
S U B C H R O N IC  AN D  C H R O N IC  T O XIC IT Y O F
TAZAR O T E N E  G E L F O L L O WIN G  T O P IC AL
AP P L IC AT IO N  IN  H AN F O R D  M IN IS WIN E

I . M a ged  I sm a il , B ria n  B a k er, R ich a rd  M a tsu m ot o, T a m i S a a ty,

H elen  S u n , D ia n e T a n g-L iu , a n d  B a l  B ra r
S a fe t y E va lu a t ion  D ep a r t m en t , Al le r ga n , I n c., I r vin e, C a lifor n ia , U S A

Taz aroten e, a  m em ber of  a  n ovel class of  syn th et ic a cety len ic ret in oid s , is  th e

® r st  top ica l ret in oid  to d em on s tra te both  ef ® ca cy  an d  a n  a ccepta b le p a t ien t  tol -

era b il ity  pro® le in  t h e t rea tm en t  of psorias is . T h e su bch ron ic a n d  ch ron ic toxic-

it y of  top ica l ly  a pp lied  taz aroten e gel  (0 .025 ± 0 .1%; 0 .05 ± 0 .5  m g/ k g/ d ) w as

eva lu a ted  in  H a n ford  m in isw in e in  tw o sep ara te, p rospect iv e, ran d om ized ,

veh icle-con trolled  s tu d ies of 3  m on th s ’ a n d  12  m on th s’ d u ra t ion . A lth ou gh

ta za roten ic a cid , t h e a ct iv e m etaboli te of ta z aroten e, w as  d etect ed  in  th e b lood

of an im als in  both  stu d ies , n o sign s  of syst em ic tox icit y cou ld  be d etected  in

h em at ology, b lood  ch em is try, pos t t rea tm en t  p h ysica l exam in a t ion , n ecrop sy, or

h is topa th ologica l exam in a t ion  of orga n  t i ssu es . In  both  s tu d ies, th e rev ers ib le

s ign s  an d  sym ptom s  of cu t an eou s  ir r ita t ion  cau sed  by  top ica l ap p lica t ion  of

ta za roten e gel  w ere con s is ten t  w i th  th ose effects  com m on ly  p rod u ced  by  ot h er

top ica l  a n d  ora l ret in oid s.

K e y w o rd s   ps or ia s is , r e t in oid , t a za r ot en e , t oxicit y

Ta za r ot en e , a  m em ber  of a  n ove l cla s s  of syn t h e t ic a ce t y len ic r e t in oid s ,

is  t h e  ® r s t  t op ica l r e t in oid  t o d em on s t r a t e  b ot h  e f® ca cy a n d  a n  a ccep t -

a b le  p a t ien t  t ole r a b ili t y  p r o® le  in  t h e  t r ea t m en t  of p sor ia s is  (L ew -K a ya

e t  a l., 1 99 2; S e ft on  e t  a l., 1 99 3; E sgleyes -R ib ot  e t  a l., 19 94). O t h er  t op i-

ca l r e t in oid s , su ch  a s  r e t in oic a cid , eit h e r  h a ve  p r oved  in e ffe ct ive in  t h e

t r ea t m en t  of p s or ia s is  or  h a ve  b een  fou n d  t o be  exces s ive ly  ir r i t a t in g

(F r ed r ik s son , 1 97 1; G u n t h e r, 1 97 3).

In t e r n a t i o n a l  J o u r n a l  o f  To x i c o lo g y,  1 6:5 7 1 ± 5 8 4 , 1 9 97 571
C o p y r i g h t  Ó 1 99 7  Ta y lo r  &  F r a n c i s

1 0 9 1-5 81 8 /9 7  $ 12 .0 0  +  .0 0

R ece ived  31  J u ly 1996; a ccep t ed  6  D ecem ber  1996 .

Th e  a u t h or s  t h a n k  D r s . Am y L in d sa y a n d  M a r ion  K om a r  for  t h eir  a ss is t a n ce  in  t h e

p r epa r a t ion  of t h e  m a n u s cr ip t . We a ls o t h a n k  Scot t  B u r k e for  h is  a s s is t a n ce  w it h  d a t a

r et r ieva l a n d  r eview  of t h e  lit e r a t u r e . Th is  r esea r ch  w a s  su pp or t ed  by Alle r ga n , I n c.,

I r vin ia , C A.

Ad d r es s  cor r e s p on d e n ce  t o I .  M a ge d  I s m a il , S a fe t y  E va lu a t ion  D e p a r t m e n t ,

Aller ga n , In c., 2525  D u pon t  D r ive, I r vin e , C A 92715, U SA.
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O r a l r et in oid s , su ch  a s  e t r e t in a t e , a r e  ve r y e ffe ct ive  in  t h e  t r ea t m en t

of p s or ia s is  a n d  ot h e r  d i s or d e r s  of k e r a t in iza t ion  (B ol la g ,  1 9 8 3 ;

K in gs t on  e t  a l., 19 87 ). H ow ever, t h e ir  u se fu ln es s  h a s  been  lim it ed  by  a

r a n ge  of a d ver se  sys t em ic even t s  a s socia t ed  w it h  t h eir  u se , in clu d in g

a lt e r a t ion s  in  l ip id  m e t a b olism , l ive r  t ox icit y, p h ot os en s it iv it y, a n d

(w it h  ch r on ic u s e ) e ffe ct s  on  t h e  sk e le t a l sys t em  t h a t  s im u la t e  d iffu se

id iop a t h ic h yp er os t os is  syn d r om e  (D a vid  e t  a l., 1 98 8; Ar m s t r on g e t  a l.,

19 94 ). T h ese  d r u gs  a lso h a ve a  s ign i ® ca n t  t e r a t ogen ic p ot en t ia l t h a t

lim it s  t h e ir  u se  in  p r em en op a u sa l w om en  (Ar m s t r on g e t  a l ., 1 99 4;

P in n ock  a n d  Ald er m a n , 19 92 ; Teelm a n n , 19 89 ).

I n  t h e  p r esen t  r ep or t s , t h e  s u bch r on ic a n d  ch r on ic t oxicit y  of t op i-

ca lly a p p lied  t a za r ot en e  ge l (0 .02 5±0.1 %; 0 .05 ±0 .5  m g t a za r ot en e /k g/d )

w a s  eva lu a t ed  in  H a n for d  m in isw in e  in  t w o s ep a r a t e , p r osp ect ive , r a n -

d om ized , veh icle -con t r olled  s t u d ies  of 3  m on t h s ’ a n d  12  m on t h s ’ d u r a -

t ion . Th e  12 -m on t h  s t u d y w a s  follow ed  by  a  2-m on t h  r ecover y  p e r iod

d u r in g  w h ich  t h e  h ea lt h  of t h e  a n im a ls  w a s  m on it or ed . H a n for d  m in i-

sw in e  w er e  ch osen  b eca u s e  t h e  p er cu t a n eou s  a bs or p t ion  of m a n y t op i-

ca lly a p p lied  su b s t a n ces  t h r ou gh  t h e  sk in  of m in ia t u r e  sw in e  is  ve r y

s im ila r  t o t h a t  of h u m a n  s k in  (M a ib a ch  a n d  Wes t e r, 1 98 9). In  or d e r  t o

m a xim ize  t h e  p ot en t ia l for  t ox icit y, t h e  m a xim u m  d ose  u sed  w a s  eq u iv-

a len t  t o t h e  m a xim u m  t ole r a t ed  d ose  (M TD ), ba sed  on  t h e  s ever it y  of

t op ica l ir r i t a t ion  ob s e r ve d  follow in g  d r u g  a p p lica t ion .  Alt h ou g h

t a za r ot en ic a cid , t h e  a ct ive  m e t a b olit e of t a za r ot en e , w a s  d e t ect ed  in

t h e  b lood  of a n im a ls  in  bot h  s t u d ies , n o s ign s  of s ys t em ic t oxicit y  cou ld

be  d e t ect ed  in  h em a t ology, b lood  ch em is t r y, p os t t r ea t m en t  p h ys ica l

exa m in a t ion , n ecr op sy, or  h is t op a t h ologica l exa m in a t ion  of or ga n  t is -

su es . I n  b ot h  s t u d ies , t h e  r eve r s ib le  s ign s  a n d  sym p t om s  of cu t a n eou s

ir r i t a t ion  ca u sed  by  t op ica l a p p lica t ion  of t a za r ot en e  ge l w er e  con s is -

t en t  w it h  t h ose  effe ct s  com m on ly p r od u ced  by  ot h e r  t op ica l a n d  or a l

r e t in oid s  (Ar m s t r on g e t  a l ., 19 94 ).

