
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































vi.

PND 65. Post-treatment BW gains continued to be reduced in males (8, 13, and
24%) but not females. Terminal body weights in the respective groups were 5,
11, and 27 below C in males and +2, -1, and -18% above/below C in females.

Developmental Landmarks

The days on which preputial separation or vaginal patency were observed
significantly increased at the HD (Table 1.1.2). These delays in sexual maturation
correlated with reduction in BW, -although BW at maturation was significantly
reduced only in males.

Ophthalmologic and ERG Examinations

According to the consultant's report, there were no indications of T-R ocular
damage in the ophthalmoscopic examinations. The ERG measurements (onset
latency of the b-wave [1 Hz], baseline-to-peak amplitude of the b-wave [1, 10, 15
Hz], and peak-to-peak amplitude of the oscillatory responses [1 Hz)]) were
generally comparable among the dosage groups in all testing sessions, and
according to the report, there was no evidence that drug exposure was
associated with altered ERG responses at the doses and time points evaluated.

Developmental Neurotoxicity Testing

In males, the average startle response during the habituation phase was
attenuated somewhat (not statistically significant [NS]) at the HD on PNDs 59-63
and increased (NS) at all doses on PND 89-91 (Tables 1.1.3). There was also an
increased response to prepulse inhibition at the MD in the recovery period. There
were no apparent changes in females at either evaluation time.

No clear effects on motor activity (number of movements and time spent in
movement) were seen during the dosing period (PND 56 +1 day) or during the
recovery period (PND 86 1 day).

In the FOB, landing foot splay and forelimb and hindlimb grip strength (maximum
and average values) were dose-dependently (D-D) decreased (statistically
significant [SS] in MD and/or HD) in treated males and females during the dosing
(PNDs 56, 57, 58 or 59) and post-dosing periods (PNDs 87, 88 or 89). BW on
day of testing was decreased (SS) in MD and HD males and in HD females.
(Tables 1.1.4-5)

In a simple water (M) maze conducted during the recovery phase (beginning on
PND 105), there was an increase in the number of HD females (3/18: 6707, 7107
and 7307) that failed to meet the criterion during the reversal learning session
(Table 1.1.6).

Although there was some tendency (NS) for increased latencies in treated
groups in the Morris maze, particularly during the initial trials, there was no clear
effect on learning or memory in this test (Table 1.1.7). It should be noted that this
was performed very late (PNDs 153-177) due to the test being added to the
protocol after the study had started.

Reproductive Performance (13th week of age, 1:1 non-sibling mating)

Estrous cyclicity was D-D reduced in treated females (Table 1.1.8). The mating
and fertility data are anomalous, and do not allow a valid assessment of drug
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effects. Only 50-60% of C, LD, and MD rats mated, while 90% of HD animais
mated: thus, while there is the suggestion of an effect on fertility, the D-R is non-
monotonic (fertility index: 100.0, 45.4,66.7, and 93.8% at C, LD< MD, and HD).

Reproductive outcome parameters at laparotomy were generally similar among
groups; however, due to the poor pregnancy rate only 9, 6, 8, and 15 litters were
available in the C, LD, MD, and HD groups, respectively.

There were no T-R differences in sperm parameters. Absolute testicular and
epididymal weights were decreased in HD males, but relative weights were
increased.

Pathology

No T-R gross lesions were observed. Terminal body weights were decreased in
MD and HD males and in HD females. Absolute brain weights were significantly
reduced at the MD and HD in males and females (Table 1.1.9), and epididymis
and testis weights were decreased at the HD. However, relative brain (Table
1.1.10) and testis weights were increased at the HD. Terminal body weights
remained significantly reduced after the recovery period at the HD. The brain
weight reductions also persisted into the recovery period (SS in HD males and
females after 19 weeks).

Microscopic Findings:

Of the 20/sex/group necropsied on PND 67, 1/2 were perfusion-fixed and the
brains and retinas of all of these animals from all groups were microscopically
examined by the study neuropathologist. The other 1/2 had tissues immersion-
fixed and a general histopathology examination involving all tissues from the C
and HD groups was performed by the study pathologist. Another subset was
necropsied during PND 196-210 after an approximately 19-week recovery period
and 10/sex/group were perfusion-fixed for neuropathology examination by the
same pathologist.

With the exception of the CNS, all tissues appeared normal on histological
evaluation. For the immersion-fixed tissues, three sections of brain were
examined from each C and HD rat. The report noted that “vacuolations in white
matter and/or gray matter of minimal or mild severity involving one or more brain
regions of posterior thalamus, hypothalamus, hippocampus and/or brainstem
(midbrain and hindbrain) were evident in 8/9 males and 7/9 females administered
50 mg/kg/day of Vigabatrin from Group 4 and terminated on PND 67.”

All perfusion-fixed HD male and female brains examined by the neuropathologist
had increased levels (over background) of vacuolation within the neuropil of
selected brain regions on PND 67 (Tables 1.1.11-12). The following is verbatim
from the neuropathologist’s (Robert Garman) report: '

“The most commonly affected brain regions included the following (listed
in the approximate order of frequency affected): central midbrain
(tegmentum), substantia nigra, dorsal subiculum, medulla oblongata,
hippocampal CA1 region, thalamus, deep cerebeilar nuclei and basal
forebrain (particularly the medial forebrain bundle). in most of these
regions, vacuolation was graded as minimal to mild. Although some
white matter tracts had increased numbers of vacuoles (vZz the medial
longitudinal fasciculus and medial forebrain bundle), most foci of
vacuolation were present in subcortical grey matter or mixed grey and



white matter regions. The specific cellular/subceliular locations of the
vacuoles could not be determined at the light microscopic level. Although
vacuolation in brain sections often represents a nonspecific finding
(relative to pathogenesis) and may sometimes be the result of artifact,
the consistent inter-animal pattern of vacuolation in the high dose group
rats and the absence of this degree of vacuolation within the other
treatment groups in this study indicates that the vacuolation represents a
treatment-related effect... Within the substantia nigra (which was not
present on section for all rats), vacuolation always involved the most
lateral portion of the pars compacta. Within the midbrain, the most
consistently vacuolated region was within the medial longitudinal
fasciculus and the adjacent neuropil present just inferior to the midline
raphe nuclei. In the cerebella, vacuolation was typically restricted to the
deep cerebellar nuclei. [Note that only a minority of the rats had the deep
cerebellar nuclei represented within the sections.] Although the CA1
sector of the hippocampus was occasionally characterized by minimal to
mild vacuolation, it was the dorsal subicular region (immediately medial
to the CA1 pyramidal layer of the hippocampus) that was most
consistently vacuolated.

Two MD males also had single foci of minimal neuropil vacuolation (*in the dorsal
subicular region of one rat and in the deep cerebellar nuclear region of the
other”). Although one HD female rat had a unilateral focus of gliosis within the
hippocampus, this was considered by the neuropathologist to represent a
background lesion. Dr. Garman also considered several instances of Fluoro-Jade
B staining to represent background degenerative processes even though these
were also only seen in MD and HD animals. Other microscopic findings within the
nervous system other than for the eye were considered to be incidental; this
conclusion seems questionable in some cases.

With the exception of a minimal finding in 1 C female, retinal dysplasia (minimal
to mild, “characterized by the formation of rosettes within the outer nuclear layer
of the retina that typically protruded inwards into overlying inner nuclear layer”)
was detected only in MD and HD males and females.

Although frequencies of both neuropil vacuolation and retinal dysplasia were
decreased in the post-recovery period rats, minimal to mild vacuolation (“highly
restrictive in location”) was present in 2 HD males and 1 HD female. In all three
rats, the foci of vacuolation were restricted to the deep cerebellar nuclei and/or
pons. One focus of vacuolation within the deep cerebellar nucleus of the HD
female had two small-sized foci of mineralization. There was no evidence of
gliosis (based on GFAP staining) in any of the foci of vacuolation. The Fiuoro-
Jade B-stained sections from recovery rats were considered to indicate only
background degenerative processes not refated to treatment. One HD male and
5 females (2 each in LD and MD groups and 1 HD) had retinal dysplasia (all
minimal in degree).

viii. Plasma drug levels
TK data are summarized in Table 1.1.13 below.
Conclusions

Administration of VGB to young rats from PND 4 through PND 65 at doses of 0, 5, 15, or
50 mg/kg increased mortality (HD), decreased BW gain (MD, HD), produced clinical signs
of neurotoxicity (spasms or tremors at HD), delayed sexual maturation (HD), altered



estrus cyclicity (all doses), decreased absolute brain weights (D-D), and produced
neurobehavioral (altered FOB performance, deficits in maze learning) and
neurohistopathological (brain vacuolation and retinal dysplasia) changes (MD, HD) in
treated animals.

Table 1.1.1 Body Weight Gain in Juvenile Rats
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Table 1.1.2 Morphological Landmarks in Juvenile Rats
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Table 1.1.3 Acoustic startle response in males during the dosing and post-dosing periods
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Table 1.1.4 Functional Observational Battery scores in males during the dosing and post-dosing periods
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® zC 2% i 4
Maximem {6} HMERRES . T, €37.5 = 230.0 g€2.3 2 2.8 55%.2 * 2Z&.€ 244.3 T 135.3%*
Arexage I8 MEXN2S. D ES6.0 £ 175.7 £08.2 132.8 5¢5.4 & 20E.8 306,58 £ 12D .9%W
HIKDIIHE GRIF TEST
Haximum {8} MEXF15.D. 478,82 £ 128.9 43€.8 ii€.z £65.5 £ 7E.0° 2$5.8 &£ 72,5
Average (G} UERKES. D, 4IB.§ 3+ i02.7 ag4.2 * £3.% 2E5.0 2 VT 4° 288,86 X BF_Z%v
LENDING TOOT SELAY
Average M} MEEN%3.D. 7.38 &£ 1.31 é.86 £ i.81 £.11 % P-toad .82 £ 1.90%%
EGDY TEXFERRTIURE {°T) MERNEZ . D. 37.4 = 0.8 27.%5 £ 3.5 37.2 % B.& 27.8 £ £.7
WEIGHT {5} MEXNt3.D. E35.2 % B5&.%2 €07.6 & T8.8 $32.8 + 4€.1* 268.4 £ 43.B2*
Ztegary number for Gescriptive test isem.

=
Scoze sssigned o graded veat items; mean score was calculaued by multiplying each scoze hy the numker of sata mivh thas score

ans then dividing che sum of she products by the toval number of rats

a. Dm2age oczwszed on pestnatal days 4 vhrough £5.
+ 3Bignificantly difF from she trel group vailse {S0.05).
*»  gignifizantly difE £rom the group vaius (50,01} .

Table 1.1.5 Functional Observational Battery scores in females during the dosing and post-dosing periods

FRAGE GRS I II IIE pats
DOIRGE {HG/RG/BRYIS 5 B 18 50
SUBSZT T
TOSTHAIAL DAY B¢, §7, 58 OR 58
FEMALE RATH r 248 2z 29 isp
ING RESECHSE
Sres land on ground i 29 i 20 1
= on mide ¥ o 1 5 2
2 on bash ¥ ¢ B 5 a
MIZE SCORE o) 1.8 1.0 i.0
FUFIL RESEO¥IE TG LIGHT ® 20 18z 290 13
FORELIME GRIF TEST
Magimm (G} UEARES.D.  283.0 x BE.2 2889 & 94.5 256.5 * 8B.Z 200.8 * &7.3%*
Zwezage (S} MEAWSS.D.  29T.0 % 2.8 241.2 % B6.2 222.9 * &5.9 176.4 & B4.8%%
DLIME GRIF TEST
Mamimum (€} MEZNE3.D.  370.28 % JE.8 3385 % 1147 224.5 * 8%. 2582 & 48.2%*
Average (8} MERK:S.D.  33i.5 & €2.% s3e.4 * 94.% age.z & 71.9 2356 & S5.4%*
LARDING FOOT SPLAY
serage (CH} MEARS.D. €4t 0.8 s.4 £ 1.2 6.1 & 6.8 5.0 £ p.ges
BODY TEMPERATURE (*C} HEANS .. 28.¢ : 0.§ 3z.4 & 0.5 22 6.5 3.5 £ 9.%
WEISHT IG) MEAR$S.D. _ 21€.3 % 8.3 2z2.5 & 22.0 233,31 * 35.7 174.4 & 18.8%2

Tavegoty mumber Zor GescIiptive test isea.

