
F I N A L R E P O R T  O N  T H E  S A F E T Y  A S S E S S M E N T  O F
PE G -30 , -33 , -35, -36 , A N D  - 40  C A S T O R  O IL A N D  P E G - 3 0

A N D  -4 0  H Y D R O G E N AT E D  C A S T O R  O IL1

P EG  Castor O ils and  P E G  H ydrogena ted  C astor O i ls are  a  fam i ly  o f  po lye thy l-

ene g lyco l deriva tives o f  castor o il  and  hydrogena ted castor o il  that  are  used  in

over 500 form ula t ions represen ting  a wide varie ty  o f cosm et ic products. They

are used  as sk in  cond i tio n ing  agen ts  and  as  su rfac tan ts (em uls i fying  and/ or

so lub il i zing  agen ts) .  The P E G  Cas tor O i ls and  PE G  H ydrogena ted  C astor O i ls

include  various cha in  lengths,  depend ing  on  the  quan t ity  o f  ethy lene ox ide  used

in  syn thesis.  A l though  no t  a l l  polym er leng ths have  been  stud ied , i t  i s consid-

ered accep tab le  to  extrapo la te  the resu lts of  the  few  tha t have been  stud ied to  a ll

ingred ien ts  in  th e  fam i ly. Because a principal  noncosm et ic  use o f PE G  C astor

O i ls is  as  so lven ts  for in travenous drugs,  c l inica l  da ta  are ava ilab le tha t  ind i-

ca te  in travenous exposure can  resu l t in  card iovascu lar changes.  R esu lts f rom

ani m al  stu d ies ind ica t e very  h igh  LD
5 0

va lues,  w ith som e  evidence  o f acu te

nephro to xic i ty in  ra ts b u t  no t  in  rabb its . Shor t- term  s tud ies w ith  in travenous

expo sure  produ ced  so m e  ev idence  o f  to x ic i ty  in  dog s bu t  no t  in  rabb i ts.

In tram usuc lar  in jec tion produced  no  tox ic i ty  in  severa l spec ies,  includ ing  dogs .

Subchron ic ora l  s tud ies a lso  w ere  nega tive.  N o  derm al  or  ocu lar i rri tat ion  w as

observed  in  stud ies  in  rabb i ts . I rr i ta t ion  w as seen  during  induc t ion , bu t  no  sen-

si t iza t ion w as found  on  cha llenge  in  gu inea-pig  stud ies us ing  up  to  50%  PE G -

35 C astor Oi l;  however,  th is  ingred ien t w as found  to  be a  po ten t  ad juvan t  in

gu inea  p igs and  m ice. N o  evidence o f developm enta l  toxic ity w as seen in  m ice

and  ra t feed ing  stud ies . T hese  ingred ien ts,  tested as veh icle con tro ls,  p roduced

no m utagen ic or carcinogenic ef fec t. Cl in ical  da ta  are genera lly  nega tive for

irri ta t ion  and  sensi t iza t ion ,  a l though  som e  anaphy lac to id  react ions have  been

seen  in  stud ies o f  in travenous drugs  in  w h ich  P EG -35  C astor O i l w as used  as

the  veh ic le . B ecause  the  m ax im um  concen tra t ion  used  in  an im al  sensi t i za t ion

studies w as 50%  for PE G  C astor  O i ls and  100%  for P EG  H ydrogena ted  C astor

O i ls,  i t was concluded  tha t  P EG  C astor O ils are  sa fe for use  in  cosm etic form u-

lat ions  up  to  a  concen tra t ion  of  50%  and  tha t  PE G  H ydrogena ted  Castor O ils

are  sa fe  as used  in  cosm et ic form ula t ions.

P E G - 3 0 ,  - 3 3 ,  - 3 5 ,  - 3 6 ,  an d  - 4 0  C a st o r  O i l  an d  P E G - 3 0  a n d  - 4 0

H yd ro g ena ted  C asto r  O i l  a r e po ly e th y len e  g ly co l  de r iv a tives  o f  castor

I n 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 l o g y,  1 6:2 69 ± 3 06 ,  1997 269
C o p y r i g h t  Ó  1 9 9 7  C o sm e t i c  I n g r e d i e n t  R e v ie w

1 091 -5 81 8/97  $12 .00  +  .00

1R eview ed  by  the  C osm et ic  Ingred ien t  R ev iew  E xper t  Pane l .

S usan  N .  J.  Pan g ,  Sc i en t i ® c  A na l ys t  an d  Wr i t e r,  p rep ar ed  t h is  r epo r t .

A dd ress co r respon den ce  to  D r.  F.  A. A ndersen , C osm et ic  I ngred ien t R ev iew,  11 0 1

1 7 t h  S t re e t ,  N W, Su ite 310 , Wash ing ton ,  D C  2 0036 ,  U SA
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oil  (q .v.)  an d  h yd ro gen ated  castor  o il  (q .v.)  th a t  a r e  u sed  in  a  v a r ie ty  

o f  co sm etic  p ro d u c ts .  T h is  rep o r t  r ev iew s th e  s af e ty  da ta  o n  th ese

in g r ed ie n t s .

CHEMISTRY

De® nition and Structure

P E G -30, -33 ,  -35 , -3 6 , and  -40  Castor  O il  (gener ic CA S  N o. 61791-12-6)

and  P E G -3 0  an d  -4 0  H y dr og en a ted  C asto r  O il  ( gen er ic  C A S  N o . 6 1 78 8-

85-0)  are po lyethy lene g lycol der iva tives  of  castor  o il  (q .v. )  an d  h yd r o-

g en ated  castor  o i l  ( q .v. ) .  T h e  n u m b er  a sso c ia ted  w i th  th e  n am e  o f  th e

co m p o u n d rep r esents  th e  av e r age  n um b er  o f  m o les  o f  e th y len e o xid e

co n su m ed in  th e  r eac t io n  to  f o r m  th e  c om p o u n d.  O th e r  re sp ec t iv e

ch em ical  n am es fo r  the  casto r  o i l  an d  hy d ro g ena ted  casto r  o il  co m-

p o u n d s  in c lu d e  ( X  =  th e  n u m b er  o f  m o l es  o f  e th y len e  o x id e )

P o lye thy lene G ly col  X  C asto r  O i l;  P oly eth ylene  G lycol X  H y dro gen ated

C a sto r  O i l ;  P o ly e th y len e  G ly c o l  X ;  a n d  P o ly e th y le n e  G ly co l  X

H y d ro g en a ted  C as to r  O i l  ( Wen n in g er  an d  M cE w en , 1 9 9 5 a) .

Chemical and Physical Properties

B ecau se  castor  o i l  is  a t r ig lyce r ide  con ta in ing  ap pr o xim ate ly  8 7%  r ic i-

noleic ac id , 7%  oleic acid , 3%  lino le ic  acid ,  2%  palm itic acid ,  1%  stear ic

ac id ,  an d  a  t race  o f  d ihy d ro x yste r ic acid  ( Bu d av ar i ,  19 8 9) ,  P E G  C asto r

O il s ar e pr ed om in an tly  g lyce ry l t r i r i cino ley l p o lye thy lene  g ly col  and

P E G  H y d r o g en a te d  C asto r  O i l s  a r e  p r ed o m in an t ly  t r i - 1 2 - h y d r o x y l-

s tear y l  po ly ethy lene  g lycol .

P E G - 36  Casto r  O il  is  a l ig h t  y e llow  an d  s l ig h t ly  v i sco u s l iq u id  w ith  a

m ild  fa t ty  o d or.  I t  h as  a  sp ec i ® c  g rav ity  o f  1 .05  to  1 .06  a t  25°/25°C  a n d

is  so lu b le  in  w a te r.  A 1 %  aq ueo u s ( aq )  so lu t io n  of  th i s  in g red ien t  has  a

p H  r an ge  o f  7 .0  to  8 .0  ( N ik i tak i s an d  M cE w en , 19 9 0) .  P E G -4 0  C asto r

O il  is  a  n on ion ic am ber  co lor ed  l iqu id  th at  is  m isc ib le  in  w a te r  an d

aqu eo us bu f fe r  so lu tio n .  I t  has  a  den sity  o f  10 5 7.0  kg ±3,  a  v iscosity  of

4 5 0 cp s a t  2 0°C , an d  a  m e l t in g  po in t  o f  ap pr o xim ate ly  1 0°C . O ver  a co n-

centr atio n  range  of  0 .00 05%  to  1 .0%  (w /v) ,  th e pH  of  P E G -40 C astor  O il

aq  is  5 .0 to  6 .0  (Ya lab ik -K as et  a l . ,  19 8 2) .

Spectral Data

T h e  u l t r av io le t  sp e c t r a  o f  P E G - 4 0  C asto r  O i l  h as  a  m ax im u m  p eak  a t

234  to  2 36  nm  (Yalabik -K as e t  a l . ,  19 82 ) .
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Method of Manufacture

I n  g en er a l ,  P E G  C asto r  O i l s  a r e  m ad e  b y  re ac t in g  e thy len e  ox id e  w ith

casto r  o il .  T h e  nu m b er  ( X )  in  the  n am e  of  th e  co m p o un d  re fe r s to  th e

m olar  ratio  (X :1)  of  ethylene oxide to  castor  o il  (A u et al . , 1991) .

USE

Cosmetic

T h e  P E G  C as to r  O i l s  a n d  P E G  H y d r o g en a ted  C a sto r  O i l s  a r e  u se d  a s

sk in - co n d i t i o n in g  ag en t s  a n d  as  su r f ac tan t s  th a t  f u n c t io n  as  em u ls i f y-

in g  or  so lub il iz in g  ag ents in  cosm etic  fo rm u la t io ns ( We n n i n g e r  a n d

M cE w en ,  1 9 95 b ) .  T h e  p r od u c t  f o rm u la t io n  d a ta  su b m i t ted  to  the  F o o d

a n d  D r u g  A d m in ist ra t ion  (F D A )  in  19 9 5 a re  l is t ed  in  Tab les  1  a n d  2

(FD A , 1995) . Collectively,  t h ese  in g r ed ie n t s  a r e  u se d  in  m o r e  th an  5 0 0

co sm et ic  p ro d uc ts .  Co n cen tr a tio n  o f  use  v a lu es a re  n o  lo ng er  r ep o r ted

to  th e  F D A b y  th e  co sm et ic  in d u st r y  ( F ed er a l  R eg iste r,  1 992 ) .  P ro du ct

f o r m u la t io n  d a ta  su b m i t ted  t o  th e  F D A in  19 8 4  s ta ted ,  h o w ev er,  t h a t

P E G - 30  C astor  O i l  w as u sed  a t  co n cent r a tio n s of  u p  to  5 0 %  an d  m o r e

an d  th a t  P E G -4 0  C astor  O il  w as u sed  a t  co n cen t ra t io n s o f  up  to  1 0 % .

P E G - 3 0  H y d r o g en a ted  C asto r  O il  w as u sed  a t  co n cen t r a t io n s o f  up  to

0 .1% , an d  P E G -4 0 C asto r  O i l  w as used  a t  con cen t ra t io n s o f  u p  to  5%

(FD A , 1984).

Noncosmetic

I n  t h e  p h a r m ac e u t ic a l  i n d u st r y,  P E G - 3 5  C asto r  O i l  i s  u sed  as  an  em u l-

s i ® e r  an d  so lu b i li ze r  in  p h arm aceut ica l s  co n ta in in g  v o la t i le  o i ls ,  f a t-

so lu b le  v i tam ins,  d iazep am , pr o pan id id ,  a l fax olo n e/a l fad o lo n e  aceta te,

m ico na zole ,  m e tho t r im ep raz in e ,  th io p en ta l ,  an d  g ly ce r in  su p p os ito r ie s

(S m o lin ske ,  1992 ) .

