Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOCY - GROUP DISTRIBUTION OF NEOPLASTIC FINDINGS
IN ANIMALS KILLED OR THAT DIED DURING TREATM

Group : 1 2 3 4
Compound B Control ---o--- SUMN D588 -----
Dasege {mg/kosday) : ] 25 80 30
EEX: --==-c-MALE-----=« wo-o--FEMELE~r~~--
GROLPY -1- -2+ <3+ ks -%- 2= ~3-  -4-
CRGAN ARG FINDING RESCRIPIION NUMBER: 27 2% 23 ¥ 13 15 13 W
e rememenener e enem o mmeascimmeeemmmmasasmmeassmmmeemmmrssassese cm=  ~@< <&  eme am=  eme <3~  -x-
% TOP OF L3IST ¢
BDREWAL MWED LRR ..i..vrverncromsnrannrromarncannmanans NURBER EXamjNEp: 27 2% 23 27 1% 15 13 14
~=B-PHAEDCRZOMLCT T (i o o 2 Z < [ 4 0
—~M- GANGL IOREURTRA [ [ L B ¢ [ [ T
BRAIN ¥ % .\ \oouvmrnncunaniinnnascnuemsrancaannancomannne RUMBER EXANINEC: 27 25 23 27 13 315 13 1
- K- ASTRDCY YORA + 9 o ] e o 1 v
~-M-OL [GODENDROGL L OMA o [ ] ¢ ° H ¢
BUDBENDR . ..\ i\t iibecenaaaaaaaaaaeeaaaes .. RUMBER EXamInEo: 27 2% 23 27 13 15 13 4
-<W-CARE I NONA o 0 ] ¢ L 9 4 !
EIDNETS ELBR) ... omerernaiieananercarveaccasarven .. WOMBER EXAMINED: 27 2% £3 27 45 15 13 4
~+M-RENAL CARCINOMS t -] 3 [ 0 [ 3 1
LEVER X 2 ooivrunesnomsanenosersatnnsronrensoronrarann NUNBER EXAMIRED: 27 25 23 27 13 153 13 4
-~n-nepnocimu AR ERRCINORA [ 0 ] 1 ¢ [+] 3 a
LUNES X 2 o.ivnvunerennrveroomrsonnsencoosnseorocaosann BUMGER EXAMINED: 27 2% 25 27 15 15 13 3
- -8-PULBORARY ADENONK 1] k] 3 [} < 0 ] 1]
--%-PULMORARY TARCINOAA [} 4] 8 ) [ [} ¢ [
RAMMARY A, CAUD «...vvvsrvronronens creea. e HUNRER EXARINED: 27 25 2% 27 15 15 13 34
--§-F1BROEPITRELIAL TU!GUR Q 3 i3 L] 1] Q ] 1
PANCREAS ...... e esveranmaveaaiaar i NURBER EXAMINED: 27 25 23 26 13 5 13 13
--m- [3LET CELL CARCINONA® 0 a 1 1 ° [} & [}
--B-[SLET TELL ABEMOMA ] 1 a 0 0 [:} [ 0
PARATHROIODS LER oovevvenrrrenassnrsosonovnsoncrassconses WUNDER EXAMINED: 2% 28 21 26 1 3 11 13
~~B-ADENOHA 8 1] ] 1 o 2] 3 D
PETULTARY o rtmamemnnesamerranersarrasnressermsrassnns NUNSER EXAMINED: 27 26 23 & 13 6 13 13
-~B-ADERONA ) & 10 é & 4 2 H
PROSTATE ... oiieeununrarocmneomrasaarsnmenenanansnan NUMBER EXAMINED: 27 25 23 27 0 0 2 ¢
~-K- ADEHOLARE INOKA 3 ] ] 1 0 ] 3 °
SPINAL €. TH/LUN .. ..., e ave e ie v ey NUMBER EXARIED: 27 2% 23 27 5 15 13 14
~-N-GLIONA 1 -] [ [ 0 [ 9 ]
SPLEEN .., inioaninnnncamnanernasraaasarnoranrs .. RUMRER EXAMIKEB: 27 25 23 27 13 15 13 13
=8 KAEMANG [ ONA 3 -] 0 1 ? 0 3 [
TESFES (LAR) ..o iiaemereen e e NUMRER EXAMINER: 27 25 22 27 ] 0 0 4
~-B-INTERSTITIAL CELL THMOLA 2 2 15 18 8 o o 0
TATROINS (LAR) ... ..o iintmnnrnnmmarsararsesnsmannannn NUMBER EXAMINED: 27 24 22 27 35 §% 12
--B-PRRAFOLLICULAR CELL ADESOMA . 1 H 1 3 ] 1 [} [
- M-PARRFOLL CULAR CELL CARCINDMR 1 ] z 1 [ [ 2 [
--N-FOLLICULAR CELL CARCINOMA [ 4 ] ¢ (4 1 9 <
TONBUE svnevvraver omesonmmmasnseocomusansssarsnoonnseos NUMBES EXAMINEG: 27 25 23 2 4% 15 12 %
-~ W-SQUARGDS CELL CARCINOWA ) ] ] b] o 1 B [ [
UPERUS ..oy ivvrnrrnrvnrenmomanncnas Ceereeesenreaeraan NUKBER EXAMINED: © [ 9 ¢ 15 1% 13
-+ H-LETOHYOSAR COMA 3] 0 2 [ L] o 1 1
--N-ENDOMETRIAL SARCOMA e ] 8 [ 1 [ i L]
«~#- ADERDCARCINGAA i 3 [ L] 2 e ] 0
ABDONEN . WUNBER EXAMINEG: Y 1 1 1 2 [ o ]
-.n WISTLOCYTIC SARCONA. ] ] [ 1 F 0 ¢ [
- M- SARCOMA : ] 1 ] [} 9 ° 9 4
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Reviewer: Fang Cai, Ph.D

NDA No. 22181

HISTOPATHOLOGY — GROUP DISTRIBUTION OF NEOPLASTIC FINDINGS
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IN ANIMALS KILLEDOR THAT DIED DURING TREATMENT Conid.
Sroup H 1 2
Compound H Control - --ees
Doasge (sp’kosdsy) : 1} 25,
BUCTAL CAVIIY (..... SewRsrrasartesestecirviemenaomerrven KUMBER EXAMINED:
- ~R-SQUANDYS CELL CARCINOMA
CLITORAL BLAMD . oininnranianmsverocssoansnnevrrvsc-srne WURBER EXAMINED:
~-%-ADENONA
K/POEETIC TUMOUR .. cerivrrnnrrorerrcnrsceroenn trevarvres MUNBER EXAMINED:
R NONCCYTIL LEUKRENIA
=M RALIGCKANT LYNPHONA
KEAD .iinvinvnnvwn eerieibivatamecrrroonkenn bt neeaann . MUMBER EXAMINED:
==K~ CARC [ BOMA
RAMMARY AREA sovvrrscrreaverrenncrronnernons trtemssinnn NURBER EXAMINED:
--3-FIBROEPITHEL tAL TURQUR
NESEMTERY ... cccrecuromoncnvnanres Arearivesarina waeovas NUMBER EXAWNIRED:
~-H-MESOTHEL 10MA
PREPUTIAL GSLAND .vciserrecsccnersscanssrconsisocorsooas BUNBER EXAMINED:
= =B~ ARENONA
SKIN, DIHER cvscnecrronrnnerionsnrcrmsercvansoracs seawrs WUNBER EXAMINED:
- -#%- FJBROSARCOMA
==K CARCINOMA
- ~R-FIBRONA
<-8-BASAL CELL TUMDUR
--R+CERATOACANTRONR
~<M-SRARCORA

-8+ PAPLLLONR
+* END OF LIST **
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY - GROUP DISTRIBUTION OF NEOPLASTIC FINDINGS
FOR ANIMALS KIFLED AFTER 104 WEEKS OF TREATMENT

Group : 4 2 3 4
Compound : Control senm-- SUN 0588 -----
Dossge (ap/kg/day) : a 2% 80 258
SEX: -----n- WALE~--=cne  resama FEMALE-+-=ve
CROUP: -3~ ~2- 3. ke o1 o2 o3 k-
ORGAY AND FIKDING DESCRIPIION RUMBER: 33 33 37 33 45 &5 &7 “5
............................................. et ieemeeieeeecasnensasmana sle  wRe oM.  sBu  cfe wEe <Es  ewe
** 0P OF L1SY **
ADREWAL CYX L3R o.cvnnrnosasanovns e rvas e NUNMBER EXAKINED: 33 1 3 33 45 2 [T
~-B-CORTICAL ADEROMA 3 0 ] [/ ] [ ] 0
ADRENAL MEB LER ... ... ooooeuonnnrnrmanronmnnmnomannn NUNBER EXAMINED: 33 1 3033 &S 2 8 &6
- «M-PHAEOTHROMOCY FOKA 1 1 1 1 2 H ] 0
~~R-PRAEOCHRIMOCTIONS k] 0 2 7s 1 [} 8 ]
==R-CANGL IONEURCHA 0 0 2 1 B g [}
BRAIR X 3 torersvnvaroncaneren Sessieneereeteeenn e RUMBER EXAMINED: 33 3 3 3% iS 2 3 4
~ e M-ASTROCYTONA k1) 1 bl o ] ° o o
CIDKEYS (L3R} .. vocennnena.o wireressessresersssensress FUMBER EXARINED; 35 7 4 33 &5 4 2 8
«-¥-RENAL CARCINONA ] 1 ] [ o ¢ 3 [
LIVER X 2 .onvens sreesnsver et seeneens NUNBER EXAMINED: 33 18 18 3 4s 13 -] 4“6
- M-WEPATOCELLULAR CARCINOHMA [ ' 1 [ 8 [ 0 [
«=8-REPATOCELLULAR ADENGHA o 0. 3 1 | 4 ] 1]
PABERERS ... .. ul.ieiiiiancanaaacansus mamecivruraseresa. - MURBER EXANINED: 33 ¢ 3 33 45 -] o 48
--%-ISLET CELL CARCINOMA ¥ [ 3 ] )] ® [ [}
-«B- 13LEY CELL ADEXONA ] L] H] B 'D ¢ 8 1
PARAH!ROWS LER sesvvcamrecncss veesseserrrassnmarcatene HUMSER EXAMINED: 3G 14 1 30 &2 L] o 4y
--B-ADENONA g [ 9 ¥ 0 ] D 1
PITUIYARY (... ..., Cheseeredsresrecconrsesanensreneses. NUMBER EXARINED: 33 1 ¢ 32 45 1s 17 6
-~B- ADENGUA 1t 9 T ] 113 18 17 15
SPLEEN cxersuvnvrérroccrnrovermasasnnssnsnes eveesennan . NURBER EXANINED: 33 A 74 3 45 2 3 &6
~~B-BAE KAIMDKA 1 13 2 1 0 ] © )]
«» M- RAENANGIOSARCORA -] 1 ¥ 4 0 ¢ [} 0
TESTES (LER) cavinervnovannn cevimvesnesurerarnrersanass WUMDER EXAMINED: 33 3% 35 33 0 8 ] 0
“-m- INTERSITTIAL CELL TURDUR 32 O3 B 0N o Ed ° [}
THYRDIOS CLAR) o.oiiivmcinnemancccncneananas becrrneteaen RUNBER EXAMINED: 33 H4 3 33 £33 Q 14 (1:4
+*B-PARAFOLLICULAR CELL ADEROHA 4 0 9 3 2 0 0 3
- -M-PARAFOLLICULAR CELL CARCINONA 1 2 2 2 2 ? 8 1
--B-FOLLICULAR CELL ADEROMA b [} [] 4 ] o [:] [
~ <M= FOLLICULAR CELL CARCINGHA @ [ ] 0 1 0 ] ]
UTERUS . vivserersrvomnorscanccenrmecens cewisrrarrcriaves NUMBER EXAM)NED: o [ 9 <] &3 13 17 [1.3
- M- ENDONETRIAL SAICW o 2 Q 1 o 1 1 ]
- - M- ABENQCAR CIHONR L L] ] 4] 1 ] 1 1
- -9~ ADENONR ¢ [ q [ ] ] ] 0
-+ 8- LETOMYGHA e ] 9 ] ] ¢ 1 0
VAGIMA . nrssoneromemenovsavrsavsnasane vevienrenes vreeas NUMBER EXAMINED: O o o G 4S5 * ¢ &6
- - H- SQUANDUS CEtL CARCIRDHA ¢ 0 i3 1 ' 0 ] 0
DIAPHRAGN .. oevvsiorosnosoonsnmsacernannsssnssassssenes NUMBER EXAKIRED: O o i [ 0 [ ¢ [
- -%-WESOTHELIOMA [ [ 1 [ (] ] [} ]
FOOYZHFEEY (e ereiustncoanirarosrnerananssosnaraoans eren. MUMBER EXAMINED: 1 ¢ 1 o a ¢ [+ 1
--B-PAPILLOKA 1 0 H [ 0 ® 9 [
N/POTETIT TUMDER ... i i viearirornronoenroncensan HUNBER EXAMINED: 33 5 37 33 45 43 A7 1%
- -N-MONOCYT3C LEUMAENIA 1 515 [ 3 1 3 ]
=-H-HALIONAKT LYMPROMA [ * o ] 0 [ ] ]
AARMARY AREA ....... st iecbsterernensnonccanueaas NUNBER EXARINEDD 3 3 4 5 3 7 5
--8- unnenruﬂut wuou: H H 5 4 3 T & &
» W ADENDCARCINOMA B [ ] [ H 1 ]
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY - GROUP DISTRIBUTION OF NEOPLASTIC FINDINGS
FOR ANTMIALS KILLED AFTER 104 WEEKS OF TREATMENT Contd.

Group : 1 2 3 3
Compound H Controt  ------ SUN 0588 -----
Dossage (mgrkg/dey) : 0 25 80 250
SEX: ------- MALE------= ceee<-FEMALE-=----

GROUP: 1+ =2- 3= 4= 1= =2= -3 <-4~

ORGAN AND FINDING DESCRIPTION NUMBER: 33 35 37 33 48 45 4T 46
MESENTERY oorvursvnenunosorrnoasasessvaantaansssononnnns NUMBER EXAKINED: 1 0 2 0 [] 1 0 (]
+~H-MESQTHEL [ OMA ] 0 H 0 ] 0 )] (]
SKIN, OTKMER ..., rrverorrrovroorrosaronnavarrronannsens NUNBER EXAMIMED: 22 19 20 15 10 8 0 13
<M= FIBROSAR COMA 0 3 1 0 [ o [} 4]
--B- F{BROMA 6 4 3 3 (] o 1 3
+-B-SASAL CELL TUMOUR 1 4 2 1 1 0 0 2
- -B-XERATOACANTHONA 4 & 3 3 o o ] 1
- -M- SARCONA [} 1 ] ] 0 ] (] 0
+~8-PAPTLLONA 2 1 1 1 [ 2 o 1
--8-LIPOMA 1 [} 0 0 0 [} [} 0
FAIL convnesrersrosorarroronncnrssrssnosanancsvononnans NUMBER EXAMINED: 5 ] 1 2 0 1 1 1
=-B-KERATOACANTHOMA 1 9 0 0 0 g ¢ 1
= -M-SARCONA 0 3 ] 0 0 3 0 0

&% END OF LIST **
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Reviewer: Fang Cai, Ph.D

NDA No. 22181

HISTOPATHOLOGY - GROUP DISTRIBUTION OF NEOPLASTIC FINDH\GS
FOR ALL ANIMALS
Group : 1 2 3 4
Compound H ¢ontrot  ------ SUN 0588 -----
Dosage (sg/kg/day) i} 25 8¢ 250
SEN: ~~-----MALE----r-s ------ FEMALE------
GROUP: -1- - -%. -4e -1- -2- -3. <4-
ORGAN AND FINDIKG DESCRIPTION NUMBER: 80 60 4D &0 &0 40 60 60
mearasmmesinvesnsanrenrm e Attt veshssemanceaameeeraoacrream e iBe B —Ze eme  Bm  -Ee cme  em-
** TOP OF LISTY ** X
ADREMAL CTX LER ......... carrtreeracsaananas Seraemans NUMBER EXARMINED: 60 26 26 60 60 17 13 [
--B-CORYICAL ADENOMA 3 [ [ [ 1 0 o [
ADRENAL MED LBR ..vcvrvivavacrerorasconossrancarsoansns .. NUMBER EXAMINED: 60 26 25 60 60 17 13 60
~+RK-PHAEQCRROMOCYTOHA 1 1 1 1 2 1 1] 0
~~B-PHAEOCHROMOCYTOMA 1 0 ¢ o6 1 0 0 [}
~-M-CANGL IONEURDMA 1} 1 L] 2 0 0 [} 0
BRAIN X 3 __._.... bMsesarEar st maen e NUMBER EXAMINED: 60 28 23 60 &0 17 16 60
-~N-ASTROCYTOMA 1 1 ] o 1 [ 1 [
~-M-OLIGOBENOROGL 1 OMA [¢] 0 0 0 (4] 1] t ]
DUDDENUR ... it mimiiiiesareaivncsors v ansenes NUMBER EXAMINED: 60 25 23 60 60 15 14 60
~=M-CARCINDHA 0 [ 0 0 0 0 [ 1
KIONEYS (L&R) .ovvvcicverecarseans ttdasersevmnnsrennss ++ NUMBER EXNAMINED: &0 32 2T 60 60 17 35 60
=~M-RENAL CARCINOMA 2 1 0 [} o] 1] 1] 1
LIVER X 2 cevvnvrrrrermenronnennansssoarnn Cereeraanaeen NUMBER EXAMINEC: 60 43 39 60 60 21 18 &0
--M-BEPATOCELLULAR CARCIMDMA o 1 1 1 3] 0 hj [1]
~-B-HEPATOCELLULAR ADENOMA -] [ 0 ] 1 0 [ [
LUNGS X 2 ...... [ L L L L L R T R R R .+ RUMBER EXAMINED: 60 27 29 60 &0 21 17 59
--8-PULMONARY ADEKDMA o 1 0 ¢ 1] Q 0 o
--M-PULMONARY CARCINONA [ [ 4 1 0 0 [} 0
MWANMARY A, CAUD ......ccenme ferreeneneas errecssessas NUMBER EXAMINED: 60 25 23 60 60 15 13 60
--8- FlIROEPllHEL[AL TUlOUR 1] Q g o .0 [} 1
BANCREAS ... ..icruemmmrmnrrncrmsacmammecaacannarasnreann NUMBER EXAMIKED: 60 25 23 59 50 15 13 59
~~M-ISLET CELL CARCINONA 1 0 1 1 L1} 4 2 o
~--B-1SLET CELL ADENONA 1] 1 Q o ] ° ) 1
PARATHROIDS LE&R ..vvinevcacnranmmncans cremrrr i vrese. NUMBER EXAMINED: 53 24 22 54 56 13 3 54
- -B-ADEROMA 0 0 0 2 ¢ Q 0 1
PITUITARY (. .......oonans [N g MUMBER EXAMINED: 60 35 32 58 60 29 30 59
--B-ADENOMA 17 19 13 15 22 14 7 20
PROSTATE ... 0ivmnencnncnne trcerarusieernersrnssesssnas NUMBER EXAMINED: 60 39 37 60 (] 0 [ )}
--N-ADENOCARCIIOHA L] Q 1] 1 0 1} 0 1]
SPINAL L. THZLUN o1vvvevronanecmcenaninnnaasncsossssonn NUMBER EXAMINED: 60 25 23 &0 60 5 13 60
- -H-GLIONA 1 ‘p ] [ o 4 0 [
SPLEEN .. ... .vnuicaansaens e emvr et eaarenanan eeses WUMBER EXAMINED: 60 43 &5 &0 &0 17 16 59
LRd 14 HAEMAIGXOHA 1 0 8 2 ] ¢ 1 0
-=M-HAEMANG IOSARCONA 0 1 1 0 [ [} [ 0
FESTES (LBR) .....vevecoecmscnrnacunnraonnomennns vsesrs NUMBER EXAMINED: 60 59 37 1] 1] 1] 0 0o
--8- INYERsTlYlAL CELL TUNDUR 54 54 50 (34 o 0 o [
THYROIOS (LARY c.vvevrcrvceen sressessernnenean vesenesss NUMBER EXAMINED: 60 28 25 60 én 1% 12 59
--B-PARAFOLLICULAR CELL ADENOMA 5 2 1 6 2 1 ] 3
--A-PARAFGLLICULAR CELL CARCINOMA 2 2 4 3 2 ] [} 1
--8-FOLLTICULAR CELL ADENOWA 1 0 0 1 4 1] Q [
--M-fOLLICULAR CELL CARCINORA 0 L] c ()] 1 1 [ 0
TONGUE ... .. irermentrranacan= sesimssenrrenny veecssre NUMBER EXKAMINED: 60 25 <3 .14 60 15 12 &0
~~N- SQUANOUS EELL CARCINONA 0 0 Q 9 1 [ 1] 0
UTERUS .. icicieicacacennoroomccscnacaserscanansncasnnnn NUMBER EXAMINED: 0 g Q [ 60 -] 3¢ 60
~-N-LEIOMYOSARCOMA a 0 0 ] L [+ 1 1
~~-M-ENDORETR[AL SARCOMA )} g L+ 0 1 1 4 1]
-~M>ADENOCARCI1NOMA 0 o g 0 3 4] 1 1

*» COMTINUED ON NEXT PAGE **

b = p<0.05
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Reviewer: Fang Cai, Ph.D . NDA No. 22181

HISTOPATHOLOGY — GROUP DISTRIBUTION OF NEOPLASTIC FINDINGS
FOR ALT. ANTMALS Contd.