Scoze issigned to graded test items; mean Srore was talvslaved hy multiplying each scoze by the number of zass wish what score
and then dividing the sum of the products by the total mumber s ravs
Dosage cccurred on postnatal days 9 shrough £5.

®. Exciude= rat 1768, which was nov tessved for Functicnal chaezvation bastery.
. Breiudes zat 2106, which was not tesged due st cormeal opavisy.
>

£xom whe srol gToup value (£9.3%3.
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DUERGE GROUF I I 11x v
LOERGE (MG/RG/DAY)a o £ 15 58
BUESET 3
TOSTNMATREL DAY &8 2 I
FTEMRALIZ RAT3 4 z2 2% 22 15k
RIR RIGHTING
t Ril feet land om ground ® 24 22 22 13
1 [ & ¢ L
¥ [ i ¢ B
MEZR SCORE 1.8 1.8 1.2 1.0

EGEIL RESPONSE IG LT 13 2% 29 25 i
FORELIME GRIF TERT

Haximam {G§ MERNEE.D. 378.2 28,8 383.8 z ES X2 x BZ I

Bvezage (G} HEANES Do 3Z8.35 i16.5% 8851.1 2 k3 228.7 £ 71 *
HINDLIMB GRIF TEST

Harimum {5} HERRES D, 295.6 & BE.1 28£.8 £7.% 2%41.8 & TE._¢% £+ &5.5

Average (&} MERK5.D. zZ€2.8 £ €3.3 -0 S L 217.1 & &B.2v x Bg.ge¥
LANDING FOOT JFLAY

Average ¥} MEXKNZS.D. §.47 = 5.8 £ :1.17 s.18 t 5.8% 4.18 & 5.B5¥%
BODY TEMBERATURE i°T) MERKES.DM. 37.3 = G.4 82.2 = 0.4 7.9 * ©.¢ * 2.5

REIGHT (&) MEANES DL z68.1 * 3%.% 29£.4 % 21.2 234.4 * 2€.§% 236.€ £ 31.312%

Chtegory numbes far deacripbive fest

Scoze amaigned to graded Test items; mean score waa caleulased by mult

each scoz= by the number of rass wish that sroze
snd then Qiriding the sum of she products ky the total number of rats

2. BDosage oczurred on po dzys 4 throuwgh €S.

©. Eucludea zrat 7267, whi found dead om postnasal day 5%

« Bigrificantly Gifferent fxom the group walue (£9.08).

v» Significantly diffezent fzom whe consrel gTeup value {s%0.01).

Table 1.1.6 M-maze performance in female rats during the post-dosing period (PND 105)

TOSALE GRCED b4 £
fowsite Rt p e @ sn
Joiwsons 5
fsios tvi Bk ] ki ESo ] e
HRERLA T f“n‘m"mw HEANES o3 B
MERMS . S 44 % %42
HEBNLE 5. 13,8 3 &3
MERS -
E $de S B is
EREAIS 1O CRETRRIM ol e b s i v 2 33 #.7 ¥ 2.&
ERRCRE PER MM, MESHYE . RN ] B ¢ B35
IATEEGE THEAL 33 PESNRE D % B i POV I
EESERINL SESavet )} S Lt
TS Ve Cﬁ’??ﬂaﬁ! BE g
B 2
IaERCY TERA 34 %4 % ¥
FfuRh o LERRE 2 2
e Ssserest o \dysé 1 45
k. W{m 1 Hawrsdag Pragel ami 2 iilsnentisn Fha of spasiing whoe sapsrated by x 30 aservats Pevesand Sessd

¢ Ehe zek had Bat S cfiterien fad the lnbed
s, wach Sound dewt o usetmdel ed sancifiond.
in ¢

socisrred Ymrpiietely
z. Eanhuden wilues Bar &

phane of the sesand Lt smisian.

e

4. T L Sk
w.  Sebar ol oabe t;:m!" i st mm!: phc exitynion in Swesicn & 4 drag Fovaslv R : Fhissa) valuwe For thowe
FaAtE WErR Gxel Spn winn end shatiatical woalypnes.

vy elosdtiosabiy Aif0seent frodm hs eongesl grddp walue (put. UL .
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Table 1.1.7 Morris Maze performance in juvenile rats
Males

TREARE TR ¥ B i 135 E<
BUGASE SHGT BRI & # 43 i85 a8
SURERT &
——c
POSTEAYEL fava 1B} TRRouMN 1t
RATS PRI w i B 38 &8
spusion ¢
AP TRIKLS ia3 W 2 8L R, BE.F £ 102 3.0 % 824 38.0 ¢ 0.4 LRI -
AVERGE TRIRLS 1% WA & 5.0 5.2 2 1% $Ba 2 b 355 ¢ 8352 .4 5 8.0
AUEIUR TRERLS ey HEAK % 8.0, Bt 48 5.4 ¢ 1.2 1E2 s iEl2 rt-3% BE SN 3 §
FEOEE TN {¥ie A g 5.8 % §3.% 3E. B3.% £ 1%
SESSION I
SERSAE TRERLE de3 WK 2 £S5 24,0 ¢ A .5 2 8.1 3.3 ¢ $E.% g g di 1
AVERAGE TREXLS 108 wEAE & G0 : vdt X% $.8 2 2.3 4.5 £ £.3 $Haey LE
AVRAURE YREALS 1033 R .9t 4.9 ol w &8 8.5 % 2.5 ¥ s 4.7
PEONE TRINL {dje VEAK 2 8.0 5.3 4 333 EE X Y SE,3 ¢ 362 CEREAR S
LRESIOK ¥
URRARE TAIKES e [T PRI BN | 8.2 £ 833 5.4 ¢ 0.5 5 s 2.2
VAR 2 8 #.¥ 3 8.8 [RIEIEN 1 3.2 % &4 L I ¥ 4
PURRURS TREME TRy HRAE 2 BN LI A TR & 5.8 Ty 2. B.% % 3.4

EEOEE TRINE fvis M & 4.t L3S I X3 J0

FVEORRE THRIALS = IVERASE TIME (SNCTHIGY T SEMCE TRE PLOPFOISE PSR ALL (TS N b SROUT RIS R sWERTEIEL
B, Dodagh civtreed 4m Hoek iy % thaeugh 5.

B g ol The reta reaed prstrmtad day 53 thrsegs 37T hesting weouread sune o Woee day pErbed for wach rats
2. Puokw tr¥el mew vwsorded fn setuhdy wnd vepexied ax % peruenteys of vhwe the yat spent in the gmel uedesns.

Females

RORRIR SR i () xaf w
BOURIEE_ SHBIGIIRY A 8 k3 i £
poith ]
POAYRATIS DATE IR¥ poumt 11V
GRS TRETED » pt) ¥ ik k<4
BRBAGE REXIS P03 WEAK ¥ 9.5 % o2 A3 2.5 2 382 W P N
WG RIS 8 Kl x 3.0, B 2 3.3 X 2 328 e.8 ¢ € .2 2 834
RUERALE TRIAIS TeN2 Ak & 5.t Bk NE .48 B8 .32 %2 s % ERE
froms b SR H AR 2 8.8 E N2 423 2 2N LR X 4.7 2 SR
seagEey 8
FNERADE SIS B0 HEAN B . 10 g f 1 I I 240 © W8 e % 5.5
HUERRMZL TPERIS B HEAR 2 BT Wil %6 2w R LT I S N 324 2 4%
XERARE RIS Vet 21 - 8 <N %.8 & £.9 .53 5.4 LN ] .3 x 8.3
Pras weal e HERAN £ B.f £4.3 £ §8.% 3.1 % 4.0 51.% % 3%.8 W g WA
SEGSINE §
RPN TRIRLE &3 rER £ BB %2y ¥ 3.8 £ 353 IR N 0.4 % $8.8
T sid 3 s
RNEBAGE TRIALE 408 shan & 5.0 Y e 2.2 2.3 % 3.¥ ey 5.2 .9 % %8
[T ER
ANBRSAS TRINUE Vef3 WEAN £ 3.0, #.8 % 4.5 .42 &3 .8 % 8.2 2358 M2
i 81 i %e
PROVE TRIAL FRiw BRI £ B0 ¥4 & 1a.8 332 8 55.8 .6 3 5.3 3.8 5 234
[ _3ia L Sid
e

WERAGE TREALE - AVERSGE TING (URCONDEY Yo RO Ton FLNTROEN POR ALL RATS IN % ROED RO fEE ARTEEERR TRINGS

11 = Uil oF WALSES AVRBMGED .

@, Doghge coourewd of posEastEd degi & thocugh #5.

B, Mg of W daky veaged Sies poatastal day 353 dhaobyd 30Ty Sesbing scuuined over » Shees dey period dor w»ach 6%,
%, grohe Lidal e cevhedad ia secefs sl SApsated 4 s perewatage of tfwe v et b sl gosdeans,

d.  Besludes wslums for pabs s Bad sb axeer duclegs taeting fu sxdeios 3,
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Table 1.1.8 Reproductive performance in juvenile rats.

DOERGE CHROUE I 1z
DUEHGE (MESRE/TA 2 & 5
PATE IR COEMESTRTION # 2 (3 5
DRYS I¥ SURABITATION £, HMEMES.D. .o 2.4 2.5 & R.% 5.7 8 2.3 30 E LB
RATS TEAT MANIED ¢ Mg} 107 86.97 336 EV.E) bR - AR 184 $8.9%
FERTELITY JNDEY o, & M8 I8 G LTRSS &8s 1ax X872 3%
%32 $E03.0) [ 2931 [N { &3.Bt

FATS WITH QOAUTIRMER
MATIRG DRTES H 1 iz 1% 3%
MAIED WITE FERALE g

TAYE 1T Bigg WEEB. G} FIIGGEN IZLEODLGY pETRL L H

FATS FREGRMT/RATE IR .
CRHRBITATION & HIR £ 20

15 (- N 4
2. Dozage osouered of pesitatal days ¢ thpough E5.
B, Beglodes waluns for mabs that wele uat assigned o9 oohabitatisd DRoauss thers wels a¢ avilable fumis pats.
. Rostricted fo eans with & condirsad wating date and sRts that did aot mate.
4. includes anly one mating for sanhk male at.
%, Husker »d pragmanoiswinenber of mts Lhat pated.
£, Includes enly wne poesnancy 0L sach fakl thek lsprogrased mexg Lhay GRe Zemalx gwi.
. Bestoicbed o pall 2 confiopud mehing datg.
*

DOSAGE GROTF

I II ZIE v
DOSACT {MGE/XG/BAY]a [ & is &3
E3TRCTS CTCLING CREERVATIONS ’
BATS TVAERUATZR ¥ 2¢ z% ¢ 13
ERECCHARITATION ESTROUB CYILING
L3TROUCY ETRGEES MEAR£E D, 8.5 2 2.4 LG 4.7 2 2.8 14.5 + 3.2
2 DRYS3 { 1¢ib [ 1233
RAT3 $ITE & CR MORE
CONZECOTIIVE
DEY3 OF DIZSIRUS # 4 7 Z 3
EXT3 WiTE 6 Ok ¥ORE
CCRZECUTIVE
DAY3 OF EITRGS x e 2 13 i
{ 1 = ROMSER {F VALUES 3VERRGED
%. Dossge e on P days # ok €%
b. Exciudes valwes Zox zats that weres Ssund dead or aacrificed due co neribund condition.