MATERIALS AND METHODS

All p r oced u r es  in  t h e p r esen t  r ep or t  w er e  con d u ct ed  by  Toxicology a n d

P a t h ology S er v ices , In c. (M t . Ve r n on , IN ) u n d er  t h e  s p on sor s h ip  of

Alle r ga n , In c. (I r v in e , C A).

Test Animals

Tw en t y h ea lt h y, 5- t o 12 -m on t h -old  H a n for d  m in isw in e  (C h a r les  R ive r

L a b or a t or ie s , P it t s ® e ld , N H ) w er e u sed  in  t h e  su bch r on ic t ox icit y s t u d y

(in it ia l w e igh t s : fe m a les  1 8 .4 ±3 7.3  k g; m a les  1 4 .5 ±3 9.3  k g), a n d  48  m in -

is w in e  w er e  u sed  in  t h e  ch r on ic t ox icit y s t u d y (in it ia l w e igh t s : fem a les

26 .6±34 .1  k g; m a les  2 5 .9±34 .3  k g). E a ch  a n im a l w a s  id en t i ® ed  b y a n
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ea r  n ot ch  a n d  t a g . T h ey w er e  h ou sed  in d iv id u a lly in  t em p er a t u r e - a n d

h u m id it y-con t r olled  r oom s  w it h  a  ® lt e r ed  a ir  su p p ly  a n d  cycled  ligh t in g

(1 2  h  of ligh t  d a ily). Ap p r oxim a t e ly  1  lb  of P r ola b  m in ip ig d ie t  (Agw a y)

w a s  p r ovid ed  ea ch  m or n in g  a n d  even in g . Ta p  w a t er  w a s  a va ila b le  a d

lib it u m . All a n im a ls  w er e  h ou sed  a n d  t r ea t ed  a ccor d in g  t o t h e  in s t it u -

t ion a l gu id e lin es  for  t h e  ca r e  a n d  u se  of la bor a t or y a n im a ls .

Test Substances

Ta za r ot en e  ge l (0 .0 25%, 0 .05 %, 0 .1%) w a s  p r ovid ed  by  Alle r ga n , In c.,

(I r v in e , C A), a s  w a s  t a za r ot en e  veh icle  gel. Ta za r ot en e  is  a  ye llow  p ow -

d er  or  cr ys t a ls  w it h  a  m e lt in g  r a n ge  of 10 2±10 7°C . I t  is  in solu ble in

w a t e r  (p H  5), s p a r in gly  solu ble  in  et h a n ol, s l igh t ly  solu ble in  m in er a l

oil , a n d  fr ee ly solu ble  in  b en zyl a lcoh ol.

Ta za r ot en e  ge l con t a in s  t a za r ot en e  (0 .0 25 %, 0 .0 5%, or  0 .1%), a scor -

b ic a cid  (0 .05%), bu t y la t ed  h yd r oxya n isole (0 .0 5%), b u t yla t ed  h yd r oxy-

t olu en e  (0 .0 5%), ed e t a t e  d isod iu m  (0 .05 %), p u r i ® ed  w a t e r  (4 9 .25 %),

p olye t h ylen e  glycol 1 00  (45 .0 %), h exylen e  g lycol (2 .0 %), p olysor b a t e  4 0

(0 .2 %), p oloxa m er  40 7  (0 .2%), b en zyl a lcoh ol (1 .0%), ca r b om er  93 4P

(1 .2 5%), a n d  t r om et h a m in e  (0 .8 %).

Study Design

T h e n u m b er s  of m in isw in e  in  ea ch  t r ea t m en t  gr ou p  in  t h e  su b ch r on ic

a n d  ch r on ic t oxicit y  s t u d ies  a r e  sh ow n  in  Ta ble  1 . Tes t  a n im a ls  w er e

r a n d om ly  a s s ign ed  t o on e  of ® ve  t r ea t m en t  gr ou p s  in  t h e  su b ch r on ic

s t u d y  (t w o m a le  a n d  t w o fe m a le ) a n d  on e  of fou r  t r ea t m en t  gr ou p s  in

t h e  ch r on ic s t u d y (s ix  m a le  a n d  s ix fe m a le ). P r ior  t o s t u d y  in it ia t ion

a n d  a t  w eek ly in t e r va ls  t h e r ea ft er, t h e  b a ck  of ea ch  m in isw in e  w a s

close ly  clip p ed  t o exp ose  a n  a r ea  equ a l t o a p p r oxim a t e ly 1 0% of t h e

t ot a l su r fa ce a r ea  of t h e  a n im a l in  t h e  su b ch r on ic s t u d y, or  a p p r oxi-

m a t e ly  46  2 36  cm  (16 56  cm 2 ) in  t h e  ch r on ic s t u d y.

Ta za r ot en e  ge l (0 .0 25 %, 0 .0 5%, 0 .1 %) or  veh icle  ge l w a s  a p p lied  t op i-

ca lly on ce  d a ily  t o t h e  close ly  clip p ed  in t a ct  sk in  on  t h e  d or su m  of ea ch

m in isw in e  for  a t  lea s t  92  con s ecu t ive  d a ys  in  t h e  su bch r on ic s t u d y  a n d

t w ice  d a ily for  36 5  con secu t ive d a ys  in  t h e  ch r on ic s t u d y. I f a n  esch a r

w a s  p r esen t , som e  ge l w a s  a p p lied  d ir ect ly t o t h e e sch a r  a s  w e ll a s  t h e

a d ja cen t  sk in . An y r es id u a l ge l w a s  r em oved  p r ior  t o ea ch  d ose  by  gen -

t ly  w ip in g  t h e  t e s t  a r ea  w it h  a  t ow e l m ois t en ed  w it h  t a p  w a t e r  a n d

t h en  b lot t in g  t h e  a r ea  d r y. Aft e r  w eek  52  of t h e  ch r on ic t oxicit y  s t u d y,

t w o m in isw in e  p e r  s ex  p e r  gr ou p  w er e  ob se r ved  for  a n  a d d it ion a l

2 m on t h s  w it h ou t  t r ea t m en t  (r ecover y  p e r iod ).

T h e t a za r ot en e  d oses  a d m in is t e r ed  in  t h e  ® ve  gr ou p s  in  t h e su b -

ch r on ic s t u d y  a n d  t h e  fou r  gr ou p s  in  t h e  ch r on ic s t u d y a r e  lis t ed  in
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Ta b le  1 . T h e d oses  a r e  d escr ib ed  in  m illigr a m s  p e r  k ilogr a m  p er  d a y

a n d  m illig r a m s  p e r  m e t e r  squ a r ed  p e r  d a y  (ca lcu la t ed  fr om  t h e  d ose  in

m illig r a m s  p e r  k ilogr a m  p er  d a y, t h e  m ea n  bod y w eigh t , a n d  a  con ver -

s ion  fa ct or  p u b lish ed  by  F r e ir e ich  e t  a l., 19 96 ). T h e  m a xim u m  d a ily

t a za r ot en e  d ose  in  t h e  m in ip igs  u sed  in  t h e  p r esen t  s t u d y  w a s  0 .5

m g/k g/d  or  8 .9  m g/m 2 /d . T h is  gr ea t ly exceed s  t h e  m a xim u m  d a ily  d ose

u sed  in  h u m a n  clin ica l s t u d ies  (0 .1  m g/k g/d  or  4 .1  m g/m 2 /d ).