Group H 1 2 3 4
tompound : Controt ------ SUN 0588 -----
Dossge (mp/kg/dey) : 0 25 80 250
SEX: soeveen MALE- == svrm  vo-oa- FEMALE---~~-
GROUP: -1 -E- ~3-  -4= 1= =2+ 3. -4-
GRGAN AND FIXIING DESCRIPYION WUMBER: 60 60 60 6D 8D 80 60 €0
ShmmemAENemARamS YRR YIS cB e R us e e h e sesrommmcan rmeme v u - PP p—— smres 3me  Ee =By ~Xw  mZe em- I2. B
s SROM PREVIOUS PAGE »*
UTERUY v vvervevornrrvrensnnrrvonmrrrearmmnracsvasnoannaa, HUMBIR EXAMIBED: O 0 0 60 28 3 &0
- ~8-ADSNDAR o ] 0 0 9 9 1 ]
-+ B-LEIONYOMA ] [} ¢ 0 Q L] 1] 0
VAGEMA . oivrnorsrsonsnerersonsnnnsnsnvronvcesmpanetn-ons NUMBER EXAMINED: 0 0 1] D 60 16 13 60
--¥-SQUANDUS CELL CARCIBOMA 0 ] 0 0 H 0 ¢ Q
ABDOMEN ..ccvreeramcnniean oo ernes cuvasirinenrrineoac MUMBER EXARINED: 1 1 1 1 2 ¢ ] 0
- -M-HISTIOCYTIC SARCOMA. 0 0 0 ] [} [ ° [}
= =M= SARCONA [] 1 0 o ] e D -}
BUCEAL CAVITY wutiinianrnrssevcervnrnrrocracsoossnonns v MUMBER EXARINED: 0 1 9 o} ¢} g ] 1
=-M-SQUAMOUS CELL CARCINOMA 1} ] 4 0 9 [ 8 1
CLITORAL SLAND ... iiviiiiianerararacmearannneenns HUMBER EXAMINED: 9 [} [} [} 0 [ 1 1}
--B-ADEROMA 0 [ ] 0 0 1 1 0
DIAFHRAGE o, vsreersrsversanesronnersrersmeranceveonnerr NUMBER EXAMINED: O 0 t -} [ ° 0 ]
= -M-NESOTHEL [OMA [ g 1 D 0 1] 0 [i]
FODT/FEEY ....... tesrsiresscaansnnrr st rntnsrar vesvnar. NUMBER EXARINED: 2 1 1 ] 8 8 k4 1
--§-PAPILLONL 1 o 3 ] ] [ 0 L}
HPPOLETIC TUMOUR . .vrnrrcnnrororoarcossosssancamarnanas RUMBER EXAMINED: &0 60 60 &3 60 60 &0 60
~+H-HONOCYTIC LEUKACHIA 23 ¥ 28 2% 7 ? 2 4
~-M-NALIGNANT LYMPEOMX [3 1 ] ] a i 0 )
BEAD eessvvanonssrarsorsascrassarssrrsorscsrnansrnssss NUMBER EXAMINED: O 1 1 1 0 3 1 4
coR-CARCFNONE 1] 1 1 [ & ] 1 [¢]
HAMRARY RREA 4ocvnssomcsvvorvremnsnsarrrarcracnoesvaos, WUMBER EXAMIWED: 4 2 & & 9 13 10 8
~-B-FIGRDEPITHELIAL TUMOUR 1 2 H 3 5 12 [} 7
BARMARY AREA ... osuromncnmanmrninmmrorasaamenagoreean NUNBER EXAMINED: & 2 é & ¢ 13 10 -]
- ~N-ADEWDCARS {NOKA ¢} ] [ 0 3 1 ] 6
MESENTERY .. ... ...... etiammaeane herermasee e, NUMBER £XANINED: 1 ) 4 2 [ 1 1 [
-~H+MESQTHELIOMA 1 0 3 1 0 Q o ]
PREPUTIAL GLAND 4 reveenrnonnncnans sessmens eevrerurrava KUMBER EXARINED: 1} 2 1 4 [ ¢ o (]
-+ 8- ADENOMA 1} 1 [\ H ¢ g 1] 4
SKIN, OTHER ......... P N NUMGER EXARINER: 38 34 32 28 14 13 1 17
~-R-FIOROSARCOMA 3 0 t 1 13 [ [ ]
~-R-CARC INDHA 1 [ ] 1 [ [ (] [
~-B-FIPRTMA 11 11 s [ -] [4 1 2
~-B-BASAL CELL TUMOUR 2 2 3 1 1 [} > 2
«~8-KERATORTANTHOMA 5 7 7 7 0 ¢ 9 1
-~ R-SARCORR 4 1 1 4 ' ¢ g ]
v B-PAPILLOMA 2 1 1 1 ] ) I 1
-~ 3-LIPONA 4 [} ] [ o o 8 o
TAEL woerrnvisasccanonsrvoceracnomassosronann Ceamanaaas BUMBER EXAMINED: S 2 1 3 -] 1 H ]
~=3-KERATOACARTHOMA k] 4] E] 0 ] 0 9 H
++K-SARCOMA [ 9 E] 0 ¢ ] 9 9

** END OF LIST **
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Reviewer: Fang Cai, Ph.D

NDA No. 22181

HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR ANIMIALS KILLED OR THAT DIED DURING TREATMENT
Group H 1 2 3 4
Compound H Controt  ------ SUN 0588 -----
Dosage (mg/kg/day) 0 25 80 250
SEX:z r-c--c- MALE------s  evewee FEMALE---- -«
GROUP: -%- -2 -~3- -&- -t- -2- -3~

CRGAN AND FINDING DESCRIPTION NUMBER: 27 25 23 27 1 15 13 14

........................................................................ Sm-  eme  exe  ame  eme  -m-  cw~  cm-

»* TOP DOF LISY **

ADRENAL CTH LER ...erreerrcanvann teivereasese.- NUMBER EXAMINED: 27 25 23 27 15 15 13 14
~-CONTICAL HAEMORRBAGIC OEGENERATION <] ] 1 [ i 0 1 [}
-~CORTICAL SENUSOIDS DILATED 1 [+] L] 0 1] 1] 1 [}
--CORTICAL FATTY YACUOLATION 1 1 ] e 1 [} 0 (]
~=-FOCAL CORVICAL HYPERPLASIA 0 1 ] 0 ] (] o 1]
--FDCAL CORTICAL FIBROSIS ] 0 [}] [} 1 0 1] 0
~-CORFICAL HAEMOCYST(S) o 0 1 1 0 0 g 1]

BRAIN X 3 i iiicisaaiacaeeae e HUMBER EXAMINED: 27 25 23 27 15 15 13 14
- ~HAEMORRKAGE 1] 0 1 (4 0 1 0 1
--DEPRESSION CUE TO ENLARGED PITUITARY 1 o Q 0 ? 0 ¢ 1
«=NICROCAVITATION OF WEIFE NATTER o} ° 4a 0 1 4 ¢ 0

CAECUM ..ucriiiventesncecsre ceseermrer s WUMBER EXAMINED: 27 25 23 27 15 15 13 14
-<SUBMUCOSAL OEDEMA 0 1 (1] 0 [] 0 [ 0

EPIDIDYMIDES LER ...00vccns fiesescsescmnarnoncssesses NUMBER EXAMIMEC: 27 25 21 27 0 0 4] [ ]
--REDUCED SPERN CONTENT 5 <] 1 3 0 0 [ ]

EYE LT (... ..... Cemshresseveerabrtaiane vesersncansnss NUMBER EXAMINED: 27 25 23 27 15 15 13 13
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HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FORANIMALS KILLED OR THAT DIED DURING TREATMENT Contd.
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HISTOPATHOLOGY — GROUP DISTRIBUFTION OF NON-NEOPLASTIC FINDINGS
FOR ANIMALS KILLED OR THIAT DIED DURING TREATMENT Contd.
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HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FORANIMALS KILLED OR THAT DIED DURING TREATMENT Contd.
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HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FORANIMALS KIDTED AVTER 1804 WEEKS OF TREATMENT
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IﬂSTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR ANIMALS KILLED AFTER 104 WEEKS OF TREATMENT Contd.
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR : TIM.:—\LS KILLED AFTER 104 WEEKS OF TREATM Contd.
Group : 1 2 3 4

Compound : Control - ----- SUN 0588 -----
Dassge (wmprkg/day) : 0 25 80 2580
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY —~ GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR ANTMATS KILLED AFTER 104 WEEKS OF TREATMENT Contd.

Group : 1 2 3 4
Compound H Control  ------ SUN 0588 -----
Dassge (mp/kgsday) : 1} 25 80 250
SEN: =reescMALE-------  ----e- FENALE------
GROUP: -1- -2- -3- -4~ -1- -2- -3+ d-
ORGAN AND FINDING DESCRIPTIOR NUMBER: 33 35 37 33 45 45 47 48
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR ALL ANTMALS

Group s 1 2 3
Compound H Controt -m---- SUN D588 ---.-
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY - GROUP D

COPLASTIC FINDINGS

TRIBUTION OF NON

) S Cont
Group : 1 2 3
Compound : control  ----e- SUN 0588 -----
Dosege (wpfke/dey) : 25 8e 258

ORGAN AND FINDING DESCRIFTION KUMBER: €0 60 &0 60 - 8¢ A0 LD 60
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Reviewer: Fang Cai, Ph.D NDA No. 22181

HISTOPATHOLOGY - GROUP DISTRIBITION OF NC
FOR ALL ANIMALS Contd.

NEOPLASTIC FINDINGS

Group : 1 2 3
Lompound H Controt  ------ SUR 0588 -----
Dossge (ap/kg/day) : ] 25 80 258
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HISTOPATIHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS

FORALL A {ALS Contd.
Lroup : 1 2 3 4
Compound H Controt  -c---- SUN 8588 -----
Dosege (wp/kg/day) : 1] 25 80 230
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HISTOPATHOLOGY — GROUP DISTRIBUTION OF NON-NEOPLASTIC FINDINGS
FOR ALT, ANTMALS Contd.
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MOUSE CARCINOGENICITY STUDY

MOUSE STUDY DURATION: 78 Weeks.
STUDY STARTING DATE: July 18, 1988.
STUDY ENDING DATE: January 30, 1990.
MOUSE STRAIN: CD-1 Mice.

ROUTE: Oral (gavage).

DOSING COMMENTS: The dose selection study was not reviewed by ECAC. A 13-
week oral toxicity study was conducted in CD-1 mice to select doses for the
carcinogenicity study. In this study, mice were dosed orally, once daily with 25, 80 and
250 mg/kg/d SUNOS8S. These doses represent 0.2X, 0.7X and 2X MRHD (10 mg/kg =
370 mg/m?). There were no treatment-related effects on body weight or clinical signs.
Mortality (not dose related) occurred in 1/13 control males, 1/13 LD (M &F) and 1/13
MD (F). Cause of death could not be determined since histopathology was not
performed. Food consumption was decreased (not SS) by 11% in HD males. Gross
examination revealed large adrenal gland (1 HD, F), dark harderian gland (2 LD, 1 MD
and 2HD females), large cervical and mesenteric lymph nodes (1HD, F each), lung mass
(1HD, M), large preputial gland (1 MD and 1 HD, M), swollen spleen (1 HD, F) and
distended uterus (2 MD and 2 HD females). NOAEL could not be established since
histopathology was not performed in any group.

NUMBER OF MICE:
- Control: 120 (60/sex).
- Low Dose (LD): 120 (60/sex).
- Middle Dose (MD): 120 (60/sex).
- High Dose (HD): 120 (60/sex).

MOUSE DOSE LEVELS* (mg/kg/day):
- Low Dose: 25
- Middle Dose: 80
- High Dose: 250

BASIS FOR DOSES SELECTED: The HD selected for the carcinogenicity study is the
MTD based on the 10% and 16% decrease in body weight in males and females
respectively. PK study was not conducted to determine AUC ratio.

PRIOR FDA DOSE CONCURRENCE: There is no prior concurrence from the Division
or ECAC regarding the doses evaluated in the carcinogenicity study.

MOUSE CARCINOGENICITY: In the 78-week carcinogenicity study, groups of male
and female mice (60/sex/group) received sapropterin HC1 p.o. at dose levels of 25, 80
and 250 mg/kg/day. The study duration does not meet the regulatory required 104-Week
study. Percentage survival was at least 48% for males and 58% for females in each group
surviving for 78 weeks. The dose-related decrease in body weight observed in treated
males (7-10%) relative to control was not associated with any concomitant decrease in
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food intake. In treated females, the lower food intake evident for all treated groups (7-
8%) was associated with decrease (9-16%) in bodyweight. There were no treatment-
related neoplastic findings.

78-Week Carcinogenicity Study of Sapropterin HCI in Mice

- Dose (mg/kgid)

| # of animals treated [ 0
# of Deaths
% | in Body Weight - 7 9 10 - 9 9 16*
% | Food intake (g) - - - 2 - 7 8 8
Necropsy - - - - - - - -
Histopathology - - - - - - -
Deaths associated with tumors 4 6 8 10 8 6 5 6
Deaths not associated with tumors 27 21 22 22 15 18 16 20
Total Deaths 31 27 30 32 23 24 21 26

- No significant findings; * p<0.05

Survival Curves in Male Mice

100 | = ————

8() .

3
;

survival (%,

o~
N}
L)
(5
T

onl- Group : 1 2 3 4
Compound : Conirol - —--SUN 0588---
| Dosage imgi<g/day! - 0 25 80 250
i : I H L 1 il L]
10 20 30 40 50 50 0 80
Period of treatmen! tweeks)
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Survival Curves in female Mice

Survival (%)

50
40 -
30+
20} Groug : 1 2 3 4
01 Compound : Control ==-=- ~SUN 0588~—-~--
Dosage f(mg/kgidayr @ O 25 80 750
0] 1 I 1 ; i 1 ot
10 20 30 40 50 60 70 80

Dorigd of treaiment (weeks)

-

Group distribution, multiplicity and mean time of onset of palpable swellings recorded in vivo or at

post nertem examinalion

Group s i 2 3 4
Compound Control ~-eo SUN 0388 ~~--
Oosage (mg/kg/day} ] 25 80 50
Group Multiplicity® Tota) number
/ sex o 1 2 3 4or 1lor of swellings*
more  more
in L2 B ¥4 3 0 1 19 2B
4] 48 9 2 1 0 12 15
ki 42 I 5 2 0 18 27
N 42 10 7 1 0 18 27
IF 52 8 4 0 0 8 8
2F 51 1 2 g L] ] 11
3F 54 3 3 0 0 [ g
4F s? 3 0 ] 0 3 3

Mean number
of sweilings
por animal

9.

W

coeo ooo

+ TYotal includes swellings which regressed in vive or were pot positively identified at macroscopic

post morten examination
8 Expressed as number of animals bearing indicated number of swellirgs

* Yo vnsel of First recorded swelling
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Tumor distribution among animals killed or dying during the treatment period

Total # of Primary‘ Tlimors

Mean # of primary tumors/animal

Total # of Benign Tumors

M # of b n tumors/animal

w Total # of Maligﬁant”Tvllmll‘ors

]0“

Mean # of malignant tumors/animal

0.19

0.30

0.25

0.43

0.29

Tumor distribution among animals killed after 78 weeks of treatment

mals examined
Total # of Primary Tumors

Mean # of primary tumo

\"l"otal # of Benign Tumors

Mean # of benign tumors/animal

otal # of Malignant Tumors

Mean # of malignant tumeors/animal

0.10

a = macroscopic abnormalities only examined

Tumor distribution among all animals

. # of animals examined g w8
Total # of Primary Tumors 20 16a 23
Mean # of primary tumors/animal - 0.38

“Total # of Benign Tumors ~ 3a 8 8
Mean # of benign tumors/animal - 0.13 0.13
Totaj # of Malignant Tumors 7 '7 a 152 15 15
Mean # of malignant tumors/animal 0.12 - - 0.25 0.25

a = macroscopic abnormalities only examined

MOUSE TUMOR FINDINGS:

None of the tumors observed in the treated mice were statistically significant. Moreover

the incidence of the tumors observed was below the historical control mean incidence

and/or within the historical control range of CD-1 mice ( ==wemmmsss  Historical control

data, 1995).
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Number of Mice with Tumoers in Various Organs in the 78-Week Carcinogenicity Study

Sapropterin HCI Dose (mmg/kg/day) Control 25 80 250
group"
M F M F M F M F
Cecum Leiomyosarcoma 0/60 0/60 | 0/27 0/24 0/30 1/23 6/60 | 0/60
Liver Hepatocellular 2/60 | 0/60 | 3/34 0/25 5/34 | 0/21 3/60 | 0/60
carcinoma
Hepatocellular adenoma | 6/60 | 0/60 | 5/34 | /25 | 0/34 | 0/2] 5/60 | 0/60
Sarcoma with primary | 0/60 | 0/60 | 0/34 | 0/25 | 0/34 | 0/2] 1/60 | 0/60
lesion in bone
Angiosarcoma 0/60 | 0/60 1/34 06/25 | 0/34 | 021 0/60 | 0/60
Lung Pulmonary carcinoma | 4/60 | 5/60 | 0/35 | 1/25 | 6/37 | 0/24 | 4/60 | 0/60
Pulmonary adenoma 4/60 | 3/60 | 3/35 1125 | 2/37 5/24 | 3/60 | 6/60
Ovary Fallopian tube adenoma | — 0/60 — 0/37 — 1/37 — 0/60
Spleen Angiosarcoma 0/60 1/60 | 0/27 | 0/29 | 0/32 | 0/24 | 0/60 | 0/60
Testis Sarcoma 0/60 — 0/27 — /32 — 1/60 —
Uterine cervix Leiomyosarcoma — 0/60 — 1/23 — 0/21 — 0/59
Uterus Leiomyosarcoma — 0/60 — 0/48 — 1/47 — 0/60
Leiomyoma — 3/60 — 0/48 — 0/47 — 3/60
Clitoral gland Leiomyoma — i/1 — 0/0 — 0/0 — 0/0
Hemopoietic Malignant lymphoma 0/60 | 4/60 1127 | 5724 | 431 2/21 4/60 | 4/60
syslem Histiocytic sarcoma 0/60 1760 { 0/27 | 0/24 | 0/31 1721 0/60 | 1760
Granulocytic leukemia | 0/60 | 0/60 127 | 024 | 0/31 0721 0/60 | 0/60
Harderian gland Adenoma 1/12 | 0/24 1/8 0/24 07 1/29 0/9 1/25
(L)
Harderian gland Adenoma 1112 1125 0/8 0125 017 0/29 0/9 0/25
®)
Mammary gland Mammary gland 0/0 172 -0/0 12 0/0 0/1 0/0 0/0
acanthoma ]

Mammary carcinoma 0/0 12 0/0 172 0/0 1/1 0/0 0/0

Skin, others Sarcoma 1/13 2/2 1/8 1/9 0/11 1/3 212 0/1
Lipoma 1/13 0/2 0/8 0/9 0/11 0/3 /12 0/1

Papilloma 0/13 0/2 0/8 0/9 /11 0/3 0/12 0/1

a) Distilled water (No. of mice with tumor/No. of mice examined)

SUMMARY OF NEOPLASTIC FINDINGS IN ALL ANIMALS

. FEMALES

o [ 250 | o0 ] 25 ] s

Lung: Pulmonary adenoma 4/60 3/35 237 | 3/60 | 3/60 | 1125 | 514

emmusmgss  Historical Control (1995) Mean: 7.5%; Range: 1.9-12.0%

MOUSE STUDY COMMENTS:

A slight but non-significant increase in incidence of pulmonary adenoma was observed in
MD (21%) and HD (10%) females. The incidence of pulmonary adenoma in the HD
females was greater than the emssssmm=  historical control mean (7.5%) but was within
the range (1.9-12.0%). The incidence of pulmonary adenoma in the MD females is
greater than both the s historical control mean and range. Based on the body
weight decrements (9%-M; 16%-F) observed in the HD group, the HD dose used in the
carcinogenicity study appears to be adequate. However, the study duration does not meet
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the regulatory required 104-Week study. Hence the mouse study may not be a valid

study (this was designed to be a 78-week study; it is not a 104-week study that was

terminated early). There were no other treatment-related neoplastic findings.
Summary of Non-Neoplastic Lesions in All Mice

Liver: Amyloidosis 8/60 7/34 2/34 6/60 2/60 10/25 8/21 10/60*
Ileum: Amyloidosis. 9/56 10127 3/28 10/59 10/58 13/24 7/20 16/60
Kidney: Amyloidosis 17/60 13/29 8/31 8/60 16/60 20/24 13/26 19/60
Ovaries: Atrophy 0 0 0 0 12/60 17/37 14/37 | 26/60*
Kidneys: Progressive nephritis 7/60 7129 4/31 10/60 12/60 1524 11/26 18/60
*p<0.05

Amyloidosis was observed in the liver, ileum and glomeruli of both treated and control
mice with no dose-response relationship. Ovarian atrophy was noted in treated females
being significant in HD females. Sponsor stated that the amyloidosis and ovarian atrophy
are changes commonly seen in ageing mice and are therefore not considered to represent
direct toxic effects. Progressive nephritis was observed in all treated animals including
controls. However, the incidence of progressive nephropathy in the HD group is
relatively high.