Table 1.1.9 Mean brain weight and brain/bw ratios in juvenile rats at the end of treatment

Absolute (gm) Brain/BW Ratio (%)
Male Female Male Female
Control 2.18 2.05 0.563 0.925
5 mg/kg 2.09 2.04 0.589 0.925
15 mg/kg 2.02** 1.95* 0.600 0.910
50 mg/kg 1.94** 1.79** 0.636 1.026*
* p=0.05
** p=0.01

Table 1.1.10 Mean brain weight and brain/bw ratios in juvenile rats at the end of the recovery period

Absolute (gm) Brain/BW Ratio (%)
Male Female Male Female
Control 243 2.16 0.349 0.591
5 mg/kg 2.40 213 0.348 0.582
15 mg/kg 2.37 2.06 0.371 0.575
50 mg/kg 2.23* 1.96** 0.439** 0.683**

* p<0.05
**p<0.01
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Table 1.1.11 _
SUMMARY OF MICROSCOPIC DIAGNOSES — PND 67 MALE RATS

GROUP: 1 2 3 4
Kumber of animals inciuded ¢ 16 001G
Piriform Cortex
‘Kurber of Tissues Examined 16 10 t0 19
Microascopicalily Normal 15 i3 1D S
RBo. With Microscopic Diagnosss Q G o 1
NEDFRCPIL VACUCLATION g p ] 1
miig - - = 1
NEURCH DEGENERATION (FLUOROQ-JADE) g 2 o 1
minimal - - - 1
Frontal Cortex
Kumber of Tissuss Examined 1% 15 i0 1D
Micraoscopicalily Normal 14 1¢ 1o 1&
Cinguliare Coriex
K¥umber of Tissues Examined 10 1D i0 10
Microscopically Noxmal 15 10 10 148
Sepral Hucledi
Kumber of Tizsues Examined 16 16 1o 1¢
Microscopically Normal 19 19 %0 Q
No. ¥Hith MHicroscopic Ddagnoses ke 3 0 1
NEDRCFIL VACUCLATION o G 0 1
minimal - - - 3
Anterior Cormmigsure
Fumber of Tissues Examined 1¢ in g 18
Microscopically Normal 14 10 101G
Pariectal Cortex
Rumber of Tissues Examined 19 13 10 1¢
Micrescopically Normal 15 10 10 10
Caudate Mucleus/Patamen
Fumbexr of Tissues Examined 16 16 10 1§
Microscopically Normal 19 30 10 19
Glebus Pallidus
Rumber of Tissues Examineg 10 10 10 10
Microscopically Normal . 15 10 10 18
Basal Forsbrain
Rumber of Tissues Examined 19 10 14
Micrescopically Hormal 1D 3 10 &
¥o. With Microscopic Diagnoses . 0 ¢} 0 4
NECGROPIL VACUCLATION L] g 1] 4a
minimal - - - 3
mild - - - 1
Corpus Callosum
Kumber »f Tissuss Examined 19 10 10 19
Microscopically Normal 19 10 10 10
External Capsuie
Kumbexr of Tissuea Examined 1¢ 10 10 19
Microscopically Hormal 18 i o 14
Internal Capsuie
Number of Tissues Examined 1¢ 10 10 19
Microscopically Normal 19 10 10 10
Anygdala
Rumber of Tissues Examined 10 i3 10 1%
HMicroscopically Noxmal 16 19 19 10
Retrosplenial Cortex
Kumber of Tizsues Examinsgd 19 1¢ 10 1o
Microsoopically Normal 16 10 1o 1§
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Supiculum
Kumber of Tissues Examined
Microscopically Hormal
Wo. With Microscopic Dlagnoses

NEGROPIL VACUCLATION

minimal

mild

Hippocampus, CAL
Number of Tissues Examined
Microscopically Normal
¥o. Hith Microscopic Diagnoaes

NEURCPIL VACUOLATION

=]
=
™
[+

Hippocampus, CAZ
Number of Tissues Examined
Microscopicaily Hormal

Hippocampus, CR3
¥umber of Tissues Examined
Hicroscopically Y¥ormal

Hippocampus, Ch4
Rumber of Tissues Examined
Microscopically Normal

Dentats Gyrus
Rumber of Tisaues Exemined
Microscopically MNormai

Thalamus
Rumber of Tissues Examined
Hicroscopically NHormal
No. With Microscopic Diagnosss

NEURCPIL VACUCLARTION

minimal

miid

Hypothalamus
NMumber of Tiassues Examined
Microscopically Normal
¥o. With Microscopic Diagnoses

NEUGROPIL VACUCLATICH

minimal

mikd

Temporal Tortex
Humber of Tissues Examined
Hicroscopically Normal

Occipital Cortex
Nunber of Tissues Examined
Hicroscopically Normal

Fornix
¥umber of Tiszsues Examined
Microscopically Hormal

Manillary Bodies
¥umber of Tissues Examined

No. With Microscogpic Diagnoses

NEURCPIL VACUCLATION
miid

15

19
12

19
1o

19
1D

19

10
19

19
10

19
1@

19
190

19
1¢

14

in
1c
Y

10
10

in
13

16
10

10

in
1D

i
in

ERE]

ig
10

ig
13

%3
[l -G

| =

i0
id
o

10
10

10
10

(3 I o] o e (1007, )

M

L>]

18
18

14
i2

1¢
14

18
19

=



¥idbrain
Fumber of Tissues Exemined
Migroscopically Normal
¥o. With Microscopic Diagnoases

HNEGROPIL VACUCLATICN
minimal
mild

Entarhinal Cortex
¥umber of Tissues Examined
Micrascopically Normal

Subscantia MNigra, Comp
Fumber of Tissues Examined
Ko. Hith Microscopic Dlagnoses

HNEUROPIL VACUCLATION
minimal
miig

Substantia Migra, Retic
Fumber of Tissues Examined
¥o. With Microscopic Diagnosss

NWEUROPIL VACUCLATION
minimal
milg

Cerspral Teduncie
Kumbex of Tissues Examined
Microscopically Normal

Cerebellar COrgeEx
Humber of Tisswes Examined
Microscopically Normal

Cerapellar nuclel
Kumber of Tisscges Examined
¥o. With Microscopic Diagnoses

NEUROPIL VACUOLATION
minimal
miid
moderate

Cerspellar Whice Matter
Number of Tissues Examined
Microscopically Normal

Ponsg
Kumber of Tissues Examined
Microscopically Normal
No. With Microscopic Diagnosas

NEUGROPIL VACUCLATION
mild

Trapezoid Body
Bumber of Tissues Examined
Microscopically Normal

Vastibular Mucleus
Number of Tissues Examined
Ko. With Microscopic Diagnoses

NEUROPIL VACUOLATION
miiad

16

10
1g

10
18

18

1¢
1%

13
is

16
i

10
i

1
i0

id
in

10
k1]

i)

14
&
14

18k

1%
g

[N W b (R

b N

1%
1¢

10
1%

(]

]

14
14



Reticular Formation
Number of Tizspes Exanined
Microscopically Normal

Medulia Ohlongata
Numher of Tissues Examined
Hicroscoplically Hormal
YWo. With Microscopic Diagnoses

NEGROPIL VACUCLATICON
minimal
miig

Pyramids
Nuomber of Tissues Examined
Microscopicaily Normal

Trigeminal Tract
Number of Tissues Examined
Microscopically Normal

Spinal Cord, Cervical
Yumber of Tissuss Examined
Microscopically Normsai
No. With Microscopic Diagnoses

ZXON DEGENERRTION
minimel

Spinal Cord, Lumbar
Yumber of Tissues Examined
Microscopically Normal
¥o. With Microscopic Dlagnoses

ZXON DEGENERATION
minimal

Spinal ¥erve RoOLS
Wumber of Tissues Examined
Microscopically Normal
Ro. With Microscopic Diagnoses

NERVE FIBER DEGENERXRTICN

Dorsal Root Gamglia
Wumber of Tissuss Examined
Microscopically Normal
No. With Microscopic Diagnoses

GERGLION CELL PALLOR & VACBOLRTION

GZasserian Ganglia
Kumber of Tissues Examined
Microscopically Normal
¥o. With Microscopic Diagooses

GANGLICN CELL PRLLCR & VACUOLATION
mild

Sciatic Nerve
Wumber of Tissuss Examined
HMicroscopicaily Normal
Ro. With Microscopic Dlagnoses

NERVE FIBER DEGENERATION
minimal

17

14
1g

id

14

S 18

14
1¢

14
15

L]

[
[T ) b [E S~

[y

12
19

19
140

15
10

10
10

ic
ig

pii]
10

10
190

10
1d

10
30

10
10

]
= G

=

[
[ =

.

14
10

oo &
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Tikial MNerve

¥umber of Tissuss Examinsd 16 i3 19 18
Microscopically Normal 14 310 10 9
Ro. Rith Microscopic Diagnoses 0 G i} 1
NERVE FIBER DEGEMERATICN ] 3 .0
minimal - - - 1
Brain, NOS
Kumber of Tissuss Examinsd ] 3 1 g
¥o. With Microscopic Diagnoses - - 1 -
HYDRCOCEPHALUS - - 1 -
minimal - - 1 -
Eye
Number of Tissues Examined 10 30 i3 1@
Microscopically Normal 5 il 7 7
Ko. With Microscopic Diagnoses 3 1] 3 3
RETINDL DYSPLASIZ g ] 3 2
minimal - - 2 i
mild - 1 1
CORMEAL OSSIFICATION 1 O a 1
miid - - - 1
moderats 1 - - -
Skeletsl Muscle
Number of Tissues Examined 19 G g 1g
Microscopically Normal 10 - - 1ig

Group Legend: 1 is @ mg/kg/day, 2 is 5 mg/kg/day, 3 is 15 mg/kg/day.
4 is 50 mg/kg/day

statistics performed using Fisher's exact {i-tail)

a = Significantly different from GROUER 1 at P<={.05

b = Significantly different from GROUP 1 at P<=0.01
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Table 1.1.12
SUMMARY OF MICROSCOPIC DIAGNOSES - PND 67 FEMALE RATS

Mumber of animals included

Piriform Cortex
Mumber of Tissues Examined i¢ 10 10 1t
Microscopically Normal X T X ¢ B R CH & 1

Fromtal Cartex
Number of Tissues Examined : 19 1% 16 11
Microscopicallily Normal ¢ 1o 18 1i
Cingulate Cortex
Number of Tissues Examined 19 1¢ 1c 1
Microscopically Normal ¢ 10 o4t

septzl Nuclei

Mamber of Tissues Examined i¢ 1o 1o 1t
Microscopically Normal i 10 10 1%
Antericr Commissurs
Mumber of Tisgsues Examined ig 10 1p 1%
Microzcopically Normal 19 16 1o 1l
Parietal Cortex
Number of Tissues Examined 19 10 16 13
Microscopically Normal ig 10 16 1d
No. With Microscopic Diagnoses G v} G 1
NEURCPIL VACUOZLATION s} 51 G i
minimal - = - 1
caudate Nucleus/Putamen
wumber of Tissues Examined i¢ 10 1p 1t
Microscopically Normal ig 10 1¢ il
Globus Pallidus
Number of Tissues Bxamined i¢ 10 19 1t
Microscopically Normal 19 16 16 i1
Bagal Forebrain
Number of Tissusz Examined 16 19 10 i1
Microscopically Normal ¢ 10 1 8
No. With Microscopic Diagnoses g 0 ¢ 3
NEURCPIL VACUOLATICN a a & 3
minimal - - - 1
mild - - - 2
Corpus Callosum
Nuwber of Tissues Examined 3¢ 10 1o il
Microscepically Normal 10 10 1o it
External Capsule
Number of Tissuss Examined 3¢ 10 1o it
Microscopically Normal 1¢ 1o 1o it