BIOLOGY

Cell Function

N ä ssb er g e r  ( 1 9 9 0 )  r ep o r t ed  th a t  P E G - 3 5  C as to r  O i l  ( d i lu ted  1 : 1 )

d ec r ease d  th e  sp o n tan eo u s p r o d u c t io n  o f  ad en o s in e  tr ip h o sp h a te  ( AT P )

in  i so la ted  ra t  k id n ey  m ito cho n d r ia  by  4 % .  A t  g r ea te r  d i lu tio n s n o  su ch

eff ect  w as o bse r ved . D ur ing  o xid at ive  p h osp h or yla t io n ,  P E G - 3 5 C astor

O i l in h ib i ted  AT P produc tion  by  9 .0%  to  36 .9%  at d i lu tion s of  1 :160  to

1:1.  A di lu tion  o f  1 :6 40  cau sed  on ly  m inim al inh ib it io n .

P E G -3 5 C asto r  O i l  se lec t iv e ly  in h ib i ted  th e  ac t iv a tio n  o f  p ro tein

k in ase  C  ( P K C )  a t  su b m ic ro m o la r  co n cen t r a tio n s in  v i t r o .  I n  a  s tu d y
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w ith  P K C  i so la ted  f r om  h u m an leu k em ia  M L - 1  ce l ls ,  P E G - 3 5 C asto r

O il  in te rac ted  w i th  the  m a in  en zym e act iva tor  o f  P K C,  d iacylg ly ce ro l,

an d  p re v en ted  th e  en zy m e f ro m  b in d in g  to  an d  ac t iv a tin g  P K C . T h ese

in h ib itory  ef fec ts  w ere  no t o bse rv ed  w i th  s tud ies  o f  o th er  p o ly ox ye th y-

la ted  n on io n ic  so lven ts ,  w h ich  th e  inv est ig a to r s  b e l iev ed  r u led  o u t  th e

p ossib il i ty  th a t  P E G - 35  C asto r  O i l  acted  by  v ir tu e  o f  a  d e te r gen t ef fec t

(Z hao et  al . , 1989) .

T h e in h ib itory  e f fec ts  o f  P E G - 35  C asto r  O il  o n  P K C  act iv ity  w er e

t e s t e d  f u r t h e r  u s i n g  1 2 -o- t e t r a d ec a n o l y p h o r b o l - 1 3 - a c e t a te  ( T PA),

w hich  m im icked  th e  e f fec ts  of  in tr ace llu la r  d iacylg lyce ro l in  act iv a ting

P K C  an d ind u c in g  p ho sp h o r y la t io n  o f  ce llu la r  p ro te in s .  W h en  ad d ed

Table 1. C o sm e ti c  p r o d uc t  f o r m ul a t i on  d a ta  o n  t he  P E G  C asto r  O i l  F am i ly

To tal no . o f

To tal no . o f f o r m u la t i o n s

P r o d u c t f o r m u la t i on s  c on t a in i n g

C as t o r  O i l ca teg o r y in  ca t ego r y i n g r e d i e n t

P E G - 30  H a ir  d yes an d  co lo rs  (a l l

C as to r  O i l ty p es  r eq u i r i ng  cau t i o n

s t a t e m e n t s  a n d  p a t c h  t e s t s ) 1 4 3 7 7 2

C l e an s i n g 7 7 1 1

L i s t i n g  u n d e r 4

1 9 9 5  To t a l 7 7

P E G - 3 3 H a i r  co n d i t i on e r s 6 2 4 1

C as to r  O i l S ham poos ( nonco lo ring ) 9 1 6 2

To n i c s,  d r e s si ng s,  and  o th e r

h a i r-g r oom i ng  a id s 6 2 4 1

O t h e r  h a i r  p r ep a r a t i o n s 3 8 2 1

O t h e r  sk i n - c a r e  p r e p a r a t i o n s 7 8 2 8

1 9 9 5  To t a l 1 3

P E G - 3 5 To n i c s,  d r e s si ng s,  and  o th e r

C as to r  O i l h a i r-g r oom i ng  a id s 6 2 4 1

F ace  and  n eck  ( exc l ud i ng

sh a v i n g  p r e p a r a t i o n s 2 6 1 1

S k i n  f r e sh e n e r s 2 2 8 1

I n d o o r  t an n i n g  p r ep a r a t i o n s 6 2 1

1 9 9 5  To t a l 4

P E G - 3 6 B od y  an d  hand  ( exc l ud in g

C as to r  O i l sh a v i ng ) 9 8 7 1

O t h e r  sk i n - c a r e  p r e p a r a t i o n s 7 8 2 2

1 9 9 5  To t a l 3
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ex tr acel lu la r ly  to  hu m an  m y e lob last  M L - 1 ce l ls ,  P E G -3 5  C astor  O i l

g rea t ly  r edu ced  th e  p h osph o r yla t ion  o f  p r o te in s  in d uced  b y  T PA . I t  a lso

inh ib ited  the  g ro w th  of  M L -1  cel ls  d ose  d ep end ent ly  b ut  had  no  e f f ec t

o n  T PA -in duced  ce ll  d if f eren t ia tion .  B ecau se  P K C  is  inv olv ed  w ith  ce l-

lu la r  r eg u la t io n ,  th e  r e se a r ch er s  su g g ested  th a t  in h ib i t io n  o f  P K C  b y

P E G -3 5  C asto r  O il  m ay  a lt e r  ce llu lar  fu n c tio ns ( Ch u ang  e t a l . ,  1 99 1 ) .

P E G -3 5 C astor  O il  a lso  af f ec ts  the  ph ysio lo gic  f unc tion ing  o f  rena l

p ro x im al  tu b ule  ce l l s .  P r im ar y  pr o x im al  tub u le  ce l ls  f r o m  th e  k idn ey s

o f  N ew  Z ea land  W h i te  r ab b i t s  w er e  cu l t u r ed  to  r e ta in  th e  f u n c t io n a l

p olar ity  of  the  p ro xim al tu bu le ,  an d  the  e f f ec t s o f  1 5 6 , 39 1 , and  7 82

Table 1. C osm e ti c  p r od uc t  f o r m ul a t i on  d a ta  o n  th e  P E G  C ast o r  O i l  F am ily

(co n t in u ed)

Total  no . of

Total  no . of f o r m u l a t io n s

P r o d u c t f o r m u l a t i o ns  c o n ta i n i n g

C a st o r  O i l ca teg o r y in  ca tego r y i n g r ed i en t

P E G - 4 0 O t h e r  b a t h  p r e p a r a t i o n s 1 4 4 1

C as t o r  O i l E y e  m ak e u p  r em o v e r 8 9 1

O t h e r  f r ag r an c e  p r ep a r a t i o n s 1 5 8 1

H a i r  c on d i t i on e r s 6 9 3 8

H a ir  sp r ays  ( ae r o so l  ® x a t i ve s ) 3 4 8 2

P e r m a n e n t  w a v e s 4 2 3 1 0

To n i c s,  d r e ssi n gs ,  an d  o t he r

h a i r-g r oo m ing  a id s 6 2 4 6

Wa v e  s e t s 1 0 4 3

O t h e r  h a i r  p r e p a r a t i o n s 3 8 2 4

B a t h  so a p s  a n d  d e t e r g en t s 3 3 9 1

C l e an s i n g 7 7 1 1 5

F ace  and  neck  ( ex cl ud ing

sh av i n g  p r e p a r a t i o n s ) 2 6 1 3

B o dy  and  han d  ( ex c lud in g

sh a v i n g  p r e p a r a t i o n s 9 8 7 1 0

M oi st u r i z in g 8 7 3 8

N i g h t 2 2 0 2

P as t e  m a sk s  ( m u d  p a ck s ) 2 7 6 8

S k i n  f r e sh en e r s 2 2 8 2

O t h e r  sk i n - c a r e  p r ep a r a t i o n s 7 8 2 1 8

S u n t an  g e l s ,  c r ea m s ,

an d  l i q u i d s 1 9 6 2

I n d o o r  t a n n i n g  p r e p a r a t i o n s 6 2 2

L i s t i n g  u n d e r  t r a d e  n am e

of  m i x t u r e s 6 3

1 9 9 5  To t a l 1 7 0

Sou rce .  F D A (1995).
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Table 2. C osm e t ic  p r o d uc t  f o r m ul a t io n  da t a  o n  t he  P E G  H yd r o ge na t ed

C a st o r  O i l s

To tal no . o f

To tal no . o f f o r m u la t i o n s

P r o d u c t f o r m u la t i on s  c on t a in i n g

C ast o r  o i l c a teg o r y in  ca t ego r y i n g r e d i e n t

P E G - 3 0 D eo d a r a n t s  ( u n d e r a r m ) 2 9 3 1

H y d r o g en a t e d S h a v i n g  c r ea m 1 5 2 1

C as to r  O i l C l e a n s i n g 7 7 1 2

M o is tu r i z i ng 8 7 3 1

1 9 9 5  To t a l 5

P E G - 4 0 O th e r  b a by  p r o d u c t s 3 0 1

H y d r o g en a t e d B u b b l e  b a t h s 2 0 4 2

C as t o r  O i l s O t h e r  b a t h  p r e p a r a t i o n s 1 4 4 1 8

E y e  sh a d ow 5 9 7 3

E y e  m a k eu p  r e m o v e r 8 9 1

M a s c a r a 2 11 3

O t h e r  e y e  m ak e u p

p r e p a r a t i o n s 1 3 0 2

C ol og n es an d  to i l e t  w a t e r s 7 7 6 1 8

O t h e r  f r a g a r a n c e

p r e p a r a t i o n s 1 5 8 2

H a ir  co nd i t i o n e r s 6 9 3 1

H a i r  sp r a y s  

( aer oso l  ® x a t iv e s) 3 4 8 3

S ham poo s ( nonco lo r ing ) 9 1 6 2

To n ic s ,  d r e ss in gs ,  an d  o t h e r

h a i r-g r oo m in g  aa id s 6 2 4 3 1

Wa v e  s e t s 1 0 4 6

O t h e r  h a i r  p r e p a r a t i o n s 3 8 2 11

H a i r  b l e ac h es 11 2 2

B lu sh er s  ( a l l  t yp es) 2 8 3 1

F ace  p ow d er s 3 0 5 3

F o u n d a t i o n s 3 3 3 1

M a k e u p  b a s e s 1 5 9 1

B a t h  so a p s  a n d  d e t e r g e n t s 3 3 9 3

D eo d o r a n t s  ( u n d e r a r m ) 2 9 3 2

O th e r  p e r son a l  c l ean l i n e s s

p r o d u c t s 3 1 7 7

A f te r sh av e  lo t ion 2 3 6 2 2

O t h e r  sh a v i n g  p r e p a r a t i o n

p r o d u c t s 6 0 4

C l e a n s i n g 7 7 1 1 9

F ace  and  neck  ( ex c lud in g

sh av in g  p r ep a r a t io n s) 2 6 1 3
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m g /m L P E G - 3 5 Casto r  O i l  o n  th e  cap ac i ty  of  th ese  ce l l s  to  gen era te  a

p H  g r ad ien t  w as d e te r m in ed . P E G -3 5  C as to r  O i l  s ig n i ® c a n t ly  in h ib-

i t ed  th e  d ev e lo p m en t  o f  a  p H  g r ad ie n t a f te r  2 4  h  an d  es sen t ia l ly  e l im-

ina ted  i t  by  7 2  h .  T h is e f fect  w as r eve rsib le.  A decrease of  1 5%  also

occurred  in  cell  v iab ili ty  fo llow ing  72  h  of  expo sure to  782  m g /m L P E G -

3 5  C asto r  O il .  T he  inv est iga to r s  co n c lud ed  th a t  P E G - 3 5 C astor  O i l

a f fec ted  th e  cap ac ity  o f  r abb i t  p r im ar y  pr o x im al  tu b ula r  ce l l  cu ltu r es

to  ca r ry  o u t a  cha r ac te r i s t i c  p h y sio lo g ic  f un c t ion  an d  p r op o sed  th a t

the  to x ici ty  of  the  com po un d i tse lf  m ay  co n tr ib u te to  nep hr o tox ic i ty

ob serv ed  w i th  cyc lo spor in e A , the  drug  f or  w hich  it  i s a vehic le (S o kol

et  al . ,  199 0) .