I n  or d e r  t o p r even t  or a l in ges t ion  of t h e  t es t  su bs t a n ces , a ll a n im a ls

w er e  in d iv id u a lly h ou sed  t h r ou gh ou t  t h e  cou r se  of bot h  s t u d ies , so t h a t

n o a n im a l cou ld  in ges t  t h e t e s t  m a t e r ia l by  l ick in g  it  off of a n ot h e r  a n i-

m a l. In  a d d it ion , t h e  loca t ion  of t h e  t r ea t m en t  s it e  (u p p er  ba ck ) p r e -

ven t ed  a n im a ls  fr om  in ges t in g t h e  t e s t  m a t e r ia l b y  lick in g t h em se lves .

Physical and Ophthalmic Examinations

Tr ea t m en t  s it es  w er e s cored  da ily for  t h e sever it y of d er m a l ir r it a t ion

(D r a ize pr oced u r e), wh ich  in clu ded  a n  eva lu a t ion  of t h e pr esen ce of er y-

t h em a  a n d  edem a , pr ior  t o t h e m orn in g a p plica t ion  of ea ch  t est  su bs ta n ce.

P h ys ica l exa m in a t ion s , in clu d in g  s lit -la m p  b iom icr oscopy a n d  oph -

t h a lm ic exa m in a t ion s , w er e con d u ct ed  by a  ve t er in a r ia n  a n d  ve t er in a r y

op h t h a lm ologis t  a t  ba se lin e  in  b ot h  s t u d ies . P h ys ica l a n d  op h t h a lm ic

exa m in a t ion s  w er e  a lso con d u ct ed  ju s t  p r ior  t o t h e t er m in a t ion  of t h e

su bch r on ic s t u d y a n d  d u r in g s t u d y w eek s  1 3 , 26 , 39 , 52  (t r ea t m en t

p e r iod ), a n d  60  (p os t t r ea t m en t  p e r iod ) in  t h e  ch r on ic s t u d y. D u r in g t h e

-574- Padagis Ex. 1044 
IPR Petition - USP 11,311,482



TAZAROTENE SUBCHRONIC AND CHRONIC TOXICITY 575

op h t h a lm ic exa m in a t ion , t h e  a n im a ls  w er e  a n es t h e t ized  w it h  a n  in t r a -

m u scu la r  in ject ion  of k et a m in e  h yd r och lor id e  (Aveco, F or t  D od ge , I A;

20 ±26 m g/k g) t o r ed u ce  m ovem en t , a n d  t h e ir  eyes  w er e  d ila t ed  w it h

t r op ica m id e  oph t h a lm ic solu t ion , U S P 1% (S ch e in , P or t  Wa sh in gt on ,

N Y). B od y w e igh t  w a s  obt a in ed  a t  ba se lin e  a n d  a t  w eek ly  in t e r va ls

t h e r ea ft e r, a n d  d r u g  d osa ges  w er e  ca lcu la t ed  a ft e r  ea ch  w eigh in g. F ood

con su m p t ion  w a s  es t im a t ed  b y visu a l in sp ect ion  t w ice  d a ily.

Laboratory Tests

B lood  sa m p les  for  eva lu a t ion  of h em a t ologic a n d  clin ica l ch em is t r y

p a r a m et er s  w er e  collect ed  fr om  t h e a n t e r ior  ven a  ca r va  of a ll a n im a ls  a t

ba selin e  a n d  d u r in g  w eek s  4  a n d  13  of t h e  su bch r on ic s t u d y  a n d  d u r in g

w eek s  13 , 1 9 , 26 , 39 , 52 , a n d  6 0  of t h e ch r on ic s t u d y. An im a ls  w er e

fa s t ed  t h e  n igh t  b efor e  b lood  collect ion  for  t h ese  t e s t s . Ad d it ion a l w h ole -

b lood  sa m p les  (2±3 m L ) for  t h e  m ea su r em en t  of d r u g b lood  con cen t r a -

t ion s  w er e  collect ed  fr om  ea ch  a n im a l ju s t  p r ior  t o d os in g  a n d  4 , 8 , 1 2 ,

16 , 20 , a n d  24  h  follow in g d osa ge  a d m in is t r a t ion  on  d a ys  1  a n d  91  of t h e

su bch r on ic s t u d y. I n  t h e ch r on ic s t u d y, t h e  a d d it ion a l b lood  s a m p les

w er e  collect ed  ju s t  p r ior  t o t h e m or n in g  d ose  a n d  4  h  a ft er  t h e  even in g

d ose  on  t r ea t m en t  d a ys  1 , 9 1 , 1 82 , a n d  3 64. D u r in g t h e  r ecover y p e r iod

of t h e  ch r on ic s t u d y  (w eek s  52±60), b lood  s a m p les  for  d r u g  con cen t r a -

t ion  d et e r m in a t ion  w er e  collect ed  in  t h e  m or n in g  on  s t u d y d a y 3 99

(w eek  57) a n d  s t u d y d a y  420  (w eek  6 0). B lood  collect ion  t u bes  con t a in -

in g e t h ylen e  d ia m in e  t e t r a a ce t ic a cid  (E D TA) a n d  ext r a ct ion  t u bes  con -

t a in in g 3  m L of a ce t on it r ile :1 -bu t a n ol (1 :1 ) w er e  u sed . S olven t -e x t r a ct ed

blood  fr om  ea ch  s a m p le  w a s  s en t  fr ozen , p a ck ed  on  d r y  ice , for  d r u g

a n a lys is  b y  a  va lid a t e d  g a s  ch r om a t og r a p h y /m a s s  s p e ct r om e t r y

(G C /M S ) m et h od  (O n e id a  R esea r ch  S er vices , W h it esbor o, N Y).

H em a t ologica l eva lu a t ion  in clu d ed  leu k ocyt e  cou n t  w it h  d iffe r en t ia l

(p er cen t a ge  a n d  a b solu t e ), e r y t h r ocyt e  cou n t , h em oglob in , h em a t ocr it ,

p la t e le t , m ea n  cor p u scu la r  volu m e , m ea n  cor p u scu la r  h em oglob in , a n d

m ea n  cor p u scu la r  h em oglobin  con cen t r a t ion . C lin ica l ch em is t r y eva lu -

a t ion  in clu d ed  s e r u m  a lb u m in , g lu cos e , u r ea  n it r ogen , cr ea t in in e, t ot a l

b il ir u b in , ca lciu m , in or ga n ic p h osp h or u s , t ot a l  ch oles t e r ol, a lk a lin e

p h osp h a t a se , sod iu m , ch lor id e , p ot a s s iu m , a la n in e  a m in ot r a n s fe r a se ,

a s p a r t a t e  a m in ot r a n s fe r a s e , cr ea t in e  k in a se , t r iglycer id es , t ot a l p r o-

t e in , globu lin , a n d  a lbu m in ±globu lin  r a t io (ca lcu la t ed ).

Necropsy

At  t h e  con clu s ion  of t h e  su bch r on ic t oxicit y  s t u d y, a ll of t h e  a n im a ls

w er e  su bject ed  t o a  com p le t e  n ecr op sy. I n  t h e  ch r on ic t ox icit y  s t u d y,

fou r  m in isw in e /s ex/gr ou p  w er e  su bject ed  t o a  com p le t e  n ecr op sy a ft e r
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a t  lea s t  3 65  d a ys  of t r ea t m en t . Th e  r em a in in g 2  m in is w in e /s ex/gr ou p

w er e  n ecr op s ied  2  m on t h s  la t e r  (a ft e r  t h e  r ecover y  p e r iod ).