Internal Capsuls
Number of Tissues Examined i 19 18 i1
10

Microsceopically Normal ig 1¢ it
Imygdala
Number of Tissues Examined 10 10 19 i1
Microscopically Normal 16 10 106 11
Retrosplenial Cortex .
Numwber of Tissuss Examined g 19 1o i1
Mirroscopically Normal ¢ 190 18 il
Subiculum
Namber of Tissues Examined 0 19 19 il
Microscppicalily Normal 10 10 1% 3
No. With Microscopic Dilagnoses [ [s] o 3
NEURGPIL VACUOLATICN G a T o
rinimal - - - 2
mild - - - 5
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NEURCN DEGENERATION (FLUGORC-JADE)
minimal

Hippocampus, CAY
Mumber of Tissues Examined
Microscopically Normal
No. With Microscopic Diagnoses

NEUROPII VACTOLATION
minimal
mild

Hippocampus, CAZ
Number of Tissuss Exzamined
Microscopically Normal

Hippocampus, CA3
Number of Tissuss Examined
Microscopically Normal
No. With Microscopic Diagnoses

FOCAL GLIOSIS

Hippccampus, CA4
Number of Tissues Examined
Microscopically Nermal

Dentate Gyrus
Mumbar of Tissues Examined
Microscopically Normal
Ne. With Microscopic Diagnoses

NEURON DEGEMERATION (FLUORO-JRDE}
wild
Thalamus
wumber of Tissues Bxamined
Micrescopically Normal
No. With Microscopic Diagnosas

RURCPIL VACUOLATICN
minimal
wild

Hypothalamus
Nuwber of Tissues Examined
Microscopically Normal

Temporal Cortex
Bumber of Tissues Examined
Microscopically Normal
No. With Microscoplc Diagnoeses

NEURON DEGENERATION {FLUCRO-JAEDE)
minimal

Occipital Cortex
Numher of Tissues Examined
Microscopically Normal

nix
Number of Tissues Examined
Microscopically Normal

For

Mamillary Bodies
¥umber of Tissues Examined
No. With Micrescopic Dlagnoses

NEUROPIL VACUOLATION

minimal
mild
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Midbrain
Mumber of Tissues Examined
Micreoscopically Normal
Mo. With Microscopic Diagneoses

JEURCPIL VACUOQLATION
minimal
mild
moderate

Entorhinal Cortex
Numbher of Tissues Examined
Micrescopically Normal

Substantia Nigra, Comp
Number of Tissues Examined
No. With Microscopic Diagnoses

NEURCPIL VACUOLATICON
minimal
mild

Substantia Nigra, Rstic
Number of Tissues Examined
No. With Microscopic Diagnoses

NEURCPIL VACUCLATION
einimal
wild

Cerebral Peduncie
Number of Tissuss Ezamined
Microscopically Nermal

Cerebellar Cortex
Number of Tissues Examined
Microscopically Normal

Cercbhellar nuclei
Mumber of Tissuss Examined
No. With Microscopic Diagnoses

NEURCPIL VACUQLATION
minirwal
mild

Cerebellar White Matier
Number of Tissues Examined
Microscopically Nermal
No. With Microscopic Diagnoses

CYSTIC FOCUS
rild

Pons
Numbar of Tissues Examined
Microscopically Normal
No. With Microscopic Diagnoses

NEURCPIL VACUOLATION
minimal

Trapezold Body

Number of Tissuesz Examined
Microscopically Nermal
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Reticulzy Formaticon
Number of Tissues Examined
Microscopically Normal

Medulla Oblongata
Number of Tissuss Examined
Microscopically Normal
¥o. With Microscopic Diagnoses

NEURCPIL VACUOLRTICON .
minimal
mild

Pyramids
Mumbsr of Tissues Examined
Microscopically Normal

rTrigeminal Tract
Number of Tissuesz Bxaminad
Microscopically Normal

Spinal Cord, Cervical
Number of Tissues BExamined
Micrescopically Normal
No. With Microscopic Diagnoses

AXON DEGENERAETION
minimal

Spinal Cord, Lumbar
Number of Tissues Examined
Microscopically Normal

Spinal Nerve Roots
Number of Tissues Bxaminsd
Microscopically Normal
No. With Microscepic Diagnoses

Spinal Nezve Roots{continusd)

NERVE FIBER DESENERETION
minimal

Dorsal Root Ganglia
Mumber of Tigsues Examined
Microscepically Norm

Gasserian Ganglia
Number of Tissues Examined
Microscopically Normal

Sciatic Nerve
¥urber of Tissues Examined
Microscopically Normal
Ne. With Microscopic Diagnoses

NERVE FIBER DEGENERATION
minimal

Tikizl Nervs

Number of Tissues Examined
Microscopically Normal

No. With Microscepic bDiagnoses

NERVE FIBER DEGENERATION
rminimal

Brain, NCS
Nunber of Tissues Ezamined
¥o. With Microscopic Diagnoses

HYDROCEPHALUS
rminimal
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Eye
Number of Tissuss Examined
Microscopically Nermal
No. With Microsceoplic Diagnoses

RETINAL DYSPLASIA

rinimal

wmild
CORNEAL MINERALIZATICN

minimal
CORNEAT VASCULARIZATICH

mild

Skeletal Muscle
Nuwber of Tissues Bxamined
Microscopicaily Normal
Group Legsnd: 1 is 0 mg/kg/day, 2 is 5 mg/kg/day,
4 is 50 mgikg/day
Statistics performed using Fisher's exact (l-tail)

a = Sigrnificantly different from GROUP 1 at 2<=0.05

b = Significantly different from GROUP 1 at P<=0.01
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3 is 15 mg/kg/day,

Table 1.1.13. Summary of pharmacokinetic data in juvenile rats (Study OV-1007)

Gender Dosze Cmaz LCmazx AUC, ., AUCy,
imgkeday) pgfml peml. perhiml peehiml
D 17 PNIDI &5 PND 17 FND 63
Males b3 288 295 313 645
15 13.6% 1042 18.26 17.33
50 3520 27.1% 123235 8078
Fomales 3 355 322 940 5.58
15 327 7.44 2564 1361
3G 3103 23160 11068 4953
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Pathology working group (PWG) review of potential treatment-related lesions in the brain
of rats from an oral (gavage) repeated-dose toxicity study of vigabatrin (Ovation
Pharmaceuticals, Inc.'s Study Number OV-1007) (EPL Project No. 794-001, dated
5/11/06, Conducted By Experimental Pathology Laboratories, Inc., Research Triangle
Park, NC; GLP)

Methods

In Study No. OV-1007, microscopic examination of multiple brain sections from perfusion
fixed rats fixed showed that all HD (50 mg/kg/day) group rats had neuropil vacuolation in
various brain regions at the PND 67 necropsy. Two MD (15 mg/kg/day) rats were also
considered to have neuropil vacuolation, although the neuropathologist considered the
vacuolar changes limited and not conclusively T-R. The neuropil vacuolation was
attenuated in VGB-dosed animals after the 19-week recovery period but was stili present
in 2 males and 1 female from the HD group.

A Pathology Working Group (PWG) was convened to have a panel of experts confirm the
presence of neuropil vacuolation in the brains of rats in Study OV-1007 and to provide
expert advice on questions pertinent to the observed morphologic changes and their
pathogenesis. The PWG (Henry Wall, Marc Del Bigio, Robert Garman, Georg Krinke,
Reid Patterson, Karen Regan, and Stephen Collins) reviewed all H&E stained brain
sections from all perfusion-fixed rats that were diagnosed by the study neuropathologist
to have microscopic neuropil vacuolation in one or more brain regions and from all control
rats that were killed at the end of the dosing period.

Results

Overall, the PWG panel agreed with the original study neuropathologist's characterization
of the presence or absence of neuropil vacuolation in the different brain regions of the 62
animals examined (Appendix A). The exceptions were said to reflect “minor differences
in diagnoses for alterations that were usually graded as minimal by the study
neuropathologist or graded as minimal by the PWG.” It should be noted, however, that
the number of recovery animals with neuropil vacuolation present was increased in the
PWG evaluation (from 2 males and 1 female to 2 males and 3 females). The differences
did not influence the original interpretation of treatment-related effects and no changes in
original diagnoses were considered warranted.

Based on the results of their peer review of slides and data available in published and
unpublished reports, the Panel provided the following responses to specific questions
regarding the morphologic characterization of vacuolation in the brain of rats and the
relevance to humans (verbatim):

7. /s there general agreement that the primary neurofistologic change /s mufltifocal
vacuolation in the central midbram (fegmenturmy), lfatera/ portion of the pars compacta of
the substantia nigra, dorsal subloulum, decp cerebeliar muclel, postertor thalamus, basal
Torebrain (particularny the meadial forebrain bundle) and porns/medula?

Yes, the PWG confimmed these changes as reported by the Stuay Neuropathologist. 7he

PWG also noted recovery m rafs receiving 50 mokg/day as demonsiated by the
absence of neuropl vactolation in af bul two rats hefd urireated affer PND 67 and
necropsied on PND 796-270. (Note: there were actually 5 recovery rats with vacuolation).

2 Does the fisfologic presentation of these vacuofes provide suiicient miormation 0
oelermine the affected cel(s) i the neuroplf?
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* No, the speciiic characterizalion of the nature of the vacuoles or speciic cells alfected
cannot be defermimed. /f was noted Halt the vacuoles were i neuroanalomic réas
where GABA /s knowr [0 be a predominant rneurolransmiiier.

> However, the HEL-slamed shdes do allow the observer fo exclude the involvement of
Some structures, namefy neuron celf bodies, blood vessels, and astrocylic end, processes
arournd blood vessels as suggested by Hght microscopy.

* There s 0 Nght milcroscoplc evidence of cel degeneration, cell 0SS, or ghosss.

However, mornphomeliic or stereologic procedures would need fo be wperformed fo
quantiy cel /oss.

* Some of the possibiliiies for the pofential focalion of the vacuoles rmcluded prefsrminal
or persynaplic vesricles, and terminals of GABAergic axons, &s i some areas the
vacuoles gppear close o nerve cell booles. 7he possimity that vacuoles are associated
with multiple targels (6.9, axons or denaries, rmicrogha) could rnot be excluded. The
erfect was nol considered fo be an anti-glucose effect

3. Are there methods avaiable with these lissues lfo defermine or confm the cels thar
are vacuolaled?

Morphiologic methods [o explore s possibilty using existing parafin-embedded tissuves
may mclude the use of adaitional special Stams.

* Neuroiijament staiming might e fo localize the effect and characterze the strucline of
the vacuoles. The neuroffament staim may also be useriy for comparing the oiamefters of
axons /11 controfls fo the diamelers of axons i VGB-treated rals.

« Staming for GABAergic neurons (e.g. with parvalbumin may hejp defermme if the
vacuoles are associaled with lerminals of 1hese rneurons.

* Lectin slaming (e.g., Grifonia simpliciions) will demonstrate blood vessels and
miicroghal proliferation. If the vacuoles are 1ot associated with microgha, /¥ would suggest
tat the vacuolation /s more likely fo be maicative of a Huid distribution problem rather
mhan a more destriclive process.

o Amylord precursor profenm (AFPF) was considered fo be rmore speciic than Furo Jade®
Tor staining degenerang neurons. CHromagramin A Immunosiaming was considered fo
be a uselu/ alternale marker 1or damaged axorns.