QUESTIONS FOR ECAC:
1. Does ECAC agree that the mouse study is not a valid study based on duration of
the study?
2. Does ECAC consider the doses evaluated in male and female mice to be
adequate?

3. Does ECAC agree that there were no treatment-related neoplastic tumor findings
in the mice?

Executive CAC Recommendations and Conclusions:

The Committee noted that the mouse study was not ideal because i1t was only 78 weeks
long, while the standard study is 2 years long. The committee accepted the study in view
of the lack of tumor findings at 78 weeks and the lack of a strong tumor signal in the 104
week rat study.

APPENDIX
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Histopathology - group distribution of neeplastic findings for animals killed or dving during the
treatnient period

Group : 1 2 3 4
Compound : Contrel  ------ Sun 0588 -----
Dosage (mg/kg/day): [} 25 80 250
SEX: c-o---- MALE=~=v=" Paennen FERALE==~~ -
GROUP: -T- -2- -3+ k- <3~ -2+ 3= _4-

QRGAM AND FINDING DESCRIPTION wumseR: 31 27 30 32 a 21 28

............................................. o e

e% TOP OF L1SY }

LIVER % 2 ouvruvonnns iavearercessseeassnvssessssss NUMBER EXANINED: 31 27 30 32 23 26 29 26
-K-REPATOCYTIC CARCINOMA 1 2 3 t, 0 ©o 0 o©
~-B-NEPATOCYTIL ADENONA s 1.0 _4i 5 o 0 0

LUNGS ¥ 2 +uveunnnemrrracssonns herareiseiatariesns reeas NUWBER EXAMINED: 3% 27 30 32, 25 26 21 26
=-K-PULKONARY TARCINOMA 2 o 2 21 2 v ¢ [
-~8-PULMONARY ADENONR 3 a0 1 2% 1 e 2 o

SPLEER ,.seuoarsosasronnsenssannvmannerancens veneee veu. NUNBEN EXARINED: 31 27 30 32 : 23 26 21 26
- <. HAEMANG OSARCONA e o © ©° 1 n ¢ o

MTERUS . oveervovocaosrursnsrasonsnsssnsnecssnarecorss vo. MUMBE® EXARIRED: © € O 0. 28 24 21 28
~~B+LEIONTORA ° g o [ B ] 1 2

WOPOTEELIC TUMOUR o.vonenconsovvursersocmeresossanres .+ WUNBER EXAMINEO: 31 27 30 32 23 26 21 26
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Histopathology - group distribution of neoplastic findings for all animals
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lhstopatholov\ - _group distribution of non-neoplastic findings for animals killed or that died
during the treatment period

Graup H 1 2 3 4
Compound : control  ceeeee SUN 0588 ----v
Dosmge [mg/kgrday): o 2% ab 250
SEX: --e~es- MALE oo f-sooFENALE--o -

GROVP: ~3~ -2~ -4- . e2e 3% e

ORGAN AND FINDING DESCRIPTION MUNBER: 3t 27 30 32 23 24 ¥ 28

........................................................................ ama - LAY ST -me e®a  wme

** TOP OF LIST **

ADRENAL CIX. R ........ tehsatibavterensnenaseacareses WUNBER EXAMINED: 31 27 39 32 33 23 21 26
- -AWNYLOIDOSIS 3 1 Ss 3 8 % 9 12
--DEEP CORTICAL PIGMENTATION H 1 L4 ? ) 1 1
+~YACUOLATED X ZONE 2 4 [} 1+ ] ¢ 14 [
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KDRERAL MED. LBR . .. .eovrnicnim it iiinnnseneaaan NUNSER CYARINFD: 31 27 3p 32 22 23 21 24
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- -SUBNUCOSAL DEDEMNA 7 9 3 7T o6& I8 7 I3
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HEART, AURILLE . . ... ivcecncnns ceeesaersvsasnas NWUMBER ExaMINED: 39 27 30 31 23 2% 2V 2%
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~~AMYLOIDO0S1g & 3 5 4 1 5 3 2
--mvuuu iunocmwwus [ 2 0 ¢ 0 [} ] 0
-~ ARTERIT [ [} 1 -] 1 ° [ 2
--uvocumu WECROSIS [ ] [ ] [} 1 ] 9
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Significant when compared with Group 1: a - p<0.05
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Histopathology - group distribution of non-neoplastic findings for animaly killed or that died
during the ireatment period conid.

Sroup H 1 2 3 &

Compound : tontrel ------ UK DSAR ---en

Dosage (ag/kg/day): ? 25 80 250
SEX: mvcs e WALETcaceer  avesnn FENALE-v+v--
GROUP: -t~  -2- =3~ k. =1 <2v -Fe  o4e
OREAN AND FINDING DESCRIPTION wuMBEx: 31 2z7 30 32 23 2% 21 2%
e e meeeremietmemesecesmsmmeereeeesete e oemsshmseafmraemeaoceoae-s cami  aBe <M ome  c&e @« e me
KEONEYY (LER) -ocinvurenrervontosansonrorasasonnnnnnmnne FUNBER Examingd: 31 27 30 32 23 2% 21 26
- -GLOWMERULAR ANYLOIDOSIS 15 13 8 8 10 20b 1% $S
-~1NYJERSTITLAL ANYLOIDOBIS ¥ g 0 13 1 3 B /]
~-PAPILLARY NECROSIZ 1 t ¢ 0 L] o 1 B
--HYDROKEPHROS |3 1 ] 1 1 [} ] 8 0
«+REPHROCALL INDS1S 2 A 4 & o 9 1 1]
-+PYELOREPERITIS 2 a 3 )] 0 ] a 1]
~-PAPILLARY MINERALIZATION o [+] ¥ ] 0 b Q 1]
~-PROGRESSIVE NEPHRITIS & ) & 5 8 15 4 15
--REPHROSIS 6 ¢ 1 8 o TT oo
«+CORVICAL CYsS? [:3 -] 1 ] ] a 4 1
-<ARTERITIS 1 0 0 o ] [} [ 1
--LYNPHOCYTIC INFELTRATION 6 4 t 1 H 1 1 1
LN BANDIBULAR ., u.acccocotassotuset it ®onancncaronens » WUMBER examingn: 27 22 26 27 25 2% 1% 23
--KRYLDIDOSIS 1 o ] 1 [} [} [ [
--8INUS ERYTEROPHAGIA 1 1] ] :] 0 ] 1] "]
-« PLASNACYTIC WYPERPLASIA ¢ Z [4 g 0 4 q g
--L¥HPROID BYPERPLASIA 0 o ] ] [3 ] 2 o
LK MESENTERIC ..uicversnsesssrnomvrnvrusrsnossrocaens WUMBER EXAMINED: 23 26 28 28 ¥ 23 17 22
--ARYLOIODS1S 4 5 0s S ¢ $ 2 2
--NYPERCELLULAR CONGESTION [ 4 6 11 4 14 4 s
--FIBROSIS )] v 1 o [ 0 [ ]
~+-518UE ERYTHROPHAGIA b4 1 9 ] 1 ¥ ] [}
--FOCAL TELARGIECYASIS 0 1 4 [ ° [ [ [ 1
--LYNPROID HYPERPLASIA z 0 3 1 1 % 1 1
--ARTERIAL AREURYSEAL DILATATION [ ¥ [} [ [} ° [} [}
LIVER R 2 ov-vvctvnrmanccanss PR R T R RURBER ExsmiNEDd: 3t 27 38 52«! 23 26 21 F73
-~ ARYLDIDOSIS 7 14 2 6! 2 19 Bs Oa
=~ TRFLARMAT I 0% 5 2 S el s 1 z 1
LIVER X 2 . iuviarieronocessnonnensnevsonarrorsacaesavss NUWBER EXAMINEDS 31 27 30 32 23 28 2% 28
-~MARKED CONGESTIOR ° 0 a 1 o ] [ [}
- ~HEPAYOCYTJC WYPERTROPRY 2 0 3 ] [ 9 0 [}
--KUPFFER CELL PIGRENTATION [ 0 0 0 [ 0 [ ]
~-EXTRAREOULLARY NYPERPLASIA [} ° a a [ a o ]
--BULTIFOCAL NECROSIS [ ] ° g 1 ¢ 1) b
--SIMGLE CELYL WECROSIS 1 [} [ [} [ 9 [ [
--BILE DUCT HYPERPLASIA 1 0 9 0 0 a ] [
--LYNPHDID HYPERPLASIA [ 9 [ 9 [ 0 1 [}
~-FOCAL NEPATOCYTIL BYPERPLASIA 1 [ 1 ] 1 0 < ¥
--TELANGIECTASIS [ 1 [ [} [ [ 9 0
<~ ARTERITES [ ] 9 (] 1 & 4 0
--PERIACINAR NEPATOCYTIC VACUCLATION [} 0 [ [} [4 (1] H ]
LUMGBS X Z ocnecicrsncsurnoncnnsovsarnarsssssnvnersosss NUMBER EXAMINED: 81 27 %0 32 23 24 2% 26
- *HULTIFOCAL LYNPROCYTOSES 1 0 1 [\ 1 q ] 0
’ - -SUPPLEURAL INFLANMAYORY ZONE [} B 1 e o [ © o
--PULHONARY SAENORREAGE 1 [] 2 4 3 1 0 2
- -PHEUMDNITIS 1 9 [ 2 ¢ [ ¢ 4
- -PULNONARY ADSCESS [ ) [} o 1 [ 1 [}
--INBALATION PNEUMONIA [ [} )] 0 1 Q 1 [
~--FIBROUS PNEUNONITIS 4 1 o 1 ¢ ] Q ]
-~ALVEOLAR NACROPHAGES 1 [] 1 [ o [ 1 ¢
-+FOCAL TTPE-11 CELL WYPERPLASIA [} [} [} ] 4 0 ¥ o
~-BROVE INDURATION 1 ] [ 0 [ L] o 0
HANNARY A, CAUD ..uu..vsouencovscnsssnasonvransivanarss NUMBER EXAWINEO: 31 26 30 32 23 24 21 26
~-DUCTULAR SECRETION o 0 [ ¢ o ° 1 [
CESOPHAGHS ..uovseccerncmrnecccronsrrncnremnresnnnseaar RUMBER EXAMINED: 3t 27 356 32 23 24 21 28
--ARYLEIPUS)S 3 8 ° ] [3 1] 0 0
--MUNAL 1SFLAMNATION 0 a [4 ¢ 0 [ H o

Significant when compared with Group 1: a - p<0.05; % - p<H.0L
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Histopathologv - eroup distribution of non-neoplastic findings for animals kilted or that died
during the treatment period contd.

Group H 1 2 3 &
Compound H control  cree-- SUN DSB8 -v-«o
Dosmge (mg/kgrday): 0 25 a0 250
SEX: s----- MALE-=-====  ~evvo- FERALE -+~~~
GADUP: -1- -2- -3- -4 -F- -2- -3 ke
ORGAN AND FINDING DESCRIPIION wuMBER: 3% 27 30 32 23 24 2t 2%
........ e mr A o —eto g mebanaAAER RN AR SRR AR EA R e ah e b SRS SBe  m@v  eme  c@e e mwe niwe
OVARIES (1ER) ...sn..-. eanemanas marasreimanenoes sressos NUNSER EXANINED: O [ 0 9 23 2% 21 26
«-ANYLOIDOSES -] [} 0 1] 6 1. 3 o
-~OVARIAX SON-SPECIFIED CYSY ] ¢ 0 [ 4 3 3 L3
<-SEVERE WAEMORRBAGE ] 4 ] 8 [ 4 2
-+ ATROPRY ] [ 0 8 2 ¥1b  Ya 0s
S-ARTERITIS ] ¢ ] 8 L] 1
~-INVERSTITIAL PROLIFERATION [ L] ] 1] 2 13 ]
PAMCREAS . .ovvvmvnnaronnmcnane memencsssrenrsnsnssnsnres NUMBER EXAMINEO: 3% 27 30 32 23 24 20 2¢
- -DEDENA 5 7 0 13 2 9 3 4
- -INTERSTITIAL INFLAMKATION ] [ 2 D 3 -] L] [ ]
~~PERITOREAL SAPONIYITATION 0 [ 0 -] [ [ L] [
<-BUCTULAR DILATAYION )] ¢ [ 1 [ [4 -] [}
--ARTER; YIS ] ] 1 ] ] ¢ o [
--EXOERINE ATROPNY Q 8 1 [+ ] 0 g L]
FARATHYRODIDS vovssruscarmocsrvancoosenvassarasencuonavs NUNBER EXAMINED: 25 20 21 27 20 18 20 18
»-OME ONLY 27 17 1 12 10 7 1z 1
PITUITARY crenenocervrommnseroontossnsvsrescvsnnosssess NUMBER EXANINED: 30 26 29 27 23 28 21 26
-~CRANIOPRARYRGEAL LY3Y o ] 1 1] ] 0 a ¢
--PARS DISTALIS NECROSIS 1 [} 0 ] [ 0 o
PROSTATE .....-. faiiaieimecosvennrrrrcancensnsrnsvansns NUMBER EXAMINED: 38 25 3 32 0 [ 8 [
~~ACUTE SRFLANMATLION ] -3 1 1 ] [} ] ]
SERIMAL VESICLES ...cociwcruviconnans raasacnencman wrsv. WUMBER EXAMINED: 3% 27 30 32 -} ] ] v
« - EMFLARMATION 2 $ 2 ] ] [ 8 ]
~~INSPISSATED CONTENTS 0 ] 0 t ] o ] ¢
CxBISTENDED 1] 0 1 ] [ 0 [ °
SEINW ovsnemnonvtncomasvosrsantisrrosnsrsasrarsersonve BUMBER EXAMEXNED: 31 27 30 32 23 23 21 26
--FOCAL ACANTNOSIS t 0 ] 1 [ 0 o b
«~QEDENA 3 3 \ 3 [ 2 2 2
- -ADREXAL ATROPHY 7 5 ° 178 1 0 1 ]
~-DERMAL FiBROSLS H 2 -] ] 4 4 2 o
~~ULCERATION 1 t 1 0 ¢ ] 0 ]
SPINAL €, TR/LUN ot vanrancnmneotio emernanacannnns MUMBER £XAMIMED: 31 27 30 32 23 24 21 2%
--YENTRAL COMPRESSION 3 4 2 t 2 1 °
SPLEER scevvsercinnrvssromscneramutoctassnnsnonnan cure. HUMBER ExAMINED: 31 27 30 32 23 24 2% 2%
~-ANYLOIDOSIS 1] 7 3 6 7 3 19
--EXTRAMEDULLARY WAEMDPOIESIS 3 4 8 1 1 2 2 3
- -LYMPHO[D HYPERPLASIA 3 8 g 2 4 1 1 3
~~ATROPHY k] 4 9 j4] 9 0 L] [
STOMACE % 2 vrvaverosovonsscrrsvvmnsonenncrconrnonnrers NUNBER EXAMIKER: 31 27 30 32 23 24 21 26
--MYCOSAL DYSPLACIA 15 3 ¢ B 4 “ [ 3
--KERATIN 20xe - HYPERKERATOSIS 8 4 s 2= & 1 t 3
- - SUBMUCOSAL CGEDENA 1 4 v 0 ° 1 9 2
--ARYLOIDOSIS 9 ? [ 0 [ 1 0 ]
-«PYLORIL NECRD5IS 0 B (] 1 [ L} 0 ]
~MUCOSAL MIRERALIZATION 9 ] 4 0 1 ] 0 0
-~KERATIN 20KE - INFECTED ULCER 1 9 [ 0 [} 0 [ o
LEFY SUBMANDIR SL,GL, rcvevrcvcon.. haresermaere s NUMBER EXARINED: 33 27 3p 32 23 2% 21 2%
~~INTERSTITIAY CHRORIC [NFLAMRAYION 1 e [] 2 1 o ? o
««ATROPRY [} [ ° 1 ) o [ 3
- ~UNTLATERAL NECROSIS 1] [ [ ] 0 0 [} °
«-WYPERCELLULAR CONGESTION 1 'Y P 0 o D 0 °
.Significant when covpared with Group 1: a - p<0.05; b - p<0.01
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Histopathology - group distribution of non-peoplastic findings for animals killed or that died
during the treatment period contd.
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Histopathelogy - group distribution of non-neoplastic findings for animals killed or that died
during the treatment period contd.

Group H 1 2 3 &
Compound z Contrel  c=s--- SUN 0588 -----
Dosage (mo/kgiday): o 25 2] 250

SEX: wewoure MALE---cows 2eumes FEMALE-- ==
GROUP: -1- 2> -3~ k- }r -2- -3 k-

ORGAM AND FINDING DESCRIPTION NUNBER:; 31 2¥ 30 32 2% 2% 2t 26
emasaw et e amaEsNeere e amstE e h Rt s iamer Rt A e ek E ANt anmakmue wka  vme  +8+ ke  aEe  cme  wEe whe
e+ F2OM PREVIDUS PAGE ** -
FOUIJFEEY .yvervvarrsrnencinnavsssoascissggoessavensss NUNBER BXANIRED:
. - ~BONE SEQUESIRUN
- -GSDENATOUS AxiN
- -PEDAL GRAWULONA
-~ULCERATION/E[BROS!S

LEFT HARDERUAE CLAND ...vsseemrsoscococnssassanssosesnr NUMBER EXAMINED:
~+GRANULAR PORPHYRIE PIGNENT
--DEGEXERATICK/LYNPNOCYTIC INFILIRATION

Bk A B - X - Eo g - R
_-—N O9000

. - N LN R

w

RIGKT HARDERIAK BUAND ....cosvveravocrorusunevorovnses NUNBER EXANINED:
~~GRANULAR PORPHYRIR PIQMENT
>~DEGENERAT IDY/LYRPBOLYTIL INFILIRATION
«-FOCAL KYPERPLASIA

DONN O OO0OO0OO0OW

-2 L
QR e

t B AXILLARY ivveiuvarovasensspenmncas veesoavenssssre NUMBER EXANINED:
~~LYRPHOID RYPERPLASIA
--SINUS KISTIOCYTOSIS

WO NVEe NANN SOCORa

A2

LN O ILIAC BED. .. vusrsvrsemvsarrcrron sinrranaromeran KUMBER EXANINED:
+=LYNPHOID HYPERPLASIA

ON Gut SOWW DUl OwmOOm
U Qe SOWW

OO0 G-

ON San o OB COCOO

-,

Y I 2 - T
02w

LN INGBINAL covvuscavsersrvasssoransatsnnssssrreesver NUMBER RXANINED:
~«LYNPHOLD HYPERPLASIA

L8 REMAL sccreorarnnprnvsoneccenssssessonnaesassanscss NUMBER EXANINED:
- LTRPROID RYBERFLASIA

o -
- .

Lk TEYMIC ....... TS L R T seesenssa RUMBER EXANINED:
--LYNPROID ﬁ??!l?thilh
~=~PLASMACYTOS)S

PENIS/PREPUCE ... .meeiecncnrrosonenen evvrerese PPN NUMBER EXAMINED:
~--TEP NECROSIS, SEVERE lI’iAlIﬁYfOI

- I e e

PREPUTTAL GLAND ... ... ..... rerirenncccrisunsnsrenvrsye NUKEER EXANINED:
~~CYSTIC ACIN:
--ARSCRSSAYIUS
«-QEDENA
--CYSYIC DUCT

-IHOY OO OOH OO A0
OOOPED QO O@w Ow O

Qooes 50 oad-m

SKIN, OFMER .ouvv.oieivvoravrormmecesmcuaciarorannsonn NUMBER EXANIWED:
I-AREA OF BAIZLOSS + ULCERATION
~~DERMAL FISRDSIS
~-QEDENA
--$REA DF BAIRLOSS = SEVERE DERMAL Fierosis
~-~BROWN F&Y AREA
--AREA OF WAIRLOSS = NSL
- -DERMAL INFLAMMATLOW

COA P AN Cwuwu D0 GOS ON O

WHODANWN QE e
COOBBOD ..

