not revealed any evidence of intramyelinic edema in man.

X. Comparative Study. of Vlgabétrin and Ethanolamine-O-Sulphate
(241 on page 5-6430, v1.29)

This study compared the degree of brain microvacuolation produced by VGB to that produced by
ethanolamine-O-sulphate (EOS), another inhibitor of GABA-aminotransferase.

Assessment by computerized image analysis revealed that both the number of vacuoles'and the
area occupied by them was twice as high in the VGB-treated rats. This was due to the fact that
in VGB-treated rats the vacuoles extended into the white matter tracts between the cerebellar folia
whereas in the EOS-treated rats it was confined to the roof nucleus.

xi. Effect of Vigabatrin on Soluble Brain Proteins in Rat
(252 on page 5-6906, v1.29, 253 on page 5-6912, v1.29)

- Five groups of six male rats were treated for three months with vigabatrin (300 mg/kg once a
day or 50 mg/kg every other day), sodium valproate (100 or 300 mg/kg/day) or vehicle. Parame-
ters examined included body weight, brain weight, the assay of total soluble proteins over a pl
range of 4.5 to 7.4 in the cerebral cortex, hippocampus, and cerebellum, and the pattern of total
soluble proteins in the brain and CSF by isoelectric focusing and 2-dimensioral electrophoresis.

Rats given 300 mg/kg/day vigabatrin showed a 30% reduction in body weight and a 6%
reduction in brain weight compared to the other groups. The synthesis of total soluble proteins
in the cerebral cortex, hippocampus, and cerebellum was reduced in rats treated with the bigher
dose of vigabatrin. These alterations were not considered to be due to nutritional factors, as the
fluid diet of all groups was adjusted to that of the group with the lowest intake, however, the
permanent reductions in body and brain weight raise questions as to the-exact significance of
these differences. Isoelectric focusing revealed changes in the pattern of brain and. CSF soluble
proteins in the 300 mg/kg/day vigabatrin group compared to controls and other treated groups.
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Similar techniques have been applied to the CSF of patients treated with vigabatrin
(50 mg/kg/day) for up to 24 menths without any significant changes.

In summary, these studies indicate that, in the rat, repeated administration of a high dose of
vigabatrin (300 mg/kg/day) is associated with changes in the pattern of brain and CSF soluble
proteins. Similar changes have not been observed in the CSF of humans to date.

xil. MRl Study in Rats Treated with Vigabatrin
(251 on page 5-6904, v1.29)

This study was done to determine whether quantitative MRI could detect white matter
vacuolation in rats. -

MRI was shown té be a sensitive method to detect this lesion. In addition, VGB was shown to
cause a general increase in T2 decay in the cortex and brainstem, which is not explained by the
vacuolation.

xiil. Effects of Vigabatrin and GABA on Rat Cerebellar Cultures
(254 on page 5-6915, v1.29)

A study was done to evaluate the effects of high concentrations of vigabatrin and GABA on
myelinated of rat central nervous system cultures. Cerebellar cortex and deep nuclei from -
newborn Wistar rats were cultured on collagen-coated cover slips and exposed for up to 14 days
to 500 nmol/ml vigabatrin or 1000 nmol/ml GABA.

No differences between control and experimental cultures exposed for 5-6 days were observed by
light microscopy and only slight differences were observed in cultures exposed for 14 days.
Although no changes could be seen in living cultures, mild toxicity, characterized by more
numerous irregularities in the diameters of myelinated fibers, were seen in Sudan black B-stained
cells. No clear-cut differences could be seen between the two compounds although vigabatrin
appeared to be slightly more toxic than GABA. Some degenerating myelinated fibers and
astrocytic gliosis were seen by electron microscopy in both control and experimental cultures, but
appeared to be milder in controls. No marked primary demyelination, and no obvious
intramyelinic edema were seen. Neuronal cell bodies did not show any patent degeneration. It
was concluded that the toxicity of vigabatrin and GABA was very mild in this sensitive test
system.