* Sections stained with the sefected stains showld be evaluated using at least five controls
and five animals at 50 moskg with vacuolated brain areas.

» Luxol Fast BluePeriodic Acid-Schif (LFBFPAS) was cornsidered advantageous Ffor
evalualing axons and myelin fogether. The PAS-stamed axon could hefp fo distinguish
erfects in axorns irom tose that may be linited fo myedrn.

* Review of the avaiable LFB-stained sections may hefp fo defermine if the focculent
malerial observed /11 Some vaclioles contanm hpoprotenms that may have become a cellular
mchision.

4 Are the vacuolar changes mn the white madfer jdentical fo those i the gray matter or
aiierernt?

As viewed by [ghit microscopy within s stuay, vacuolar changes in the gray malfer and
winte malfer are morphofogically simidar. They vary i Size and Somelmes contam
granular or focculent malerial and borders of the vacuoles are mdiscrele.

b Are lhe white-malfer changes consistent with or different fom what is fermed
mlramyennic edema as was described in older rats given VGB?

* The white imalfer inamgs by Jght microscopy are not characteristic of mtramyelinic
edema.

* Sorme difierences that may be observed i older rafs as compared fo younger rals could
e alibutable lo diferences in bloavalabilty oue fo diferent roufes of dosing,

oiiferenices /1 dose, differences i fength of exposwre, age ar start of exposure or at the
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time of neurofiistopatiiologic examinalion, and diiierences m the GABA system (e.g., the
GABA exciialory/infubritory swich)).

* A belter undersianding of the morpholoqy and pariogenesss of whie matter lesions may
claniy aierences 1 /esion gopeararnce.

6. If these changes are different rom mbramyelnic edema, are there fypotheses to
explam why lthese rals /zied lo develop the /esion (seern i rals of equivalent age and
lreatment auralion o these rars) foward the end or the sivay?

1 the -arug /s presernt during the early Siage of myennation, then the myeln may be more
res/siant o the developmernt of IME as Seern 11 rals exposed much later alter myehnaltorn
has commernced (ie., adapialion may pray a rol). 7here may have been diferences /i
olher pertinent 1actors, such as, desigrn, adose /fevel, and duration of dosing.

7. Do you concur that there /s hitle evidence lo /ndicalfe gliosrs, ncreased newronal
O0pI0SIS or Hypoceluarnty that would support /oss of neuropl/?

The PWG concliided that there /s no evidence via Nght microscopy of HE&E-stained
sections lo /ndicale ghosrs, mcreased neuronal poplosis or fQypocelilarnty that would
Suypport /0ss of neuropd. Morplromeliic analysis may be rnecessary lo quanily any
polential imaicalion of a monphologic effect on these struclures.

& Do these microscopic changes mdicate or suggest probable palthogenetic
mechanisms?

The morphfiofogic informalion oblamed via s Stuay /s msuiiiclent fo elucidale the
palfogenssis of the vacuolar change.

9. Do you corncur that the 7few rals with simiar but more focal fesions im the mid-dose
group are 1ot conclusively re/ated fo VGRB treatment?

The PWG conclided that the brams of animals 1 the mid-dose group did rot olifer #om
e controls and were, therefore not aliected by treatment with VGE.

70. Do you concur that the recovery brams inaicaled some reduction in the incidence and
severity of the vacuolar changes ana 1o evidernce /or other neuronal paholoqy.

Yes, the PWG nofed the absernce of vactoles in the brain of most VGB-treated rals
olfowing a recovery period aifer cdosing was discontinued. Three rals i the recovery
S0mgrkg/day group hHad focal vactolar changes i the bram.

77. Would these /lesions fkely lead [o the "spasms” described /i1 associalion with handling
or witf7 the reaced neuromuscuiar perfornmance 1 these rals, or /s the lalfer more lkely
10 be due lo the marked growlh suppression by e /igh dose of VGB?

o Ut the affected celf or possible biochemical and/or molecular changes are belfer
understood, /it /s 1ot possible fo make a aderiniive statement corncering the refationshjp of
the vacuolar fesfons and the chnically described ‘spasms.”

> The ‘spasms” mayor may 1ot be related fo the vacuolar change.

o 7he ‘spasms” could be refafed lo earfer changes (physiological or pharmacological)
what led fo the vacuole formalion.

» Marked growth suppress/on may fiave imfenced ihe neuromuscuiar performance of
hese rals, as measured by /anaing /oot splay and forefindleg grip strengih.

(Note: long-term neuromotor impairment in FOB was also observed in MD females in the

absence of significant growth deficit. Similar findings have been reported with triethyltin

and hexachlorophene).
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72 What studies would you suggest lo better 1//7&’9/.5‘/6/70’ the pathogenesss and fargefed
cells within the neuwropr that becorme vacuolatea?

The Pane/ suqgested further momphologic characterizalion via hght microscopy usimg
HiStochemistry, with lransmission electron microscopy (FM) follow-up fo defermine e
precise anafomic location of the vacuoles. The addifional momphologic characterization
SHoUId sample anmimals at multjple bime points arer exposure begimming orn postnalal aay
4 (PND 4). Sampling is suggested at PND 25, PND 46 and PND 67. Five animals per
group (controls and 50 morkg groups) per time poiit dosed PND4-65, as in the curresnt
Stuay, and using males only were suggested. If feasible, an adaiional five animals per
group per time point should be designated for Feezing of half of the brain for polenta/
fFozern section immunolistochemisiyy and immersion fixation the other fialf of the brain in
Jormalin followed by storage i absolute alcohol (95%) for polential paraiin-embedded
section rmmunofistochemisty. Areas for evaluation Should molude brain (sites where
vacuolaltion was seern via Nght microscopy), oplic nerve, and cervical spinal cora, and the
HNght microscopy should incorporate evaluation of Tum-thick plastic sections, where
practical  These addifional morphologic evaluations are expecled lo provide some
airection for subsequent investigations of the pathogenessis of neuropl vacuoles i the
brains of VGB-treafed jverie rars.

Conclusions

The PWG Panel concluded:

- The localion of the vacuolar changes in the bram mnclude the ceriral rmidbrain
(tegmenturmy), pars compacta of the substantia nigra, dorsal subiculum, pons/inedila,
Hijppocampal CAT region, thalamus, deep cerebellar nucler, and basal forebraim.

« Vacuolar effects may be attrnbutable fo biochemical perturbations in GABAergic neurons
or nerve lermimars. :

o The microscopic evaluation of paraiiin-embedded bramn suggests areas that are 10t
vacuolated (e.g., neuron cell bodies, blood vessels, and astrocytic end processes around
blood vessers).

« Vacwolar changes fn white malfer and gray matter are morplhologically simiar via Hght
rmicroscopy, and have a mornphologic aupeararce that 1s 1ot character/stic of intramyelinic
edema.

- THere /s 1o monphologic evidence or ghiosss, neuronal apoploss or fypocelulariy i the
HEE stained malerial

« The vacuolar changes are dose-related, occuming only at 80 mg/kg, and are reversile
717 MOSE animals alter a 79-week recovery period.

. Light microscopic observations alone are msufiicient to explam the pathogenesrs of
vacuoles observed in the brains of rals trealed with VGE.

« Specific Hight and electronic /microscopic methods may be applied fo beller characterize
the vacuolar changes and gain direction for investigation of the patfiogenesis of the braimn
vacuoses.

. Based on avaiable human chinical magmg and pathology Hierature, there /s 70
evidence that the vactolar changes i1 1ats are refevant i ALumarns receiving vigabatint.

The scientific basis for the last statement is unclear, but it was presumably made without
knowledge of the recent MRI data from children taking vigabatrin.
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APPENDIX A

PWG Consensus Diagnoses for Individual Animals

Chemical Name: Vigabatrin
Orai (Gavage) Repeated-Dose Toxicity Study of Vigabatrin in Rats

Study No.: OV-1007

Animal | Necropsy | No.of !