F ollow in g  s ed a t ion  w it h  k e t a m in e  h yd r och lor id e , t h e a n im a ls  w er e

eu t h a n ized  b y in t r a ven ou s  in ject ion  of sod iu m  p en t oba r b it a l  (An t h on y

P r od u ct s  C o., Ar ca d ia , C A). D u r in g p r osect ion , gr os s  exa m in a t ion  w a s

con d u ct ed  of t h e  sk in ; t h e  t h or a cic, a bd om in a l, a n d  p e lvic ca vit ie s  w it h

en closed  or ga n s  a n d  t is su es ; a n d  t h e  h ea d  a n d  cer vica l or ga n s  a n d  t is -

su es . R ep r esen t a t ive  s p ecim en s  of t h e  follow in g  or ga n s  a n d  t is su es

w er e  r em oved  a n d  exa m in ed : sk in , in clu d in g  t r ea t ed  sk in  a t  t h e  a p p li-

ca t ion  s it e a n d  u n t r ea t ed  sk in  a n t e r ior  t o t h e  a p p lica t ion  s it e ; b r a in ;

p it u it a r y  g la n d ; e ye s , in clu d in g  op t ic n e r ve  a n d  e ye lid s ; s a liva r y

gla n d s ; s u b m a xilla r y  lym p h  n od e s ; t h yr oid ; t r a ch e a ; lu n gs ; h e a r t ;

a or t a ; t h y m u s ; m a m m a r y  g la n d ; e s op h a gu s ; s t om a ch ; d u od en u m ;

jeju n u m ; i leu m ; colon ; cecu m ; r ect u m ; ga llb la d d er ; live r ; s p leen ; p a n -

cr ea s ; m esen t e r ic lym p h  n od es ; a d r en a l g la n d s ; k id n eys ; u r in a r y  b la d -

d e r ; u t er u s ; p r os t a t e  g la n d ; gon a d s  (ova r ies  or  t e s t es  w it h  ep id id y-

m id es ); s k e le t a l  m u scle ; bon e  a n d  m a r r ow  (r ib  in clu d in g cos t och on d r a l

ju n ct ion ); sp in a l cor d ; p e r ip h er a l n e r ve ; a n d  ot h e r  t is su es  con t a in in g

a n y gr os s  le s ion s . T h e  b r a in , p it u it a r y g la n d , t h yr oid , h ea r t , live r,

sp leen , k id n eys , a n d  gon a d s  (ova r ie s  a n d  t e s t e s /ep id id ym id es ) w er e

r em oved  a n d  w e igh ed .

Histopathology

I n  bot h  s t u d ies , r ep r esen t a t ive  sp ecim en s  of t h e p r ot ocol-d es ign a t ed

or ga n s  a n d  t is su es  a lr ea d y n ot ed  w er e  ® xed  in  10% n eu t r a l bu ffe r ed

for m a lin , follow ed  b y r ou t in e  em bed d in g , s ect ion in g, a n d  s t a in in g  w it h

h e m a t oxylin  a n d  eos in  for  h is t ologic exa m in a t ion  b y  a  ve t e r in a r y

p a t h ologis t .

Statistical Analysis

S t a t is t ica l eva lu a t ion  w a s  p e r for m ed  u s in g  t h e  m e t h od s  of D u n n et t

(1 95 5, 19 64 ), w h ich  in cor p or a t e  a  on e-w a y a n a lys is  of va r ia n ce  t o com -

p a r e  on e  or  m or e  t r ea t m en t  gr ou p s  t o a  con t r ol gr ou p  (B r ow n lee , 1 96 5;

D u n n e t t , 19 5 5 , 1 9 6 4). S t a t is t ica l  a n a lys is  w a s  p e r for m e d  on  bod y

w eigh t s , or ga n  w e igh t s , h em a t ologic d a t a , a n d  s e r u m  ch em is t r y  d a t a .

I n  t h e  1 2-m on t h  s t u d y, d a t a  fr om  m a le  a n d  fe m a le  m in isw in e  w er e

com bin ed  in  t h e  a n a lys is  of t h e  r ecover y  gr ou p s  in  or d e r  t o obt a in  a n

a d equ a t e ly la r ge  s a m p le  s ize for  s t a t is t ica l  a n a lys is  (B r ow n lee , 1 96 5;

D u n n e t t , 19 55 , 1 964 ).
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RESULTS

Physical and Ophthalmic Examinations

N o t r ea t m en t -r e la t ed  m or t a lit y  occu r r ed  d u r in g  e it h e r  s t u d y. P h ys ica l

exa m in a t ion s  in d ica t ed  t h a t  a ll t h e  m in is w in e  r em a in ed  sys t em ica lly

h ea lt h y for  t h e  d u r a t ion  of ea ch  s t u d y. Ad d it ion a lly, excep t  for  s e lect

la b or a t or y  ch a n ge s  (s e e  C lin ica l C h em is t r y), n o t r e a t m e n t -r e la t ed

a d ver se  sys t em ic even t s  w er e  n ot ed  (Ta ble  2 ). N o con s is t en t  or  d is t in ct

s ys t em ic t r ea t m e n t -r e la t e d  a d v er s e  p h a r m a cologica l,  t ox icologica l,

h e m a t ologic, or  b e h a v ior a l  e ffe ct s  w e r e  ob s e r v e d . N o s ig n ifi ca n t

ch a n ges  in  food  con su m p t ion  w er e  obse r ved . An im a ls  in  ea ch  of t h e d if-

fe r en t  t r ea t m en t  gr ou p s  exp er ien ced  som e  w e igh t  ga in . H ow ever, t h e r e
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w a s  n o s t a t is t ica lly  s ign i ® ca n t  d iffe r en ce  in  t h e  a m ou n t  of w e igh t

ga in ed  by  a n im a ls  in  t h e  d iffe r en t  t r ea t m en t  gr ou p s . O p h t h a lm ologic

exa m in a t ion s  r evea led  n o s ign i ® ca n t  ocu la r  a bn or m a lit ie s  d u r in g t h e

cou r se  of e it h er  s t u d y.

Primary Dermal Irritation Scores (Draize Scores)

I n  b ot h  s t u d ies , t a za r ot en e  p r od u ced  d e r m a l ir r i t a t ion  t h a t  w a s  t yp i-

® ed  by  e r y t h em a  follow ed  by  esch a r  for m a t ion  in  m a n y a n im a ls .

I n  t h e  su b ch r on ic t ox icit y s t u d y, b la ck  esch a r s  b ega n  t o d eve lop  a t

t h e  t r ea t m en t  s it e s  by  t h e  en d  of w eek  1  in  a ll fou r  a ct ive -t r ea t m en t

gr ou p s , p r eclu d in g fu r t h e r  d e r m a l s cor in g of t h e  s it e s . A b la ck  esch a r

w a s  p r es en t  in  on e  a n im a l in  t h e  0 .12 5  m g/k g/d  gr ou p  a n d  t w o a n im a ls

in  t h e  0 .50 0  m g/k g/d  gr ou p  d u r in g  w eek  2 . E igh t  a n im a ls  fr om  t h e

0 .1 25  m g/k g/d , 0 .2 50  m g/k g/d , a n d  0 .5 00  m g/k g/d  gr ou p s  d eve lop ed

bla ck  esch a r s  d u r in g  w eek  5 , a n d  on e  a n im a l fr om  t h e  0 .12 5  m g/k g/d

gr ou p  d eve lop ed  a n  esch a r  d u r in g  w eek  12 . N o esch a r s  for m ed  in  t h e

t r ea t ed  a r ea s  of t h e  0 .0 50  m g/k g/d  gr ou p  or  t h e  veh icle  gr ou p .

I n  t h e  ch r on ic t ox icit y s t u d y, m u lt ip le  foca l p a p u les  w er e  ob se r ved

t h r ou gh ou t  t h e  t r ea t ed  sk in  a r ea  d u r in g w eek  2 , a n d  by  w eek  4  or  5 ,

b la ck  esch a r s  h a d  d eve lop ed  a t  t h e  m a jor it y of t r ea t m en t  s it e s , p r e -

clu d in g fu r t h e r  d e r m a l s cor in g. P a p u les  w er e  a ls o n ot ed  a t  t h e  t r ea t -

m en t  s it es  in  t h e  veh icle  gr ou p  begin n in g be t w een  w eek s  7  a n d  1 2 .