AD3810AB*11 5-208, v1.12 .
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CONTENT OF SUBMISSION: .
Results of evoked potential study in dogs.
SRIARY: - ‘ . s

The purpose of this study was to try to develop a method fer no ninvasively
monitoring the occurrence of the intramyelenic edema in brainm wh 1ch has been
shovn to occur in 4 species (rat, mouse, dog, monkey) and is presumsd to occur
umens: The stqdy'was performed by Dr. Joseph C. irezzo in conjunction
Dr. Herbert Schaumberg at Albert Einstein College of Medicine. Xine
es were used:-7 drug treated and 2 controls. Dose wzs 300 mg/rg/dey, 7
per week, -in capsules. The dogs -were treated for 12 weeks, ‘at which time-:
g—Lreated dogs were sacrificed. for histological éxan of the. CES. The '

ining dog S L2 coatrcls, 5 erg—trected) were kept ero -free for a
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tlonql 17 weeks at nnlch time thev wers sacrificed for nlstolog-cal exam.
ed responses (visual, auditory, and s m¢toeedsorv) were measurad weekly
ng the 12 veek treatmeant period and every Z weeks durlng the 17 week
ecovery perlod '

EH

20

45 -
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istolovlual exam of the 2 treated ‘Gogs sacrificed et 12 weeks showed 2
picture similar to that seen previously in animels treated with this dr
Extensive wvacuclation wes seen in the. ;o*nln,'septum, optic tract,
hypothalamus, and hippocampzl endplates; less extensive vzcuolation occurred
in midbrain, thalamus, znd cerebral cortex. Some of these regions showed
microglial proliferation. The cervical spinal cord wzs normal. After the 17
week recovery period no vecuolztion was seen; however, dosed animals displayed
4 wmilg é= gre2 of hippocampal endpizte mlcreg iosis that was not seed in

drug.

contrel Gogs. Scmatosensory evoked poteatial (SEP) dsta (see grzphs om
following pages) showed & significant incresse in central trensmission time
due te drug; this effect began at weeks 5-6 for &/7 trocted dogs with all 7
affected by week 12. At 12 weeks, the mean prolongziion of central latency
relarivé to baseline was 30X with a range OFf 22-55%. The rrolongation oI S5EP
iatency reversed during the drug-free recovery period, with rerurn to baseline
by Il wemks. In contrast to tae SEP, aulitory evoked totentials failed to
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demonstrate consistent alterations in peripheral or central transmission
1atenc1es tﬁrouchout the st d} Technical difficulties in obtzining visual -

& in unanesthetized dogs precluded evzluation of this :

EVALUATION:

The brain vacuolation produced by GVG“aDpoars to be potentizlly monitorable as
shown by-the SEP results obtzined in this study. SEP changes were produced by
a uoshge regimen which cazused vacuolztion, and these changes éisappeared

time span over which the vacuoles also disappeared. However, it
be.noted that the design of this study did not permit & precise

ien between the onset of SEP changes and the onset of vacae r0lation;
e vacuolc icn may have been present (but not detected) pr;or to the

SEP changes. Thé SEP changes did begin to occur zt a2 time when the
acuolztion was reversible, which is en essential criterion for a

E_E itoring procecdure. Hegcve

useful
2n apparently non-reversible change cccurred
(hippocampal micoglinsis in this study; zlso note that varicus other
epparently nonreversiblie chznges have been seen in previous znimal studies)
ich did not correlzte with the recovery of the SEP changes, and thus SEP was
to monitor zll brzin changes produced by GVG. VB~ pogbe nosuldsl foo ‘}ﬁ‘dﬁ‘
: o AAAJ¢¢0h54 bﬂ*ﬂvu &{ly.ﬂﬂd

£ monitoring visual evoked potentizls (VEP) in subjects /50”~éxa?

nct eblie

e Jng GVG hezs been previcusly noted, since the optic tract is prominently wo7vh
e GVG 1ﬁ aﬁlmc¢5. (hexachloropncne, which produces a similar [Lyaugkh
, 3 in y.2ffects the optic tract in anlmals 2nd_in humans. as .. SeP s