P E G -3 5  C astor  O i l  a l so  h as b een  r ep or ted  to  a f f ec t  neu r it e s  in  v it r o .

I n  cu l tur es  o f  d i f fe r en tia t ing  N 1 E .115  n eu r o b las to m a  ce l l s  t r ea ted

w ith  0 .0 0 5 %  P E G - 3 5 C asto r  O i l ,  n eur i te  ou tg ro w th  w as in h ib i ted  50 %

in  s e r u m - f r ee  m ed iu m .  S u r v iv in g  n eu r i t e s  w er e  sh o r te r  in  l en g th  an d

w er e  d i s ® g u r ed .  D e ® c i t s  in  ra p id  ax o n a l t r an sp o r t  a l so  w er e  d e tec ted .

T h e  in v es tig a to r s  co n c lu d ed  th a t  P E G - 3 5  C a sto r  O i l  ª im p a i rs  n eu r i t e

o u tg r o w th  an d  d i s r u p ts  o r g an e l la r  m o t i l i ty  in  a  f a sh io n  th a t  m ig h t

accoun t for  neu rop athologic e f fects  in  v ivoº  (B rat  e t  al . ,  1992) .

T h e  e f f ec t  o f  P E G - 4 0  H y d r o g e n a te d  C a st o r  O i l  o n  ep i th e l ia l

in te g r i ty  w as  i n v es t i g a te d  u s in g  m o n o la y e r s  o f  h u m a n  in te st in a l

ep ithe lial  cel ls .  S p ec i ® c al ly,  in t r ac e l lu la r  en z y m e  a c t iv i ty  an d  m o r-

p h olo g y w er e  s tud ied ,  an d  ce ll  m on o lay er  p e r m eab i li ty  w as de te r-

m in e d  b y  m ea su r in g  th e  t r a n sp o r t  o f  m ar k er  m o lecu l es  a n d  b y  m ea-

su r in g  t r an sep i th e l ia l  e lec t r i ca l  r e s i s ta n ce .  A t co ncent ra tio ns o f  0 .0 10

Table 2. C osm e t ic  p r o d uc t  f o r m ul a t io n  da t a  o n  t he  P E G  H yd r o ge na t ed

C asto r  O i l s  (co n t in u ed)

To tal no . o f

To tal no . o f f o r m u la t i o n s

P r o d u c t f o r m u la t i on s  c on t a in i n g

C ast o r  o i l c a teg o r y in  ca t ego r y i n g r e d i e n t

P E G - 4 0 B o dy  and  h an d  ( ex c lu d i ng

H y d r o g en a t e d sh av in g  p r ep a r a t io n s) 9 8 7 3 2

C ast o r  o i ls M o is tu r i z i ng 8 7 3 9

P a st e  m a sk s  ( m u d  p a ck s ) 2 7 6 5

S k i n  f r e sh e n e r s 2 2 8 11

O t h e r  sk i n - ca r e  p r ep a r a t i o n s 7 8 2 2 1

S u n t an  g e l s ,  c r ea m s,

a n d  l i q u i d s 1 9 6 2

I n d o o r  t an n i n g  p r ep a r a t io n s 6 2 3

O t h e r  su n t a n  p r e p a r a t i o n s 6 2 1

L i s t i n g  u n d e r  t r ad e  n a m e 11

1 9 9 5  To t a l 2 6 8

S ource .  F D A (1995).
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to  7 .1  m M ,  P E G - 40  H y dr og en ated  Castor  O il  h ad  n o  e f f ec t  o n  p e rm e-

abi li ty ;  h o w ev er,  i t  ca u sed  a  d o se -d e p en d en t  d ec r ease  in  d eh y d r o g en ase

ac t i v i ty,  an d ,  a t  a  co n cen tr a t io n  of  7 .1  m M ,  it  cau sed  a l t e r a t io n s in  a

m o nolay er  m orp hology  (A n derberg  e t  a l . ,  19 92) .

Cytotoxicity

T h e  to x ic i ty  o f  P E G -3 0 Casto r  O i l  to  h ep a to cytes  w as inv estiga ted  b y

O ’ H ara  e t  a l .  (1 9 89 ) .  H ep ato cytes  iso la ted  f ro m  m ale  C D  r a ts  w er e

tr ea ted  w i th  0 .0 63 %  to  1 .0 %  P E G -3 0 C astor  O i l  fo r  5  h .  C el l  in ju ry  w as

m e asu r e d  b y  in t r ac e l l u la r  K
+
,  an d  ce l l  d e a th  w as  m ea su r ed  b y  lac t a te

d eh y d ro g en ase  l eaka ge .  C e l l  in ju r y  an d  leak ag e  w e re  o b se rv ed  a t  co n-

cent r at ion s be tw een  0 .2 5 %  and  1 .0 %  a f te r  5  h .  T h e  m ax im um  no - ef fec t

co ncen tr a tio n  w as 0 .12 5 % .

P E G - 35  C asto r  O i l  w as cy to to xic to  th e po rc in e  r en a l ep ithe l ia l  cel l

l in e L L C - P K
1
.  U s in g  e lec t ro n  an d  ¯ uor escence  m icr osco py, a  r ed u c t io n

in  ce l l  ad h er en ce  a t  co n cent r a t io ns  be tw een  0 .0 1 %  an d  0 .1 %  an d  a l t e r-

a t io n s  i n  in t r a c e l l u la r  m o r p h o l o g y  a t  l o w e r  c o n ce n t r a t i o n s  w e r e

o b se rv ed . T he  in v estig a tor s  s ta ted ,  ª T h is  ® n d in g  su p p o r t s  su g g es t io n s

b ased  o n  c lin ica l  exp er ien ce  th a t [P E G -3 5  C asto r  O i l ]  m ay  be  resp on si-

b le fo r  a pa r t  o f  the  nephr o to xic ef fect s assoc ia ted  w i th  cyc lo sp or in  A

t rea tm en t º  ( N ässb erg e r  e t  a l . ,  1 9 9 1 ) .

Hemodynamic Effects

In Vitro
I n  a  s tu d y  b y  B o ard  ( 1 99 3 ) ,  P E G - 3 5  C as to r  O il  in h ib i ted  th e  t r anspo r t

o f  2 ,4 - d in i t ro p h eny l  g lu ta th io n e  ( G S D N P ) o u t  o f  in tac t  hu m an  e r y th r o-

cytes .  A p pr o x im ate ly  20 %  o f  the  to ta l  t r ansp o r t  ac tiv i ty  w as  n o t in h ib-

i t ed ,  w h ich  th e  in v es t ig a tor s  su g g es ted  w as  ca u sed  b y  th e  in h ib i to r y

e f f ec t  d i f f e r en t ia t in g  b e tw een  g lu ta th io n e  t r ansp o r te r s .  N o  h em o ly si s

o ccu rr ed  at  co ncent ra t io ns o f  up  to  1 0%  ( v /v ) ,  th e  m ax im u m  con cen tr a-

t ion  te sted .  In h ib it io n  w as  n o t  caused  b y  a  d ep le t io n  o f  in t race l lu la r

AT P b ecau se  s tud ies  u sin g  a  1 :10 0 0 d ilu tion  of  P E G - 35  C astor  O i l  d id

n o t  c h an g e  th e  in t r a ce l lu la r  AT P c o n ce n t r a t io n s.

K on g sh au g  e t  a l .  ( 1 99 1 )  s tu d ied  th e in te rac t io n  o f  P E G -3 5  C asto r  O il

w i t h  h u m an  p lasm a  l ip o p r o te i n s  an d  n o n l ip o p r o te in s  u sin g  u l t r ace n-

t r i fu g a tio n .  T h ey  fo u n d tha t  at  con cen tr a tio ns o f  1  to  3  m g/m L P E G - 3 5

C asto r  O il  as soc ia tes  su b stan tia l ly  w i th  lo w - den si ty  l ipo p r o te in s;  h o w-

e v e r,  su ch  a n  asso c ia t io n  w a s n o t  o b se r v ed  a t  c o nc en t ra t io n s  b e tw een

1 2  a n d  116  m g /m L . P E G -3 5 C asto r  O il  has  a d estr uc t iv e e f fect  o n  h ig h-

d en si ty  l ipo p r o te in s ,  w h ich  w as o b se rv ab le  a t  a l l  co n cen tr a t io n s t e sted

b u t  w as p a r t i cu la r ly  sev er e  a t  co n cen t ra t io n s o f  3 .6  m g/m L o r  m o r e

P E G - 35  C asto r  O i l .  P E G - 35  C astor  O i l  had  n o  o bse rvab le  ef fect  on

h u m an  se r u m  a lb u m in  o r  o t h e r  h ea v y  p r o t e i n s .
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T h e  e f f ect  o f  P E G - 3 5 Castor  O il  on  en do th e lia l  fu nc t io n  and  v ascu la r

sm o o th  m u sc le  w as  in v es t ig a ted  u s in g  i so la t ed  r a t  h ea r t s .  H ea r t s  f r o m

A O /O lac  r a t s  w er e  p e r fu sed  u sin g  a  m o d i ® e d  L an g en d o r f  p r ep ar a t io n

(L ang en d or f ,  1 9 35 ) .  G r ou ps o f  eigh t  hea r t s  w er e pe rf used  w i th  5 0 ,  10 0 ,

5 00 , an d  1 0 00  n g/m L P E G -3 5  C astor  O il ,  an d  b asa l co r o nar y  ¯ o w  d u r-

in g  p e r f u sio n  w as d e te r m in e d .  E ac h  h e a r t  w as  p e r f u sed  sep ar a t e ly

w ith  5 -h yd ro xy tr yp tam ine  ( 5-H T )  an d  n i tro g ly ce r ine  ( G T N ), an d  cor o-

n a r y  ¯ ow  w as m on ito red  to  de te r m ine  th e e f f ec t s o f  P E G -3 5 C asto r  O i l  

o n  ch an g es in d u ced  b y  th ese  v aso d ila to r s .  A co n tr o l  g ro u p of  h ear ts  

w as p e rf u sed  w ith  b u ff e r  o n ly, fo l low ed  by  p erf usion  w ith  th e tw o

v aso d i la to r s .

A t a do se of  5 0  ng /m L ,  P E G - 35  C asto r  O i l  cau sed  a  sl ig h t dec rease  in

co ro n ar y  ¯ o w,  w h ich  w as s im i la r  to  th a t o b se r v ed  w ith  th e  co nt r o l

ex p e r im e n t .  A t  g r ea te r  c on c en t ra t io n s ,  h o w ev er,  P E G - 35  C asto r  O il

cau se d  do se - d ep en d en t  co ro n ar y  v aso di la t io n .  T h e  g r ea te st  in c re ase

o bse r ved  w as a 2 4 .8%  in c rease in  ¯ ow  w ith  1 00 0 ng /m L P E G - 3 5  C as to r

O il .  N o  ch an g e  occu rr ed  in  the  vaso di lato ry  r esp o nse  to  5 -H T  an d  G T N

in  the  con t r o l  ex p er im en t ;  ho w ev er,  in  th e  ex p er im en ts  w i th  5 0 0  an d

1 00 0  n g/m L P E G -3 5  C asto r  O il ,  a  s ig n i ® c an t  red u c t ion  o ccu r r ed  in  th e

5 - H T  r e sp o n se ,  b u t  n o  a p p r e c ia b l e  c h a n g e  o c c u r r e d  i n  t h e  G T N

r esp o n se .  T h e  r esea r ch er s  co n c lu d ed  th a t  P E G - 3 5  C asto r  O i l  c au sed

en do the l ial  d y sfu n c tio n  (M an kad  e t  a l . ,  1 9 92 ) .