No. Day : Slides ! Study Pathologist's Dingnoses PWG Consensus Diagnoses
: Group § mg/kg/day ~ Male Hats
202 PND 67 2 o Neuropit Vacuslation Present ) No Neuropil Vacuolation Presert
302 PRD &7 2 o Nouroplt Vacuelation Prasent No Neuropil Vacuolation Present
502 PND 67 2 o Neuropil Vacuolation Present o Neuropil Vacuolation Present
1102 PND 67 2 o Nouroplt Vacuolation Presemt No Neuropil Vacuolation Presert
1202 PND 67 2 No Neuropil Vacuoiation Present No Neuropil Vacuolation Presert
1502 PND 67 2 No Neuropl Vacugistion Present o Neuropil Vacuolation Present
1702 PND 67 2 Mo Neuropif Vacuolation Present o Neurop: tion Prasent
1802 PND &7 2 No Neuropit Yacuokation Prasent o Neuropil Vacusiation Present
1902 PND 67 2 No Neuropit Vacuohation Present Cerebium Neuropil Yacualation, Present
2002 | PND &7 2 No Nauropil Vacuolation Pressot No Neuropll Vacuofation Presont
Group 15 mg/kg/day ~ Male Rats
4202 | PNDB7 2 Cerebelhimn Meuropit Vacuolation, Present No Neuropil Vacuplation Presant
Mid-Brain Neuropil Vacuolation, Present
5702 PND 67 2 Cerabrum Neuropil Vacuolation, Present Cerebrum Neuropil Vacuotation, Present
Group 50 mo/kg/day — Male Rals
8402 PND 67 2 Carebrum Neuropil Vacuolation, Present Cearobrign Neuropil Vacuolation, Present
Cerebelium No Neuropil Vacuolufion Presert Cerebellum Neuropif Vacuolation, Present
Mid-Brain Neuropil Vacuclation, Present Mid-Brain Neuropll Vacuolatior, Present
Medulla/Pons No Neuropll Vacyolalion Present MedulialPons Meuropll Vacuolation, Present |
6302 | PND6&7 2 Mid-Brain Newopil Vacuclation, Present Mid-Brain Nouropii Vacuolation, Present
Cersbrum Neuropd Vacuolation, Present
$802 PRI 87 2 Cerebellury Neuropi] Vasuciation, Present Cerabelium Neuropit Vacuslation, Prosant
Ivild-Brain Meuropil Vaguclaton, Present Mid-Brain Neuropll Vacuolation, Prasent
6702 PND 67 2 Cersbrum Neuropil Varuolation, Prasent Cershrur Newropit Vacuolation, Present
Mid-Brain Neurogil Yacuplation, Present
6902 PND 67 2 Carebrum Nauropll Vacuolation, Present Cerebrum Neuropit Vacusiation, Present
Wid-Brain Neuropil Vacuolation, Present Mid-Brain Neuropit Vacuolation, Present
Medulla/Pons Neuropil Vacuolation, Present Madulla/Pons Neuropil Vacuolation, Present
7302 PND 67 2 Catebram Newropi Vacuolaion, Prasent Carebrum Neuropl Vacuolation, Presant
Mid-Brain Neuropl Vacuolation, Present Mid-Brain Neuropll Vaguolation, Present
Medutla/Pons Neuropil Vacuolation, Pregent
7502 | PND 67 2 Cerebrum Neuroplt Vacutlation, Present Cerabrum Netropil Vacuolation, Present
Mid-Brain Neuropil Vacuolation, Pressnt. Mid-Brain Neuropil Viacuolation, Present
MeduliayPons Neuropil Vacueiation, Prasent MedullafPons Neuropil Vacuolation, Present
7602 PND 67 2 Cerebrum Neuropi Vacuolation, Prasent Carebrum Neuropil \.’acuolatlop. Present
Mid-Brain Neuropil Vacuolation, Presert Carshallum Neuropil Veouolation, Present
Medulls/Pons Neuropil Vacuolation, Present Whid-Brain Neuropll Vacualation, Present
Medulla/Pons Neuropil Vacuolation, Present
7702 PND &7 2 Cerebrum Neurapil Vacuofation, Present Cerebrum Neuropil Vacuolation, Present
Mid-Brain Meuropit Vacuolation, Presant Corgbetium Neuropil Vacuolation, Present
Medulia/Pons Neuropit Vacuolation, Presant Mid-Brain Nauropil Vacuolation, Present
Medulla/Pons Neuropil Vacuolation, Present
8ge2 PND 67 2 Cerebram Neurapit Vacuolation, Present Cerebrurm Meuropll Vacuolation, Present
Mid-Brain Newopil Vacuolation, Present Mid-Brain Newropil Vasuclation, Present
Medullg/Pons N eureplt Vacuolation, Prasant Medulia/Posas Newoph Vacuolation, Presert
Group 50 mg/kg/day Post-Recovery Perlod — Maie Rals
8203 PND 2 No Neuropll Vacuolation Present No Neuropi Vacuolation Pressnt
196-210
6303 PND 2 No Neuropil Vacuoletion Present No Neuropi Vacuoletion Present
186210
8603 PND 2 No Neuropit Vacuolation Present No Neuropit Vacuolation Present
186-210
8703 PND - 2 No Neuropil Vacuolation Present No Neuropil Vacuolation Present
196-210
65903 PND 2 Cerebelium Neuropil Vacuolation, Present Carsbaiium Neuropl! Vacuolation, Present
196-210 tdadutia/Pons Neuropil Vacuotation, Present Medulla/Pons Neurgpil Vacuolation, Prasent
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7303 PND 2 No Neuropll Vacuolation Present No Neuropif Vacuolation Present
196-210
7503 PND 2 No Neurcpil Vacusiation Present No Neuropit Vacustation Present
198-210 :
7703 PND 2 Medutia/Pons Neuropil Vacualation, Present Meckili/Pons No Neurapit Vacuolation Preseat
196-21Q
7804 PND 2 No Neuropil Vacuolation Present Medulla/Pons Neuropil Vacuoiation, Present
196-210
7908 PND 2 No Neuropil Vacuolation Present No Neuropit Vacuclation Presert
196-210
Group 0 mg/kg/day -~ F lo Hats
106 PNE 67 )4 No Nsurepil Vasuolation Present No Neuropdl Vacuclation Fresert
306 PND 67 2 No Neuropil Vacuglation Present No Neuropil Vaguclation Present
406 PND 67 2__ I No Neuropil Vaouolation Present No Neuropil Vacuolation Preson
606 PND 67 2 No Nouropil Vaguclation Presant No Nawropd Vaouolation Prasent
708 PND 67 2 No Neuroplt Vacuglation Pragsent No Neurgpil Vasuolation Present
£08 PND 57 2 No Neuropil Vasuclation Present No Neurcpil Vacuolation Prasent
806 PND 67 2 No Newrapil Vacuolation Fresant No Nauropil Vacuolation Presant
1006 PND 67 2 No Neuropil Vacuolation Pragent No Neuropil Vacuolstion Present
1666 PND 67 2 No Neuropil Vacuclation Present No Neuropil Vacuolation Prasant
1708 | PND 67 2 .1 No Nauropi Vacuolation Present No Nauropil Vacuolation Present
Group 50 mg/kg/day - Female Rats
6106 PND 67 - 2 Cerebrum Neurapll Vacuoclation, Present Cerebrum Neuropil Vacuolation, Present
Mid-Brain Neuropi# Vacuolation, Present Cerobelitm Neuropil Vacuolation, Present
Medulia/Poris Neuropil Vacuolation, Present Wid-Brain Meuropit Vacuolation, Prosent
Madulla/Pons Neuropl] Vacuslation, Present
6206 PND B7 2 Cerebrum Neutopil Vacuolation, Present Cerebrum Neuroplt Vasuolation, Present
Mid-Brain Neuropit Vacuolation, Prosent Iid-Brain Neuropll Vacuolation, Present
Medulla/Pons Neuropit Vacuolation, Present
6506 PND 67 2 Carebrum Neuropll Vacuolatlon, Presam Cereballum Neuropit Vemolation, Pressnt
Cerebellum Neuropil Vacuolation, Present Mid-Brain Neuropil Vacuolation, Present
Mic-Brain Newropll Vacuolation, Present Medulla/Pons Newropit Vacuolation, Present
MedultaiPons Neurapit Vaecuolation, Present
6806 | PNDe&7 2 Cerebrum Nouropil Vacuolation, Present Corebrum Neuropil Vacuolation, Present
Mid-Brain Neuropll Yacuolation, Presert Mid-Brain Neuropil Vacuolation, Present
Meditla/Pons No Nauragi Vacuolation Present Nauropil Vacuolation, Prosent
H906 PND 87 2 Cersbrum Neuropil Vacuolation, Prasent uropit Vacualation, Prasent
Mid-Brain Neuropit Yacuolation, Present Cersbalium Neuropil Vacuclstion, Present
Medulla/Pons No Neuroplt Vacuolation Prasent Mid-Brain Neuropil Vacuolation, Present
Medulia/Pons Neuropil Vacuolation, Present
7006 | PND 67 2 Cerebrum Nouropll Vacuolation, Present Cetebrum NMouropl Vacuolation, Prasent
Cerebellum Neuropi Vacuolation, Presest Carebeliam Neuropil Yacuolation, Present
kid-Brain Neuropil Yecuolation, Present Mid-Beain Neuropit Vacuolation, Presant
Medulla/Pons Neuropit Yacuolation, Present Medulla/Pons Neuropil Vacuelation, Present
7206 | PND67 2 Cerebrum Neuropil Vacuolation, Present Cerebrum Neuropil Vacuolation, Present
Mid-Brain Neuropil Vacuolation, Present Mid-Brali Neuropil Vacuolation, Present
MedullafPons Neuropit Vacuolation, Present Medulls/Pons Neuropit Vacuolation, Prasent
7306 PND 87 2 Carabrum Neuropll Vacuolation, Present Cerebrum Neuropil Vaguclation, Present
Mii-Brain Neuropil Yocuslation, Present Mid-Brair Neuropil Yacuolation, Present
Medulla/Pons No Neurceil Vacuolation Frosent Medulig/Pons Neuropit Vecuolaion, Present
7806 PND 67 2 Cerebrum Neuropil Vacuolation, Prasent Cerebrum Neuropll Vacuolation, Present
Cerebellum Neuropil Vacuolation, Present Cershellum Neuropll Vacuolation, Presert
Mid-Brain Neuropll Yacuolation, Present Mid-Braln Neuropll Vacuolation, Preserd
Medulla/Pons Meuropif Vacuodlation, Present MedullafPons Neurop Vacuolation, Presert
7708 PND &7 2 Cerabrum Neurepil Vacuolation, Present Corebrum Meuropl Vacuctation, Presenst
Cerebeltum Neuropil Vacuolation, Prasent Cerebellum Neurop Vacuolation, Presort
id-Brain Neuropil Vacuolation, Presont Mid-Brain Neuropil Vacuolation, Present
Iedulia/Pons Neuropil Vacuelation, Present Medulla/Pons Neuropit Vacuolation, Present
8008 PND 67 2 Cerebrum Neuropil Vacuolation, Present Cersbrutn Neuropit Vacuolation, Prasent
Cerebellum Neuroplt Vacuolation, Present Cerebellum Neuropi Vacuolation, Present
Wid-Brain Neuropll Vasuolation, Present Mig-Brain Ngurepl Vacuolation, Present
Medullz/Pons Neyropit Vacudlation, Present MeduliafPons Meuropil Vacuolation, Present
Group 50 mg/kg/day Post-Hecovery Period — Female Rals
6107 PND 2 No Neuropit Vacuolation Present No Newropit Vacuoiaiion Present
196-210 N
6607 PND P4 No Meurapll Vacuplation Presant No Neuropll Vacusiation Present
196-210
6807 PND 2 No Neuropil vacuohation Present Cerebrum Neurepil Vacuolation, Present
196-210
6907 PND 2 No Meuropil Vacuolation Present No Nevropit Vacuoiation Prosont
196-210
7007 PND 2 No Neuropil Vacugiation Present No Neuropll Vacuclation Present
196-210
7107 PNB 2 No Neuropit Vacuolation Present No Neuropil Vasuolation Present
196-210
7307 PND 2 Cerehellum Neumpil Vaguolstion, Present Cershaltum Neuropil Vacuolation, Brasent
156-210 Meduila/Pons Neuropil Vacuolation, Present
7507 PND 2 No Neuropll Vacuolation Present Cerebellum Neuropil Vacuolation, Present
196-210
7767 FND 2 No Neurapil Yacuciation Present No Neurapil Vacuolation Present
196-210
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Nine-Week Oral (Gavage) Repeat-Dose Toxicity Study of Vigabatrin in Neonatal Rats
(Study No. No. OVNC-9004, report dated 7/25/06, conducted by Charles River, Horsham,
PA, GLP)

Methods

Forty male rat pups were assigned to 8 dose groups (Groups | through Viil, Table 1.3.1),
5/group, to receive VGB (50 mg/kg, 5 mL/kg) or vehicle (water) by oral gavage once daily
on postnatal days (PNDs) 4 through 25 (Groups | and V), 4 - 46 (Groups Il and VI), 4 - 65
(Groups Il and V), and 12 - 26 (Groups IV and VIII). Pups were examined for viability,
clinical observations, and body weights. All surviving rats were sacrificed on the last day
of dose administration. Rats were administered a combination of heparin and sodium -
pentobarbital and perfused /7 &7z with paraformaldehyde plus gluteraldehyde.
Immediately after perfusion, the calvaria were removed, and the entire brain was weighed
and dissected along the mid-saggital plane. The right half was placed in chilled neutral
buffered 10% formalin, while the left half was immersed in chilled perfusate solution. All
samples were shipped to the College of Veterinary Medicine, Virginia Tech, for
histological evaluation. Initially, multiple levels of the brains stained with H&E were
examined (1-caudate nucleus, thalamus; 2-midbrain; 3-cerebellum, medulia). This led to
study of selected blocks of epoxy resin embedded brain for light microscopic study.
Based upon the latter, thin sections were selected for electron microscopic examination
of the cerebellar nuclei and adjacent white matter.

Stran. Crl:CD(SD)

Drug Lot # 160207

The single daily dose of 50 mg/kg was selected on the basis of the previous study (OV-
1007) in which this dose produced brain lesions evident by light microscopic examination.

Table 1.3.1
Dosage| Dosage” |Concentration | Dosage Volume | Daysof |Numberof Male| Assigned Pup/Rat
Grow |{mg'kg/day)l (mp/mL) {mL/kg) Dosage Pups/Rats Numbers
I 50 10 5 PNDs 41025 5 101 - 105
B 50 10 5 PNDs 4 fo 46 5 201 - 205
o 50 10 5 PNDs 4 {0 65 5 301 - 305
v 50 10 5 PNDs 12{0 26 5 901 - 905
Vv 0 {Vehicle) g 5 PNDs 41025 5 401 - 405
VI__|0 (Vehicle)” 9 s PNDs 4 to 46 5 501 - 505
VI | 0 {Vehicle) 0 5 PNDs 410 65 5 601 - 605
VI | 0 (Vehicle) 0 5 PNDs 121026 5 1001 - 1005
Results

i. Mortality, clinical signs

A total of 3 rats were found dead (1/5 in each of Groups I, 11l and IV on PNDs 46,
30, and 25). These deaths were considered treatment-related (T-R), based on
clinical signs (tremors or convulisions) in 2 (Grps |l and Ill) and the reduced body
weight gains observed in all treated groups.