M os t  of t h e  p a p u les  h a d  d is a p p ea r ed  by  w eek  53  (e n d  of t r ea t m en t

p e r iod ), a n d  t h ey  h a d  com p le t e ly d is a p p ea r ed  b y  w eek  61  (e n d  of r ecov-

e r y  p e r iod ).

T h e s ize  a n d  s ever it y of t h e  e sch a r s  w er e  gr ea t e r  in  a n im a ls  r ece iv-

in g  la r ge r  d r u g  d os es . Th e  esch a r s  cr a ck ed  s econ d a r y  t o m ovem en t  of

t h e  a n im a ls , a n d  t h e  u n d er lyin g s k in  w a s  e r y t h em a t ou s . Wit h  t h e

excep t ion  of a  s in gle  a n im a l fr om  t h e 0 .2 50  m g/k g/d a y  gr ou p  in  t h e su b -

ch r on ic s t u d y, w h ich  exh ib it ed  s ligh t  ed em a  on  d a y  20 , n on e  of t h e  a n i-

m a ls  d eve lop ed  ed em a  a t  t h e  t r ea t m en t  s it e . T h e veh icle  gr ou p  d id  n ot

d eve lop  esch a r s , e r y t h em a , or  ed em a  d u r in g e it h e r  s t u d y.

B y t h e  en d  of t h e  2 -m on t h  r ecover y p e r iod  follow in g t h e ch r on ic t oxi-

cit y s t u d y  (w eek  60 ), t h e  e sch a r s  h a d  fa llen  off a ll bu t  on e  fe m a le  m in -

is w in e  (0 .25 0  m g/k g/d ), a n d  t h e  esch a r s  on  t h e  m a le  m in is w in e  h a d

d ecr ea s ed  in  s ever it y  in  a  d ose -r ela t ed  m a n n er.

Gross Necropsy/Histopathology

G r oss  n ecr op sy  a n d  h is t ologic exa m in a t ion  w er e  con d u ct ed  on  a ll a n i-

m a ls  a t  t h e  con clu s ion  of t h e  3-m on t h  s t u d y  a n d , in  t h e  1 2-m on t h

s t u d y, a ft e r  a t  lea s t  36 5  d a ys  of t r ea t m en t  or  5 3  d a ys  of r ecover y. N o

d is t in ct  or  con s is t en t  t r ea t m en t -r e la t ed  sys t em ic t ox icit y  w a s  fou n d
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(Ta b le  2 ). S t a t is t ica l eva lu a t ion  of r ela t ive  a n d  a bsolu t e  or ga n  w e igh t s

d id  n ot  d em on s t r a t e  a n y  t r ea t m en t -r e la t ed  e ffe ct s .

A d ose -r e la t ed  in cr ea se  in  t h e  s ever it y of e sch a r  for m a t ion  a t  t h e

t r ea t m en t  s it e s  w a s  obse r ved  a s  t h e  con cen t r a t ion  of t a za r ot en e  in  t h e

t es t  m a t e r ia l in cr ea s ed . T h e  esch a r s  w er e  ch a r a ct e r ized  b y a ccu m u la -

t ion s  of coa gu la t ed  s e r u m , t e s t  m a t er ia l, d u s t , a n d /or  b ed d in g  m a t e r i-

a ls  in  a r ea s  of h a ir  r egr ow t h .

M icr os cop ic eva lu a t ion  of t r ea t ed  a r ea s  of sk in  in d ica t ed  a  d ose -

r esp on se  r e la t ion sh ip  in  b ot h  s t u d ies . T h ese  ch a n ges  w er e  s ligh t  t o

m in im a l in  t h e  gr ou p  r ece iv in g  0 .0 50  m g/k g/d , s ligh t  t o m od er a t e  in  t h e

gr ou p s  r ece iv in g  0 .1 25  m g/k g/d  a n d  0 .25 0  m g/k g/d , a n d  m a r k ed  in  t h e

0 .5 00  m g/k g/d  gr ou p . Th e  follow in g  p a t h ologic ch a n ges  w er e  d es cr ibed :

a ca n t h os is , h yp er k e r a t os is , foca l d e r m a l ® b r os is , d e r m a l in ¯ a m m a t or y

ce llu la r  in fi l t r a t ion , n eu t r op h ilic ce llu la r  in fil t r a t ion , foca l e r os ion ,

a n d /or  foca l u lce r a t ion . N o ot h e r  d is t in ct  or  con s is t e n t  com p ou n d -

r e la t ed  m icr oscop ic ch a n ges  w er e  fou n d . Ad d it ion a lly, t h e r e  w a s  n o evi-

d en ce of sys t em ic t ox icit y on  m icr os cop ic exa m in a t ion . Th e  t r ea t ed

a r ea s  of sk in  in  t h e  veh icle  gr ou p  w er e  w it h in  n or m a l lim it s .

At  t h e  en d  of t h e  2-m on t h  r ecover y p e r iod , t h e  sk in  of t h e  a n im a ls

t h a t  h a d  r ece ived  0 .05 0  m g/k g/d  w a s  h is t ologica lly  com p a r a ble  t o t h e

con t r ol gr ou p ; t h e  a n im a ls  t h a t  h a d  r ece ived  0 .12 5  m g/k g/d  a n d  0 .25 0

m g/k g/d  exh ib it ed  s ligh t  t o m in im a l ir r i t a t ion  w it h  a ca n t h os is , h yp er -

k e r a t os is , d e r m a l in ¯ a m m a t or y  ce llu la r  in ® l t r a t ion , m od er a t e  n eu -

t r op h ilic ce llu la r  in ® l t r a t ion , foca l d e r m a l ® b r os is , a n d  ce llu la r  d eb r is

on  t h e  su r fa ce . T h is  s eq u en ce  su gges t ed  a  d os e-r esp on s e  r ecover y  r e la -

t ion sh ip . O n e  m in isw in e  fr om  t h e  0 .1 25  m g/k g/d  gr ou p  h a d  a  gr os s ly

r a is ed  cir cu la r  a r ea  in  t h e  t r ea t m en t  a r ea  t h a t  on  m icr oscop ic exa m i-

n a t ion  w a s  con s is t en t  w it h  h ea lin g of a  ch r on ic foca l u lce r a t ion .

Clinical Chemistry/Hematology

I n  b ot h  s t u d ies , t h e  r e s u lt s  of h em a t ology a n d  clin ica l ch em is t r y  eva lu -

a t ion s  m a d e  a t  ba se lin e  w er e  w it h in  t h e  exp ect ed  r a n ge  for  u n t r ea t ed

a n im a ls  a n d  in t e r n a l h is t or ica l con t r ols . D u r in g t r ea t m en t , t h e  h em a -

t ology d a t a  d id  n ot  sh ow  a n y con s is t en t  or  d is t in ct  d r u g-r e la t ed  e ffe ct s

(Ta b le  2 ).

S e r u m  leve ls  of cr ea t in e  k in a se  w er e e leva t ed  in  s ever a l a n im a ls  in

bot h  t h e  t a za r ot en e  a n d  veh icle  t r ea t m en t  gr ou p s  d u r in g bot h  s t u d ies

(Ta b le  2 ). T h e e leva t ion s  w er e  t h ou gh t  t o b e  r e la t ed  t o s t r es s  a n d

in cr ea sed  m u scle  a ct iv it y  w h en  t h e  m in is w in e  w er e  r e s t r a in ed  for

b lood  collect ion .