1 Guthor of the report suggests that it 1is reasoucb1e to assume U&&h?4_

that in species which display robust end reliable VEPs (i.e., man, monkeys and _f&;;&

rzbbits) these data would provide a robust and seansitive index of [eve] Sean

incuced pathology." The use of monkeys to obtain VEP data was encouraged by

the Neurology Advisory Committee (Heetlng of October 18, 1985), where it was

suggested that pcrennera1 dosing be used to produce a more pronounced lesion

(Lesions observed so far in monkeys hzve been limited to mild va cuolation in

optic tract. It is not known if this represents an intrinsic resistance of

monkeys to the toxic effects of GVG, cor the fact that monke e¥s have not

received adequate systemic exposure to the drug due to GI intolerance andf/or

poor absorption). Tt ghould be noted that hexachlorophene has bzen shown to

alter VEP in monkeys (cited ia Towfighi, Experimentzl and Clini iczl

Neurotoxicology, ed. by Spencer and Schaumberg, p. 446, 1989),

-

summary, it 1s still not possible to sazv that there oninvagive
letect all of the brein pztholegy pro hich
holegy at & time when it is still ce le.’
henges were shown to roughly correlsa rance
ce of vecuoles which zre z prominent en VG
vggestad by the authors of this study aad gy
tee, z similzr study should be done in s,
t only woulg this test the visual syste GVG
ent lesions in 21l species studied, but &
rodustness of the method of zvoked resp as a
od for GVG zcross species. )
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"It" is also motad here. that mae netlc resonance 1ma01ng, ‘dore’in’ 2°0F -the. docs
treated for-3:months at 300-mg/kg/day, was not- 'aﬁgble“bfédetectihgﬁthe'bféiﬁ
1e310q as seen w1th 110ht rlcroccopy. : T - :

aRECOMHENDATIONS.

.to oetermlne
';sual evoked pote1glals -can be used to detect the~appe¢rance of# :
GVE-induced brain 1e5101s e5pec1clly at 2 txme when thesewleélo1s might stlll"
f_'be rever51b1e. LT e
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EVALUATION: '

. . , . . _the

,Qo lowik This NDA is approvable. Suggestions regarding the proposed labelling are made in-a-
ol § section of this review. ‘

. The following findings from the animal studies are of potential relevance to the human
use of gamma-vinyl GABA (GVG): '

A) Brain int'rafnvelenic edema (IME).

The lesion is of concern because (1) it was produced in 3 (rat, mouse,
dog) and possibly 4 (equivocal in monkey) species, (2) although the vacuoles
are reversible after cessation of drug treatment, residual lesions, likely
indicative of axonal damage, persist, (3) the incidence and distribution of the
lesions appear to increase with increasing duration' of administration, and in
addition the lesions occur at lower doses which were previously unaffected by
shorter term treatment, (4) doses producing the lesion in animals are within the-
range of those needed to increase brain GABA and produce anticonvulsant
effects in animals and are within the human therapeutic range; also note that
no-effect doses for producing the lesion in animals have not been established,
and (5) similar lesions are produced by compounds such as hexachlorophene,
which are known to produce neurotoxic effects in humans (although it is noted
that unlike hexachlorophene, the GVG-induced lesion did not progress to
severe central axonal destruction, and did not appear to invoive peripheral
nerves; however, note that peripheral nerve exams, especially using plastic
fixation, were limited in the GVG studies; in addition, in the 2 year rat study a
few rats were said to be unable to move their hind quarters).