FAM oinccstenveraranmeromcrrearr s s nraecan emevassane NUNBER EXAMIRED:
"l!kl?lﬁ CYST
~-EPTIMELIAL JNCLUSION €YsY

N KD e ae C3 6T LY
“-ON COOOANDE SDNWY SO QO

[T

URETER ..ocavncacans srveaammcemancranann Cereameraieiaae NURMBER EXAMINED:
--DRE OILV

QAo B3O

- s
oo

URETHRR c.cvncecssovnnccenncnces eeresraraneasaneernsoss NUMBER EXAMINED:
‘-Pfllulifﬂkh‘ Hl!lolﬂnlﬁ{

NN 5o

URETHRA-BULB Bt . ___ .......... ceensaenna. semescesannas NUMBER ExaNlnEO:
~~¥YPERTROPEY

PO OO GO GaN COBOODOW DODDE DU wEN OW ON TN Dow Owdo

QO OO0 go COD OB/JLHOON ANECOC OO0 Owwm ON Ow

DS 00 g0 GH0 CUROONO -

L-N -] X4
-
WO 06 G0 SO

@ NN
-
- -

184



Reviewer: Fang Cai, Ph.D NDA No. 22181

Histopathology - sroup distribution of non-neoplastic findings for animals kilied after 78 weeks of

treatment
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Significart when compared with Group I: b - p<0.01
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Histopathology - group distribution of non-neoplastic findings for animals killed after 78 weeks of

reatment contd,
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Histopathology - sroup distribution of non-neoplastic indings for animals killed after 78 weeks of
treatiment contd.
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Significant when compared with Group 1: a - p<0.05
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Histopathology - group disiribution of non-neoplastic findings for animals killed after 78 weeks of

treatment contd.
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Histopathelogy - sroup distribution of non-neoplastic findings for all animals contd,
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Histopatholegy - group distribution of non-neoplastic findings for all animals contd.
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Llistopathelopy - group distribution of non-neoplastic findings for all animals contd.
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Histopathology - group distribution of non-neoplastic findings for all animals contd.
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2.6.6.6 Reproductive and developmental toxicology
Fertility and early embryonic development

Study title: Fertility and Early Embryonic Developmental Toxicity Study of
Sapropterin HCI Following p.o. Administration in Rats

- Key study findings:

e Insemination index was decreased (not SS) in HD males (78%) relative to
controls (96%). Similarly, fertility index was decreased (not SS) in HD females
(79%) relative to controls (96%). Sponsor stated that histopathological evaluation
(no data) of the testes, epididymides, prostate, seminal vesicles (of males that
mated but failed in making a female pregnant), and ovaries and uteri (of females
that mated but failed to become pregnant) did not reveal any treatment-related
effects relative to control.

e There were no treatment-related effects on number of corpora lutea,
implantations, live and dead fetuses.

e The incidence of lumbar ribs increased (not SS) two-fold (7.2-7.6) in fetuses of all
treated groups relative to control (3.1). However, this increment fall within the
historical control range (0-13.6).

e Ossification rate of the 6th sternebra was increased (79%) in fetuses from dams
dosed 40 mg/kg/d relative to control (56%).

e NOAEL for SUN 0588 on fertility (males and females) and early embryonic
development is 400 mg/kg/d. But under the section of detail conclusions and
recommendations, the IND reviwer stated that “NOAEL for SUN 0588 on fertility
(males and females) and early embryonic development is 40 mg/kg/d and 400
mg/kg/d, respectively.”

Study no.: PHN-77AT-SR.
Conducting laboratory and location: s

Date of study initiation: August 25, 1986.

GLP compliance: Yes (Japan).

QA reports: yes (X) no ()

Drug, lot #, radiolabel, and % purity: Lot # 8886506, e (HPLC).
Formulation/vehicle: SUN 0588 dissolved in distilled water.

Methods:

Species/strain: Rat/Wistar.

Doses employed: 4, 40 and 400 mg/kg/d.

Route of administration: Oral (gavage).

Study design: The test agent was administered once daily to male rats for a total of 92
days (63 days before cohabitation, during and after cohabitation — 29 days) and to female
rats for 14 days before cohabitation, during cohabitation and up to day 7 of pregnancy.
On day 93 the male rats were sacrificed and necropsied. All female rats were sacrificed
on day 20 of pregnancy and necropsied. The number of corpora lutea, implantations, live
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or dead fetuses was determined. Visceral and skeletal examination of fetuses was also
conducted.
Number/sex/group: 24/sex/group.

Parameters and endpoints evaluated:

Mortality: Daily.

Clinical signs: Daily.

Body weight: Twice weekly.

Food consumption: Weekly in males and every three days in females.
Toxicokinetics: Not conducted.

Results:
In-life observations:
Mortality: n = 24/sex/group

One HD male died on Day 4 of dosing. Necropsy revealed a swelling of the lungs and
bubbles from the trachea. Hence the demise of this rat was attributed to gavage error.
Histopathology did not reveal any abnormality.

Clinical signs: No treatment-related clinical signs.

Body weight: No treatment-related on body weights of both males and females.

Food consumption: No treatment-related effect on food consumption of both males and
females.

Organ weight: * p<0.05

Lr_Dose (mg/kg/d e “Ta0

Spleen (mg) 921 812*(12%)) 847 ‘ 890
Spleen (mg%) 182 160%(12%1) 173 176

Toxicokinetics: No data.

For fertility studies:
In-life observations:
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COMPOUND DISTILLED WATER SUNDSBY
BUSL  §4G/KG) CONTROL 4 40 400
NO. DF FEMALE RATS 24 24 24 24
FREQUENCY OF ESTRUS
MEAN 2 S.D. 3.5 = ©.5 3eb = 0.5 3.5 2 .5 3.6 = 0.5
nALE .
HU. OF MALE RATS 24 24 2% 23 iz3n
TOPULATION INDEX
st 23 1 24 24 4 24 217 24 23/ 23 (23>
33 t 95.8! 110,03 t 87.5) 1100.0)
25D V21 o - 1/ 3 13 -
131 t100.0] - € 33.3) -
IST » 24D 24 7 24 24 / 24 22 7 24 23 7 23 123
tz) (100,04 1100.01 1 91.7) t100.0)
INSEMINATION INDEX
15T 22 7 23 233 23 / 24 21/ 21 czn 18 7/ 23 1231
T3] TS T ¢ 95,81 t100.0) ¢ 78.31
P2 T/ 01 ot - SR -
t2) 1100.01 - 1100.0} -
1ST + 28D 23 7 26 23 / 24 22 / 22 t22) 18/ 23 123}
@) t 95.8) t 95.83 {100.0) ¢ 78433
FEMALE
RO. OF FEMALE RATS 24 24 24 24
CUPULAT ION INDEX :
IST 23 / 24 26 / 24 21 7 24 24 7 24
£31 t 95.8] (100,01 I 87451 {100.09
2np L/t - 3/ 3 (3 -
23 €100.0} - 1100.0) ~
1ST > 28D 24 7 24 24 4 24 24 7 24 25 / 24
) 1100.03 (100.02 1100.04 (rge.n)
FERTILITY INDEX
' 33 22 / 23 123 23 7 24 21/ 21 (213 19 7 24
13 t 95.7) t 95.81 1100401 ' T9.2)
28D 1/ 01t - 27 3 13} -
[t1] 1100.0) - t 6670 -
IST « 280 23/ 24 23 / 24 23 7 26 19 /7 24
1) ¢ 95,83 t 95.81 © 95.8) 1 19.2)
COPULATION INUEX 1%) = {ND. OF ANINALS WI1TH SUCCESSFUL COPULATION / NOs NF MATED ANIMALS) X 100, INSEMINATION {NDEX 1%} = (NG

OF INSEAINATING ANIMALS / NOo OF AHIMALS WITH SUCCESSFUL COPULATION} X100, FERTILITY TNDEX (21 = (NO. OF PREGNANT ANIMALS / NO.
OF ANINALS WITH SUCCESSFUL COUPULAYEON) X 100

pears This Way
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Terminal and necroscopic evaluations:

CoMPIUNG SISTILLED waT SUNDS3s
(VG/AG) TONTRCL 4 4D 408
NC. OF GAMS 23 23 23 19
nCe OF CORPORA LUTEA
{TOTALS {337} t 3753 {1 377) t 311}
MEAN » S.D. 16,0 = L6 l6:3 ¢ 1.3 16,5 &+ 2.1 16.4 ¢ 1.7
PRETHPLANTATION LOSS 17 /367 41 /315 17 7373 23 /311
EMEAY & S.0.%) 1 4.6 & 3.7} ( 11.0 216.2) Lefe 2 6.2) [ 7.4 2 B.0)
ND. OF IVPLANTATIONS )
{T0TAL) { 350} { 333) t 352) 1 2868)
MEAN + $.D. 15.2 & 1.7 14.5 » 2.9 15.7 + 2.1 15.2 ¢ 2.1
NC. OF
AN TAPL aNTATINNS
RESORPTIONS 12 /350 13 /334 33 /362 t3 /288
{MEAN & 5.D.%) { 3.4 » 3.6 [ 4.4 2 5.4) 946 211el} [ 447 £ 5.72
PLACENTAL REMNANTS ¢ /350 0 /7334 1 /7382 1 /288
(MEAN & S.D.X} [ 0.0 % 0.0} ¢ 0.0 » 0.3} G433 & 1.2} [ G4 2 1.9)
NACERATED FETUSES o /350 e /334 a /362 o /283
CMEAM * 3.0.%) { 0.0 * 0.0) { 0.0 2 0.0) 0.C + 0.0} { 0.0 = 0.0}
0zZaAD FEZTUSES 0 /350 G /334 o /362 8 /285
(MEAN 2 S.D.%3 { 0.3 ¢ 0,0} t 0.0 &+ 0.0} 0.0 + 0.0} t ©.0 = 0.0}
TOT AL
TEXD IMPLANTATIONS 12 7350 13 /332 34 /362 14 /238
{MEAN = §.D.%) { 3.3 2 2.6) { 4.4 » 5.4) 9.9 *11.21} t 5.1 = 643]
MC. OF LIVE FETUSES
1727AL} t 338} t 321} {1 328} ( 2741}
MEAN 2 §.0. 14.7 = 2.2 15.0 =+ 3.1 1443 » 2.9 14.4 & 2.4
SEX RATIO
F2AALE / TOTAL 165 /333 155 /321 161 /323 122 /275
(MEAN ¢ S.Det t{ 0.49 20.10) I 0.49 20.18) .45 +0.12}) 1 0.64 20.14)
"83DY WEIGHT (G}
MALE MEAMN £ S.0. 3.50 & 3.2% 3.35 &2 D912 334 + 0a17 3.75 & B.15
FEAALE  MEAN * Se0. 3.60 % v.27 3.53 2 0.35 3.65 » 0.23 3.56 + 0.20
PLACELTAL WEIGHT (M)
“alE MEAN 2 Sede 490 = 53 417 * 5% 479 * 39 466 ¢ 55
FEHMALE  MEAa 2 58D 461 2 47 452 s 53 450 » 49 452 = 53
NC. OF
ACHE SIUM GF PLACENTAE 1 /338 G /321 o /328 0 /274
tHEAx & $.0.3) f 0.3 + 1.2} t ©¢.0 + 0.0) 0.0 &« C.0) { 0.0 = C.2}
NC. DF EXTERNAL
AZNURFALITIES 1 /333 2 /321 o /323 ¥ /214
(YT AN # S.D.3) [ 0.3 2 1.5} t 0.5 2 1.9) 2.0 + 0.0) { 0.3 2 1.2)
CY3T FOIVATION ON MEAD 1 /338 C /321 o /128 0 /274
(4ERiT & S.0.3) ¢ C.d = 1.5} f 0,0 = 0.2} OeC + 000! [ 0«0 = 0«0}
CLEFT PALATE 3 /333 /321 o s323 C /274
EVEAN & S.L.3) { G0 * 0.G1 ( 0.3 * 1.5} 0«0 *+ 0.0} { Q.0 & 0.0}
SHIRTNESS GF TRUACUS Q2 /333 X /321 0 /323 1 /274
IVMEAN £ SeDet { 0.0 = 0.90) f 0.3 »1.2) 0«0 2 0.0) [ 0.3 2 1.2)
22 ACHYUKRY 0 /338 0 /321 /323 1 /274
(MEAN * Sedes) { 0«0 2 05} [ 0.0 2 0.0} 0.0 0.0} { 0.3 > 1.2}
VESTIGEAL Talu 0 /333 1 /321 /7323 o /274
[MEAN ¢+ S.D.3%) t 0« » U9} [ 0.3 = 1.2} 0.0 = 0.0) { 0.0 & C.0)

Best Possible Copy
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VISCERAL FEXAMINATIONS OF FETUSES

COHPORNG DISTILLED WATER SUNOS 8
1MG/RE ) CONTROL 4 40 400
OAHS 23 23 23 1%
OFf FETUSES UXAMINLGD 1] 155 160 136
OFf ABNDRMALITIES 17 /163 19 /155 14 /1€ 19 7136
IHEAR * SuD.2) £ 99 2312473 ( 1149 213.9} { B.3 2 9.4% P 13.3 218.2)
HYKRIC REMNANT 1IN NECK 15 7163 15 /15% 12 /160 17 71358
{REAN & S.00.2%} { 8.4 211.8} t 9.2 =t2.1) { 7+0 2 7.%2 { 1241 217.0)
ENTRICULAR SCPTAL
LEECT 0 /143 0 /155 1 2160 0 /136
(HEAN + S.0.%) 1 0.C ¢ 6.0 t 0.0 s 0.0) I 0.7 2 3.5% { 0.0 & 9.0}
BNORMAL ORIGIN OF -
1GHT SUBCLAVIAR
RYLRY v /163 6 /155 1 /1s0 0 /136
fHEAN & S D2 [ DYV 3 t 6.0 2 9.0) I 8.6 2 3.8) { G0 2 0.0}
LRSESTENT RIGHT
LYL0S VN 0 /183 1 /155 0 /160 1 /136
TMEAM + S.D.x) I 0.0 & 0.uU} { 0.0 2 3.0} t 0.0 ¢ 0.0) { 0.5 3 2.3}
TLATATION 0F RENAL
SLVIS P /163 Q /189 ¢ /160 D /136
EREAN + S.D.% [ 0.7 2 351 f 0.0 s T.0) { 0.0 & 0.0} t G.0 2 9.0)
SFT UMDILICAL ARTERY L /163 3 /158 0 /160 3 /136
MEAN & S.BeX) I 0.7 2 3.5} 2.1 2 5.5} { 8.0 + 0.0} t 0.7 2 2.9}

SUNOSES

MGG ) CONTROL [ %40 400

0. UF DAMS {F0) 23 23 23 19

Of FETUSES EXAMINEDR 174 164 168 128

3F ANNORMALITIES 8 /1764 2 /164 1 /148 0 /139
IMEAN 2 S.0.%) { 4.6 +13.51 2.2 »10.4) { Dab 3 3.0 t 6.0 3 0.0

AVY RIBS T /3214 z2 /164 0 /7168 o /138
{MEAN » S.D.X) f 6.0 213.41} t 202 2104} { V.0 & 0.0} { 0.0 & 0.0}

BILHCE OF REnS 1 /114 C /164 1 /168 o /138
{MEAN & S.D.X) t G5 £ 2.5} t 0.0 2 0.0} f D.t & 3.0} { 0.0 ¢ 8.00

OF VAR IATLONS T /174 18 s166 17 7168 16 /138
{HEAN » 3.0.%} I 4.3 2 8.0) { 9.9 213.0) { 96 214.9)  12.0 213.21

SLTYING UF .

3SIFECAYION CRNTERS

S OVERTEARAL BULIGS AVE % 13 5 /16% 2 7188 2 138
IMEAN ¢ 5.0.2) { 6.0 2 0.0) I 2.9 & 6.5} (1.2 2 3.9 t 1.6 ¢ 4.9

ARIAFIUN GF NUMBER OF

JHBAR VERTEBRAZ Q714 ¢ /164 0 /168 3 /1238
EMUAN & 5023 { ©C.0 & U.0) t 0.0 2 0.0} { 0.0 2 0.0} t 07 2 249)

LRVILAL RIDS Z /Y7 6 7164 2 /168 1 /108
(HEAM & $.0.7) 4 1.2 2 G.D3 t 0.0 2 0.0} T 1.1 2 3.7 t 0.9 ¢ 3.0

IGRTNESS OF THE 13TH

[} O /L4 1 /164 0 /164 2 /138
1MEAN 2 5.0.%) t 0.0 % 0.0} t 0.5 2 2.8) { 0.0 2 0.0} { 1.5 2 %.7)

1AEAR RINS 5 /114 13 /16n 13 F168 10 /138
THEARL = S.D.%) t 3.1 2 6.0) I 72 21142} t Te6 213.8) £ 7.3 £10.81)

JYMHETRY QF

ERNEBRAL U fi7e g J164 0 /168 B A 4 1)
tHEAN o 5 » 0.0} U-0 & 0.0}

Best Possible Copy
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SKELETAL - DEGREFE OF OSSIFICATION {INCOMPLETE OSSIFICATION)

CDHPOUND DISTELLEG MATER suNaSes
DUSE EMG/XKG) CONTROE 4 40 400
NO. OF DARS 23 23 23 19
NU. OF FETUSES EXAMINED 174 165 168 138
CRANIAL BONE 163 /174 142 /164 15T Jies 119 /138
EMEAN 2 S.D.2) t 94.0 221.0} t B4.5 225.2) t %4et 214.8) £ 87.5 222401
ATLAS 9 /114 1 /166 2 /188 & /138
EMEAN 2 S.D.2) t 4B 214.9) 1 D.7 » 3.51? 1 1.7 » 5.9} I 3.7 2 %.2)
AX1S 12 /174 S /t64 6 /168 4 7138
EMEAN & S.D.%) T 6.8 £1%.2) 1 3.8 5 3.3} 1 4.5 213.5% T 3.5 & Bl9}
CERVICAL -
VERTEDRA 3 23 £114 9 /164 18 sio8 10 7138
EMEAN ¢ 5.D.22 1 12.9 220.5} f 6.0 3$12.13 t 1i-5 218.6) T 2.1 215.8)
4 39 7116 15 /7164 36 /168 22 7138
[HEAN = 5.D.%) { 22.2 325.1) t10.3 s172.7) 1 22.6 524.0) b I7T.0 223443
5 €0 /174 38 /164 46 /168 37 /7338
CHEAM 2 3.0.%) b 34,0 $29.1} 1 22.9 229.2) t 40e7 230,00 £ 20.6 $27.93
b 82 J1¥4 &4 7164 39 /168 40 /138
{HEAN = 5.D.3%) t 46-6 +31.5) { 39.3 236401 { 558 #28.0) { A4.0 232.9)
1 149 /174 . 138 /164 130 /188 114 /138
(HEAN = £.0.X) § 8i.8 225.3) 1 BT 224441 € 90,3 214.3) ¢ 8§3.C 221.7}
THORACLC )
VERTEBRA 1 112 2174 184 fle4 168 /1568 t3is /138
{HMEAR = $.D.%) 4 99.0 z 3.2% L100.0 3 D.01 1000 5 0.D) £100.C =+ 0.8}
2 174 /1724 164 /184 168 /168 138 /138
IMEAN 2 S.D.3} {160e0 2 0.0} {1000 » D-G) $1100,0 » 0.0} 1109.6 & 0.4}
3-13 174 7178 159 /7164 166 /168 136 /138
IREAN = 5,D.3} 1160+C 2 0.0} I G7+1 & bed} i 8.3 & 3.9} i 984 & 8.2
LUMBAR VERTLORAE 174 /124 1565 /164 168 7168 137 2138
{HEAR * SeDeX) 110040 * 0.0} 11000 3 020} {1000 2 0.0} 1 9943 & 2.9)
SACRAL YERTEBRAE 174 2175 164 /164 158 /1b2 138 /i38
{HEAN <« S.D.%) 11600 + G.0} 11000 £ 0.0} (1000 = 0.0) {100.0 & 0.0)
NG. OF
CAUDAL VERTEDRAE 420 ¢ Oo& Aot x 0.8 4e2 = DeS 3.9 2 0.3
MEAN » S.D.
RIS 1T /174 16% /164 167 /i6s 138 /138
TBEAN & SeDe2) { 9Fa3 2 2.0} 110040 3 Q.43 T 9%.4 = 3.0} (1000 = 0.0}
STERNEBRA i 1T /114 164 7165 168 /168 137 /138
{HEAN 2 S.0.%) {iD0.0 ¢ U.01 11000 & O3 t1U0.0 ¢ D.U) [ 99«1 = 3.8}
z 157 /174 52 7164 159 /168 127 /138
ENEAN = S.0.%) 1 9.4 £1T.1) 1 92-9 21a.3) [ 95.8 & B.7} € Flef 12.2)
> 172 /174 162 /164 16T ZibB 125 /138
IMEAN ¢ 5.0.1) 4 9MWY s 5.2 § 98.8 1 3.9} ¢ 89.5 & 2.3} € FieF £ Ga9)
“ 1TL /178 158 /164 1686 S1E68 136 /338
tHEAN & S.D.X} t W4 2 Lo4) { Sh.6 & 5.9) U 48.9 4 3.71) € 97+ & Ta21
S 115 /198 0L /1346 116 /103 840 /138
tHEAN & S.D.%) t 67.1 £25.91 { £3-9 230.3) 1 8942 229.1) b SBub *£25.5)
3 94 /174 K20 /184 132 /168 103 /138
TMEAN & S.D.X) ° | 55.5 232.8) I 73.9 «27.0) f ¥9.1 225.7) & § 167 £25.8)
0:PC0.05) B0:PLO.01 SIGNIFICANT OIFFERENLE FROK CONTRIL LOUNNETT PARANETRIC}

Best Possible Copy

199



Reviewer: Fang Cai, Ph.D NDA No. 22181

SKELETAL - DEGREE OF OSSIFICATION Contd.