In Vivo
T he ef fect of  P E G -35 C astor  O il  on  b lood  ¯ ow  to  va r io u s o r g ans  w as

stu d ied  u sin g  do g s.  A group of  ® v e  d o g s w as  an es th e t iz ed  an d  in t r a-

v eno u sly  in jec ted  w i th  2  m L o f  a  so lu tion  contain ing  1  g /m L P E G - 3 5

C asto r  O i l  o v e r  a  9 0 - m in  p e r io d .  C ar d iac  o u tp u t ;  m ean  a r te r ia l  p res-

su r e ;  an d  re n a l ,  h ep a t ic ,  an d  p an cr ea t ic  b lo o d  ¯ o w  w ere  m on ito red .  A

contro l g ro up of  ® v e  d og s a l so  w as an es th e t ized  b ut  r ece iv ed  n o  in f u-

sio n s.  S ta t i s t ica l ly  s ig n i ® c an t  ch an g es  w e re  o b se r v ed  in  th e  ca r d iac

o u tp u t ,  m e an  a r te r ia l  p r e ssu r e ,  an d  h ep a t ic  b l o o d  ¯ ow  o f  th e  t r ea ted

g r ou p  co m par ed  w i th  th e  co n tr o l  g ro u p . C u r v es fo r  ca r d iac  o u tpu t  an d

m ean  a r te r ia l  b lo o d  pr essu r e  ov er  th e  9 0 -m in  in f u sion  p e r io d  in d ica ted

a  m ar ked  dec rease im m edia te ly  f o l lo w ing  the  in fu sio n  o f  a few  m i ll i-

l i te rs  of  P E G -3 5 Casto r  O il ,  f o l low ed by  a  r ecov er y  to w ard  b ase lin e  and

th e n  a n o th e r  r ap id  f a l l  w i th  t im e .  A p recip i to u s d ecl in e  in  hep at ic  b lo od

¯ o w  o ccu rr ed ,  w h ich  re tu r n ed  to  b ase l in e  ra te  a f te r  a pp r o x im a te ly  6 0

m in . I n  th e  co n t r o l  g r ou p ,  ca r d iac  o u tp u t ,  m ean  a r te r ia l  b lo o d  p re ssu r e ,

an d  h ep a tic  b loo d  ¯ ow  w er e  re la tiv ely  s tab le .  T h e cu rv e  fo r  pan crea tic

b lood ¯ o w  w as s im i la r  to  th e  b im o d a l  p a t te r n  s een  w i th  ca r d ia c  o u tp u t

an d  m ean  a r te r i a l  b lo o d  ¯ ow.  T he  d i f f e r en ce  b e tw een  th i s  cur v e  an d

th a t  o f  th e  co n t ro l  g ro u p  ap pr o ach ed , b u t  d id  no t  r each ,  s ta ti s t i ca l  s ig-

n i ® c an ce .  A rap id  l inea r  dec l in e  o ccu rr ed  in  r en a l b lo od  ¯ o w  o ver  t im e

in  th e  P E G -3 5  C asto r  O i l±t re a ted  g r o u p ,  b u t  th i s  d ec lin e  w as  n o t  s ta-
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t is t ica l ly  d i f fe ren t  f ro m  tha t  o b se rv ed  w ith  the  con t ro l g ro u p (B o w er s e t

al . ,  199 1) .

I n  a  s t u d y  w i th  d i f f e r e n t  ty p e s  o f  sp ec ie s ,  P E G - 3 5  C as t o r  O i l

d ep r essed  the  b loo d  p ressu re  o f  d og s an d  ca ts ,  b u t  n o t of  r abb it s ,  fo l-

lo w in g  in t r aven o u s adm in istr a t io n  a t  co n cen t ra t io n s o f  3 0  to  1 0 0  m g /k g

and  1 00  m g/k g , r e spec t iv e ly.  T h e  d epr essan t e f f ec t s  ob se rv ed  w i th  th e

d o gs and  cat s  w as tho u g ht  to  b e  of  a l l e rg ic  n a tur e  ( B A S F, n o  da te ,  a ) .

Histamine Release

I n  in  v i t r o  s tu d ies  w i th  ra t  p e r i to n ea l  m ast  ce l l s ,  P E G -3 5  C a stor  O i l

a lo n e  d id  n o t  s t im u la te  h i s tam in e  re lease  ( E n n is  e t  a l . ,  1 98 5 ) .  W h en

ad m in is te r ed  in  co n ju n c t io n  w i th  h i s tam in e- r e le asin g  a g en ts ,  h o w e v er,

P E G -3 5  C asto r  O i l  p o ten t ia ted  th e  r e lease  o f  h i s tam in e  w ith  so m e

ag en ts  b u t  in h ib i ted  th e  r e lease  w i th  o th e r s  ( E n n is  e t  a l . ,  1 9 8 6 ) .

P E G - 3 0  C a st o r  O i l  ( C o n st an t in e  a n d  L eb e l ,  1 9 7 9 )  an d  P E G - 3 5

C asto r  O il  (L or en z e t  al . , 19 77;  L o ren z et  al . ,  19 82 ; E n nis e t  al . ,  19 85)

ca u sed  h i s tam i n e  r e le ase  a n d  s ev er e  h y p o te n si o n  w h en  ad m in is te r ed

in t raven ou sly  to  d o gs.  O xe thy la ted  o le ic ac id  w as th e m o st  e f f ec t iv e

con sti tuen t o f  P E G -3 5 C asto r  O il  (L or enz  e t  a l . ,  19 77 ) .  In  s tu d ies  w i th

m in ia tu re  p ig s ,  P E G - 3 5  C as to r  O i l  w a s a l so  a  h i s t am in e  r e le ase r,  b u t

o n ly  a f te r  a  secon d  ex po su r e  to  th e  co m p ou n d . I n  ad d i tio n ,  h y per ten-

sio n ,  as  opp osed  to  h yp oten sion ,  w as ob se rv ed  ( G len  e t  al . ,  1 97 9) .

A l th o ug h  P E G - 3 5  C a sto r  O i l  a lo n e  d id  n o t  cau se  h i s tam in e  r e lease  in

stu d ies  w i th  h u m ans (D o en ick e  e t  a l . ,  1 97 3 ; L o renz ,  1 97 5) ,  th is  co m-

p o u n d  i s  b e l iev e d  to  cau se  h i s t am in e  r e lea se  w h e n  ad m in is te r ed  in

co m b ina t io n  w ith  ce r tain  anaesthe t ic d r ug s ( L o ren z ,  1 97 5 ) .  T h is  e f fec t

i s  th o ug h t  to  p lay  a  r o le  in  c l in ica l an aph y lacto id  r eac tio ns cau sed  b y

dr ug s d isso lved  in  P E G - 35 C astor  O i l  (L orenz  e t  a l . ,  1 98 2) .

Pharmacologic Effects

In Vitro
M u lt id r u g  r esi s tan ce  w as r ev e r sed  in  v i t r o  b y  P E G - 35  C asto r  O i l  in

stu d ies  w i th  h u m an  m y e lo m a  ce l l s  ( S ch u u r hu is  e t  a l . ,  1 9 9 0 ) ,  E h r l i ch

asci tes  tum or  ce ll s  (F r ich e  et  a l . ,  19 9 0) ,  and  th e  R1 0 0 an d  K 5 62  cel l

l ines  (Wo od cock e t  a l . ,  1 99 0) .  P E G -3 5 C astor  O il  is  tho ug ht to  m od ulate

r esi s tan ce  b y  b in d in g  to  th e  p lasm a  m em b r an e  P - g ly co p r o te in s  an d

p r ev e n t in g  th e  e f ¯ ux  of  d rugs f rom  ce lls  (F r ich e et  al . ,  1990 ; Woodcock

et  al . ,  199 2) .

In Vivo
A n tid iu re t i c  e f f ec t s  w er e  o b se rv ed  w h en  S p rag u e- D aw ley  ra t s  w er e

o r a lly  ad m in is te r ed  2 .5  m L /k g P E G -3 5  C asto r  O i l .  T h e  resea rch er s
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a t t r ibu ted  th i s  o b se r v a t io n  to  th e  l ax a t iv e  ac tio n  in d u ced  b y  th i s  co m-

po und (C opp i et  al . , 19 71) .

ANIMAL TOXICITY

Acute Toxicity

Oral
L D

5 0
v a lues o f  fo rm u la t io n s con ta in ing  2 .0 %  P E G - 25  H yd r og en a ted

C asto r  O i l  an d  0 .2 5 %  P E G - 4 0  H y d r og en a ted  C asto r  O i l  w er e  r ep o r ted

to  b e m or e than  1 5 .0  g /k g  f or  ra ts  ( CT FA , 198 2a ; C T FA , 1982b) .  F o r  a

f or m ula t ion  co n tain ing  3 .0 %  P E G -6 0  H y dr o g en a ted  C asto r  O il ,  th e

L D
5 0

fo r  r at s  w as m o r e  than  5 .0  g /k g  ( C T FA , 1976a) .

Intravenous
P E G - 3 5  C a st o r  O i l  im p a i r ed  r en a l  f u n c t i o n  f o l lo w in g  in t r av en o u s

a d m i n is t r a t i o n  in  m a le  Wista r  ra t s .  F iv e  r a t s  w er e  in j ec ted  w i th  0 .7

m g /kg /m in  P E G -3 5 C asto r  O i l  fo r  2  h ,  an d  a  co ntr o l g rou p o f  ® v e  r a t s

w as in jec ted  w i th  th e sam e  v olu m e  o f  0 .9%  N aC l.  C o n t ro l  m easu r e-

m en ts  o f  b loo d  p ressu re ,  rena l  b lo od  ¯ ow,  c r ea t in in e  c lea r a n ce ,  an d

u r in e  o u tp ut  w ere  d e te r m in ed  p r io r  to  in f u sio n .  T h en  b lo o d  p r essu r e

an d  r en a l  b lo o d  ¯ o w  w er e  d e te rm in ed  ® v e  t im es  d u r in g  in f u s io n  an d

u r in e  w as co l lec ted  a t  3 0 -m in  in te r va l s  f o r  c lea r ance  d e te rm in a t io n .  A

sl ig ht  dec rease  o ccu r red  in  ren al  b loo d  ¯ o w  in  som e  o f  the  r a ts  d u r in g

t h e  ® r s t  3 0  m in  o f  in f u sio n ,  bu t  n o  chan g es in  a r te r ia l  b lo od  p r essu re  o r

c r eat in in e  c lea r an ce  w er e d e tec ted .  R ena l  b lo o d  ¯ o w  an d  c r ea t in i n e

c lea ran ce  dec r eased  a t  4 5  m in  an d  d ec r eased  to  5 0 %  o f  th e i r  in it i a l  v a l-

u es  a t  9 0  m i n .  A r te r ia l  b lo o d  pr essu re  w as on ly  m o d estly  red u ced .

U r in e  v o lu m e  in i t i a l ly  in c r eased  d u r in g  th e  ® r s t  3 0  m in  o f  in fu sio n  bu t

b egan  to  d ec r ease  a f te r  4 5  m in .  I t  d ec r eased  to  le ss  th an  5 0 %  of  in i t i a l

co n tr o l  v a lu es a t  1 0 5  m in ,  w h ereas  in  the  co nt r o l  g ro u p  u r ine  ¯ o w  do u-

b led .  T h e  in v est ig a to rs  co n c lud ed  th a t  P E G -3 5  C asto r  O i l  caused  v aso-

co n st r i c t ion  o f  ren a l  a r te r ie s ,  w h ich  in du ced  a  m o re  th an  5 0 %  d ecr ease

in  rena l  b lo od  ¯ o w  an d  g lo m er u la r  ® l t r a t io n  r a te  w i th o u t  a f fe c t in g

blood  pressu re (T hie l e t  al . ,  1 98 6) .