T h e on ly  ot h e r  t r ea t m en t -r e la t ed  sys t em ic e ffe ct s  w er e  s ign i ® ca n t

in cr ea ses  in  t ot a l  p r ot e in  a n d  g lob u lin  in  a n im a ls  given  0 .0 5  m g/k g/d ,

0 .1 25  m g/k g/d , a n d  0 .25 0  m g/k g/d  a n d  a  s ign i ® ca n t  d ecr ea se  in  a lb u m in
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in  a n im a ls  g iven  0 .2 50  m g/k g/d  in  t h e  1 2-m on t h  s t u d y (Ta b le  2 ). T h er e

w a s  a  s ign i ® ca n t  in cr ea se  in  t ot a l p r ot ein  a n d  g lob u lin  s e r u m  con cen -

t r a t ion s  in  a n im a ls  in  a ll t h r ee  a ct ive  t r ea t m en t  gr ou p s  (p < .0 5), excep t

for  t h e  gr ou p  of fe m a le m in isw in e  t h a t  r ece ived  0 .0 50  m g/k g/d . A s ign if-

ica n t  d ecr ea se  in  s e r u m  a lbu m in  occu r r ed  in  t h e  gr ou p  r ece iv in g  0 .25 0

m g/k g/d  a t  w eek  19 , 2 6 , a n d  52  (m a les : p < .0 5; fe m a les : p < .01 ). Th e

a lbu m in  va lu es  a t  w eek  52  w er e  a lso s ign i ® ca n t ly  d ecr ea sed  in  t h e

fe m a le  a n im a ls  d osed  a t  0 .0 50  m g/k g/d  (p < .0 5) a n d  0 .1 25  m g/k g/d  (p <

.01 ). At  t h e  en d  of w eek  5 9  (7  w eek s  in t o t h e  r ecover y  p e r iod ), a

d ecr ea s e in  t ot a l p r ot e in  a n d  globu lin  con cen t r a t ion s  a n d  a n  in cr ea s e in

se r u m  a lb u m in  w er e  ob se r ved , in d ica t in g  r eve r s ib il i t y of t h e  d r u g

effe ct . D u e  t o t h e  sm a ll n u m b er  of a n im a ls  in  t h e  r ecover y  p or t ion  of

t h e  s t u d y, d a t a  fr om  m a le  a n d  fe m a le  m in isw in e  w er e  com bin ed  for  s t a -

t is t ica l a n a lys is .

Drug Blood Concentrations

Ta za r ot en e  w a s  n ot  d et ect ed  in  t h e  b lood  of a n im a ls  a t  a n y t im e  d u r in g

t h e  t r ea t m en t  p e r iod s  (qu a n t i ® ca t ion  leve l: ³ 0.0 5  n g/m L), a lt h ou gh

t a za r ot en ic a cid  w a s  d e t ect ed . T h is  in d ica t es  t h a t  v ir t u a lly a ll  a b sor b ed

t a za r ot en e  w a s  con ver t ed  t o t a za r ot en ic a cid . M ea n  b lood  t a za r ot en ic

a cid  con cen t r a t ion s  in  t h e  m in isw in e  r a n ged  fr om  0 .49  t o 2 .5  n g/m L,

d em on s t r a t in g  low  sys t em ic d r u g exp osu r e follow in g  t op ica l a d m in is -

t r a t ion  (F igu r e  1). T h e  b lood  con cen t r a t ion s  d u r in g  t h e  su bch r on ic 

(3 -m on t h ) s t u d y  w er e  ve r y  s im ila r  t o t h e  b lood  con cen t r a t ion s  m ea -

su r ed  d u r in g t h e  ® r s t  3  m on t h  of t h e  ch r on ic (1 2-m on t h ) s t u d y. Th e

blood  con cen t r a t ion  a ft e r  52  w eek s  of t r ea t m en t  w a s  le s s  t h a n  t h a t  a t

26  w eek s  a n d , in  som e  a n im a ls , low er  t h a n  t h e  b lood  con cen t r a t ion

m ea su r ed  a t  1 3  w eek s . Th e  r ea son  for  t h is  is  u n k n ow n . N o t a za r ot en ic

a cid  w a s  d e t ect ed  in  t h e  b lood  a t  t h e  en d  of t h e  2-m on t h  r ecover y

p er iod . N e it h e r  t a za r ot en e  n or  t a za r ot en ic a cid  w a s  d e t ect ed  in  a n i-

m a ls  t r ea t ed  w it h  t h e  veh icle  con t r ol. C on cen t r a t ion s  of t a za r ot en ic

a cid  in  t h e  b lood  of m a le  a n im a ls  w er e  s ligh t ly b u t  s ign i ® ca n t ly  gr ea t e r

t h a n  t h ose  s een  in  fe m a le  a n im a ls .

DISCUSSION

T h e m os t  s ign i ® ca n t  ® n d in g in  t h e  p r es en t  r ep or t  is  t h a t  t op ica l a d m in -

is t r a t ion  of t a za r ot en e gel w a s  a s socia t ed  w it h  l im it ed  sys t em ic a b sor p -

t ion  a n d  m in im a l or  n o sys t em ic t ox icit y  in  H a n for d  m in isw in e . Th e

m a xim u m  d a ily d ose  u sed  in  t h is  s t u d y  (0 .5  m g/k g/d  or  8 .9  m g/m 2 /d )

w a s  m u ch  gr ea t e r  t h a n  t h e  m a xim u m  d a ily  d ose  u s ed  in  h u m a n s  (0 .1

m g/k g/d  or  4 .1  m g/m 2 /d ). N on e t h e les s , n o a d ver s e  e ffe ct s  w er e  s een  on

h em a t ology, clin ica l ch em is t r y, p h ys ica l exa m in a t ion , gr os s  n ecr op sy, or
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h is t op a t h ology a t  a n y  d os e  of t a za r ot en e . Th is  is  m a r k ed  con t r a s t  w it h

t h e  s ign i ® ca n t  t ox ic e ffe ct s  p r od u ced  by  or a l r et in oid s  (Ar m s t r on g e t

a l ., 19 94 ). Th e  cu t a n eou s  effe ct s  a s socia t ed  w it h  t a za r ot en e  u se  in

t h ese  s t u d ies  w er e  ve r y  s im ila r  in  t yp e  a n d  s ever it y t o t h ose  e ffe ct s

com m on ly  r ep or t ed  for  ot h e r  t op ica l r e t in oid s  (Ar m s t r on g e t  a l ., 19 94 ).

Ta za r ot en e  w a s  n ot  d et ect ed  in  t h e  b lood  follow in g  t op ica l a d m in is -

t r a t ion , a n d  t h e  m ea n  b lood  con cen t r a t ion s  of t a za r ot en ic a cid , t h e

m a jor  cir cu la t in g m et a bolit e  of t a za r ot en e , w er e  low, d em on s t r a t in g

low  sys t em ic d r u g exp osu r e . T h e  t a za r ot en ic a cid  b lood  con cen t r a t ion

w a s  a ct u a lly  low er  a t  t h e  en d  of t h e  12 -m on t h  s t u d y t h a n  a t  it s  m id -

p oin t . T h is  cou ld  be  d u e t o e it h e r  d ecr ea s ed  d r u g  a bsor p t ion , in cr ea s ed

d r u g e lim in a t ion , or  in cr ea sed  volu m e  of d is t r ib u t ion  a s  t h e  s t u d y  p r o-

gr es sed . Th e  fa ct  t h a t  t h e b lood  t a za r ot en ic a cid  con cen t r a t ion  d r op p ed

be low  t h e  leve l of q u a n t i ® ca t ion  a ft e r  t h e  2-m on t h  r ecover y p e r iod  su g-

ges t s  t h a t  t h e  d r u g w a s  even t u a lly e lim in a t ed . An  ea r lie r  p h a r m a cok i-

n e t ic s t u d y (H s yu  e t  a l., 19 90 ) a lso r ep or t ed  low  m ea n  b lood  con cen t r a -

t ion s  of t a za r ot en ic a cid  follow in g t op ica l a d m in is t r a t ion  a n d  fa iled  t o

d e t ect  a n y  t a za r ot en e  in  t h e  b lood . I n  a n  u n p u b lish ed  clin ica l s t u d y  (in

Figure 1. B lood  t a za r ot en ic a cid  con cen t r a t ion  d u r in g t h e  12 -m on t h  ch r on ic

t oxicit y s t u d y. E a ch  d a t a  p oin t  r ep r e sen t s  t h e  m ea n  va lu e  for  fou r  a n im a ls .