COMPOUND DISTILLED WATER SUNOSSBS
DOSE {MG/KCY CONTROL [ a0 400
NG. OF DaAsS 23 23 23 19
SCAPULA 174 f174 166 /166 168 /163 138 /138
{MEAN +» S.D.%} {10040 » 0.0} {100.0 ¢ 0.0} (100.0 & 0.0} {106.0 ¢ 0.0}
CLAVICULA 176 /174 1&% /164 168 /168 138 /138
(MEAN ¢ 5.0.X) (100.0 & 0.0) 1100.0 * ©.0} 1100.0 & 0.0} tigo.0 » g.0)
HUMERUS 174 /174 164 /164 168 /104 138 /138
[MEAN + §5.0.%1) f£L0V.0 + 0.0} 1100.0 » 0.0} {100.0 & 0.0} (1800.0 & G.0)
RADIUS 174 /115 164 /164 1658 /168 138 7138
{MEAN 2 S.D.3) [100.0 & 0.0} 1100.0 & 0.0} {100.0 ¢ 0.0Q) 1100.0 ¢ 0.0}
ULNA 174 /174 164 7164 168 /168 138 /138
(MEAN +-5.D%) {100.0 & 0.0} £100.0 2 0.0} 1100.0 + G.0) 1300.0 » 0.00
FGRE LINO BONES
DISTAL PRALANX 10.0 = @.} 10.0 ¢+ 0.0 10.0 5 D.0 10.0 ¢ 0.0
MEAN ¢ S.D.
MIODLE PHALANX 0.0 » D.O 0.0 2 0.0 0.0 3 0.0 0.0 ¢+ 0.0
MEAN » S.D.
PRNXIMAL PHALANX 13 + 1.0 Zea 2 149 223 ¢ 1.3 2.0 ¢+ Ll
KEAN + 5.D.
MLTACARPAL BONE 7.6 ¢ 0.5 T+7 2 0.6 Telh & 0.6 7.2 »+ 0.2
MEAN + $.D.
LM 176 7174 184 /164 168 /168 138 /7138
IMEAN + S.0.%) t1L00.0 * 0.V} {100.0 s Q.0) 1100.0 » 0.0] i(100.0 & 0.0}
ISCHIUM 178 /274 164 /169 168 /163 138 /138
(MEAN » S.0.%} (100.0 + 0.0) t10v.0 * 0.0} (100.0 ¢ 0.8] tIN0.0 ¢ 0.0}
PUBES 114 7114 164 /164 . 188 /168 138 /138
LMEAN + S.D.X) 1100.U ¢ 0.0} {100.0 ¢ 0.0} 1100.0 2 0.0) (100.0 + D.0)
FEAUR 114 /178 1864 /164 1568 /168 138 /138
(MEAN ¢ S.D.3) 1000 ¢+ ©,0) {100.0 « 0.0} {100.0 + Q.01 t100.0 & 0.0}
TEBIA 14 7174 164 /16% 168 /1868 138 /133
{MEAN * S5.D.%) {100.0 » 0.0} ${100.0 + g.q} £100.0 ¢ 0.0} (100.0 & 0.0)
F18ULA 174 7174 164 /164 168 /168 138 /i3a
tHEAN » S.DeX) [100.0 » V.03 - t3100.0 + 0.0} 1100.0 + 0.0} {100+ & 0.0)
HIND LIMD DONES
DISTAL PHALANX 1.0 ¢+ 0.1 10.0 &+ (.0 18,0 3 0.0 10.0 & a0
MEAN ¢ S.D.
MIDOLE PHALANX 0.0 » 0.0 0.0 3 0.0 0.0 &+ 0.0 0.0 2 U0
MNEAN 2 5.0.
PROXIMAL PHALANX 0.0 & 0.0 0.3 8 1.4 0.0 & 0.0 0.0 =+ 0.0
MEAN & S.D.
M TATARSAL HONE B.O &+ 0.1 8.1 3 0.4 B.O &+ Da2 8.0 =+ 0.0
MEAN z S.8.
TaLus 0 /174 0 /164 0 /168 v /138
IMCAN & S,D.X) t 0.0 ¢ 0.0} { 0.0 2 0.0 I 0.0 ¢ 0.0} { 0.0 > 0.0}
CALCANEUS o /7114 0 /lhk 0 /7168 o /138
IMEAN + S.D.X) t 0.0 ¢ 0.0} { 0.0 &+ 0.0) . ¢ 0.0 0.0} i 0.0 : 0.0}

e e e e e e e e o e e e e 8 2 o it . e et e 8 e e =t 8 e e e o s e o v

MRHD = 10 mg/kg = 366 ng.h/ml = 370 mg/m2. Please note while toxicity studies (2-,
13-and 52-week) had been conducted in Wistar rats, TK was not conducted in any of
these studies. The only TK data available in rats (SD) at 10 mg/kg (265 ng.h/ml) and 100

mg/kg (4571 ng.h/ml) does not have linear kinetics. Hence, dose multiples are based on
BSA (mg/m2).

Summary of individual study findings: In a fertility and early embryonic development
study, the test agent was administered once daily to male rats for a total of 92 days (63
days before cohabitation, during and after cohabitation — 29 days) and to female rats for
14 days before cohabitation, during cohabitation and up to day 7 of pregnancy at doses of
4, 40 and 400 mg/kg/d. These doses represent 0.1X, 0.7X and 7X the MRHD based on
BSA. Insemination index was decreased in HD males (7X MRHD) by 78% relative to
controls (96%). Similarly, fertility index was decreased in HD females (7X MRHD) by
79% relative to controls (96%). Sponsor stated that histopathological evaluation (no
data) of the testes, epididymides, prostate, seminal vesicles (of males that mated but
failed in making a female pregnant), and ovaries and uteri (of females that mated but
failed to become pregnant) did not reveal any treatment-related effects relative to control.
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There were no treatment-related effects on number of corpora lutea, implantations, live
and dead fetuses. Ossification rate of the 6th sternebra was increased (79%) in fetuses
from dams dosed 40 mg/kg/d (0.7X MRHD) relative to control (56%). NOAEL for SUN
0588 on fertility (males and females) and early embryonic development is 400 mg/kg/d.
But under the section of detail conclusions and recommendations, the IND reviwer stated
that “NOAEL for SUN 0588 on fertility (males and females) and early embryonic
development is 40 mg/kg/d and 400 mg/kg/d, respectively.”

Study title: Embryofetal Developmental Toxicity Study of Sapropterin HCI
Following p.o. Administration During the Period of Organogenesis in Rats

Key study findings:

¢ Body weight gain decreased in treated dams by 14%, 11% and 24% in the LD,
MD and HD groups respectively on Day 21 post partum.

* A 15% decrease in food consumption was noted in the HD dams (Delivery group)
relattve to control. Similarly, a 7% decrease in food consumption was noted in
the HD dams (C-section group) relative to control.

* A 4% decrease in body weight was noted in live male fetuses (F1) of HD dams
that were C-sectioned.

* The number of live birth was decreased (13.3%) in offspring (F1) of HD dams
that delivered naturally relative to 15% for controls.

* Decreases in weights of the thymus (13-14%) and kidney (6%) were observed in
LD dams (Csection group) on GD 21. On post partum day 21, decreases in
weights of the brain (7%-MD; 6% HD) and lung (8% MD & HD) were noted in
dams that delivered naturally.

* Though not significant, a 2-fold increase in ventricular septal defect was observed
in fetuses of dams in the MD (2) and HD (2) relative to control (1). This finding
is slightly greater than the historical control mean (1.3) but falls within the range
(0-2.8). Incidence of left umbilical artery was increased in fetuses of MD (4) and
HD (2) dams relative to control (1). These values are greater than the historical
control data mean (1.5) and range (0.8-1.8). The incidence of wavy ribs was
increased (not SS or dose related) in the LD (4.6%) and HD (3.0%) groups
relative to 1.9% for controls. The values for both control and treated groups are
greater than historical control mean (0.07%) and range (0 — 0.57%).

* The number of days required for the opening of the ear auricle was significantly
shortened in fetuses (2.6 days) from HD dams compared to control (3.0 days).

¢ In the sensory function test, righting reflex in mid-air was not observed in 4 and 2
offspring from dams in the MD and HD groups respectively. This may be due to
retardation in systemic development.

* Incidence of hydrometra in F1 offspring from treated dams (natural delivery
group) was 1 (LD), 1 (MD) and 3 (HD) compared to 0 (control). No historical
control data for this finding. Incidence of dilatation of renal pelvis in F1 offspring
from treated dams (natural delivery group) was increased — 7 (LD), 4 (MD), 4
(HD) relative to 2 (control). These incidences (including control) are greater than
the historical control mean (1.3) but fall within the range (0-7.7).

201



Reviewer: Fang Cai, Ph.D NDA No. 22181

e Increase in weight of the thymus (22%) and decrease in weight of the heart
(10%) was observed in F1 females from HD dams on post partum day 21.

¢ Ambulation was significantly decreased in F1 male offspring from LD dams in all
3 days of open field test. Rearing was increased in F1 female offspring from HD
dams on day 3 of the open field test.

e Leaming ability was decreased in F1 male offspring (297 sec) from HD dams
relative to control (203 sec) on day 2 of the T-maze test with no effects on days 1
or 3.

e Though not SS, the rate of early resorbed/dead fetuses increased dose-
dependently in F2 fetuses from F1 offspring whose dams were treated orally with
SUN 0588.

o Fetal NOAEL is 40 mg/kg/d based on the decrease (13.3%) in number of live
births at the 400 mg/kg/d dose level relative to 15% for controls. Maternal
NOAEL is 400 mg/kg/d.

Study no.: PHN-78-AT-SR.
Conducting laboratory and location:

pro—

Date of study initiation: November 17, 1986.

GLP compliance: Yes (Japan).

QA reports: yes (X) no ()

Drug, lot #, radiolabel, and % purity: Lot # 8885Z06; purity was not provided.
Formulation/vehicle: A solution of SUN 0588 in distilled water.

Methods:

Species/strain: Rat/Wistar.

Doses employed: 4, 40 and 400 mg/kg/d.

Route of administration: Oral (gavage).

Study design: 45 Pregnant rats/group were dosed once daily with SUN 0588 at 4, 40 and
400 mg/kg/d during the period of organogenesis, from GDs 7 through 17 to examine the
effects of the test agent on the dams, fetuses and newborns. About 21-22 pregnant
rats/group were cesarean sectioned to determine the effects of the test agent on the fetuses
at the last period of pregnancy. The remaining 11-13 pregnant rats/group had
spontaneous delivery so that the effect of the test agent on newborns could be
determined.

Number/sex/group: 45 pregnant rats/group.

Parameters and endpoints evaluated:

Mortality: Daily.

Clinical signs: Daily.

Body weight: Daily.

Food consumption: Daily.

Dams: Dams were sacrificed under either at the time of cesarean sections as well as
weaning. The dams were dissected and weights of major organs such as brain, pituitary
gland, thymus, heart, lung, liver, spleen, adrenal gland, kidney, and ovary, were
determined. Implantation vestiges of dams at the time of weaning was examined to
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calculate the birth rate (number of delivered pups + number of implantation vestiges x
100).

Observation of fetuses (F1): Laparotomy was performed on the 21-22 dams cesarean
sectioned in each group and ovaries and uteri were extracted. The number of conceived
corporal lutea were counted, their position was examined and the number of early deaths
in the uterus (such as implantation vestige or amorphous embryo), later deaths (head and
four limbs are recognizable), or survived fetuses was determined. For fetuses that
survived, measurements of their body weight and placental weight was determined
individually. The fetuses were sexed using ano-genital distance. The visceral organs of
the fetuses that survived were examined and so were their skeleton.

Observation of delivery and newborns (F1): From the 11-13 dams that spontaneously
give birth, birth rate and conception period were calculated. At the time of delivery, the
numbers of live and dead pups, and gender was determined. The pups were also
examined for any abnormality of appearance. For dams that gave birth to more than eight
pups, groups of a total of eight pups/litter (four males and four females) were assembled,
and the rest of pups were killed for skeletal examination. Weight of pups was measured at
the time of birth and on days 4, 7, 14, and 21 during the lactation period and every seven
days up to the 11th week after the weaning period. During the lactation period, the
nursing of pups by the dams was observed. The days of differentiation regarding the
opening of auricles, emergence of hair in the abdomen, growth of lower incisor teeth,
separation of eyelids, etc. including the descent of testicles and opening of vagina after
the weaning period were determined. The rate of survival up to day 4 of birth and the
rate of weaning was calculated. On days 21 and 56 post partum, the pups (except for 3
males and 3 females/dam) were necropsied and the weight of major organs (thymus,
heart, lung, spleen, liver, kidney, and ovary or testicle; and brain for 56-day pups) were
determined and fixed in 10% formalin solution. The 3 males and 3 females per dam were
monitored for various functions after the weaning period. On day 21 and 56 post partum
(the pups that completed the learning ability test), the pups were sacrificed and skeletal
specimens were prepared using the Dawson method for the pups sacrificed on day 56
post partum and the soft radiography method for those that that were sacrificed in day 21
post partum.

Tests of functions, emotion, learning ability, and reproductive ability of pups (F1)
Test of sensory function: The development of sensory reflex functions such as vision,
algesthesia, and hearing were examined for all pups on day 20 post partum by methods
such as visionary displacement reflex, reaction to pain, Preyer reflex, right direction
reflex, and free fall reflex.

Test of emotion and motor coordination: A behavioral observational test (open field
test) was conducted for one male and one female per dam for three consecutive days
starting on day 28 post partum and a motor coordination test on day 35 post partum using
a rotating rod. For the open field test, the Mall’s method was used to examine the
number of squares crossed in three minutes a day, number of standing-ups, number of
face-washing movements, number of grooming movements, number of feces, and
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number of pups that urinated. For the rotating-rod test (rotorod test), the Lynch method
(animals walk on a drum with a diameter of 9 cm that rotated eight times per minute to
find out how many times they fell within a three-minute period) was used.

Test of learning ability: A learning ability test was conducted using a water-filled
multiple Tmaze for 3 days from days 42 to day 44 post partum. On the first day, the pups
were allowed to swim in straight waterway five times. On the second and third days the
pups swam in the water maze five times a day. The number of errors made and time the.
pups took to reach the goal by after five trials were calculated.

Test of reproductive ability: Two males and two females per dam that had not been
used for the learning ability test were fed up to the 11th week. One male and one female
in the same group that were not siblings were allowed to mate up to 14 days. For the
males and females that were not successful in coitus during the 14-day period, the males
were allowed to mate with untreated females (F1) that were not included in the groups up
to seven days. Also the unsuccessful females were allowed to mate with males that were
confirmed to be able to make females pregnant, for up to seven days. The rate of coitus
(number of successful coituses + number of cohabitations x 100) and the rate of
conception (number of pregnancies + number of successful coituses x 1 00) were
calculated.

The males that were confirmed to have had coitus were sacrificed at 16 weeks of age.
The weight of brain, thymus, heart, lung, liver, spleen, kidney, and testicle measured and
then fixed in a 10% formalin solution. For the females that were successful in coitus,
their weight was measured every three days and a laparotomy was performed on day 21
of pregnancy to determine if they were pregnant or not. After measuring the weight of
brain, thymus, heart, lung, liver, spleen, kidney, and testicle, these organs were fixed in
10% formalin solution. The females that were confirmed to be pregnant were examined
as described in the “observation of fetuses (F1)” above. The male rat and female rats that
were not successful in coitus or conception, were sacrificed and their heart, lung, liver,
spleen, kidney, testicle or uterus, and ovary were fixed in a 10% formalin solution.
Histological examinations of genitals (uterus, ovary, and testicle) was conducted.

Toxicokinetics: Not conducted.
Results:

In-life observations:

Dams:

Mortality: 1/45 Dams in the 4 mg/kg/d group sacrificed on day 7 (GD 13) of treatment
due to deteriorating condition. Necropsy revealed cleavage of the thoracic esophagus
which was attributed to stomach probe used to administer the drug. There were no other
treatment-related deaths.

Chnical signs: 1/45 Dams in the 4 mg/kg/d group was observed with abnormal breathing
sounds on day 7 of dosing (i.e. GD 13). The abnormal breathing sounds continued till the
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next morning in addition to the aggravation of general condition (drooping, shedding
tears, and marked decline in body wt.).

Body weight: (g) — There were no treatment-related effects on body weight during the
treatment period (GDs 7-17). Changes in body weight observed post partum are shown
in the following table.

Dose(mgkgrd) | . 0 4 L
Day 0 after Delivery 313 320 330 343%*
Day 21 after Delivery 350 352 363 371*
Gain in body wt. (g) 37 32 33 28
% decrease in body wt. - 14 i1 24
* p<0.05; ** p<0.01
Food consumption: (g) Cesarean section group
GD 1 20 20
GD 21 27 26 26 25%
% decrease - 4 4 7
* p<0.05 '

Food consumption: (g) Delivery group

Dose(mghkg/d) [
GD |

GD 21

% Increase

** p<(0.01
Toxicokinetics: No data.
For embyrofetal development studies:

Terminal and necroscopic evaluations:
Dams:

pppedts Tris WO
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Prenatal Effects of SU

0588 on Fetuses (F1) — C-section

SUNDS88 SUNOS88 SUKO0588
N Control 4 me/ksg 40 ms/hy 400 wng/ks
Noa of dams sacriticed 22. 224 22. 2i.
Hoe of corpora tytea 166 & 176 1647 2 }.a2 17,0 & 1.6€ 16.7 1 labo
Hoe. of impldntations 14.68 1 4412 15¢6 T 2438 150 t 4413 15.0 t 3.38
Impiantation rate 88.8 93.2 88.2 8927
R2te ot rtsarbad Totad 47 4.1 5.8 4.9
a7 dead fetysesi¥)
Earily 4.7 4“1 5.2 ‘el
Late 040 0.0 8.6 03
Koo 0f Jive tatuses male b7 t+ 2.87 7.8 t 3.19 7.3 t 3.07 7.3 1 2.2}
fessic Te5 * 3.02 Tel ¢ Zo32 Ba8 t 2434 a1 t 2423
S8z ratic Ded& t 017 0251 t 027 £e49 ¢ 0.17 0448 2 0ol
Bod; wgight of wrale 5236 % 0,33 509 ¥ 0e23 5e02 t De28 437 3 Qo24v
tive friusestq) .
fensle 4492 £ 0229 4eH3 t 0223 4274 £ 0.25¢ 4583 ¥ 0.35
Placental weighttg) ndie 0246 £ Q.05 Dedé t 0404 0ad5 ¢ Ca04 0244 1 003
female D46 % 0.09 0s34 1 0404 Qed3 3 0,405 0Ved3 008

Yalues represent Mesn 3 5.D0. except for no. of dams sacrificed and implantation rate and
Sev ra3tio represents no. of jive male fetuses / no. of totat live fetuses,
* : Sianificantly different from contxoi { p ¢ 8.65 }.

rate of sesorbed or dead fetuses,

Delivery in dams treated orally with SUN 0588 from GD 7 to GD 17

Dose {(ma/kg) Control 4 40 40D
No. of pregnant females 11 13 12 13
No, of females with live newboms 11 13 12 11
Delivering rate (%)2) 100.0 160.0 100.0 100.0
Gestational pericd (days) 21.9 2 0.32 21.9 = 0.46 21.8 1 0.40 21.9 ¢ 0.23
No. of implantations
Total 179 216 194 163
Mean : S.D. 16,3 2 1.42 16.6 + 2.18 16.2 2 1.47 14.8 + 2.44
Birth rate (3)b} 92.9 89.3 90.7 90.0
No. of stillbirths
Total 3 16 2 2

No, of live newborns

Total {Male/Female}

166 ¢ 85/ 81}

191 (1007 91)

176 { 82/ 89}

146 { 65/ B1)

Mean t S.D, 15.1 3 1.45 14.7 ¢ 2.32 14.7 2 1.32 13,3 & 2.05*
Body weight{g) of
live newborns
Male 6.0 £ 0.34 5.9 £ 0.38 5.9 ¢ 0.37 6.2 + 0.28
Female 5.6 2 0.0 5.7 + 0.4t 5.6 ¢ 0.37 5.9 + 0.25
a) : (No. of females with live newboms / No. of pregnant females) X 100.
b) : (No. of live newborns / No, of implantaticns) X 100.
S

ignificantly different from control { p< 0.05 ).