Short-Term Toxicity

Intravenous
Tr an sien t  c h o lestas i s  o ccu r r ed  w h e n  P E G - 3 5  C a sto r  O i l  w as a d m in is-

te r ed  in t r av en o u sly  to  ra t s .  T h is  c o n d i t io n  w a s b o th  d ep en d e n t  an d

in d epen d en t  of  b il e  ac id  sec r e t io n  an d  w as  acco m p an ied  b y  a  m ark ed
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r ed u c tio n  in  b i l ir ub in  exc r e tio n  w ith  n o  s ig n i ® c a n t  c h a n g es  in  s e r u m

b il ir u bin  co n cen t ra t io ns (R om an et  a l . ,  1 98 9 ) .

P E G - 3 0  an d  P E G - 3 5  C a sto r  O i l  (0 .5  m L /k g )  e ach  w er e  ad m in-

i s te r e d  in t r av e n o u s ly  to  o n e  m ale  a n d  o n e  f em a le  b eag le  d o g .  A p a i r  

o f  co n t ro l  d o g s w as in jec ted  w i th  0 .9 %  N aC l .  In jec t io n s w er e  p e r-

f or m ed  d a ily  fo r  30  d ays.  T h e  do g s w er e  ob se r ved  d a ily  fo r  s ig n s of

tox ic i ty, an d  b lo o d  sam p le s  w er e  t a k en  a f te r  9 ,  1 6 ,  2 3 ,  a n d  3 1  d a y s.  A ll

o f  th e  do g s w ere  k il l ed  on  d ay  3 1  fo r  nec r o psy. Cl in ica l  s ig ns of  

t o x i c i t y  w e r e  o b se r v e d  i n  b o t h  t r e a t m e n t  g r o u p s  a n d  i n c l u d e d  

ed e m ato u s  w r in k l in g  o f  th e  sk in  ab o v e  th e  ey e s,  f lu sh in g  o f  th e  sk in  o f

t h e  e x t e r n a l  ea r s ,  a n d  sh ak in g  o r  r u b b in g  o f  th e  h e ad .  T h e se  s i g n s

w e r e  m o r e  p r o n o u n c ed  i n  th e  d o g s t r e a t ed  w i th  P E G - 3 5  C as to r  O i l .

S a l i v a t i o n  a n d  r h i n o r r h e a  a l so  w e r e  o b se r v e d  i n  b o t h  t r e a tm e n t

g r o u p s b u t  o n ly  f o r  th e  f i r s t  1 0  d ay s .  T h r o m b o cy to p e n ia  o ccu r r ed  in

t h e  d o g s  t r e a t e d  w i t h  P E G - 3 0  C a s t o r  O i l  a n d  in c r e a se d  p l a t e l e t

co u n t s  w er e  o b se r v ed  in  th e  d o g s  ad m in i st e r e d  P E G - 3 5  C a s to r  O i l .

C l i n i c a l  c h e m i s t r y  c h a n g e s  i n c l u d e d  i n c r e a se s  i n  s e r u m  c o n c e n-

t r a t io n s  o f  to ta l  c h o le ste r o l ,  t r ig ly c e r id e s,  to ta l  l ip id s ,  a n d  p e r c en ta g e

o f  c h y lo m ic r o n s.  E le c t r o p h o r e t ic  p a t t e r n s  in d i ca te d  a  d e c r e a se  i n  

th e  p e r c en t ag e  o f  a - l i p o p r o t e in s  a n d  d em o n s t r a t e d  th e  a p p ea r an c e  o f

a  n e w  p e a k  n ea r  th e  o r i g in .  C h a n g es  i n  th e  l ip id  an d  l ip o p r o t e i n  v a l-

u e s  w e r e  m o r e  m a r k e d  i n  t h e  P E G - 3 5  C a s t o r  O i l ±t r e a t e d  d o g s .

E x c es siv e  am o u n t s  o f  l ip id  w e r e  p r e se n t  in  t h e  sp le en ,  ly m p h  n o d es ,

l iv e r,  a n d  k i d n e y s  a t  h i s to p a t h o lo g i c  e x am in a t i o n  ( H a c k e r  e t  a l . ,

1 98 1) .

S ix  m a l e  an d  s ix  f em a le  r ab b i t s  w e r e  in t r av en o u s ly  in jec ted  in  

th e ear  v ein  w i th  4 .0  m L /k g o f  25%  aq  P E G -35 Castor  O il  (=  1 .0  g /kg)

fo r  5  consecut ive  days. A co nt ro l g ro up  of  tw o  m ale and  tw o fem ale

r ab b i t s  w as in jec ted  w i th  the  sam e  v o lu m e  o f  sa l in e  so lu t io n  f o l -

l o w in g  t h e  s a m e  p r o t o co l .  T h e  a n im a ls  w e r e  w e ig h e d  d a i l y,  a n d

h em ato lo g ic  ev a lu a t ion s w er e  p e rf o rm ed  p r io r  to  th e  s tud y  an d  on  

d ay  5 .  Tw o  r abb it s ,  on e  m ale  an d  o ne  fem ale ,  w ere  k i l l ed  o n  d ay  5 ,  

th r ee  m a le  an d  th r ee  f em ale  r ab b i t s  w er e  k i l l e d  o n  d ay  8 ,  an d  th e

r em ain in g  r abb i ts  w ere  k il l ed  o n  d ay  12 .  T h er e w ere  n o  c l in ica l s ig ns 

of  to x icity  in  an y  of  the  r ab bit s.  T he  o nly  s ign i ® c a n t  c h a n g es  w a s 

a  d ec r ease  in  h em o g lo b in  co n ten t  com p ar ed  w i th  b o th  in i t i a l  v a lu es

an d  th a t  o f  th e  con t r o l s .  A t n ec r op sy, n o  ev idence of  l ip id  accu m ulation

o r  an y  o th e r  a d v er se  m acr o sco p ic  ch an g es  w as p re sen t  ( B A S F, no  

d a te ,  b ) .

A d if f e ren t  ba tch  of  P E G - 35  C astor  O i l  w as t e sted  u sing  s im i la r  p r o-

ce d u r es .  A g ro u p o f  tw o  m ale  an d  tw o  f em ale  r abb i ts  w as in jec ted  in  th e

ea r  vein  w ith  4 .0  m L /kg of  25%  P EG -35 C asto r  O il  (=  1 .0  g /kg)  on  5  co n-

secu t iv e d ays.  T h e an im als  w ere  ob se rv ed  fo r  s ig ns o f  to x ic ity  d ur in g

the  s tu d y  and  w er e  k il l ed  on  d ay  7  f o r  n ec r op sy. N o clin ical signs of
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to x ic ity  w ere  ob se rv ed . A t  nec r op sy,  o n e  r ab b i t  h ad  a n  en la r g ed  sp leen ,

b u t  n o  s ig n i ® c an t  p a th o lo g ic  chan g es w ere  o b se r ved  d u r in g  m acr o-

scopic or  m ic roscop ic exam inat ion  (B A S F, n o  da te , b ) .

P E G - 4 0  H y d r o g en a te d  C a s to r  O i l  w a s a l so  t e s te d  f o r  sh o r t - t e r m

tox ic i ty. G r o u p s  o f  6 0  S p r a g u e - D a w l ey  r a t s  w e r e  ad m in i st e r e d  d a i ly

in jec t i o n s o f  3 0 0 ,  9 0 0 ,  an d  2 7 0 0  m g /k g  P E G - 4 0  H y d r o g en a ted  C asto r

O i l  v ia  th e  t a il  v e in  f o r  4  w k .  A co n t r o l  g r o u p  o f  6 0  r a t s  w as  ad m i n is-

t e r e d  s a l in e .  A t  th e  en d  o f  4  w k , a l l  ex cep t  1 0  an im als  f r o m  e ach  g r o u p

w er e  k i l led  fo r  n ec r o p sy.  T h e  r e m ai n in g  a n im a ls  w e r e  m a i n t a in e d  f o r

a n  a d d i t i o n a l  6  w k  w i t h o u t  t r e a t m e n t .  A t  do ses o f  3 0 0  an d  9 00  m g/k g

P E G - 4 0  H y d r o g en a ted  C ast o r  O i l ,  n o  sy s tem ic  to x ic i ty  w as  o b se r v ed ;

h o w e v e r,  a t  a  d o se  o f  2 7 0 0  m g /k g , s l ig h t  a ta x ia  w a s o b se r v ed  an d  b o d y

w e ig h t  w a s r ed u ce d  s ig n i f ic an t l y  in  th e  m a le s  an d  s l ig h t ly  i n  th e

f e m ale s .  F ee d  in ta k e  a l so  w a s r ed u ce d  acc o r d in g l y. A t  th e  en d  o f  4  w k ,

th e  n u m b e r  o f  r e t i c u lo cy t es  w as  in c r e ased  b u t  w a s n o t  s ig n i f ic an t ly

d i f f e r e n t  f r o m  c o n t r o l  v a l u e s .  M i c r o sc o p i c  e v a l u a t i o n  p r o d u c e d

ev id en ce  o f  a  s to r ag e  p r o ces s  in  th e  sp len ic  r e t i c u lu m , b u t  t h ese

e f f ec t s  ap p a r en t ly  d id  n o t  ca u se  f u n c t io n a l  d i s t u r b a n c e .  A t  n e c r o p sy,

h e a r t  w e i g h t  w a s  i n c r e a s e d  a n d  o v a r y  w e i g h t  w a s  r e d u c e d  i n  

t h e  f e m a l e s .  H e m o r r h a g e s  a n d  t h r o m b o s i s  w e r e  o b se r v e d  a t  t h e

in je c t i o n  s i t e s  o f  b o th  ex p e r im e n t a l  a n d  co n t r o l  a n im als ,  an d  th r o m -

b o p h leb i t i s  w as f o u n d  d u r in g  m ic r o sco p ic  ev a lu a t io n .  T h ese  e f f ec t s

w er e  f o u n d  to  b e  r e v e r s i b l e  i n  t h e  a n i m a ls  th a t  w er e  m a i n t a i n e d  f o r

a n  ad d i t i o n a l  6  w k  w i th o u t  t r ea t m e n t .  B o d y  w e i g h ts ,  f ee d  i n t ak e ,  a n d

r e t i c u l o c y t e  n u m b e r s  n o r m a l i z ed ,  an d  d am ag e  a t  t h e  in je c t i o n  s i t e s

h ea led .  M ic r o sco pica l ly,  t h e  in jec t io n  s i t e s  h ad  n o  c h a n g e s,  an d  o n ly

s l ig h t  ac cu m u la t io n  in  th e  sp le n ic  r e t i cu l u m  w a s o b se r v e d  ( B A S F,

1 97 6) .

Intramuscular
D og s ( nu m ber  n ot  sp eci ® ed )  w er e  a l t e r n a te ly  in jec ted  in t r am u scu l a r ly

in  th e  r ig h t  an d  le f t  ¯ an k  w i th  1 .0  m L of  5 0%  P E G -35  Castor  O il .  E ach

do g w as g iv en  a to tal  o f  11  in jec tio ns.  S p ot ty  r edd en in g  o f  th e  sk in  w as

o bse rv ed  a t  the  in jec t io n  s i te s ,  bu t no  resor p t iv e to x ici ty  o r  m acro sco p ic

lesion s w ere  o bse rv ed  (B A S F, no  da te,  c ) .