Clinical signs observed in Groups Il and Il included decreased motor activity,
impaired righting reflex, ptosis, tremors, and chromorhinorrhea. Additionally, a
clonic convulsion was observed in the Group [l rat that was found dead on PND
46 and 2 rats in Group lll were hyperreactive to touch. These observations often
occurred as the rat was handled for observation as noted in the previously
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conducted study. No clinical signs were noted in the rats in Groups | and |V,
indicating that duration of dosing is important in the development of these signs.

Body weight

Body weight gains were reduced in all treatment groups compared to C (565, 13,
18, and 29% in Groups I-IV over the respective treatment periods). On the day of
sacrifice, mean body weights were 52 (Group 1), 88 (Group 11}, 83 (Group II1), and
85% (Group IV) of the respective control values.

Necropsy observations
No gross lesions related to treatment were observed.

Brain weights

Brain weights were reduced (SS in Grps | and ll) in all treated groups compared
to the respective controls, but the ratios of brain to terminal body weights were
increased (also SS in Grps | and ).

Histopathology

According to the histopathology report, based on examination of the H&E stained
sections, neuropil vacuoles were particularly prominent in Group | rats where
there was said to be “marked involvement of the cerebellar white matter,
including the folial and subcortical regions. The latter extended into the cerebellar
nuclei. In addition, lesions were prominent in the medulla, in particular involving
regions such as the dorsomedial trigeminal, spinal trigeminal tract and reticular
nuclei.” According to the report, “lesser involvement was seen in midbrain
regions, including the substantia nigra.” In Group I, lesions were seen in the
cerebellum and medulla, but the white matter vacuolization was said to be
diminished; and vacuoles were also noted in the midbrain, involving the
substantia nigra and other nuclei, thalamus and region of the basal forebrain. In
Group 111, in addition to the medullary and cerebellar lesions, there was said to be
involvement of more rostral regions such as the midbrain, thalamus and basal
forebrain. Group IV showed vacucles with a similar appearance and distribution,
but which were said to be somewhat less extensive than those in rats with
treatment beginning on PND 4.

Because of prominent involvement of the cerebellum and medulla found in the
examination of H&E stained sections, these were the regions of focus in studies
using 1 micron thick sections stained with toluidine blue and safranin, although in
some cases more rostral levels of the brain were also examined (see Table 1.3.2,
below). The cerebellar sections included the nuclei and surrounding white matter,
and the medullary sections included several levels of that part of the brain. In the
cerebellum of Group | rats, there was demyelination and markedly diminished
residual myelination of fibers. Vacuoles were said to be related to this
myelinopathy. Thinly myelinated cerebellar white matter fibers were also seen in
Group i rats. According to the report “vacuoles were found in the neuropil of
nuclei and in myelinated fiber regions of the cerebellum, the medullary nuclei, in
particular the trigeminal and reticular regions noted above, and midbrain (where
examined) in Groups |, II, Il and IV. They varied in shape and contain sparse
stainable material. The latter often presented as wisps of fine membranous
material, sometimes in contact with margin of the vacuole. In addition, more
densely stained small bodies were seen, which occasionally were noted to
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protrude from myelin sheaths on the margin of the vacuole. The vacuoles often
were in contact with myelin sheaths, glia and neurons.” The association of
vacuoles with myelin was said to be particularly prominent in the regions
examined. Some vacuoles were observed to have “a complete or partial thin
myelin-like limiting membrane.” Direct microscopic counts of cerebellum (nuclei
and adjacent white matter) and medullary nuclear regions in rats of Groups i
and VIl indicated that a large proportion of the vacuoles had direct contact with

myelin sheaths (Table 1.3.3).

Table 1.3.2 Blocks sectioned at 1 micron and stained with toluidine blue and safranin
Troatment Biock
_ Rat Numbay Number 1 de;{:?f?:aedo n
Group Buration Total Days {replicates)
102 4E (3} corshellum
5E (2} madulla oblongata
' 103 4k (3 garebsilum
Group § PND 4-25 22 ??%2—.)} medulla cbiongata
104 4E (3] cereballen
105 SE(2y | medulla oblongaia
262 2€ (3) dorsel hippocamptis
3E {3 midbrain
BE (3 medulia oblongata
w 264 1E () bassal forabrain
- 3E (3 midbsain
O Group 1l PRD 4-46 43 aE ) Py Silom
- 5E D) madulla oblangate
% 7065 2E(3) doraal Hippocampus
- IE(3) midhrain
w 5E (3) medulia oblongata
w 30 3B miidbrain
= 4E (3] cerebellum
BE (1) medulla oblongata |
362 4E [1) cerebellum
Group il PND 4-65 62 5E (1) metulla oblongats
304 4E (3 cerebellum
SE(1) medulla oblongata |
308 | 4E (3} corebellum
S (3} medulla oblongata
3 803 4E (3} eerebellum
Group IV PND 12.26 1% 504 5 %5}__ —{ medulia cbiongaia
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401 4E cerobelium
o E® medulia oblongata
Group V PND 4-28 22 402 4E (3 cerabelium _
403 5E () medulia pblongala,
404 4E (& cerebellum v
502 2E (3} dorsal hippocampus |
3E(D) midbrain
8k (3 - medulls oblonpata
§03 =) basal forebraln
Group VI PND 446 43 -E ‘:g - midhan..-
w 5E (3) Jnedulla oblongata |
o §05 | 2E (3) dorgal hipposampus
o | 3E (3} thidbrain
o 5k (3) medulla oblongata
u 801 3E (3) midbrain
AE 1) carebelium
BE ) medulla oblongata |
602 4E {2} cerebellum .
e (1 1 medulla oblongata |
Group Vil PNI 4-68 62 €03 | 4E (3} cerebellum
5E {1) medulla eblongata
804 4F (5) corsbellum
8& {1) medulla oblongata
808 4F (1) carebellur
FEM medulla oblongata |
3 . 3003 AE (3) cershelium
Group Vill PN 12-2% 15 1505 SE ) maduila oblongata
Table 1.3.3
MICROSCOPIC COUNTS OF MYELIN-RELATED VACUOLES AFTER
_____PND 4-64 EXPOSURE
Cerebellum (slide4E} |  Medulla (slide 5E)
Myelin (+) Myelin [} Myedin (¥ Myelin {-)
Group IH* . ;
{iest compound) 26 2 40 6
Group ViI* ; ;
{vehicle} 0 0 1 0

Myelin (+) - vacuole contacts adjacent myslin sheath _
Myelin {-) -vacuocle does not contact adjacent myelin sheath

*Direct counts of vacuoles in 4 microscopic fields from animals in these groups — s¢e

Based on the examination of the toluidine blue and safranin stained sections,
transmission electron microscopy was focused on sections of the cerebellum in
the region of the (roof) nuclei and adjacent white matter, and regions of the
medullary nucleus of the spinal tract of cranial nerve V and reticular nuclear
regions (Table 1.3.4). Relative to controls, there were said to be many non-
myelinated or thinly myelinated fibers in Group | brains, particularly in cerebellar
white matter. The report stated that, “Splits were noted in myelin sheaths, which
appeared to expand along the intraperiod line in a fashion consistent with
intramyelinic edema, giving rise to a vacuole bordered by a compressed lamellae
of the sheath. Another form of vacuole was seen adjacent to demyelinated fibers,
where the wall was made up of laminae of myelin debris. A striking feature at this
stage was the presence of swollen glial cells adjacent to thinly or non-myelinated
fibers. The nature of these glial cells was often difficult to discern, but some
clearly were astrocytes.”
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Observations in Group Il were consistent with retardation of myelination,
although the active demyelination seen in Group | was not observed.
Oligodendrocytes were prominent in the white matter in Group I, consistent with
active myelination, and vacuoles were said to sometimes be associated with
such cells. Most vacuoles in Groups It and Il were said to be associated with
myelin sheaths, and varied in ultrastructural appearance. According to the report,
“Some were small, irregular and clearly related to splits of myelin sheaths. Others
were expanded, with a more regular outline, contained granular and
membranous material and had a thin membranous limiting membrane. At times
lamellae were recognized in these membranous borders, consistent with
attenuated myelin.”

The report further stated that “medullary vacuoles derived from myelin splits,
consistent with those described above, were present in a test article dosed
animal from the same period (Group Ill). These demonstrated a series of
evolutionary events as progressively larger vacluoles were examined. There was
attenuation and multifocal interruption of the myelin limiting membrane. The
membranous content of the vacuoles progressively increased, with protrusions
from the altered limiting membrane being a source for them. These appeared to
give rise to the frequently observed large vacuoles with prominent membranous
material, but without a limiting membrane. Some of these membranes appeared
to arise from adjacent compressed neuropil. However, significant degeneration of
adjacent fibers was absent.”

Table 1.3.4 Blocks thin sectioned for ultrastructural examination by transmission electron
microscopy

TREATMENT Rat Block o
Group Duration TotalDays | Number | Number|  TissueiD
103 %EWW_QQLQQ?{MBW_M
% Group PND 4-25 22 Tod AE cerehellum
£ 105" 5E meduila oblongata
% Group H PND 4-46 43 %gg gg ‘ mmbﬁfmn N
= Group I PND 4-65 62 304 gg Cﬁtﬂbﬁﬂk’l b
o Group IV PND12:36 15 904 5E7 | medulla oblongala |
° Group V PND 4-25 22 j 3% ﬁé cereballum
‘% Graup Vi PND 4-46 a3 603 & cerebellum
S — M 801 5E
GroupVil | PND465 62 sot s megeon
* Fixation was suboptimal as determined by electron microscopy, and limited abservations were

made from this grid, o
** Sample could not be observed due to malfunction of TEM; see Procedural Outfine Deviations for
details,

Conclusions

Administration of vigabatrin (50 mg/kg) to male rats during the neonatal/juvenile period of
development (PNDs 4-25, 4-48, 4-65, or 12-26) resulted in increased mortality, clinical
signs (including convulsions), decreased BW and brain weights, and brain vacuolation
and demyelination/hypomyelination. Ultrastructural examination of vacuoles focused on 2
brain regions (cerebellum and medutla) in a small number of treated rats (1-2/grp). At
least some of these vacuoles appeared to originate as splits in the myelin sheaths along
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the intraperiod line, and there was progressive expansion of the vacuoles with continuing
exposure to vigabatrin by a process thought to be consistent with intramyelinic edema
described in the adult rat and dog following chronic administration of vigabatrin (Gibson
et al. Toxicol Pathol 18: 225-238, 1990). According to the histopathology report,

“... the expansion of the vacuoles led to attenuation of myelin segments that
formed their wall, although lamellae consistent with compressed intraperiod and
major dense lines could be determined well into the process. These myelin
derived vacuoles had fine granular contents, sometimes associated with
membranous material. The latter were derived from the attenuating myelin
limiting membrane, or from focal protrusions of adjacent myelin sheaths.
Transitional stages between these clearly myelin-derived vacuoles and the larger
ones noted below were seen. These had markedly thinned, focally interrupted
myelin remnants forming the limiting membrane, and increase in intravacuolar
membranous material. With progression, as seen with the longest exposure to
the test compound (Group Il - PND 4-65 dosing), the vacuoles increased in size,
contained prominent membranous material, and often demonstrated loss of a
definitive lining membrane. There was compression of adjacent neuropil by the
expanding vacuoles, without significant associated neuronal injury. The
ultrastructurally determined origin of vacuoles from split myelin sheaths is
supported by light microscopic evidence of an association of vacuoles and myelin
sheaths in the cerebellum and medulla in animais from Group Il (PND 4-65
dosing with test compound).”