‘Organ weight of dams: GD 21 (g = absolute wt); (mg% = relative wt)

Best Possible Copy

_Dose (mg/kg/d A0
Thymus (g) 0.35 0.30*%(14%]) 0.36 0.32
Thymus (mg%) 84 73*(13%)]) 88 77
Kidney (g) 2.04 1.91%(6%)) 1.94 1.96
Kidney (mg%) 485 457%(6%)) 467 476
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Organ weigh of dams: Post partum day 21 (g = absolute wt); (mg% = relative wt)

Doelmekgd) [0 A oW T
Brain (mg%) 557 519%%(7%1) 525%(6%1)
Lung (mg%) 367 356%(8%1) 358%(8%1)

* p<0.05; ** p<0.01

Offspring:

External and visceral findings in fetuses (F1) from dams treated orally with SUN 0588
from GD 7 to GD 17 (C-section)

Dose (mg/kyg} Control 4 40 400

External finding

No, of fetuses examinad {litters) 31t (22 329 { 22 } 30 {2R2) 298 ( 21 )

No. of litters with malformed fetuses 0 1 1 0

No. of fetuses with malformstion (%) 0 ( 0.0} 1(0.3} 1 ¢0.3) 0 { 9.0)
Exencephaly and open eyelids 0 1 0 3]
Cephalocele and cleft palate 0 [ 1 4

Visceral finding

Ro. of fetuses examined {litters} 162 ¢ 22 ) 109 ¢ 22 } 104 ( 22 } W0t 21 )

Ro. of litters with abnormal fetuses 3 2 6 3

Ro. of fetuses with abnormality (%) 3 (2.9) 2(1.8) 6 ( 5.8) 4 (4.0}
Dilatation of lateral ventricle 1 ¢ o 0
Ventricular septal defect 1 1 2 2
Supernumerary right coronary orifice 1 1 0 [o]
Left umbilical artery 1 1 4 2

Appears This Way
On Original

207



Reviewer: Fang Cai, Ph.D NDA No. 22181

Skeletal findings (abnormality and variation) in fetuses (F1) from dams treated orally
with SUN 0588 from GD 7 to GD 17 (C-section)

Dose {mg/kg} Control 4 40 200

Bo. of fetuses examined (litters) 205 { 22 ) 220 ( 22 ) 206 ( 22 ) 198 ( 21 )
Skeletal abpormality

No. of fetuses with skeletal abtnormalsty (%} 5 ¢ 2.4) 12 { 5.5) 5¢ 2.4 6 { 3.8)
Wavy ribs 4 0 4 6
Fusion, bifurcation and absence of ribs, and 1 [} 0 0

absence and hypoplasia of thoracic vertebral arches,
and dislocation of thoracic vertebral bodies

Defect of skull and hypoplasia of palatine [¢] 4] 1 0
process in cephalocele and cleft palate

Defects of skull in exencephalia and open eyelids [s] 1 ] 0
Bifurcation of rib [ 1 5] ) a

Skeletal variation

No. of fetuses with skeletal variation (%} 23 (11.0) 26 (11.8) 31 (15.0) 19 { 9.6}
Cervical rib 8 10 15 10
Tambar rib 13 8 12 6
Asymmetrical sternebra {3rd, 4th andfor 5th) 2 3 2 2
Splitting of sternebra 2 1 2 2
Bipartite vertebral body 1 1 1 1
Sacralization of the 6th lumbar vertetxa (4] 3 3 0
5 lumbar vertehrae 4] 2 ¢ 0

S T\\\S Way
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Skeletal findings (ossification) in fetuses (F1) from dams treated orally with SUN 0588
From GD 7 to GD 17 (C-section)

Dose (mgfkg) Control 4 40 400

No. of fetuses examined {litters) 209 ¢ 22 ) 220 (22 ) 206 ¢ 22} 198 ( 21 )
No. of ossification centers ’

Phalanges of forepaw

Distal 10.0 = £.00 10.0 2 0.00 0.0 + 0.00 0.0 + 0.00

Middle 0.0 x 0,00 0.0 + 0.00 0.0 £ 0.00 0.0 = 0.00

Proximal 5.6 ¢+ 1.92 5.8+ 1.7 5.8 + 1.57 5.4+ 1.23

Metacarpus 8.0 ¢+ 0.00 6.0 + 0.00 8.0 ¢+ 0.02 8.0 + 8,00
Phalanges of hindpaw

Distal 10.0 = 0.00 10.0 + 0.G0 10.0 & 0.00 10.0 = 0.00

Middle 0.0 2 0.00 0.0 + 0.00 0.0 ¢ 0.00 0.0 = 0.00

Proximal 2.6 ¢ 2.12 3.4 2 2.09 2.4 2 1.96 2.3 21,97

Metatarsus 9.9 ¢ 0.21 $.9 + 6,13 9.8 ¢+ 0.27 5.9 z 0.18

Cervical vertebral body 6.2 + 0.80 6.1 ¢ 6.60 6.2 ¢ 0.59 5.8 1 1.19

Sacral and coccoygeal vertebrae 10.3 = 0.74 10.1 + 0.53 16.1 2 0.61 10.3 2 0.94

Stexnebrae 6.0 ¢ 0.11 6.0 + 0.05 6.0 2 0.11 6.0 ¢ 0.07

No. of fetuses with poorly 9 { 4.3) 15 t 6.8) 14t 6.8) 18 { 9.1}

ossified supracceipital bone (%)

Ne. of fetuses with pooxly 58 {27.8) 40 (18.2) 52 (25.2) 57 {28.8)
ossified hyoid bone (%)

No. of fetuses with poorly 8 ( 3.8) 12 { 5.5) 10 ( 4.9) 8 { 4.0)
ossified sternebra {%)

Values represent Total or Mean 2 S.D.

Viability in offspring (F1) from dams treated with SUN 0588 from GD 7 to GD 17 — Delivery group

Dose {mg/kg) Control 4 40 400

No. of dams 1 13 12 11

Total no. of live offspring

Day 0 {(at birth) Male 85 100 a7 65
Female 81 9t 8% 81
4 Male &2 92 81 62
Female n 85 88 80
Survival rate($)?) Male 95.1 - 89.1 92.3 95.7
Feuale 88.7 9t.6 99.1 59.1
Day 4{post~culling) Male - 44 50 47 45
Female 44 46 49 43
7 Male 40 45 41 45
Female 40 42 42 43
14 Male 34 43 35 40
Female 34 41 36 39
21 Male 34 43 35 40
Female 33 41 36 39
Weanling rate(s)?) mle 77.3 85.4 5.0 85.4
Pemale 5.0 85.6 72.9 90.9
a} : From day 0 to day 4.
b) : From day 4{post-culling) to day 21.
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Viability in offspring (F1) from dams treated with SUN 0588 from GD 7 to GD 17 — Delivery group

Dose (mg/kg) Control 4 40 400
No. of dams 9 11 10 it
Total no. of offspring during
rearing pericd
Day 21{post-sacrificed) Male 26 32 26 30
Female - 25 32 28 31
28 Male 26 32 26 30
Female 25 32 28 31
35 Male 26 32 26 30
Femaie 25 32 28 31
42 Male 26 32 26 30
Female 25 32 28 3t
49 Male 26 31 26 30
Female 25 32 28 31
56 Male 26 31 26 30
Female 25 32 28 31
Survival rate (3)2) Male 100.0 97.0 100.0 100.0
. Female 100.0 100.0 100.0 100.0
No. of dams 9 " 10 11

Total no. of offspring during
rearing period

Day 56(post-sacrificed) Male 18 22 18 20
Female 17 22 19 22
63 Male 18 22 18 20
Female 17 22 19 22
70 Male 18 22 18 20
Female 17 22 19 22
77 Male 18 22 18 20
Female 17 22 18 22
Survival rate (!)b) Male 100.0 100.0 100.0 100.0
Female 100.0 100.0 100.0 100.0

a} : From day 21(Post-sacrificed} to day 56.
b) ¢ From day S56{Post-sacrificed) to day 77.

Body weight F1 offspring: There were no treatment-related changes in body weight from
Day 1 to Day 21 post partum and from Day 28 to Day 77 post partum in either sex.

pears This way
On Original
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Physical and sensory development in offspring (F1) from dams treated orally with SUN 0588
From GD 7to GD 17

Dose {mg/kg) Control 4 40 400

Physical develogment {days}

No. of offspring examined {litters) 2} %6 111 ) 19 113 ) 1768 {12} 146 (11 )
Separation of auricle 3.6 ¢+ 0.50 2.7 1 0.5 3.2 » 0.8¢ 2.6 2 0,23 *
Emergence of hair 1.0 2 0.63 10.7 + 0.61 1.1 = 1.23 10.7 2 1.06
Eruption of lower incisor 12.2 ¢ 0.90 1.8 + 0.56 12.2 =+ 1.20 12.2 x 0.90
Separaticn of eyelids 15,8 2 0.83 16.3 2 0.60 16.0 2 8.78 15.5 + 0.88

Sexual differentiation {days)

Descent of testis 23.6 2 1.93 23.6 ¢ 1.19 24.2 £ 2.18 23.4 + 1.67
Opening of vagina 34.5 + 2.68 34.5 2 1.9 35.6 + 2.64 35.7 2 3.27
?g'zgfd:;?gﬁng observed no reflex

No. of offspring examined [litters} 67 ( 8 84 (11} M (10 73 £1)
Righting reflex on surface 13 0 [} °
Righting reflex in mid-air [ 0 4 2
Response to pain 0 )] 0 0
Preyer reflex o [ 1 0
Visoal placing veflex 1] [} 1 0

Values represent Mean : S.D. or Total numbers.
a) : No, of off?rmg at birth,
* : Significantly different from control ( p < 0.05 ).

External and visceral findings in off spring (F1) from dams treated orally with SUN 0588
From GD 7 to GD 17 — Delivery group

base tmg/kg) Contrel 4 40 400
External finding

No. of offspring examinediat birth) 166 191 176 146

No. of offspring with ancmaly 1 a o ¢

at birth (%) { 0.6) { 0.2} i 0.0} { 0.0}
HBrachyury . 1 o e L]

No, of offspring with ancmaly B [i] 0 1]

at 1-2) day old {8} {0.0) € 0.0} t 0.0) { 0.0}

Visceral finding
No. of offspring examined(at 21 days old) 16 20 17 16

No. of offspring with ancmaly %) 1] 3 1 o
{ 0.0} {15.0}) { 5.9 { 6.0}
Dilatation of renal pelvis 0 2 1 0
Fecal necrosis in liver {foci gt coagulative 4] 1 4] 0
necrosis and focal hemorrhage)
No. of offspring examined{at S6 days old) 16 19 17 19
M. of offspring with anomaly {%) . 3 4 2 4
£18.8) {2113 {11.8) (21,7}
Dilatation of remal pelvia 3 2 ] 0
}Wm;ga - 1 i 3
Gray- owish foous in liver (focal fatt o 1 [ o
degenaration)® \ Ry
Small testes 4 o 1 0
Enlarged spleen ] [} 4] 1
1 . 1lary b ¥ {512
¥o. of offspring examined{at the end of 35 34 3r 42
fertility test}
No, of offspring with ancmaly (%} 5 10 10 7
£14.3) (22.7) {27.0) {36.2}
Dilataticn of renal pelvis 2 7 4 4
Small ovary ] 0 0 0
Accessory spleen 1 0 [} 0
Adhesion of adrenal to kidney 1 0 1 o
Petechia in liver (focal necrosis with 1 3 4 z
neutrophil infiltration ard homorrhage)?
Enlarged spleen 13 4] 1 1
Hydrovagina (imperforate vagina)® o 1] 1 0
Swall testis or testes [ 1 2 0
Protrusion of liver par on ] '] 1 0
diaphragmitic side enchyna
Absence of testis ¢ 1 [ 0

@ : Microscopic finding,
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Skeletal findings in offspring (F1) from dams treated orally with SUN 0588

From GD 7 to GD 17 - Delivery

Dose (my/kg) Control 4 40 400
No. of offspring examined 16 20 17 18
{at 21 days old
No. of offspring with ancmaly (%) 1 [+ 0 0
{ 6.3} { 0.0) { 0.0) { 0.0)
Absence of coudal vertebrae in hrachyury 1 [ ] o
No. of offspring with variation (%) 4 4 2 5
(25.0) (20.0) (11.8) (27.8)
Cervical xib 3 1 2 4
Lumbar rib 1 [ ) 1
Extra sternehra [} 2 o o)
Sacralization of the 6th lumbar vertebra 0 1 ] 0
No. of offspring examined 2 16 20 17 19
fat 56 days old}
No. of offspring with anomaly (%) 0 [ o ]
t 0.0) { 0.0) ( 0.0} { 0.0)
No. of offspring with variation (%} 1 1 "] 1
{ 6.3} { 5.0) ¢ 0.0) [ 5.3}
Shortening of the 13th rib and 1 ¢ 0 ¢]

5 lumbar vertehrae

Extra sternebra

0

a) : Ovservation by the soft X-ray.

Organ weight in F1 offspring: Day 21 post partum — no treatment-related changes in
organ weights of male offspring.
Females - Day 21 post partum

Thymus (mg%) 73 356 380 454** .
Heart (mg%) 566 601 562 507*

* p<0.05; ** p<0.01

Organ weight in F1 offspring: Day 56 post partum — no treatment-related changes in
organ weights of male and female offspring at Day 56 post partum.

Organ weight in F1 offspring: There were no treatment-related changes in organ weights
of male (Week 16 post partum) and female offspring (Day 21 of pregnancy).
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Locomotor activity measured by the open field test (1¥ day) in offspring (F1) from dams
treated orally with SUN 0588 from GD 710 GD 17

Dose tmg/kg) Centrol [ 10 400
No. of offspring Male 8 10 8 10
examined .
Female [ te 9 9
Ambulation®} Ma)e B84.8 t 39.94 45.6 ¢ 23.45 * 75.3 & 30.67 64.7 2 35.75
Female 61.1 2 20.05 70.0 » 34,48 70.7 = 32.98 76.4 & 32,90
Rearing Male 9.8+ 5.63 13.1 + 8.23 9,43 7.35 12.72 7.97
Female 15.8 » 10.03 13.0 2 7.54 13.9 + 6.97 14.3 ¢+ 7.1
Preening Male 0.9+ 0.99 0.8+ 0.32 1.6+ 1,60 ) 1.0 1.15
Female 1.0 1.5 0.9+ 1,18 0.9 » 1.05 1.2+ 1.39
Groaming Male 0.0 0.00 0.0 2 0.00 0.1z 0.35 0.0 2 0.00
Female 0.0 2 0.00 0.0 £+ 0.00 0.0 :+ 0.60 0.1+ 0.33
Defecation Male 1.9+ 1.46 2.4+ 1.84 2.1+ 1.89 2.3+ 1.57
Female 1.1 2 1.55 2.0 £ 1.94 2.0+ 1.8 1.4 2 1.81
Urination Male 0 4 0 1
Female 4 4 5 1

a) : The number of squares crossed. ¢
* : Significantly @ifferent from control ( p < 0.05 ).
Vaiues represent Mean : $.D. or Total rumber.

Locomotor activity measured by the open field test (2™ day) in offspring (F1) from dams
treated orally with SUN 0588 from GD 7 to GD 17

Dose (ma/kg) Cantrol 4 40 400
No. of offspring Male 8 1q 8 10
examined
Female 3 10 9 9
nnblation?! Male 63.5 2 27.08 45.6 » 17.44 * 67.1 + 21.48 66.2 ¢+ 36.29
Female 74.5 % 31,38 70.6 £ 37.26 74.3 = 96,47 86.0 + 26.32
Rearing Male 0.5+ 5.78 8.9+ 5.70 8.9 + 7.12 13.1 2 9.78
Female 1.0z 5.8 MN.3+ 7.12 12.7 + 9.25 14.1 2 7.13
Preening Male 1.0 &+ 0.93 1.1 2 1,30 2.4 > 1.69 1.3+ 1,70
Female 1.5+ 1.69 2.5 2,12 - T4z 1042 1.1 % 1,45
Grooming Male 4.0 ¢+ 0.00 0.0 £ 0.00 0.0 + 0.00 0.0 + 0.00
Fanale 0.0 2+ 0.00 0.0 + 0.00 0.0 + Q.00 0.0 + 0.00
Defecation Male 2.8+ 1.91 2.6 ¢+ 2,22 2,6 » 2,13 3.7+ 0.82
Female 1.3+ 1.39 1.8+ 2.20 1.8+ 1.722 0.8+ 1.09
Urination Male 2 2 2 2
Female 1 2 - 3 2

a) : The number of squares .
* : Significantly different fram coatrol € p < 0.05 ).
Values represent Mean :+ S.D. or Total number.
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Locomotor activity measured by the open field test (3™ day) in offspring (F1) from dams

treated orally with SUN 0588 from GD 7 to GD 17

Dose {mg/kg) Contxol 4 40 400

No. of offspring Male 8 10 8 10

exami ned
FPemale 8 10 9 9

anbwlation®? Male 72.3 ¢ 13.44 43.1 ¢« 19.84 ** 67.4 + 13.49 77.3 £ 41.28
Female 72.5 + 25.62 65.5 ¢ 24.95 75.4 = 28,65 84.2 + 28.15

Rearing Male 3.4 &+ 3.42 8.2+ 5.67 11.0 x 8.1? 15.4 » 10.10
Female 12,1 & 5.59 12.3: 6.0 4.0+ 9,03 22,7 ¢+ 8.30 ¥

Preening Male 1.5+ 1.31 ‘1.3 ¢ 1.25 1.81 1,49 1.2+ 1.14
Female 1.5+ 2.14 1.3+ 2.26 1.2+ 1.08 0.4z 1.00

Groaming Male 0.0 £+ 0.00 0.0+ 0,00 D.43: 0.74 0.0 + 0.00
Female 0.0z 0.00 0.0+ 0.00 0.0 + 0.00 0.¢ =+ 0.00

Defecation Male 3.4+ 2.20 2.9+ 2.23 3.0+ 1.41 2.6 £ 1.43
Female 1.1 2 1.81 1.8+ 1,99 1.9+ 1.76 1.2+ 1.92

Urination Male 1 1 ] 1 2
Female 2 1 : 3 o

a) : Thae number of squares crossed.
*,%% : Significantly different from control { p < 0.05, 0.01 ).
Values represent Mean # S.D. or Total number.

Motor coordination measured by the rotorod in offspring (F1) from dams treated orally with
SUN 0588 from GD 7 to GD 17

P e e e e S L e e e i e 9 e e e R = = e A0 0 A T -

SUNOSSR SUNQSEB SUNpS88
5 weeks aged
Control 4 mg/kg 40 mg/ksg 200 mo/ks
Nos of offspring ~
examined
Male 8a 10. g. 10.
Female . B. 10. Ye 9.
Medjan of falis
Male 1.0 2.0 1.D 2,0
Female 1.0 1.0 1«0 1.0
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Learning

ability measured by the water-filled multiple T-maze test in offspring (F1) from dams treated
orally with SUN 0588 from GD 7 to GD 17

SUNosSse 5UNOS88 SUNO5BS8
Control 4 mo/kg 40 ns/k9 400 molkg
Nae of examined Hate Be 9. Ba 10.
Female 8. 10+ % 9.
The 1st day Time Bale 66T 52+86 57e1 54,0 8‘
Female 51.4 45.2 42.1 45.4 U
92
The 2na oav  Time Rate 202.5 230.4 24642 297.0+ 0
b~
Female 22940 194.8 238.5 249.5 %
Error Hale 25.0 29.0 2545 30.0 D?
Famale 20.5 22.0 26.0 24.0 .
]
The 3vrd dav Tlme Hale 160.9 112.1 140.7 143,4
Female 86.8 8340 Ble# 107.0
Error Hale 12.5 9.0 9.5 12.5
Femple 3.0 5.0 4.0 9.0

The lst day “Time"”

dunring. 5 trists in & stealght channe),
The other day “Time™ resresents Haraonlc Mean of the total "elapsed time (sec)

during 5 trials in a moze.

represents Harmonic Mewn of the tolmi eiapsed time {sec)

“"Err6r™ represents Median of the total number of errers during 5 trials In a maze,
# : Significantly different from control ( p.< 0.05 }.

Reproductive ability in offspring (F1) from dams treated orally with SUN 0588 from GD 7to GD 17

Dose (ma/kg) Control 4 40 400
st mating
No, of mated 16 22 18 20
No. of copulated 15 22 16 19
No. of pregrant 12 22 15 18
Copulated / Mated (%) 93.8 100.0 88.9 95.0
Pregnant / Copulated (%) 80.0 100.0 93.8 94.7
2nd mating
Sex Male Female Male Famale Male Female Male Famale
No. of mated 3a) ¥ - 2 3 1 39}
No. of copulated 3 1 - 2 3 1 3
No. of pregnant or impregrated 3 0 - 1 1 1 3
Copulated / Mated (%} 100.0 100.0 100.0 100.0 100.0 100.0
106.0 0.0 - 50.0 3.3 100.0  100.0

Pregnant or Impregmated /

Copulated (&)

st mating
2nd mating

a)
b}
<)

Mated in the same dosage
Males were mated with non-treated females for 1 week.

group for 2 weeks.