Absorption of GVG after oral dosing in monkeys was low compared to
that in rat and dog; it would be worthwhile to examine comparative drug
exposure in these species as a possible explanation for the insensitivity of
monkeys to GVG-induced intramyelenic edema. However, such a comparison
encounters numerous difficulties, including (1) the number of animals evaluated
was generally small, and mainly males, (2) plasma and CSF levels of drug were
generally taken at only 1 or 2 time points after dosing, with these times not
always the same across species, (3) it is not known which measure of
exposure (e.g., C,,, C,;, AUC, duration above some threshold level, etc.) is
most critical for production of the lesion, (4) in rats, all of the exposure data was
obtained after gavage dosing whereas most of the data regarding the brain
lesion, especially at lower doses, was obtained using dietary dosing, (5) in rats
and dogs, exposure data was only obtained in studies of 4 month's duration or
less, (6) drug protein binding was apparently not studied in animals (it did not
occur in humans); any cross-species differences in binding could affect the
interpretation of comparative plasma levels, and (7) it was shown in rats that
after administration of racemic GVG, levels of the R isomer, which does not
cause intramyelenic edema, were several fold lower than those of the S isomer
in brain (despite being equal in plasma, although note that'in humans plasma
levels of R are greater than those of S); if this enantiomeric difference does not
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occur or is quantitatively different in other species, it would make cross-species
comparisons based on levels of racemic GVG in plasma, CSF, or brain
problematic. Keeping these problems in mind, the data seem to indicate that
although at the same mg/kg dose plasma levels in monkeys are less than those
in rats and dogs, plasma levels in monkeys at the highest dose used in the
chronic toxicity study (300 mg/kg) were at least as great as those in rats given
50 mg/kg by gavage; 30 mg/kg indiet caused intramyelenic edema in rats, with
lower doses not tested. Although the dog data are somewhat more limited it -
appears likely that plasma levels in monkeys given 300 mg/kg would also be at
least as great as those in dogs given 50 mg/kg, the lowest dose shown to
cause inframyelenic edema (and, as in rat, a no-effect dose was not determined

in dogs). Levels of GVG in brain of monkeys given 300 mg/kg/day were also in

the same ballpark as those in brain of rats given 50 mg/kg, although it is not
clear if the same brain area was assayed in both species. (Brain levels of GVG
in dog were apparently not studied.) In CSF, in contrast to the situation in
plasma and brain, levels of drug in monkeys were similar to or greater than
those in rats given the same mg/kg dose. (CSF drug levels were much greater
in dogs at the' same mg/kg doses; even at the highest dose used in the monkey
toxicity study [300 mg/kg] levels were below those in dogs given 50 mg/kg,
which is the lowest dose shown to cause intramyelenic edema in that species
[although note lower doses were not tested]). Thus, keeping in mind the
caveats discussed earlier, there is some evidence that exposure to drug in
monkeys, at least at the highest dose used in the chronic toxicity study, was at
least as great as that occurring at lesion-associated doses in rats (again,
assuming valid extrapolation between gavage and dietary dosing in rats), and
thus the reason for the insensitivity of monkeys to GVG-induced intramyelenic
edema is not necessarily due to inadequate exposure to drug. A possible
reason for this insensitivity, in view of the evidence of the association of GVG-
induced intramyelenic edema with the pharmacologic activity of the drug (i.e.,
GABA-T inhibition/GABA level elevation) (and the fact that since GVG is an
irreversible inhibitor of GABA-T the levels of GVG may be less.relevant than the
extent of this pharmacological action in this case), are the observations that (1)
despite CSF GVG levels at least as great as those in rats given the same
doses, increases in CSF levels of GABA were only marginally and equivocally
increased in monkeys, compared to increases of approximately 3-6x baseline in
rats given the same doses (even greater increases in CSF GABA were seen in
dogs, associated with relatively high levels of CSF GVG), and (2) levels of
GABA in brain'were not increased in monkeys, despite a modest inhibition of
brain GABA-T; other studies indicate that at doses within the range of those
used in the toxicity studies, GVG causes elevation of brain GABA in rats, mice,
and dogs. It is thus tempting to speculate that the failure of GVG to sufficiently
inhibit GABA-T and increase GABA levels in monkey brain, rather than
inadequate exposure to drug per se, may be the reason for (or a marker for)
the relative insensitivity of monkeys to GVG-induced intramyelenic edema.