T h e e r r or  ba r s  r ep r es en t  t h e s t a n d a r d  dev ia t ion  fr om  t h e  m ea n . B L Q , be low

t h e  low e r  l im it  of q u a n t ifica t ion . S t u d y  p e r iod : d r u g  t r e a t m e n t  p e r iod .

R ecove r y : n o d r u g a p p l ied .
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p r ep a r a t ion ) of 11 2  p sor ia s is  p a t ien t s  t r ea t ed  w it h  e it h er  0 .1 % or  0 .05 %

t a za r ot en e  for  u p  t o 1  yea r, on ly 3  p a t ien t s  h a d  d e t ect a b le  t a za r ot en e

p la sm a  con cen t r a t ion s  (£ 0 .7 9  n g/m L). P la sm a  t a za r ot en ic a cid  w a s

d e t e ct ed  in  3 2  of t h e  11 2  p a t ie n t s , b u t  on ly  fou r  p a t ie n t s  h a d

t a za r ot en ic a cid  con cen t r a t ion s  gr ea t e r  t h a n  1  n g/m L .

T h e on ly d is t in ct  sys t em ic ® n d in gs  a t t r ibu t a b le  t o t a za r ot en e  w er e  a

d ose -d ep en d en t  in cr ea s e in  t ot a l  p r ot e in  a n d  globu lin  s e r u m  con cen t r a -

t ion s , a  d ecr ea s e  in  s e r u m  a lb u m in , a n d  a  d ecr ea se  in  t h e  ca lcu la t ed

a lbu m in ±globu lin  r a t io. T h ese  ch a n ges  a r e  p r ob a b ly  d u e  t o t h e  e ffe ct s

of t h e  sk in  ir r it a t ion  a n d  in ju r y  t h a t  occu r r ed  a t  t h e  t r ea t m en t  s it e s  a s

a  r e su lt  of t h e  h igh  d r u g con cen t r a t ion s  u s ed . I f t h e ch a n ges  in  p r ot e in

h a d  been  t h e  r e su lt  of a  t r u e  sys t em ic e ffect , t h e  ch a n ges  in  p r ot e in ,

g lobu lin , a n d  a lb u m in  w ou ld  h a ve  a ll  b een  in  t h e  s a m e d ir ect ion . T h ese

t r ea t m en t -r e la t ed  e ffe ct s  r e solved  u p on  d is con t in u a t ion  of t h e  d r u g.

Ta za r ot en e  ca u s ed  a  d ose -d ep en d en t  cu t a n eou s  ir r it a t ion  t h a t  is  t yp -

ica l of r e t in oid s  in  gen er a l (Ar m s t r on g e t  a l ., 1 99 4). O n  p h ys ica l exa m i-

n a t ion , t h is  ir r it a t ion  m a n ife s t ed  a s  e r y t h em a , bu t  n ot  ed em a , a t  t h e

t r ea t m en t  s it e . B y t r ea t m en t  w eek  4  or  5 , a  h a r d , b la ck  esch a r  d eve l-

op ed  a t  t h e t r ea t m en t  s it e  in  a ll of t h e  a ct ive  t r ea t m en t  gr ou p s , w it h

t h e  excep t ion  of t h e  0 .05 0  m g/k g/d  gr ou p  fr om  t h e  3-m on t h  s t u d y, a n d

p r eclu d ed  s cor in g d e r m a l ir r i t a t ion  t h r ou gh  t h e  en d  of t h e  s t u d y.

I n  t h e  ch r on ic t oxicit y  s t u d y, bot h  t a za r ot en e  a n d  veh icle  p r od u ced

m u lt ip le  foca l p a p u les  a t  t h e  t r ea t m en t  s it e s . Th is  su gges t s  t h a t  t h ese

p a p u les  w er e  d u e  t o t h e  effe ct  of som e  com p on en t  of t h e  veh icle  for m u -

la t ion  r a t h e r  t h a n  t a za r ot en e .

H ist ologica lly, t h e  t r ea t ed  sk in  exh ib it ed  s ligh t  t o m in im a l ir r it a t ion  in

t h e a n im a ls  t r ea t ed  w it h  t a za r ot en e a t  0 .050  m g/k g/d , s ligh t  t o m oder a t e

ir r it a t ion  in  a n im a ls  t r ea t ed  w it h  t a za r ot en e  a t  0 .125  m g/k g/d  a n d  0 .2 50

m g/k g/d , a n d  m a r k ed  ir r it a t ion  in  t h e  gr ou p t r ea t ed  w it h  0 .500  m g/k g/d .

D er m a l ir r it a t ion  w a s  a ccom p a n ied  by a ca n t h os is , h yp er k er a t os is , cellu -

la r  in ® lt r a t ion , a n d  foca l d er m a l ® b r os is , a ll cu t a n eou s  ch a n ges  t h a t  a r e

com m on ly s een  w it h  r et in oid  u se  (Ar m st r on g et  a l., 1994).

D u r in g  t h e  2 -m on t h  r ecover y  p e r iod  follow in g  t h e  ch r on ic (1 2-m on t h )

t oxicit y  s t u d y, t h e  cu t a n eou s  ir r i t a t ion  s u bs id ed  in  a  d ose -d ep en d en t

m a n n er. At  t h e en d  of t h is  p er iod , t h e  t r ea t ed  a r ea s  of sk in  fr om  t h e

0 .0 50  m g/k g/d  gr ou p  w er e  com p a r a ble  t o t h e  t r ea t ed  a r ea s  in  t h e  veh i-

cle  gr ou p . I n  t h e  a n im a ls  fr om  t h e  0 .12 5  m g/k g/d  a n d  0 .25 0  m g/k g/d

gr ou p s , s l igh t  t o m in im a l ir r it a t ion  w a s  p r esen t . E sch a r s  d ecr ea s ed  in

sever it y  in  a  d ose -r e la t ed  m a n n er  a n d  in  s om e  ca ses  h a d  fa llen  off.

C u t a n eou s  d r u g  a bs or p t ion  w a s  n ot  eva lu a t ed  in  t h e  p r esen t  s t u d y,

bu t  p r ev iou s  s t u d ies  h a ve  d em on s t r a t ed  t h a t  t a za r ot en e  ge l p r ovid es

r e la t ive ly  h igh  cu t a n eou s  con cen t r a t ion s  (M a t su m ot o e t  a l ., 1 99 2) w it h

low  sys t em ic a bs or p t ion  (S ch a efe r, 1 99 3). In  h u m a n s , p e r cu t a n eou s

a b sor p t ion  of t a za r ot en e  in  v ivo is  low, a n d  it s  m e t a b olit e s  a r e  r a p id ly
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e lim in a t ed  in  t h e u r in e  a n d  fe ces  (H syu  e t  a l ., 1 99 0; F r a n z e t  a l ., 1 992 ).

T h e a p p a r en t  la ck  of sys t em ic t ox icit y  a s s ocia t ed  w it h  t op ica lly  a p p lied

t a za r ot en e  d is t in gu ish es  i t  fr om  or a l r e t in oid s  (Ar m s t r on g e t  a l ., 1 99 4).

I n  p a t ien t s  t r ea t ed  w it h  or a l r e t in oid s , ca r efu l con s id e r a t ion  m u s t  b e

given  t o t h e  r isk ±ben e ® t  r a t io of t r ea t m en t  for  a n y  in d iv id u a l p a t ien t .