Fenales were mated with males confirmed fertility in the same dosage group for 1 week.

Two males could not be cohabited in the ist mating.
One female oould not be cphabited in the ist mating.
Two females could not be cohabited in the 1st mating.
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Gestational body weight (¢ of female offspring (F1) from dams treated orally with
SUN 0588 from GD 7 to GD 17

SuUNOSBE SUNUSES SUNO588
Conirol a wuthy 40 mofk3 400 mglky .
Mean i 5Se0s INow Mean t 54D iNas Hean & 5.D. No. Mean ¢ S.0. INs.
Day ot srcoognincy

0 243+8 & 406.5 12 244,6 & 23.0 22 24625 % 19.4 116 24548 t 22.% 21
3 ‘ 257¢7 1 ACa9 132 25BsT 3 2148 122 25841 + 19.9 :1s 25%e1 4 23.2 321
6 268.4 & 41.0 112 2678 & 2327 22 2634 2 2049 116 271.4 2 25.3 121
9 2796 2 4352 332 ZTBe2 & 2309 322 280.7 & 21a2 116 280s1 2 2B.5 121
12 296.% 4 5.6 212 29745 ¢ Z5.1 322 29743 £ 21.8 118 298.0 % 30.1 21
15 313.0 & 49,3 512 313.2 2 26,7 322 317.1 & 24,6 16 31443 3 3145 321
18 34842 & 5546 TR2 353.0 1 284} 22 356e3 & 284% i16 352,2 * 35.2 21
21 391.8 % b8.3 312 39542 ¢ 3240 :22 399.5 * 3Z.5 ile 395,0 & 43,4 21

Prenatal effects of SUN 0588 on fetuses (F2) from offspring (F1) whose dams treated orally with
SUN 0388 from GD 710 GD 17

SUNDSBEB SUR0SES SURDSES
______ Contral & mp/kg 40 masxs 200 moskyg
Xo. of dams ascrificeq 12. 22. i6. 4 2 a
o ot corpors lutea 13,7 & 3.37 34.8 ¢ 2.B7 3.8 ¢ 1.B7 14.3 1 2,33 o
Ko. ot imeinntations 1Zvh 2 3048 13,3 & 201 1249 & 1.53 13:3 & 2a24 U
inptzntation rate 1.8 2.8 L2131 3.0
Rate of reiorbea Total 5.5 6e8 7.3 8.2 Q
or cedd fetusest¥} -Q
Eariy $»5 Sed Te 3 8e2Z -t
Late 020 Oos 040 0.0 g
Ho. ot Ijve fetyses male &e3 2 1482 602 2 3453 5B t 2.23 6.0 % 2402 o
femaie 556 % 2.31 6.2 4 1.89 6e2 T 2407 6.2 % 2434 m
Sex ratio 04533 £ .33 2450 ¢ 0413 Q48 t 0217 0449 2 0445 ‘6
Bodr weight of maie $237 £ 0.33 Sa22 t Da24 Se28 ¢ €a32 Seld + 0.28 m
live fetusesig) . p m
fenale 5.9 % 029 .95 2 0.2% 4,92 2 Ds19 4.9Q¢ 2 Q.32
Pracentol woiohtiy) nale 0427 3 0.07 0.47 & 0.0% 0.48 1 D.05 Ced5 & Da04
tamate De#4 2t 0,80 Cedd !t 0.04 Da44 ¢ 0505 Cadd 2 0,06
No. of fetuses with 2% D) . 1€} o 22 )

externs} sbnormalities

Valuos represent Hean t 5.D. cxcept for no. of dame sacrificed and implantation rate and rate of resorbued or deod fetuses.
Sex ratcio reprasents nod, of live male tetuges/ so, of toral live fetuses.

&) = Anury, anal atresia and agenewls of exterrnal genttalin.

by 3 Unilateral microphthalmis and anophthalmia.

0} : Vestigial 1a33§] and anal otresia.

4} : General edepa, hypoplasta of limbs, kinky tail, club hand and club foot.

e) : Vestigial tail, anal atresia ana cludb foot,

MRHD = 10 mg/kg = 366 ng.h/ml = 370 mg/m’. Please note while toxicity studies (2-,
13-and 52-week) had been conducted in Wistar rats, TK was not conducted in any of
these studies. The only TK data available in rats (SD) at 10 mg/kg (265 ng.h/ml) and 100
mg/kg (4571 ng.h/ml) does not have linear kinetics. Hence, dose multiples are based on
BSA (mg/m?).

Summary of individual study findings: 45 Pregnant rats/group were dosed once daily

with SUN 0588 at 4, 40 and 400 mg/kg/d during the period of organogenesis, from GDs 7
through 17 to examine the effects of the test agent on the dams, fetuses and postnatal
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development of newborns. These doses represent 0.1X, 0.7X and 7X MRHD based on
BSA. Food consumption was decreased (15%) in HD dams (Delivery group) relative to
control. Body weight of live male fetuses (F1) of HD dams that were C-sectioned was
decreased by 4%. The number of live birth was also decreased in F1 fetuses (13.3%) of
HD dams that delivered naturally relative to 15% for controls. The incidence of wavy
ribs was increased (not SS or dose related) in the LD (4.6%) and HD (3.0%) groups
relative to 1.9% for controls. The values for both control and treated groups are greater
than historical control mean (0.07%) and range (0 — 0.57%). Though not significant, a 2-
fold increase in ventricular septal defect was observed in fetuses of dams in the MD (2)
and HD (2) relative to control (1). This finding is slightly greater than the historical
control mean (1.3) but falls within the range (0-2.8). Therefore, it may be an incidental
finding. Incidence of left umbilical artery was increased in fetuses of MD (4) and HD (2)
dams relative to control (1). These values are greater than the historical control mean
(1.5) and range (0.8-1.8) and may be due to treatment. An increased incidence (not SS)
of poorly ossified supraoccipital bone was noted in the F1 fetuses from treated dams
(control = 4.3%; LD = 6.8%, MD = 6.8%; HD = 9.1%; historical control data not
available). In the sensory function test, righting reflex in mid-air was not observed in 4
and 2 offspring from dams in the MD and HD groups respectively. Since this effect was
not dose-related, it may not be treatment-related. Though not SS, the incidence of early
resorbed/dead fetuses increased dose-dependently in F2 fetuses (control = 5.5; LD = 6.4;
MD =7.3; HD = 8.2) from F1 offspring whose dams were treated orally with SUN 0588.
Except for the dose-related increase in incidence of resorptions in F2 fetuses, there was
no abnormality in the development of F2 fetuses. NOAEL for fetuses is 40 mg/kg/d
(0.77X MRHD) based on the decrease (13.3%) in number of live births at the 400
mg/kg/d dose level relative to 15% for controls. NOAEL for dams is 400 mg/kg/d (7X
MRHD).

Study title: Supplemental Study of SUN 0588 Orally administered to Rats During
Organogenesis

In the previous study of SUN 0588 oral administration to rats during organogenesis, the
weaning rate of offspring declined in each treatment group, but the decline in weaning
rate was not different from that of the control group, and the effect was not dose-
dependent. Sponsor stated that this change was therefore deemed unrelated to treatment.
The sponsor indicated that weaning rates in each group including controls were in the
range of 72.9-90.9%, which is regarded as low for weaning rates of rats of this strain.
Hence a supplemental study was conducted to confirm that administration of SUN 0588
did not affect weaning rates among offspring.

Key study findings:
¢ There were no treatment-related effects on number of dams with live offspring,
delivery rate, gestational period, number of implantations, birth rate, number of
still births, number of live births and body weight of offspring.
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e Weaning rate in the treatment groups were slightly higher than in control,
indicating that there was no treatment-related effect on weaning rate.

e There were no treatment-related effects on physical and sensory development of
offspring.

e Heart weight of treated dams was slightly increased at MD (8%) and HD (6%)
relative to control.

¢ Lung weight of female offspring from MD and HD dams were increased by 9%
and 5% respectively.

¢ NOAEL 1s 400 mg/kg/d for maternal and fetal effects. The NOAEL is higher that
that observed in PHN-78-AT-SR because of the more limited evaluations
performed in this study.

Study no.: PHN-79-AT-SR.
Conducting laboratory and location:
L RS Y

Date of study initiation: October 10, 1987.

GLP compliance: Yes (Japan).

QA reports: yes (X) no ()

Drug, lot #, radiolabel, and % purity: Lot # 8886405, purity was not provided.
Formulation/vehicle: sun 0588 dissolved in distilled water.

Methods:

Species/strain: Rat/ Wistar.

Doses employed: 40 and 400 mg/kg/d.

Route of administration: Oral (gavage).

Study design: 15 pregnant rats/group were dosed orally with SUN 0588 at 40 and 400
mg/kg/d for 11 days during the period of organogenesis, from GD 7 to GD 17. Dams
were sacrificed at weaning (Day 21 post partum). The principal organs (brain, pituitary,
thymus, heart, lungs, liver, spleen, adrenal gland, kidneys, ovaries) were isolated,
weighed, and fixed in 10% formalin; and the number of intrauterine implantation scars
was investigated to calculate birth rates (number of offspring/number of implantation
scars x 100).

All animals in each group gave birth naturally. Birth rate and gestational period were
determined; and numbers of live/deceased offspring at birth, sex, and presence of any
outward anomaly were investigated. Visceral and skeletal evaluations were not
performed. On Day 4 after birth, the number of offspring/dam was adjusted such that one
litter comprised a total 8 offspring/dam (4 males and 4 females when possible).

Offspring were weighed at birth and on Days 4, 7, 14, and 21. Developmental age in
days was determined by development of auricles, growth of abdominal hair coat, eruption
of lower incisors, cleavage of eyelids, survival rate up to Day 4 after birth and weaning
rate were determined. On Day 20 post partum, development of visual perception, pain
perception, auditory perception, and other sensory reflex functions were investigated in
offspring of all dams by means of visual placing reflex, pain response, Preyer reflex,
righting reflex, and free fall reflex. At weaning (Day 21 post partum), 1 male and female
offspring respectively per dam were necropsied, and the principal organs (thymus, heart,
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lungs, spleen, liver, kidneys, ovaries or testes) were weighed and then fixed in 10%
formalin solution.
Number/sex/group: 15 pregnant rats/group.

Parameters and endpoints evaluated:
Mortality: Daily.

Clinical signs: Daily.

Body weight: Daily

Food consumption: Daily.
Toxicokinetics: Not conducted.

Results:

In-life observations:

Mortality: None.

. Clinical signs: No treatment-related clinical signs.

Body weight: No treatment-related effects on body weight of dams during and after
treatment.

Food consumption: No treatment-related effects on food intake of dams during and after
treatment.

Toxicokinetics: No data.

For embyrofetal development studies:
In-life observations:

Appears This Way
On Original
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Dams:

Delivery in rats treated orally with SUN 0588 from GD 7 to GD 17

Dose {mg/kg) Contxol 40 400
Mo, of pregnant females 14 15 15
No. of females with live newborns 12 15 15
Delivering rate {%)2) 85.7 100.0 100.0
Gestational pariod (days} 2.8 + 0.33 21.8 + 0,32 21,9 £ 0,18
No, of implantations
Total 204 247 225
Mean + 5.,D. 15.7 + 2.18 16.5 ¢ 2.00 15.3 = 4.11
Birth rate (3)b) 87.9 91,9 95.5
No. of stillbirths
Total 19 3 1
No. of live newborns
Total {Male/Female) 175 ( 80/ 95) 227 {127/100) 218 {108/109)
Mean ¢t S.D. 13.5 + 4.4% 15.1 = 2,00 . 14.5 + 3.87
Bady weight{g) of =
live newboms
Male 6.1 2 0.26 6.0 x 0.32 6.2 ¢+ 0.33
Female 5.8 + 0,25 5.7 ¢+ 0.29 5.9 + 0.20

a) : (No. of females with live newborns / No. of pregmant females} X 100.

b) fNo, of live newborns / No. of implantations) X 100,
Offspring:
Viability of offspring (F1) from dams treated orally with SUN 0588 from GD 7 to GD 17
Dose {(mg/kg} Control 40 400
No. of dams 12 15 15 ‘

Total no. of live offspring

Day 0 (at birth) Male a6 3127 109
Female 95 100 109
4 Male 80 125 108
Female 94 100 . 109
Survival rate($}2) Mmale 100.0 99.0 99.5
Female 98.8 100.0 100.0
Day 4{post—culling) Male 47 64 &0
Female 49 56 55
7 Male 47 64 60
Female 48 56 55
14 Male 44 61 60
. Farale 46 55 55
23 Male 44 61 60
Female 16 55 55
Weanling rate(2)®! Male 93.8 95.0 100.0
Fanale 93,8 98.3 100.0

a) ¢ From day 0 to day 4.
b) : From day 4{post-culiing) to day 21.
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Body weight of offspring (F1) from dams treated orally with SUN 0588 from GD 7 to GD 17

Dose (mg/kg) " Control 10 400

Day after birth Mean + S.D.: No,  Mean t S.D.: No.. Mean : 5.D.: No.
Male
Y 6.1 £ 0,3 & 12 6.0 + 0,3 15 6.2 £ 0.3 : 15
4 8.3+ 0.9 : t2 8.3 2 0.9 : 15 B.4 ¢ 0.5 : 15
7 12.5 £ 2.3 ¢ 12 12.3 £ 1.8 : 15 12,2 21,4 : 15
14 27.5 + 5.9 : 12 28.5 + 3.7 : 15 27.9 2+ 2,1 : 15
21 ' 46.2 +11.3 : 12 48.6 + 5.8 : 15 46.9 + 3.8 : 15
Female
Y 5.8 1 0.3 ; 12 5.7 £ 0,3 : 15 5.9 2 0.2 : 14
.4 8.0 + 1.0 : 12 8.0 £ 0.8 : 15 7.9 £ 0.6 : 14
7 12.0 ¢+ 2.4 ; 12 11.8 1.7 : 15 11.521.3: 14
14 26,1+ 5.7 = 12 27.7 £ 3.5 : 15 27.2 £ 2.1 : 14
21 43.8 +10.4 : 12 46.8 + 5,4 ; 15 45.5 + 2.6 : Y4

Physical and sensory development in offspring (F1) from dams treated orally with
SUN 0388 from GD 7te GD 17

Dose (mg/kg) Qontrol 40 400

Physical develcpment {(days)

No. of offspring examined [litters) @) 175 ( 12 ) 227 {15 ) 218 (15 )
Separation of auricle 2.8 2 0.39 2.8 ¢ D.46 2,6 £ 0,40
Fmergence of hair 10.92 £ 0.79 10.8 + 0.56 11.1 2 0.42
Eruption of lower incisor 11,3 1 0.49 11.5 & 0,30 11.3 2 0.59
Separation of eyelids 14,9 £ 0.98 14.6 + 0.64 14.7 2 0.41

alké.zc‘;f a:gsgrhiing observad no reflex

No. of offspring examined (litters) 90 (12} 116 ( 15 ) 115
Righting reflex on surface D 1]
Righting reflex in mid-air 0 0
Response to pain ' 6 0
Preyexr reflex . [+} 0
Visual placing reflex o 0

[~ - - = - I .

Values represent Mean + 5.0, or Total mumbers.
a) ¢ No. of offspring at birth,

Terminal and necroscopic evaluations:
Dams:
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Organ welght Post partum Day 2]

Dose (mg/kg/dy - 7 v 0 el A
Heart (g) 104 1.12* (8%1) 1.10* (6%1)

* p<0.05

Offspring:

Organ weight: Females Post partum Day 21
“Dose (mg/kg/d) ' - T a0
Lung (g) 0.47* (9%1) 0.45 (5%1)

* p<0.05

MRHD = 10 mg/kg = 366 ng.h/ml = 370 mg/m’. Please note while toxicity studies (2-,

13-and 52-week) had been conducted in Wistar rats, TK was not conducted in any of

these studies. The only TK data available in rats (SD) at 10 mg/kg (265 ng.h/ml) and 100

mg/kg (4571 ng.h/ml) does not have linear kinetics. Hence, dose multiples are based on
BSA4 (mg/m ?).

Summary of individual study findings: In the previous study, oral administration of
SUN 0588 to rats during organogenesis caused a decline in the weaning rate of offspring.
The sponsor did not consider the decline in weaning rate to be an effect of SUN 0588.
However, because the weaning rates in each group, including the control group, were
regarded as low for weaning rates of rats of this strain, a supplemental study was
conducted to confirm that SUN 0588 did not affect weaning rates. In the present study,
15 pregnant rats/group were dosed once daily with SUN 0588 at 40 and 400 mg/kg/d
during the period of organogenesis, from GDs 7 through 17 to examine the effects of the
test agent on the dams, fetuses and postnatal development of newborns. These doses
represent 0.7X and 7X MRHD based on BSA. There were no treatment-related effects
on number of dams with live offspring, delivery rate, gestational period, number of
implantations, birth rate, number of still births, number of live births and body weight of
offspring. In the offspring, there were no treatment-related effects on weaning rate,
physical and sensory development of offspring. NOAEL is 400 mg/kg/d (7X MRHD) for
matemal and fetal effects.

Study title: Embryofetal Developmental Toxicity Study of Sapropterin HCi
Following p.o. Administration During the Organogenesis Period in Rabbits

Key study findings:

e There were no treatment-related effects on number of corpora lutea,
implantations, fetal death, live fetuses and weight of live fetuses.

e A dose-related increase in incidence of fetuses with malformations was noted.
The incidence of holoprosencephaly was 4 (HD) compared to 1 in control.
Historical control data is not available for this finding.

e The incidence of supernumerary right coronary orifice was increased in LD (6)
and MD (5) relative to control (1). These values are lower than the historical
control mean (7) and fall within the range (0-20). These may be incidental
findings since they are not dose-related.
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e Minimal increase (not SS) in incidence of skeletal malformations (fusion of
sternebrae - 1, fusion of caudal vertebrae - 1, fusion of cervical and thoracic
vertebral arches and absence of Ist rib - 1, hypoplasia of premaxillar bone in
holoprocencephaly - 1, and deformation of premaxillar bone - 1, nasal bone and
frontal bone in holoprocencephaly - 1) was observed in few fetuses from the HD
dams. Historical control data is not available for these skeletal abnormalities. A
dosedependent increase in 13 ribs (extra) was noted in fetuses of all treated dams.
This was significant in the HD group. The incidence in the HD (23) is less than
the historical control mean (39) and falls within the range (28-59). Hence, this
may be an incidental finding.

e An increased incidence (not SS) in mean early resorbed fetuses was noted in HD
(18.9%) versus 11.1% for control (Historical control mean is 3.9; range is 0.6-
11.1%).

e Fetal NOAEL is 60 mg/kg/d based on increased incidences of fetal and skeletal
malformations at the HD. Maternal NOAEL is 60 mg/kg/d based on increased
incidence of early resorbed fetuses at the HD.

Study no.: PHN-81-AT-SR.
Conducting laboratory and location:

Date of study initiation: April 20, 1987.

GLP compliance: Yes (Japan).

QA reports: yes (X) no ()

Drug, lot #, radiolabel, and % purity: Lot numbers 8886101 and 8886607; purity was
not provided.

Formulation/vehicle: SUN 0588 dissolved in distilled water.

Methods:

Species/strain: Rabbit/NZW

Doses employed: 6, 60 and 600 mg/kg/d.

In the dose-range finding study (PHN-80-AT-SR), non-pregnant female New Zealand
White rabbits (Std:NZW, 23-week-old, 15 rabbits/group) received oral doses of
sapropterin at dose levels ranging from 500 mg/kg to 4000 mg/kg as a single acute dose
or as repeated doses for 5 days. The LDs was estimated to be between 20004000
mg/kg. The high—dose level of 600 mg/kg/day of sapropterin HCI, corresponding to 20%
of an estimated LDsq based on the data from the dose-ranging study, was chosen along
with the two lower levels of 60 and 6 mg/kg/day.

Route of administration: Oral (gavage).

Study design: 15 pregnant rabbits/group were dosed orally once daily with SUN 0588 at
6, 60 and 600 mg/kg/d for 13 days from GD 6 to GD 18. On GD 29, all the dams were
cesarean-sectioned. The weight of major organs such as brain, pituitary gland, heart,
lung, spleen, liver, kidney, adrenal gland, and ovary were measured and fixed in 10%
formalin solution. Dams that miscarried during the test period were necropsied as soon
as possible. The ovaries and uteri of pregnant females were isolated. The number of
conceived corporal lutea was determined, the position and the number of early deaths in
the uterus (such as implantation vestige or amorphous embryo), later deaths (head and
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four limbs are recognizable), or survived fetuses was determined. For fetuses that were
viable, their body weight as well as placental weight were measured and individually
examined for external abnormality. About 1/3 of the viable fetuses from each dam was
fixed in a Bouin solution. Their organs were examined, their gender was determined
from the shape and position of their internal genitals. For the remaining 2/3 of viable

. fetuses, their gender was determined. Their hearts were fixed in a Bouin solution and
checked for atrial or ventricular septal defects. The body was decorticated and fixed in
95% alcohol solution. Skeleton specimens were prepared to carry out a skeleton
examination (skeletal abnormality, skeletal variation, and the degree of progress of
ossification).
Number/sex/group: 15 pregnant dams/group.