I n  a n o t h e r  s t u d y, ra b b i ts  an d  g u in ea  p ig s  ( n u m b er s  n o t  sp ec i ® ed )

w er e  a l t e r n a te ly  in jec ted  in t r a m u scu la r ly  in  th e  r ig h t  an d  le f t  ¯ a n k

w i th  0 .5  m L an d  0 .1  m L P E G - 35  C asto r  O i l ,  r e spec tiv ely. B o th  sp ecies

w er e g iven  a  to tal  o f  1 0  in jec tion s.  N o ir r i ta tion  o f  th e sk in  o r  re sor p t iv e

p oison in g  w as o b se r ved . A t m ic ro sco pic exam ina t io n  of  th e m u scle

t i ssu e ,  n o n sp ec i ® c  fo re ign  bo d y r eac tion  o f  re so rp tive  cha rac te r  w as

f ou n d  a t  th e  in jec tio n  s it e s ;  h ow ev er,  th i s  l e s io n  w as t r an sien t  (B A S F,

no  date,  c) .
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Subchronic Toxicity

Oral
I n  a 90 - d ay  f eed ing  s tu d y, gr ou p s o f  1 5  S her m an -Wi st a r  r a t s  w er e  f ed

diets  contain ing  0 .01% , 0 .04% , 0 .16% , 0 .64% , 2 .5% , and  5 .0%  (in it ially

10 .0 % ) P E G - 40 C astor  O il .  A co n t r o l  g r ou p  o f  3 0  r a t s  w as  f ed  u n tr ea ted

f eed .  T h e  an im als  w er e  w e ig h ed  a t  w ee kly  in te r v a l s  an d  f eed  in tak e

w as m easu r ed .  B lo o d  sam p les  w er e  t ak en  f r o m  tw o  m ale  an d  tw o

f em ale  r a t s  p r io r  to  th e  s tu d y  an d  th en  p e r io d ica l ly  d u r in g  th e  s tu d y.

A f te r  8  w k  o n  the  d ie t ,  th e  l ig h test  tw o  m ale  an d  tw o  f em ale  r a t s  w er e

k il led  fo r  nec ro psy  and  t i ssu es w er e rem o ved  f or  m ic ro sco pic  exam in a-

t io n .  A t  th e  e n d  of  th e  s tu d y,  th e  l ig h tes t  tw o  m ale  an d  tw o  f e m a le  r a t s

a lso  w ere  k il l ed  f or  necr op sy. A f te r  1  w k  o n  th e  d ie t ,  th e  an im als  o f  th e

1 0 .0 %  t r ea tm en t  g r o u p  s to p p ed  e a t in g  th e  f eed ,  so  th e  co n cen t ra tio n

w as r ed uced  to  5 .0 %  P E G -4 0 C asto r  O il .  We ig h t  g a in ,  f eed  in tak e ,  an d

h em at o lo g y  r esu l t s  w er e  co m p ar ab le  b e tw e en  th e  ex p er im en ta l  g r o u p s

an d the  con t ro l  g r ou p . N o  sign i ® c an t gr oss  o r  m ic roscop ic  l es io ns w ere

f ou n d  a t  e i th e r  8  w k o r  9 0  day s ( I nd u st r ia l  B io log y  R esea r ch  an d

Test in g  L ab or a to r ie s ,  n o  d a te ,  a ) .

D o gs a lso  w er e  u sed  in  a  9 0- d ay  feed ing  s tu d y  w i th  P E G -4 0  C astor

O i l.  O ne  b eagle  each  w as fed  a d iet  contain ing  0 .04% , 0 .64 % , o r  5 .0%

P E G -4 0 Casto r  O i l .  A co nt r o l gr o u p of  th r ee  d og s w as fed  u n t rea ted

f eed .  T h e  an im als  w er e  w e ig h ed  a t  w ee kly  in te r v a l s  an d  f eed  in tak e

w a s m ea su r e d .  B lo o d  sam p le s  w e r e  t ak en  p r io r  to  t h e  s tu d y  an d  t h en

p er io d ica l ly  d u r ing  th e  s tu d y. A t  the  en d  of  the  9 0  day s,  th e  do g s w er e

k i l l ed  an d  n ec r o p sy  w as  p e rf o r m ed .  N o  s ig n i f ica n t  d i f f e r en ce  w a s

o bse r v ed  in  w eig h t g a in ,  feed  in tak e,  or  h em ato lo g ic  v a lues b e tw een

th e  d o gs  fed  th e  P E G - 4 0  C asto r  O i l  d ie t  an d  the  un t r ea ted  co nt r o l  d og s.

A t n ec r o psy,  p er i lo b u la r  ce llu la r  in ® l t r a t io n  a n d  p a r as i t i c  g r a n u lo m a s

w er e ob se r v ed , b u t  th ese  co n d i tio n s a l so  w ere  p r esen t  in  th e  co n t ro l

an im al s  a n d  w e r e  a t t r i b u te d  to  p a r a si t i c  i n f ec t io n  an d  m ig r a t io n  r a t h e r

t h a n  a  t r e a tm e n t - r e l a t e d  e f f e c t  ( I n d u s t r i a l  B i o lo g y  R e se a r c h  a n d

Test ing  L ab or a tor ie s ,  n o  d a te ,  b ) .

T h e  sub chr on ic to x ic ity  of  P E G - 4 0 H y dr og ena ted  C asto r  O i l  a l so  w as

in v est ig a ted .  G r o u p s o f  2 0  m ale  an d  2 0  fem ale  S pr ag u e- D aw ley  r a t s

w e r e  g iv en  f ee d  co n ta in in g  3 2 ,0 0 0 - p p m  o r  6 4 ,0 0 0 - p p m  P E G - 4 0

H y d r o g en a ted  C asto r  O i l .  A g ro u p  o f  2 5  m ale  an d  25  fem ale  r a t s  w as

f ed  a  d ie t  co n tain ing  1 0 0 ,0 00 - p pm  P E G - 40  H y d ro g en ated  C asto r  O i l

an d  a  co n t r o l  g r o u p  o f  2 0  m ale  an d  2 0  f em ale  ra t s  w as f ed  u n t r ea ted

feed . A l l  o f  th e  an im a ls  su r v iv ed  th e  s tu d y  p e r io d .  D u r in g  th e  s tu d y, no

si g n i ® c an t  ch an ges in  f eed  in take ,  b o dy  w eig ht  g ain ,  o r  h em ato lo gic

ev a lu a t io ns  w er e  o b se r v ed . W h en  20  m ale  an d  2 0  f em ale  r a t s  f ro m  each

g ro up  w er e k i l l ed  f or  nec ro psy  a f ter  6  m o , bo d y an d  o rg an  w e ig hts  w er e

w i th in  the  p a r am ete r s  o f  th o se  o f  th e  co n t ro l  g ro u p  an d  no  s ig n i ® c a n t
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chan ges in  g ro ss o r  m icr osco pic l es ion s w ere  f ou n d. T h e r em ain in g  ® v e

m al e  a n d  ® ve  f em ale  ra t s  fed  th e  1 00 ,0 00 - p p m  d ie t w ere  f ed  u n tr ea ted

feed  f or  an  add itiona l 21  day s.  N o signs of  to x ic ity  w ere o bserv ed  c lin i-

ca l ly  and  no  le sio n s w ere  o bse r v ed  a t  n ec ro p sy  in  th ese  r a ts  (B A S F, no

d a te ,  d ) .

A su m m ar y  o f  a  6 - m o  f e ed in g  s tu d y  w i th  d o g s r e p o r ted  th a t  g r o u p s

o f  th r ee  m a le  an d  th r ee  f em ale  b eag le  w er e  f ed  d ie t s  co n ta in in g  1 .0 % ,

2 .5 % ,  an d  5 .0%  P E G - 4 0  H y d ro g en a ted  C asto r  O i l .  A con tro l  gro up of

d o g s  w a s  g i v e n  u n t r e a te d  f e e d .  D u r i n g  t h e  s t u d y,  n o  s i g n i f ic a n t

ch an g es  i n  b e h a v io r,  feed  in tak e,  or  b od y  w e ig h t g a in  w ere  o b ser v ed .

H e m a to l o g i c  a n d  b i o ch em ica l  p a r am e te r s  an d  u r in e  a n a ly ses  w er e

sim ila r  to  th o se of  th e  con t ro l gr ou p. O n e  m ale  do g  o f  the  lo w - do se

g r o u p  d ied  b e f o r e  t e r m in a t io n  o f  th e  s tu d y,  b u t  i t s  d ea th  w a s c o n-

s id e r e d  u n r e l a te d  t o  t r ea t m e n t .  W h e n  th e  r e m ai n in g  an i m a ls  w e r e

k i l l ed  fo r  n ec r o p sy  a t  th e  e nd  of  th e  s tu d y,  b o d y  an d  o r g a n  w e ig h ts

w er e  w i th in  n o r m al  l im i t s  an d  n o  g r o s s  ch an g e s w er e  o b se r v ed .  N o

lesion s w er e  o b se rv ed  in  t i ssu es ex am in ed  m ic r o sco pica l ly  (B A S F, n o

d a te ,  e ) .

A P E G  C asto r  O i l  ( n u m b er  o f  m o les  o f  e th y len e  o x id e  w as n o t  sp ec-

i f i ed )  w as t e sted  as  a  v eh ic le  co n t r o l  in  a  s tu d y  w i th  C D - 1  m ice .  F o r ty

m ice  ( 2 0  o f  ea ch  sex )  w er e  g iv e n  1 0 %  P E G  C asto r  O il  in  th e i r  d r ink in g

w a te r  f o r  9 0  d a y s.  A n o n t r ea ted  co n t r o l  g r o u p  w as  g iv en  d e io n iz ed

w a t e r.  T h e  an im als  w er e  o b se r v ed  f o r  s ig n s o f  to x ic i ty  tw ice  a  d a y  an d

b o d y  w e ig h t s  w e r e  t ak e n  a t  w ee k l y  in t e r v a l s .  N e c r o p sy  w as  p e r-

f o r m ed  o n  t h e  an im a ls  e i t h e r  w h e n  t h ey  d i ed  d u r i n g  t h e  s tu d y  o r

w h e n  t h e y  w er e  k i l l e d  a t  th e  e n d  o f  t h e  s tu d y.  H em ato lo g y  an d  c l in ica l

c h e m is t r y  d e te r m i n a t i o n s a l so  w e r e  p e r f o r m ed .  A l l  o f  th e  m ice  sur-

v i v e d  u n t i l  th e  en d  o f  th e  s tu d y.  P E G  C a s to r  O i l  s ee m e d  t o  m a k e  th e

d r i n k in g  w a t e r  l e s s  p a l a t a b l e ,  b e ca u se  th e  m ea n  f lu id  c o n su m p t i o n

w as  s ig n i f i ca n t ly  l e s s  f o r  t h e  t r e a t ed  a n i m a ls  c o m p a r e d  w i th  th e

u n t r e a t ed  c o n t r o l  m i ce .  Te r m in a l  b o d y  w e ig h ts  o f  t h e  P E G  C as to r

O i l±t r ea ted  g r o u p  d id  n o t  d i f fe r  s ig n i f ican t ly  f r o m  th e  th o se  o f  th e

u n t r ea t ed  g r o u p .  T h e  a b so l u t e  an d  r e l a t iv e  w e ig h t s  o f  th e  k i d n ey s

a n d  l iv e r  w er e  s ig n i f ic an t ly  g r ea te r,  a n d  t h e  w e ig h t  o f  th e  b r a i n  w a s

s ig n i f i ca n t l y  l e s s  i n  th e  t r ea te d  g r o u p  th a n  i n  th e  c o n t r o l  g r o u p .