P a r t icu la r  ca r e  is  r eq u ir ed  w h en  u s in g  or a l r e t in oid s  in  p a t ien t s  w it h

r isk  fa ct or s  su ch  a s  live r  d is ea se , a lcoh olism , d ia b e t es  m elli t u s , ca r d io-

va scu la r  d is ea s e, ob es it y, or  con com it a n t  t r ea t m en t  w it h  h ep a t ot oxic

a ge n t s . Ad d it ion a lly, t h e  lon g  h a lf-l ife  of d r u gs  s u ch  a s  e t r e t in a t e

r eq u ir es  t h a t  sp ecia l p r eca u t ion s  b e  t a k en  in  w om en  of ch ild bea r in g

p ot en t ia l (D a vid  e t  a l ., 19 88 ).

Ta za r ot en e gel is  cu r r en t ly be in g eva lu a t ed  in  t h e t r ea t m en t  of p sor ia -

s is  a n d  a cn e vu lga r is  (S eft on  e t  a l., 1993; E sgleyes-R ibot  et  a l., 1994). Th e

low syst em ic t oxicit y a n d  a p pa r en t  clin ica l ef® ca cy of t a za r ot en e in  t h e

t r ea t m en t  of psor ia sis  a n d  a cn e  vu lga r is  su ggest  t h a t  it  m a y be a  ver y

p r om is in g n ew  t h e r a p y for  a  w id e r a n ge of d isor d er s  of k er a t in iza t ion .

REFERENCES

Ar m s t r on g, R . B ., Ash en fe lt e r, K . O ., E ck h off, C ., Lev in , A . A., a n d  S h a p ir o, S .

S . 19 94 . G en er a l a n d  r ep r od u ct ive t oxicology of r e t in oid s . I n  T h e ret in oid s:

B iology, ch em is tr y, a n d  m ed icin e, ed s . M . B . S p or n , A. B . R ove r t s , a n d  D . S .

G ood m a n , p p . 545±5 72 . N ew  Yor k : R a ven  P r e s s .

B olla g , W. 1983 . T h e d eve lop m en t  of r e t in oid s  in  exp e r im en t a l  a n d  clin ica l

on cology a n d  d e r m a t ology. J . A m . A ca d . D erm a tol . 9 :797±8 05 .

B r ow n lee , K . A. 1965 . S t a t is t ica l  t h eory  a n d  m eth od ology  in  scien ce a n d  en gi-

n eer in g , 2n d  ed ., p p . 299±303 , 310±316 . N ew  Yor k : J oh n  Wiley  a n d  S on s .

D a vid , M ., H od a k , E ., a n d  L ow e , N . J . 1 988 . Adve r se  effect s  of r et in oid s . M ed .

Toxicol . 3 :2 73±288 .

D u n n e t t , C . W. 1955 . A m u lt ip le  com p a r ison  p r oced u r e  for  com pa r in g s eve r a l

t r ea t m en t s  w it h  a  con t r ol. J . A m . S t a t . A ssoc. 5 0 :1 096±1121 .

D u n n e t t , C . W. 1964 . N ew  t a b le s  for  m u lt ip le  com pa r is on s  w it h  a  con t r ol.

B iom etrics  20 :482±4 91 .

E sg leyes -R ibot , T., C h a n d r a r a t n a , R . A., L ew -K a ya , D . A., S eft on , J ., a n d

D u vic, M . 19 94 . R esp on se  of p s or ia s is  t o a  n ew  t op ica l r et in oid , AG N

1901 68 . J . A cad . D erm a t ol . 30(4):581±5 90 .

F r a n z, T. J ., L eh m a n , P. A., F r a n z, S ., L ew -K a ya , D . A., M a t su m ot o, R ., a n d

Ta n g-L iu , D . 1992 . P e r cu t a n eou s  a bsor p t ion  of AG N  19 0168 , a  n ew  syn -

t h et ic r e t in oid , t h r ou gh  h u m a n  sk in  in  vivo. J . I n vest . D erm a tol . 98(4):650

(a bs t r.).

F r ed r ik s son , T. 1971 . An t ip sor ia t ic a ct ivi t y of r e t in oic a cid  (v it a m in  A a cid ).

D erm a t ologica  142 :133±1 36 .

F r e ir ich , E . J ., G eh a n , E . A., R a ll , D . P., S ch m id t , L . H ., a n d  S k ip p e r, H . E .

1996 . Q u a n t it a t ive  com p a r ison  of t oxicit y f a n t ica n cer  a gen t s  in  m ou se , r a t ,

h a m s t e r, dog , m on k ey, a n d  m a n . C a n cer  C h em ot h er. R ep . 5 0(4):21 9±244 .

-583- Padagis Ex. 1044 
IPR Petition - USP 11,311,482



584 I. M. ISMAIL ET AL.

G u n t h e r, S . 1973 . Th e  t h e r a p eu t ic va lu e  of r e t in oic a cid  on  ch r on ic d is coid ,

a cu t e  g u t t a t e , a n d  e r y t h r od e r m ic p s or ia s is : C l in ica l  ob s e r v a t ion s  on

t w en t y-® ve  pa t ien t s . B r. J . D erm a t ol . 89 :515±51 7 .

H syu , P.-H ., C h ow, D ., a n d  Ta n g-L iu , D . 1990 . P e r cu t a n eou s  d isp os it ion  of

AG N  190 168  in  vit r o a n d  in  vivo. S k in  P h arm a col . 19 90 :5 9  (a b s t r.).

K in gs t on , T. P., M a t t , L . H ., a n d  Low e , N . J . 1 987 . E t r e t in  t h e r a p y  for  s eve r e

p s or ia s is : E va lu a t ion  of in i t ia l  c lin ica l  r e s p on s e s .  A r ch .  D erm a t ol .

123 :55±58 .

L ew -K a ya , D . A., S e ft on , J ., K r u ege r, G . G ., E lia s , P. M ., a n d  Low e , N . J . 1992 .

S a fe t y  a n d  e f® ca cy of a  n ew  r et in oid  ge l in  t h e  t r ea t m en t  of p s or ia s is . J .

I n v est . D erm a t ol . 98(4):6 00  (a bs t r .).

M a iba ch , H . I ., a n d  Wes t e r , R . C . 1989 . P e r cu t a n eou s  a b sor p t ion : I n  vivo m et h -

od s  in  h u m a n s  a n d  a n im a ls . J . A m . C ol lege Tox icol . 8(5):803±8 13 .

M a t su m ot o, R . M ., S u n , H ., D u ff, S . B ., a n d  Ta n g-Liu , D . 199 2 . S k in  d is t r ibu -

t ion  a n d  m e t a b ol is m  of 1 4 C -AG N  1 9 0 1 6 8  in  m in ip igs .  P h a r m . R es .

9(10):S ±28 9  (a bs t r.).

P in n ock , C . B ., a n d  Ald e r m a n , C . P. 1992 . T h e  p ot en t ia l for  t e r a t ogen icit y of

vit a m in  A a n d  it s  con gen e r s . M ed . J . A u s t . 157 :804±8 09 .

S ch a e fe r , H .  1 9 9 3 .  P e n e t r a t ion  a n d  p e r cu t a n eou s  a b s or p t ion  of t op ica l

r e t in oid s . S k in  P h arm a col . 6(s u p p l. 1 ):17±23 .

S e ft on , J ., L ew -K a ya , D ., L u e , J ., a n d  C h a n d r a r a t n a , R . 19 93 . AG N  1 90168 , a n

in ves t iga t ion a l r et in oid  ge l for  t h e  t r ea t m en t  of p la qu e  p sor ia s is . J . I n v es t .

D erm a t ol . 101(3):470  (a bs t r.).

Te e lm a n n , K .  1 9 8 9 .  R e t in oid s : T ox icology  a n d  t e r a t oge n ici t y  t o d a t e .

P h a rm a col . T h er. 40(1):2 9±43 .

-584- Padagis Ex. 1044 
IPR Petition - USP 11,311,482