(It would also be instructive to compare human exposure to drug with
that in animals, although as discussed above there are numerous caveats to
consider. It appears that plasma levels of GVG in humans receiving the
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maximum clinical dose are greater than those of rat and dog at the same mg/kg
dose, and CSF levels of GVG in humans receiving the maximum clinical dose
are greater than those of rat but less than those of dog at the same mg/kg
dose. This dose in rat and dog is somewhat above the lower end of the range
shown to cause intramyelenic edema in these species; thus humans cannot be
"exempted” from the likelihood of lesion production based on these exposure
comparisons, with the exception of comparison to dog CSF levels, although
note that a no-effect dose in dogs was not established. Perhaps more
relevantly, CSF levels of GABA were increased in humans receiving therapeutic
doses of GVG [increases ranged from about 1.5-10 x baseline across studies],
and the sponsor of a recently submitted individual investigator IND [47,137]
indicates that preliminary NMR studies in humans show thatbrain GABA levels
are also increased. As noted above increases in central GABA,.which occurred
in rats, mice, and dogs, but not in monkeys, may be associated with the
production of intramyelenic edema in brain).

The sponsor has-performed studies in dogs to attempt to develop a non-
invasive method for monitoring for IME which might be usable in humans. It
was shown that changes in somatosensory evoked potentials (SEP), visual
evoked potentials (VEP), and MRI images roughly paralleled the appearance
and reversal of brain vacuolation in subacute studies (involving daily dosing at
300 mg/kg). These three measures were roughly equally sensitive, i.e.,
changes were seen in all 3 generally beginning at 4 weeks of treatment. (This
is equal to or slightly later than the earliest times that vacuoles were
histologically demonstrable at this dose, i.e., 2-4 weeks. It is also noted that
these monitoring techniques were not sensitive to the residuat changes, e.g.,
gliosis, which persisted after drug discontinuation. It is further -noted that
although it was shown that the monitoring can detect vacuoles at a time when
they are still reversible, the data were inadequate to determine if stopping
treatment at the time of the earliest change in monitoring parameters would
prevent residual changes such as gliosis.).

It may be questioned whether the observed changes in monitoring
parameters are directly due to the presence of the histological lesion, or are just
epiphenomena (i.e., possibly resulting from other actions of the drug aside from
lesion production, e.g., GABA levels are known to normally exert some
influence on the VEP). However, even if only epiphenomena, changes in the
monitoring parameters could be useful for monitoring for the lesion of they co-
vary extensively with the latter. The data on this point is suggestive but not
extensive. For example, changes in monitoring parameters roughly paralleled
the times of appearance and regression of the vacuoles with subacute
treatment of dogs. On the other hand, there is no information on m?‘n_itoring
sensitivity at lower doses (only 300 mg/kg was used in the dog studyjf ie, it
would have been useful to see if threshold dosing regimens for production of
the lesion were the same as those for production of changes in monitoring
parameters. Regarding the MRI data, although in some cases there was some
correlation between brain areas with vacuolation and those with MRI changes,
this correlation was not always very tight. Examination of correlations across
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individual animals, such as between degree of change in MRIvs SEP vs VEP,
or between degree of change of any of these with degree of vacuolation,
revealed no clear evidence of correlation (in some cases due to absence of
evidence, in some to evidence of no correlation). Furthermore, it should be
noted (1) that there is no information on how or if GVG-induced changes in
these monitoring parameters co-vary with GVG-induced IME in humans, and (2)
that early attempts at VEP and MRI monitoring in dogs were not successful and
only became so after refinement of the monitoring techniques. Thus, although
there is some evidence that evoked potential changes occur in association with
myelinopathies in humans (Arezzo, et.al., Br. J. Clin. Pharmac.27: 535, 1989),
a specific method shown to be able to detect the GVG-induced brain lesion in
humans - - has not been established, and thus one cannot conclude the
absence of the lesion in humans until a method which has been validated in
humans is employed. On the other hand, evoked potential or MRI monitoring
can be relevant in their own right, i.e., not necessarily as manifestations of or
markers for GVG-induced intramyelenic edema, but as independent
manifestations of GVG-induced neurotoxicity. (However, note that possible
changes in evoked potentials or MRI! associated \Fpilepsym se may

complicate interpretation of any effects seen.) yth :