S ig n i f i can t  d i f f e r en c es  i n  h em a to lo g y  in c lu d ed  g r e a te r  h em a to c r i t

an d  lo w er  p o ly m o r p h o n u c le a r  v a lu es in  th e  m a le  m ice .  A m o n g  th e

c l in ic a l  c h e m i st r y  p a r a m e te r s  s t u d ie d ,  t h e  p e r c e n t ag e  o f  c a lc iu m  a n d

c r e a t in in e  w a s  g r e a t e r  a n d  th e  B U N ±c r e a t in i n e  r a t io  w a s  l o w e r  i n

ex p er im en ta l  m ic e  o f  b o t h  s ex e s.  F e m ale  m ic e  a l so  h ad  g r e a te r  ch o les-

t e r o l  a n d  a l b u m i n  v a l u e s ,  a n d  m a le  m ic e  h a d  g r ea t e r  p l asm a  a lk a l in e

p h o sp h a t a se  v a l u e s .  N o  s ig n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  P E G

C as to r  O i l  g r o u p  a n d  t h e  g r o u p s  a d m i n i st e r ed  a  d r u g  d i sso lv ed  in

P E G  C asto r  O i l  w er e  o b se r v ed  (B o r ze l leca  e t  a l . ,  1 9 8 5 ) .
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I n  a  s im i lar  s tud y  in  w hich  P E G  C asto r  O i l  (n u m b er  o f  m o les  o f  e th-

y lene  o xide  w as n ot  spec i ® ed )  w as t ested  as  a  v ehic le co nt r o l ,  10  m ale

an d  1 0  f em a le  S p r a g u e- D aw l ey  r a t s  w er e  ad m in i ste r ed  0 .5 %  P E G

C asto r  O i l  in  dr ink in g  w a te r  f or  13  w k . A l l  o f  th e  ra t s  su rv iv ed  th e

s t u d y. T h e  P E G  C as to r  O i l±t r ea ted  r a t s  h ad  s l ig h t ly  lo w er  w a te r  co n-

su m p t io n  th a n  d id  u n t r ea ted  co n t r o l  a n im a ls ,  b u t  n o  s ig n i ® c an t d i f f e r-

ences in  b o dy  w e ig h t ga in  w ere  o b ser ved . T h e o nly  chan ge  in  or gan

w eig h ts  o ccu r r ed  w i th  the  b r a in  w e ig h t ,  ex p r essed  as  a  p e r cen tag e  o f

b o d y  w e ig h t ,  w hich  w as low er  th an  th a t  o f  th e  u n t rea ted  g r ou p .  N o  sig-

n i ® c an t  ch ang es w er e  o bse r v ed  in  th e  b io ch em ica l ,  h em ato log ic ,  an d

h isto lo g ic  p a ram ete r s  in v est ig a ted  ( Vil len eu ve  et  al .,  1 98 5) .

Dermal
A fo r m ula t ion  co n ta in ing  0 .2 5 %  P E G - 4 0 H y d ro g en a ted  C astor  O i l  w as

ap p lied  b y  g en t le  inu n c t ion  to  th e  shav ed  sk in  o n  th e  b ack s o f  1 0  m ale

an d  1 0  f em ale  S p r ag u e- D aw le y  ra t s .  A pp l ica tio ns w er e  m ade  on ce  d a ily

for  5  d ays-w k over  a 13-w k  pe r iod .  T he daily  do se,  1640 m g/k g/day  of

th e  f o r m u la t io n ,  w as  co n sid e red  to  b e  1 0 0  t im es  th e  ave rag e  d a ily  u se

leve l  of  th e  pr o d uc t  by  con su m er s.  B eh av io ra l  ob se r va t ion s w ere  m ad e

d a i ly,  b o d y  w e ig ht  w as m easu r ed  w eek ly,  an d  b lo o d  a n d  u r in e  sa m p les

w er e  ev a lu a te d  d u r i n g  w e ek s  7  an d  1 3 .  C l in ica l  ch em i st r y  p a r am e te r s

a l so  w er e  m o n i to r ed .  A t  th e  en d  o f  th e  s tu d y, a l l  o f  th e  ra t s  w er e  k i l led

an d  n ec r o p sy  p e r f o r m e d . N o  d ea th s o ccu r r ed  d u r in g  th e  s tu d y  an d  n o

t r ea tm e n t - r e la ted  ch an g es in  b o d y  w e ig h t  g a in ,  b eh av io r,  h em ato lo gy,

u r in a ly si s ,  o r  c l in ica l  ch em ist r y  p a r am ete rs  w er e  o b se r v ed . A f ter  ® v e

d o ses,  m in im a l  i r r i t a t io n  a n d  d esq u am a t io n  w er e  o b se r v ed  an d  p e r-

s i s ted  u n t i l  th e  en d  o f  th e  s tu d y.  T h e  m ean  r e la t iv e  h ep a t ic  w e ig h t fo r

m a le  r a t s  w as  s i g n i ® c an t ly  g r ea te r  co m p ar ed  w i th  th e  u n t r ea ted  c o n-

t ro l s;  ho w ev er,  th i s  ® n d ing  w as n ot con side red  to x ico logica lly  s ign i ® -

can t  b ecau se  n o  s ig n i ® c an t  le s ion s w ere  o bse rv ed  a t  m ic r osco p ic  ex am-

in a t io n  ( C T FA , 1984) .

I n  a  s i m i l a r  s tu d y, tw o gr ou ps o f  10  fem ale  C h R- CD  r at s  w er e g iv en

to pica l ap plica tions of  28 4  or  28 40 m g /kg  o f  a for m ulat ion  con ta in ing

3 .0 %  P E G -6 0  H y dr og en ated  C asto r  O i l .  A pp l ica t io n s w ere  m ad e  ® v e

t im es a  w eek  fo r  1 3  co n secut iv e  w eek s.  A s s een  in  th e  p r ev io u s s tu d y,

th e  o n ly  t re a tm e nt - r e la ted  le sio n s o ccu r r ed  o n  th e  sk in .  S l ig h t  e r y-

th em a  an d  d ry in g  o f  th e  sk in  w as o b se r v ed ; ho w ev er,  c o nt r o l  an im als

a l so  e x h i b i te d  t h e se  e f f ec t s .  A t  n e c r o p sy,  n o  g r o s s  l e s i o n s  w e r e

o b ser v ed .  T h e  h ep a tic  w e ig hts  o f  th e  ra t s  tr ea ted  w ith  2 8 4 0 m g/k g  o f

th e  f o r m u la tio n  an d  th e  r en a l - to - b o d y  w e ig h t  r a t io  o f  th e  r a t s  t re a ted

w ith  28 4  m g /k g  of  th e  fo rm ula tion  w ere  s ig n i ® c an t .  I t  w as n o ted ,  h o w-

e v e r,  th a t  th e se  c h an g e s w e r e  w i th in  th e  n o r m al  acce p ted  r a n g e  f o r  th e

l a b o r a t o r y  a n d  t h a t  n o  s i g n i f i c a n t  l e s i o n s  w e r e  o b s e r v e d  d u r i n g

h isto p a th olo g ic  ex am in a t ion  ( C T FA , 1977a).
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Nephrotoxicity

T h e  i so la ted  p e r f u sed  r a t  k id n ey  m o d e l  w as  u sed  to  a ssess  th e  a cu te

nephro tox ic e f fec ts  of  cy clo spo r ine  an d  its  veh icle,  P E G -3 5 Castor  O il .

I n  th i s  m o d e l ,  th e  r ig h t  k id n e y  f ro m  m a le  S p r ag u e- D aw ley  r a t s  w as

p er f u sed  w i th  1 0 0  m L o f  a  p e r f u sa te  so lu t io n  a t  n o r m o th er m ic  t em p er-

a t u r e .  A f ter  50  m in  o f  p erfu sio n ,  cyclosp or in e d isso lved  in  P E G -35

C astor  O il  o r  2 00  m L P E G -3 5  C as to r  O i l  w as ad d ed  to  th e  p e r f u sa te ,

an d  pe r f us io n  w as con t in ued  f o r  an  ad d it io n al  1 3 0  m in .  C o n t ro l  ex per i-

m en t s  w er e  co n d u c te d  w i th  th e  p e r f u sa te  a lo n e .  S e r ia l  d e te r m in a t io n

o f  r en a l  h e m o d y n a m ics  an d  tu b u la r  f u n c t io n  w as m ad e  o v er  th e  3 - h

p er io d .  M ar k ed  v aso co n st r ic t ion  o ccu r r ed  fo l lo w in g  p e r fu sio n  w i th

P E G -3 5 Casto r  O i l ,  an d  ren a l b lo od  ¯ o w  an d  g lo m e ru la r  ® l t r a t io n  r a t e

w er e r ed uced  by  45 %  and  28 % , respec tive ly, a f te r  3  h .  A s t a t i s t i c a l ly

si g n i ® c an t  in c r ease  o ccu r r ed  in  re n a l  v ascu la r  r e si s tan ce .  T h e  in v e st i-

g a to rs  co nc lud ed  th a t P E G -3 5  C astor  O i l  h ad  a  d ir ec t tox ic  e f fec t  o n  th e

tu b u la r  c e l l s .  B ec au se  s im i la r  r e su l t s  w er e  o b se r v e d  in  t e s t s  w i th

cyc losp o r ine  d isso lv ed  in  P E G -3 5 C asto r  O il ,  the  in v est ig a tor s  su g-

g ested  th a t P E G -3 5  C asto r  O il  i s  a  co n t r ib u t in g  f ac to r  in  sev er e  acu te

n ep hr o to xic i ty  so m et im es o b se r ved  in  pa t ien ts  f o l lo w in g  p r o lon g ed

t r ea tm en t  w i th  in t r av en o u s cy c lo spo r in e  (H i r sch  e t  a l . ,  1 98 7 ;  B esa r ab

et  al . ,  198 7) .

C y c lo sp o r in e  in  P E G -3 5  C asto r  O i l ,  d ilu ted  in  N aC l ,  w as ev a lu a ted

f o r  n ep h r o to x ic i ty  in  a  s tu d y  u s in g  m ale  F i sh e r  r a t s .  T h ree  co n t r o l r a t s

w er e  ad m in is te r ed  in t ra v en o u s P E G - 3 5  C asto r  O i l  in  N aC l ,  an d  s ix

co nt r o l r a t s  w er e  ad m in iste r ed  N aC l  a lo n e  f or  1 5  day s ( vo lu m e  o f  in t ra-

v en o u s adm in ist r a t io n  n o t  r ep o r ted) .  T h e  ra t s  w er e  k i l l ed  o n  d ay  1 5 ,

an d  fu n c t io n a l  s tu d ies  ( inu l in  c lea r an ce )  w er e  p e rf o r m ed  an d  m ic r o-

scop ic  exam in a tio n  of  the  k idn ey s con d uc ted .  N o  ev id ence  sh o w ed  tha t

P E G -3 5  C asto r  O i l  ca u sed  a l t e r a t io n s  in  th e  g lo m er u la r  ® l t r a t i o n  r a t e .

N u m er o u s cy to p lasm ic  d a r k  c r y sta l s  w er e  ob se r ve d  in  th e  p ro x im al

tub ules  of  b o th  g ro up s rece iv in g  cy c lo spo r ine  in  P E G - 35  C asto r  O i l  and

the  co n tr o l  g r o up  r ece iv ing  P E G - 35  C astor  O il  an d  N aC l .  U nl ik e th e

r a t s  t r ea ted  w i th  cy c lo sp o r in e ,  th e  r a t s  ad m in is te r ed  P E G - 3 5  C a sto r

O i l and  N aC l  h ad  n o  v acu ol iza tio n  o f  th e  pr o xim al tub u les .  B ecau se  n o

cr y s ta l s  w er e  o b se r v ed  in  th e  tu b u les  o f  th e  r a t s  t r e a ted  w i th  N aC l

a lo n e ,  th e  in v e st ig a tor s  co n c lu de d  th a t P E G - 3 5  C asto r  O i l  cau sed  th e

c r y s ta l  s t r u c tu r es  in  th e  p r o x im al  tu b u les  ( Ve ran i ,  1 98 6 ) .