A prominent effect on myelination (demyelination, hypomyelination) was also noted in this
study. This has been reported previously by Qiao et al. (Epilepsia 41:655-665, 2000) who
examined the effect of vigabatrin during periods of active myelination in Wistar rats (25
mg/kg sc during PND 12-20 period, 40 mg/kg during PND 21-26). in animals sacrificed
on PND 26 there was microvacuolation, oligodendroglial cell death, axonal swelling, and
pallor of myelin staining in white matter of the brain.
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i SUMMARY AND EVALUATION

Juvenile rat studies of vigabatrin (VGB) were conducted, with oral (gavage) administration
‘beginning on postnatal day (PND) 4 and extending for up to 8.5 weeks, in order to characterize
the toxicity of VGB in young, developing animals and compare any effects to those seen in adults.
These studies employed standard toxicological endpoints as well as specific assessments of
neurotoxicity and retinal toxicity.

The data indicate increased sensitivity of juvenile rats to the systemic, retinal, and neurotoxic
effects of VGB. Lethality occurred in young rats at a dose of 100 mg/kg given for 2 weeks, but
was not seen in adulis at <1,000 mg/kg after 2 weeks or <300 mg/kg after 3 and 12 months.
Systemic toxicity, as manifested by decreased activity, food consumption, and body weight gain,
was only seen at 2200 mg/kg in adult rats, but was seen in young rats at doses as low as 30
mg/kg. Convulsions were reported in young rats after 23 days at doses as low as 30 mg/kg
(Table 1.1, from dose range-finding study), but were not reported in adult rats until they had
received 200 mg/kg for at least 3 months or 100 mg/kg for at least 1 year. Young rats given 50 or
100 mg/kg for 2 weeks had retinal lesions characteristic in distribution and morphology to those
described in adult rats given 300 mg/kg po for 13 weeks or 250 mg/kg ip for 45 days (Table 1.2,
dose range-finding study). Young rats were also more sensitive to the development of vacuolar
changes in the brain following VGB administration. It is not clear whether these studies identified
a unique neurotoxic effect in young animals or only an enhanced susceptibility to and different
location of the characteristic brain lesion seen in adult animals. This is particularly relevant in light
of the recent reports of brain MR abnormalities associated with VGB exposure in patients treated
for infantile spasms (IS).

Adult rats have been shown to consistently develop intramyelinic edema (IME) in the white matter
(cerebellum, reticular formation, optic tracts) within 3 months of oral dosing with 300 mg/kg/day
VGB, within 6 months with 100 mg/kg/day, and within 12 months with 30 mg/kg/day. This edema
appears on light microscopy as vacuoles in the white matter and by electron microscopy has
been shown to represent splitting of the myelin sheath at the intraperiod line, the membrane
formed from fusion of the surface membranes of encircling oligodendrocyte cytoplasm. There
seemed to be a plateau effect in rats, with lesions not becoming more severe or more advanced
with continued dosing and not progressing to segmental demyelination, as noted with other
agents (triethyltin, hexachlorophene, isoniazid) causing intramyelinic edema. While the vacuolar
changes subsided with withdrawal of VGB treatment, rats continued to have swollen axons and
mineralized bodies in the cerebellum, indicative of increased myelin turnover, axonal damage,
and astrocytic gliosis. Rats also developed convulsions after 3 months at 200 mg/kg/day or 1 year
at 100 mg/kg/day. The relationship of convulsions to intramyelinic edema is unclear.

In Study # OV-1007, in which neonatal/juvenile rats were treated with daily doses of 5, 15 or 50
mg/kg/day VGB from PND 4 through 65, light microscopic evaluation of perfusion fixed brain
tissues revealed vacuolar changes within the neuropil of various brain regions in rats treated with
50 mg/kg/day (Tables 1.1.11-12 above). Most affected was the gray matter in the central midbrain
(tegmentum), substantia nigra, dorsal subicutum, medulia oblongata, hippocampal CA1 region,
thalamus, deep cerebellar nuclei, and basal forebrain (listed in the approximate order of
frequency of effect). While vacuoles were found in some white matter tracks, such as the medial
longitudinal fasciculus and the medial forebrain bundle, most vacuoles were in or near the gray
matter. The specific cell type containing these vacuoles could not be verified by light microscopy.
Although there was no clear evidence of cell degeneration, cell loss, or gliosis in this study,
morphometric or stereologic procedures would have been necessary to quantify cell loss. The
vacuolar changes were temporally associated with spasms in high-dose rats. In addition, long-
term neuromotor impairment (decreased grip strength and hindlimb splay) was observed at both
the mid- and high-dose (in the absence of body weight reduction in females), and an apparent
learning deficit was seen at the high dose. Similar neurobehavioral findings have been reported in
rodents treated with triethyltin or hexachlorophene. Although neuropil vacuolation was reduced in
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rats necropsied after an approximately 19-week recovery period, it was still evident in several
animals. Plasma exposures associated with a 50 mg/kg dose in juvenile rats are lower than those
in infants and children given the same oral dose (Tables 1.1.13 and I1.3). (Sponsor is proposing
150 mg/kg as MRHD.)

A pathology working group (PWG) assembled to review these neurolopathological findings (Study
# 794001) agreed with the principal study neuropathologist on the regional location of the
vacuolar changes in both gray and white matter of the brain of neonatal/juvenile rats given 50
mg/kg/day, the highest dose. Similar lesions were not confirmed at lower doses. While the panel
could not determine by light microscopy which specific cells were vacuolated, they concluded that
neuronal cell bodies, blood vessel endothelium, and perivascular ‘astrocytic end processes were
not affected; ultrastructural investigations would be necessary to confirm the cell type vulnerable
to this vacuolation. Some of the suggested possibilities for the potential location of the vacuoles
included preterminal or perisynaptic vesicles, and terminals of GABAergic axons, as in some
areas the vacuoles appear close to nerve cell bodies. The possibility that vacuoles are associated
with multiple targets (e.g., axons or dendrites, microglia) could not be excluded. These experts
did not find morphologic evidence of neuronal cell death, hypocellularity, or reactive gliosis, but
noted that the methods were not adequate to rule out cell loss. However, the panel stated that the
morphologic appearance of the vacuoles was not characteristic of IME, which has been confined
to white matter tracts in adult rats given VGB (“*Vacuolar changes in white matter and gray matter
are morphologically similar via light microscopy, and have a morphologic appearance that is not

characteristic of intramyelinic edema”).

Based on the recommendation of the expert panel, a neurohistopathology study was performed in
juvenile rats using both light microscopy and ultrastructural examination to characterize the
microvacuolation associated with VGB treatment. In this study (Study # OVNC-9004), VBG (50
mg/kg) or vehicle were administered by oral gavage to rats starting on PND 4 for varying periods
up to 8.5 weeks. The single dose of 50 mg/kg was selected on the basis of the previous study in
which it produced vacuolar lesions. Light microscopic examination of H&E stained sections
confirmed the previous finding of neuropil vacuoles in the brains of treated rats. In rats dosed on
PND 4-25 there was also marked involvement of the cerebellar white matter, which had not be
reported in the previous study, with vacuoles extending into the cerebellar nuclei. In addition,
lesions were prominent in the medulla in this group, with lesser involvement seen in midbrain
regions. With longer dosing (PND 4-46 and PND 4-65), medullary and cerebellar lesions
persisted, although the white matter vacuolation was diminished, and there was also involvement
of more rostral regions such as the midbrain, thalamus and basal forebrain. When toluidine blue
and safranin stained sections of cerebellum and medulla were examined by light microscope,
hypomyelination, demyelination and gliopathy were noted, and vacuoles were thought to be
related to this myelinopathy. Vacuoles were found in the neuropil of nuclei and in adjacent
myelinated fiber regions of the cerebellum, the medullary nuclei, and midbrain (where examined)
of treated rats. The vacuoles were said to often be found in contact with myelin sheaths, glia, and
neurons. Direct microscopic counts of cerebellar and medullary nuclear regions showed that a
large proportion of the vacuoles had demonstrable direct contact with myelin sheaths. Electron
microscopic examination of sections of the cerebellum and medulla from rats in the PND 4-25
treatment group showed vacuoles that reportedly appeared to form from splits in the myelin
sheath along the intraperiod line, consistent with descriptions of IME in adult rats and dogs.
Examination of the other groups indicated a progressive expansion of vacuoles with continued
exposure to VGB resulting in compression of the adjacent neuropil. The ultrastructurally
determined origin of vacuoles from split myelin sheaths combined with the light microscopic
evidence of an association of vacuoles and myelin sheaths in the cerebellum and medulla in
animals treated from PND 4-65 (as in the previous study) led to the conclusion that the neuropil
vacuoles observed in juvenile rats are consistent with IME pathology previously described in the
white matter of adult animals. A prominent effect on myelination (demyelination, hypomyelination)
was also noted in this study, however, which is clearly a unique effect seen with VGB
administration during periods of active myelination.
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The discrepancies between the neurohistopathology results and conclusions in the two juvenile
rat studies have not been satisfactorily resolved. For example, it is not clear whether the vacuoles
examined by EM were the only types present or if they occurred in addition to those described by
the PWG as having a morphologic appearance not characteristic of IME; the ultrastructural study
focused on only two affected brain areas, cerebellum and medulla, so the vacuoles examined
may not have been representative of those in other areas. However, even if the pathogenesis is
the same for neuropil vacuolation in juvenile rats and IME in adults, as concluded by the sponsor,
the increased sensitivity of young animals and the different location of the vacuoles (ie, gray vs
white matter) could be clinically significant. Discussion of the juvenile rat findings and suggestions
for additional investigation are found in the memo from the FDA neuropathology expert
consultant, Larry Schmued.

Table 1.1 Incidence of tonic convulsions in juvenile rats treated with VGB

{Zender Dose per Period {mgfkgidayy’ Incidence (%)
Nales 30-30 G (22%)
30-50 B9 (BT %)
30-100 719 (78%}
Females 30-34 8 (11%)
30-50 418 (44%)
38-180 of9 {100%)

Y30 mgikeiday siven fo all rats for first 10 days, then 30, 30 or 10D mefkgiday given cn Stady Days 11-28

Table 1.2 Incidence of retinal changes in VGB-treated juvenile rats

Bose ] 30 50 100
(ragikgiday)
Zender i F M F bA F ] F
N 8 i & g g & 5 5]
Retinal changes 4] 3] 8 8 3 2 4 4

Table 1.3 Plasma VGB exposures in pediatric subjects given 50 mg/kg oral dose

Treated Subjects Cenox {pgiml} AUC {pg-himL}

Human Infants (‘N=6f .

Active S{+} VGB 43902453 80580 £ 27.50

fnactive R{-) VGB 2180 £ 650 106.00 £ 25.50

Tolal VGB 34.90 19690
Human Children (N=8)’

Active Bi+1VGEB 23801220 117.00 £ 3600

inactive R{-} 5B 41.30 + 13.8D 4700 £ 34.80

Total VGE 8512 264.00
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. RECOMMENDATIONS
Because the juvenile rat studies of vigabatrin indicate a risk for significant neurotoxicity at

clinically relevant exposures, the application should not be approved from a
pharmacology/toxicology standpoint.
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Memo: Expert Opinion of VGB Neuropathology Reports. Please refer to the ‘NDA 20-

427: Complex Partial Seizures — January 7, 2009’ section for this review.



Review of Risk Management Proposal. Please refer to the ‘NDA 20-427: Complex

Partial Seizures — January 7, 2009’ section for this review.