Based on correlations between increased GFAP staining and the
presence of GVG-induced brain vacuolation in rats and dogs, the sponsor
suggests that GFAP staining could be used in humans to differentiate drug-
induced vacuoles from "artifactual" vacuoles. There are some problems with
this; e.g., while in some brain areas drug-induced vacuoles and increased
GFAP staining were co-localized, they were dissociated in others (i.e.; vacuoles
present without increased GFAP staining and vice-versa). Thus, for example,
the presence of vacuoles in the absence of increased GFAP in hum%?_s might
falsely lead to the conclusion that they were artifactual. (Also, | amAstire if the
vacuoles which have been seen in control animals [the incidence of which was
often considerable] or in humans are truly artifacts, as the sponsor seems to
suggest, or represent a background spontaneous incidence of
vacuolation/intramyelenic edema [or possibly are of both types]. | am not
aware of any accepted histological criteria for distinguishing between these,
including the absence or presence of a GFAP response. In the rat GFAP study
some vacuoles were seen in controls associated with normal GFAP staining; if,
for example these vacuoles were not artifacts but true, background vacuolation
of insufficient severity to result in increased GFAP staining, then it is possible
that a mild drug-induced vacuolation in humans, also of insufficient severity to
result in increased GFAP staining, would be falsely concluded to be artifactual.
Another scenario might be if the control rat vacuoleswere artifacts, then true
background vacuolation in humans, which might be associated with increased

- GFAP staining [this possibility not having been ruled out by the rat results] ,

would lead to the false conclusion of a drug effect in humans). The reported
occurrence of gliosis.in epileptic patients might further compromise the
usefulness of this approach.
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B)

Retinal lesions

"Retinal degeneration" (see earlier for more specific descriptions) was seen in
albino rats of both sexes and in female mice at doses as low as 30-50 mg/kg/day p.o.
It was not seen in dogs and monkeys. Reversibility was not examined. It was not
detected by routine ophthalmoscopic exams. It has been noted that there is some
similarity between the lamellar organization of the membranes of the affected retinal
components (rod outer segments) and myelin, suggesting a possible connection '
between the retinal lesions and the brain intramyelenic edema. In this regard it is
notable that hexachlorophene, which also causes intramyelenic edema, also causes
retinal lesions in rats (Towfighi, et.al., Laboratory Investigation32: 330, 1975); this
retinal lesion may be similar to that caused by GVG although the degree of similarity is
not clear from the descriptions provided; hexachlorophene also caused additional
changes thought to be secondary to optic nerve lesions (idem.).

Cleft palate in rabbits

The incidence of cleft palate was increased in each of 2 segment Il studies in
rabbits. The overall incidence was 9/103 fetuses (4/17 litters) at 200 mg/kg and 3/131
fetuses (2/17 litters) at 150 mg/kg. (None in other groups; next lowest dose = 100
mg/kg). Large decreases in food consumption and transient bodyweight loss were
seen at the affected doses. Resorptions were increased at 200 mg/kg. No teratogenic
effects were seen in segment Ii studies in rats.

Transaminase decreases

Decreases in ALT and less prevalently AST were seen in the animal toxicity
studies. This was attributed to the pharmacological action (i.e., transaminase
inhibition) of the drug. This should be kept in mind when using transaminase levels to
evaluate potential toxic effects of GVG (or any other cause) in humans.
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RECOMMENDATIONS:

This NDA is approvable. Recommendations concerning proposed labelling are
made in the previous section of this review. _

6M*Q‘*W

Barry N. Rosloff, Ph.D.
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