Parameters and endpoints evaluated:
Mortality: Daily.

Clinical signs: Daily.

Body weight: Daily.

Food consumption: Daily.

Results:

In-life observations:
Dams:

Mortality: One dam in the 60 mg/kg/d group died on GD 14 following a nosebleed after
dosing. Necropsy revealed an edematous and hemorrhagic area in the left posterior lung
lobe. Hence the demise of this dam was attributed to gavage error. One HD dam
delivered a dead fetus on GD 23 following a marked decline in food consumption on
GDs 22 and 23. Sponsor stated that the miscarriage was spontaneous since spontaneous
miscarriage was found in the background data of this strain (Stadler et al, 1993 — Use of
the New Zealand White rabbit in teratology: Incidence of spontaneous and drug-induced
malformations, Fd. Chem. Toxic., 21 (5): 631-636).

Clinical signs: Nose bleeding (1/15, LD); Miscarriage (1/15, HD).

Body weight: No treatment-related change in body weight of dams.

Food consumption: (g) — Dams

[Dose(mg/kgry | 0 [ b e 600
{ GD7 139 141 | 92%* (34%])
X3
p<0.01

From GD 8§ onward, there was no difference in food consumption of control and HD
dams.

Organ weight: There were no treatment-related effects on organ weights of dams and
fetuses.

Toxicokinetics: No conducted.
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For embyrofetal development studies:

Terminal and necroscopic evaluations:

Dams:

Prenatal effects of SUN 0588 on fetuses (F1) dams treated orally from GD6 to GD 15

3UNOS538 SUND588 SUND5B88
Cantrof b mssxy 60 wmgsty 600 mg/kg
Nos of dams sscrificed 15. ’ 15. 1¢. | 2%
Nos of corsors lutes 93 £ Iabd 945 2 2420 Ge3 ¥ 1,54 Sel £ let?
Koe ot lusiantations 727 ¢ 1,52 » 848 2 Z401 6.8 & 1a81 Ba.0 % 2.1B
Impiontation rate 833 92.6 2346 87,7
Rate of resorbed Total 17.4 6.5 9.9 204
or d¢ad fetuses(X)
Ezrty 1l.t 4.9 6.7 18.%
Late 645 1.7 3e2 1.4
Noe of live fetuses nale‘ 3e2 1,74 3.7 ? .58 3.2 £ 1481 3.4 ¢ 1,61
f:’nel‘e 3e2 t 1.70 2,5 2 l.51e 2.9 % 1.29 3.5 £ 2,07
Sex ratio 050 & 0.24 Oe45 t OuiSs 0.5 £ 0421 D.52 2 0423
B8ody weisht of mate 36461 4 6.B6 36447 ¢ 536 37e9% ¥ 7,24 35,14 ¢ 7.62

live fetuses(a)
tenmate 35.32 ¢ 5,55 36403 t 8.49 37.19 t 6.65 32.75 £ 5.32

Placantzf weiont(g) male 5.47 ¢ 1,05 5447 2 0.6 5266 ¢ 1.1 5.86 & 1,81

temaile 5.29 1 l.C8 5¢5% 2 C.90 5457 L 1424 529 ¢ Q.58

Values renresent Nemn 2 SoD. oxcent for now of doms sacrificed snd Impiontation rate and rate of resorbed or desd fetuses,
Sex ratic represents no. of }ive male fetuses / no. of total tive fetusss.

* @ Bicnificantly different from contxol ( P<0,05 ).

Offspring:

This WoY
PP peo‘s oigind
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External and visceral malformations in fetuses (F1) from rabbits treated orally with
SUN 0588 from GD 6 to GD 18

tose {mglky) Contxol B o0 L]

Exterma) finding

No. of fetuses examined {(littezs) 96 { 15 } 124 {15 ) BS | 14) 86 { 12 )

b, qt litters with salformed fotuses 3 1 1 4

Mo, of fotuses with mifaration (3} LR Y3 1 0.8 T 1.2) 6 { 6.3}
Flexion sontracture of the wrist joint 3 0 1 3
anericephaly A ] ] o
fioloprosencephaly 1 0 o %
2crania, thoyvacoschisis, amelis of the left ) o -
forelinb, and flexion coitracture of the
gg_:ri lgbmnt and oligedsctyly of the right

Visoeral Einding

No, of fetuses examined (littern} 32 {15} 40 { 15} - 28 { 14 ) {1z}

No. of litvers with abmommel Setuses 3 5 s 2

N, of fetuses with abnormality (%) 3494 T 012.5) 5 (1.9 2§ 6.5}
tilatation of lateral ventricle 1 3 B °
pislocation of esophagus 1 ] 9 1
Repsistent trancus arteriosus 0 1 0 [
Supermmerary right coronary orifice 1 6 5 3
nilateral hypoplasia of wmbilicn) artery O @ 1 o

No. of fetuses exaitned (litters)® 62 (15 ) 84 (151 5 [ 14 )° 65 { 11}

¥o. of litters with sbnoxmal fetuses 1 1 o 2

¥o. of fetuses with abnermality (%) 1( 1.6 112 0t 0.0) 2¢ 31
ventricular septal defect: 1 o 1) t
Persistent atciowntricular canal o H ¢ 1

a : Patuses wore prepared for skeletal cbeervation,
b Oe spacien was mdsesd,

\ Y
(s Tris WO
[\ peo O“g“'\o\
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Skeletal malformations and variation in fetuses (F1) from rabbits treated orally with
SUN 0588 from GD 6 to GD 18

Pose (mg/kg) Gentrol 6 65 600

No. of fetuses examined {litters) 64 (15 ) 84 £ 15 ) 57 ( 14 ) 65 (13 )
Skeletal abnormality

No. of fetuses with skaletal abnormality (%) 1¢(1.6) 4 { 4.8) 2 ¢ 3.5} 6| 5.2}
Oislocation of the thorecic vertelwal body 1 2 ] °
Defect of skull in anenceghaly 1] 1 [ ]
Fusion of sternebrae ] 1 8 1
Hypoplasia of the thovacic vertebral arch ] % 0 0
Bifurcation of the rihs 0 (] 1 Q
Absence of the tharacic vertebral arch and hypoplssia of the rib 0 ] 1 0
Fusion of the candal vertebrae [} 1] 0 1
Fusion o&t{:ﬁeﬁziié and thoracic vertebral arches, and- [ o [ 1.
Hypoplasia of premaxillar bone in holoproseacephaly L] o o 1
zfcmation of pra]n;xlll.ar bone, nasal bone and frontal hone q 4] ] 1
Gross shmormalities in external ancmalies 2 [ I 0 o 1

Skeletal variation
No. of fetuses with skeletal variation (%) 43 (87.2) 5% (60.7} 37 {63.9% 58 {16.9)

13 ribs {short) 23 26 15 19
13 ribs {extra) s 6 12 23+
B lumbar vertebrae 24 40 28 42
Lumbarization of the ist sacral vertebra 4 4 o

Cervical rib 0 2 1 (o]
Asymmetrical stermebrae 1 1 ) 1
Junctura sternedlrae 4] 4 0 o
Splitting of stemebra [} 0 0 2
Shartening of the 12th ribg Q 0 1 a

a : Acrania, thoracoschisis, amelia of the left forelimb, and flexdon comtracture
of the wrist joint and oligadactyly of the right foralimb.
* ¢ Significantly different from contrnl f n ¢ f.05 3

< \WN
rg THIS

S
poPe oiignd
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Skeletal findings (ossification) in fetuses (F Il) from rabbits treated orally with
SUN 0588 from GD 6 to GD 18

Dose {mg/kg) Control 6 60 600

No. of fetuses examinad (litters) 64 ( 15 ) 84 {15 ) 57014 65 {13}
M. of ossificaticn centers
Phalanges of forepaw

Distal 10.0 £ 0.60 10,0 1 0.00 10,8 2 .00 10,0 £ 0.00

Middle 7.5 0,42 7.3 2 0.78 7.8 2 0,35 7.6 x 0.49

Proximal 10.0 + 6.00 10.0 ¢ 0.00 1.0 £ 0.00 10,0 £ 6.1
Metacarpus 5.9 + £.29 9.8 » 0.58 9.9 2 0,15 9.8 + 0.3t
Phalanges of hindpaw

Distal 8.0 & 0.00 8.0 £ 8.00 8,0 £ 0.00 8.0 2 0.00

Middie 7.9 2 0.26 8.0 £ 0.05 8.0 + 0.00 8.0 x 6,00

Proximal 8.0 2 0.00 8.0 £ 0.00 8.0 » 0.00 8.0 £ 0.00
Metatarsus, 8.0 z 0.00 8.0 2 0.00 8.0 = 0.00 8.0 x 0.00
Calcancus 2.0 £ 0.00 2.0 £ 0.00 2.0 & 0.00 2.0 2 0.00
Talus 20000 2.0 ¢ 0.05 2.0 2 0.00 1.9 2 0.15
Cervical vertebral body 7.0 £ 0,00 7.0 + 0.00 7.0 + 0.60 7.0 & 0.00
Sacral and coccygeal vertebrae 19.7 £ 0.58 19.5 & 0.52 19.7 2 0.46 19,7 £ 0.55
Sternebrae 5.8 0.21 5.0 & 0.06 5.9 + 0.14 5.9 2 0.20

No. of fetuses with poorly 21 3.1) 5 { 6.0) 7 (123 2¢3.1
ossified stemebrae (%}

Values represent Total or Mean : S.D,

MRHD = 10 mg/kg = 366 ng.h/ml = 370 mg/m’. Dose multiples are based on BSA
(mg/mz).

Summary of individual study findings: 15 pregnant rabbits/group were dosed orally
once daily with SUN 0588 at 6, 60 and 600 mg/kg/d for 13 days from GD 6 to GD 18 and
cesarean-sectioned on GD 29. The doses used represent 0.1X, 2X and 20X MRHD based
on BSA. There were no treatment-related effects on number of corpora lutea,
implantations, fetal death, weight of live fetuses and organ weights of dams and fetuses.
An increased incidence (not SS) in mean early resorbed fetuses was noted in HD (18.9%)
versus 11.1% for control (Historical control mean is 3.9; range is 0.6-1 1.1%). A dose-
related increase in incidence of fetuses with malformations was noted. The incidence of
holoprosencephaly was 4 (HD) compared to 1 in control. Historical control data is not
available for this finding. A dose-dependent increase in 13 ribs (extra) was noted in
fetuses of all treated dams. This was significant in the HD group. The incidence in the
HD (23) is less than the historical control mean (39) and falls within the range (28- 59).
Hence, this may be an incidental finding. Overall an increased incidence (not SS) of
skeletal abnormalities was observed in the HD (9.2%) relative to controls (1.6%).
Skeletal abnormalities such as (fusion of caudal vertebrae - 1, fusion of cervical and
thoracic vertebral arches and absence of Ist rib - 1, hypoplasia of premaxillar bone in
holoprocencephaly - 1, and deformation of premaxillar bone - 1, nasal bone and frontal
bone in holoprocencephaly - 1) were observed in few fetuses from the HD dams.
Historical control data is not available for these skeletal abnormalities. NOAEL for fetal
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and maternal effects is 60 mg/kg/d (2X MRHD) based on fetal and skeletal
malformations observed in HD fetuses and early fetal resorption in HD dams.

Study title: Post- and Peri-Natal Developmental Toxicity Study of Saproptenin HCI

Following p.o. Administration in Rats

Key study findings:

There were no treatment-related effects of SUN 0588 on gestation periods,
number of implantation vestiges, and survival rate of pups (F1) on day 4 post
partum and weaning rate. All the live pups of one HD dam (FO0) (# 356) died on
day 2 of delivery. Necropsy revealed no abnormality in the pups and the dam.
Though not SS, the average number of still births was increased in MD (11) and
HD (9) relative to controls (5). Birth rate was also decreased in HD dams
(87.6%) relative to controls (92.0%).

There were no treatment-related effect on body weights of dams (FO0) and F1
pups.

SUN 0588 had no effect on the days of differentiation of the following: opening
of ear auricles; emergence of hair in the abdomen area; growth of incisor teeth;
separation of eyelids; descent of testicles; and opening of vagina.

There was no difference in reflex ability (right direction reflex, ambulation on all
four limbs, free fall reflex) and hearing ability (Preyer reflex) of F1 pups from
treated dams (FO) relative to control. There was no treated-related effect on
coordinated movements in F1 pups compared to control pups.

Grooming behavior (face-washing movements) was slightly decreased in male F1
pups from MD F0O dams and female F1 pups from LD and HD FO dams relative to
controls.

Learning ability of F1 pups from FO treated dams were similar to those of F1 pups
from control FO dams.

No skeletal abnormality or variation was observed in F1 pups from FO treated
dams and controls.

Incidence of prolonged diestrus was observed in one LD female F1 pup, two MD
female F1 pups and one HD female F1 pup compared to zero for control.

There was no effect of treatment on the reproductive ability of F1 pups from
treated FO dams relative to controls.

Sponsor stated that histopathological examination of testes and epididymides
from male F1 offspring that failed to copulate and/or impregnate females did not
show any abnormalities (data not provided). Histopathology of ovaries and uteri
from F1 female offspring that failed to get pregnant showed no abnormality (no
data).

There was an increase in number of sternebrae (22%) in F2 pups from HD F1
dams relative to control. One pup in the HD group had multiple skeletal
abnormalities (fusion of thoracic vertebral arches, fusion of rib, and abnormal
position of thoracic vertebral bodies).
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e Though not SS/dose-related, a slight increase in incidence of ventricular septal
defect was observed in F2 pups from Fldams that were exposed to SUN 0588.
The incidence of these findings fall within the historical control range ((0-2.8);
Mean = 1.3). Though not SS, the incidence of newborn pups (F2) with thymic
cervical residue was increased in all treated groups (LD = 0.7%; MD = 2.8%; HD
= 0.9%) relative to controls (0.0%). While the incidences of this finding are
greater than the historical control mean (0.14%), the LD and HD incidences fall
within the historical control range (0.2-2.2%). The incidence for the MD group is
greater than the upper limit of the historical control range.

e NOAEL for reproductive ability and effects on F1 and F2 offspring is 400
mg/kg/d. But under the section of Summary of individual study finding, the IND
reviwer stated that “NOAEL for reproductive ability (dams and F1 offspring) and
effects on post- and peri-natal development is 40 mg/kg/d (0.7X MRHD) based
on the decreased birth rate in HD dams and the skeletal abnormalities observed in
a HD fetus.”

Study no.: PHN-82-AT-SR.
Conducting laboratory and location: e

- e
Qg

Date of study initiation: May 25, 1988.

GLP compliance: Yes (Japan).

QA reports: yes (X) no ()

Drug, lot #, radiolabel, and % purity: Lot #s K7F98T, K8B78T; purity was not
provided.

Formulation/vehicle: SUN 0588 dissolved in distilled water.

Methods:

Species/strain: Rat/Wistar.

Doses employed: 4, 40 and 400 mg/kg/d.

Route of administration: Oral (gavage).

Number/sex/group: 25 pregnant rats/group.

Study design: 25 pregnant rats were dosed orally by gavage once daily from GD 17 to
day 20 post partum to examine the effect of the drug on maternal rats, postnatal
development of F1 offspring and the F2 offspring. All pregnant rats were allowed to give
birth naturally (on GD 21). After delivery, the nursing status along with general
condition of dams and fetuses were observed daily until day 21 post partum. After
weaning on day 21 post partum, the dams were necropsied and the number of
implantation vestiges counted. Females that copulated but failed to give birth on GD
25 were necropsied to determine if they were pregnant or not. Dams that showed no
implantation vestiges were discarded and regarded as infertile.

Parameters and endpoints evaluated:

Mortality (FO Dams): Daily.

Clinical signs (FO Dams): Daily.

Body weight (FO Dams): Measured daily from GD 0-20, day 0 (day of delivery), days 4,
7, 14 and 21 post partum.
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Food consumption (FO Dams): Measured daily from GD 0-20. During the lactation
period, food intake was measured on days 0-4, 4-7, 12-14 and 19-21 post partum.
Toxicokinetics (FO Dams): Not conducted.

Offspring (F1): The numbers of live and stillbirths and gender were determined at the
time of delivery. The pups were examined for abnormalities. The dead pups were
necropsied. The general condition of the live pups was monitored daily. On day 4 post
partum, four males and four females from each dam was selected at random to adjust the
number of pups that were born of the same dam. When either males or females were less
than four, the number was adjusted such that the total number became eight. No
adjustment was made when the number of pups born of the same dam was eight or less.
On day 21 post partum, the pups were weaned. One male and one female were selected
at random for the following purposes: (1) examinations of coordinated movement and
reproductive ability; (2) examinations of emotional movement; (3) learning ability and
skeletal examinations; and (4) measurement of organ weight. The remaining pups were
used for the purpose of (4).

Body weight (F1 pups): weighed on day 0 (day of birth), and days 4, 7, 14, 21, 28, 35,
42,49, 56, 63,70, 77 and 84 of birth.

Differentiation of form: After the adjustment of the number of pups born of the same
mother, the pups were examined for opening of auricles starting on day 4 post partum;
emergence of hair starting on day 10 post partum; growth of incisor teeth and separation
of eyelids starting on day 14 post partum; descent of testicles starting on day 28 post
partum; and opening of vagina starting on day 35 post partum.

Examinations of reflex ability and hearing ability: After the adjustment of the number
of pups born of the same mother, all live pups were examined for right direction reflex on
day 4 post partum; ambulation on all four limbs on day 14 post partum; and free fall
reflex on day 21 post partum. On day 21 post partum, a hearing ability test was
conducted based on Preyer reflex using an audiometer.

Examinations of movement ability:

1) Examinations of coordinating movement and reproductive ability: On week 4 post
partum, the pups were placed on a rotorod and the number of falling per three minutes
counted. Those pups used for this test were also used for the examinations of
reproductive ability.

11) Examinations of emotional movement: On week 4 post partum, the number of squares
crossed, number of standing-ups, number of face-washing movements, number of
grooming movements, number of feces, and number of urinations were determined based
by the open field method.

Examinations of learning ability: Sometime between the weeks 7 and 8 post partum,

the number of avoidances of electric shocks after sound stimulation 15 times a day for 5
consecutive days was counted based on the pole climbing method (buzzer sounds for 5
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seconds, intervals for S seconds, electric shocks (1.6mA) for 10 seconds, pauses for 100
seconds) and avoidance rates calculated every day.

Examinations of skeletons: All pups that were used for the examination of learning
ability on the week 8 post partum were sacrificed. Their skeletons were examined by the
soft radiography method.

Necropsy and organ weight: On week 4 post partum, the F1 pups that were examined
for emotional movements were necropsied. Visceral organs that were abnormal were
fixed in 10% formalin solution. On day 56 post partum, male and female F1 pups that
were not examined for coordinating movements, emotional movements, and learning
ability were sacrificed and the following organs (brain, pituitary gland, lung, heart, liver,
spleen, kidney, testicle, ovary, and uterus) were extracted, weighed and discarded
thereafter.

Examinations of reproductive ability of F1 offspring:

1) Observation of sexual cycles: The sexual cycles of the females that were used for the
examination of coordinating movements was observed daily from week 10 post partum
until the day copulation was confirmed based on the vagina smegma examinations.

2) Mating: On week 12 post partum, one male and one female F1 offspring in the same
group were allowed to mate, A female that was not successful in copulation at the first
mating was allowed to mate with a male in the same group that was successful in
copulation or a male that was not included in the first mating (due to the imbalance of
numbers).

3) Autopsy of males: After confirming that all the females had mated, the males were
sacrificed. The testicles and epididymides were extracted to measure their weight. The
testicles and epididymides extracted from the males that were confirmed to have the
ability to make females pregnant were discarded. The testicles and epididymides of
males that were confirmed not to have the ability to copulate or make females pregnant
were fixed in 10% formalin solution. H&E stained specimens were prepared out of these
organs for histopathological examination.

F1 Dams:

Mortality: Observed throughout the gestation period.

Clinical signs: Observed throughout the gestation period.

Body Weight: Measured on GDs 0, 7, 14, and 20.

Cesarean Section of F1 dams: On GD 20, the pregnant F1 dams were necropsied. Their
corpora lutea and the existence of implantations were observed to confirm pregnancy.
The number of corpora lutea and implantations were determined. The ovaries and uteri
of female rats that were not pregnant were extracted and fixed in 10% formalin solution.
H&E stained specimens of these organs were prepared for histopathological examination.
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