N o  ev id en ce  o f  n ep h r o to x ic  e f fe c t s  w ere  o b se rv e d  w i th  P E G - 3 5

C as to r  O i l  in  a  s tu d y  u sin g  N ew  Z ea lan d  W h i t e  r ab b i t s .  I n  th i s  s t u d y,

gro ups of  ® v e  rab bi t s  w er e  g iv en  da i ly  in t r av eno u s in ject ion s ( 1 .0  m L )

of  cy clospo r in e in  P E G -3 5 C asto r  O il  d ilu ted  in  sal in e f or  3 0  days.  O ne

co n t r o l gr o u p  o f  r ab b i ts  w as ad m in iste r ed  sa l in e ,  a nd  a n oth e r  r ece iv ed

o nly  P E G - 35  Casto r  O il .  T h e rab bi ts  w er e p laced  in  m e tab ol ic  cag es f or
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24 -h  ur ine  co llec tion s.  S er um  and  w h ole b lo od  a lso  w ere co l lec ted  and

an a ly ze d  r e g u l a r l y  d u r in g  th e  s tu d y. A t  th e  en d  o f  th e  s tu d y,  ca rd iac

p u n c tu r e  w as p e rf o r m e d to  o bta in  b o th  h ep ar in ized  w h o le  b lo o d  an d

se r u m  f o r  c r ea tin in e  an d  cy c lo spo r in e  d e te r m in a t io n s.  Ti s su e  s a m p l e s

w er e  t ak en  f r om  di f fe ren t reg io ns o f  each  k id ney  and  m ic r osco pic  and

u l t r a st r u c tu r a l  ev a lu a t io n s  w e r e  p e r f o r m ed . R ed u c t io n s in  c r ea t i n in e

c lear an ce  an d  th e  d ev e lo p m en t  o f  l eu k o cyte  in ® l t r a t e s ,  t u b u l a r  a t r o-

p h y,  an d  in te r s t i t i a l  ® b ro si s  o f  th e k id n ey s w ere  ob se r ved  in  r ab bi t s

t r ea ted  w ith  cy c lo sp o r in e .  S t r uc tu r a l  ch an g es a l so  w er e  o b se r v ed  in

sp ec im en s ex am ined  b y  ligh t  an d  e lect ro n  m icr osco py ;  h o w ev er  no  m o r-

p h olo g ic  o r  f u n c t io n a l  ch ang es w er e  o b se r ved  in  th e  r abb i t s  t r ea ted

w i th  P E G - 3 5 C asto r  O i l  a lo n e .  T he  in v estig a to rs  co n c lud ed  tha t  P E G -

3 5  C asto r  O i l  d id  n o t  co n t r ib u te  to  the  co m p r o m ise  in  r en a l  s t r uc tu r e

an d f un c t io n  o b se rv ed  w i th  cy c lo sp o r in e  ad m in istr a t io n  ( T h l ive r i s  e t

al . ,  199 1) .

Anaphylactoid Reactions

Tw e n ty - p e r cen t  P E G - 3 5  C asto r  O i l  w as ad m in iste r ed  in t r av en o u s ly  to

d o g s a t  a  co n stan t  3 0  m L /h ;  the  inf u sio n  w as s to p p ed  w hen  th e  sys to l ic

a r te r ia l  p r es su r e  d e c re ased  b y  m o r e  th an  5 0 %  o f  th e  co n t r o l .  T h is  t re a t-

m en t  in d u ce d  a  s ig n i ® c an t  d ec r ease  in  b lo o d  p r essu r e  an d  ca r d iac  o u t-

p u t  a sso c ia t ed  w i t h  m assiv e  in c r ea se s  in  p la sm a  h i s tam i n e  an d  c a t e-

c h o l am i n e .  T h e  in v es t i g a t o r s  su g g e s ted  t h a t  t h e  l a r g e  i n c r ea se  in

h i s tam in e  r e lease  w as in d ica t iv e  o f  acu te  m as t  ce l l  d eg r an u la t io n .

T h o r ac o p u lm o n ar y  c o m p l ian ce  d e c r e ased  r a p id l y  a n d  w as  r e d u ced

m ar ked ly  b y  the  en d  of  in f usion .  A sig n i ® c an t  red uc tion  in  b lood  vo l-

u m e , w hich  w as cau sed  b y  a  dec r ease  in  p lasm a  v o lu m e , w as o b se r v ed .

H em a to cr i t  in c r eased  s ig n i ® c an t ly  b y  th e en d  o f  in f u sio n ,  w her eas

p la te le t  an d  l eu k o cy te  co u n ts  sh a r p ly  d ec r e ased .  I t  w a s a l so  n o ted  th a t

6  o f  1 3  d o g s h ad  c u tan eo u s e r y th e m a  an d  ed em a  o f  th e i r  p aw s  an d

m u zz le .  T h e  in v es t ig a to r s  co n c lu d e d  th a t  2 0 %  P E G - 3 5  C asto r  O i l

in d u ced  ca r d io v ascu la r  co l lap se ,  an d  th a t  P E G - 3 5  C a stor  O i l±in d u ced

sh o ck  ª i s  o f  the  an ap h y lac to id  ty p e ,  an d  in c lu d es cu tan eo u s e ry th em a

an d  ed e m a , h y p o te n sio n ,  v en o u s p o o l in g ,  p lasm a  ex t r av asa t io n ,  h i s ta-

m in e  an d  ca tech o la m in e  r e lea se ,  an d  d ec r e ases  in  d y n am ic  th o r a co p u l-

m on ar y  co m pl iance  an d  leuco cy te  an d  p la te let  co u ntsº  ( G aud y  e t  a l . ,

1987) .

Dermal Irritation
W h en  u nd i lu ted  P E G - 3 5  C asto r  O i l  w a s ap p l ied  to  th e  sh av ed  b a ck s o r

to  th e  ex te r n a l  ea r s  o f  a lb in o  rab b i t s  fo r  m o r e  th an  2 0  h  ( ex p er im en ta l

d e ta i l s  n o t  p r o v id ed ) ,  s l ig h t  t r an sien t  i r r i ta tio n  w a s r ep o r ted  (B A S F, no

da te ,  c ) .
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U n d i lu ted  P E G - 4 0  H y d r o g en a ted  C asto r  O i l  re p o r te d ly  cau se d  r ed-

d enin g  and  sca l in g  o f  th e  sk in  w h en ap p lied  to  th e  b ack s o f  a lb ino  r ab-

b i ts  fo r  2 0  h  ( ex p er im enta l  d e ta i l s  n o t pr o v id ed ) .  O n ly  s l ig h t t r an sien t

r ed d en in g  w as  r e p o r ted  w h en  ap p l ica t i o n s w er e  m ad e  to  th e  ex t e r n a l

ear s o f  r ab bi ts  fo r  2 0  h  (B A S F, n o  d ate,  c) .

T h e  p r im ary  sk in  i r r i t a t io n  po ten t ia l  o f  a  f o r m u la t io n  co n ta in in g

2 .0 %  P E G -2 5 H y dr o gen a ted  Casto r  O il  w as m inim al .  O n ly  on e  o f  n in e

r abb i t s  h ad  ev iden ce  o f  e r y them a  2 4  h  a f ter  a  s in g le  ap p lica t io n  o f  th e

f o rm u la t io n  u n d er  an  o cc lu siv e  pa tch  ( am o u nt  n o t  s ta ted ) .  T h e  o v era l l

p r im ar y  i r r i t a t io n  in d ex  ( P II )  w as 0 .11/8  (CT FA , 1982c) . F or  form u la-

t io n s co nta in ing  e ith er  0 .2 5 %  P E G -4 0 H y dr og ena ted  C asto r  O i l  o r  3 .0%

P E G -6 0  H y d ro g ena ted  C astor  O i l ,  the  P I I s  w er e 0 .2 2 /8  and  0 .67 /8 ,

re sp ec t iv e ly  (C T FA , 1 982d; CT FA , 1976b).

Dermal Sensitization

T h e  ¯ an k s  o f  1 0  g u in ea  p ig s  w e re  sha v ed , d eg r eased  w i th  e th e r,  a n d

5 0%  P E G -3 5  Castor  O i l  in  ace to ne  w as ap pl ied  to  th e  le f t  ¯ a n k  o f  each

an im al  ( p a in ted  th r ee  t im es  se q u en t ia l ly  w i t h  a  sa tu r a ted  c o t to n  sw ab )

fo r  1 0  con secut iv e  days.  T h e r ig h t  ¯ a n k s w e r e  l e f t  u n t r ea te d .  A f te r  a

1 2 -d ay  n on t r ea tm en t  pe r io d ,  5 %  P E G - 35  C asto r  O i l  in  ace ton e  w as

ap p l ied  to  th e  r ig h t  ¯ an k  ( as  ab o ve ,  a f te r  d eg r easin g  w i th  e th e r) .  T h e

sk in  w as o b ser ved  f o r  s ig ns o f  ir r i ta t io n  a f te r  1 2  h .  A contro l  group of

th r e e  g u in e a  p ig s  w a s u n t r e a te d  d u r in g  th e  in d u c t i o n  p h ase  o f  t h e

ex per im en t b u t  w as g iv en  a  s in g le  ap pl ica tio n  of  5 %  P E G - 35  C astor

O i l.  S l ig h t r ed d enin g  o f  th e  sk in  w as o bse r v ed  du r ing  in d u ct io n  w ith

P E G -3 5  C asto r  O i l ,  b u t n o  s ig n s o f  i r r i t at io n  w er e o b se rv ed  a f te r  th e

c h a l le n g e  a p p l i c a t io n .  W h e n  th i s  s tu d y  w a s d u p l ic a te d ,  t h e  s a m e

r esu l t s  w er e  o b ta in ed  (B A S F, no  d a te ,  f ).

I n  a  su b cu ta n e o u s  s en si t i za t io n  s tu d y, 10  dai ly  in ject ion s w ith  0 .1%

P E G -3 5 C asto r  O i l  (1  2 0.05  m L ; 9  2 0 .1  m L )  w er e  ad m in is te red  to

g u in ea  p ig s  (n u m b er  n o t  sp ec i ® ed )  in  th e ir  back s.  A f te r  a  1 3 -d ay  no n-

tr eatm ent  p er io d ,  a  cha lleng e in jec tion  o f  0 .1 %  P E G -35  C asto r  O il  ( 1  2

0 .0 5  m L )  w as ad m in iste r ed  in to  th e  n ec k .  R ed d en in g  o ccu r re d  a ro u n d

th e  in jec t io n  s i t e s  d ur in g  in d u c t io n ,  b u t  n o  s ig n  o f  sens it i za t io n  w as

p r e sen t  ( B A S F, no  d a te,  f ).

Tach o n e t a l .  (1 9 83 )  a l so  assessed  th e a l le r gen ic  p oten t ia l  o f  P E G - 35

C asto r  O i l .  Ten  con secut ive  in t rad e rm al in jec tio ns o f  0 .5  m L P E G - 3 5

C asto r  O i l  w ere  p e rf or m ed  to  the  b ack s o f  1 0  m ale  an d  1 0  f em ale

D u n kin - H ar t ley  gu in ea  p ig s ,  an d  an  o cc lu siv e  p a tch  w as ap p l ied  f or  

4 8  h .  A f te r  a  1 2 - d ay  n o n t r ea tm en t  p e r io d ,  th e  an im als  w e r e  ch a l len g ed

w i th  0 .5  m L P E G -3 5  C asto r  O i l  o n  th e ir  ab d om en s.  W h en  m acr o scop ic

eva lu at io ns w er e pe rf orm ed  4 8  h  f o l low in g  ch a llen ge ,  6 0%  of  th e m a le

an d 5 0 %  o f  th e  f em ale gu inea  p igs  h ad  do u b tf u l  r eac t ion s;  ho w ever,  no
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evid en ce  of  sensi t i za tio n  w as ob se rv ed  a t  m ic ro scop ic  ex am ina t io n .  T h e

in v est ig a to r s  co n c lu d ed  th a t  P E G -3 5  C asto r  O i l  w as n o t  a  sen si t i z in g

a g e n t .

Adjuvancy

D esco tes  e t  a l .  ( 1 9 83 )  co n d u c ted  th ree  s tud ies  to  d e te r m in e  th e  ad ju-

v an cy  of  P E G - 35  C astor  O il .  In  the  ® r s t  s t u d y, grou ps of  s ix  fem ale

D u n k in - H ar ley  g u in ea  p ig s  w ere  in jec ted  w i th  1 0 0  m g  b o v in e  se r u m

alb um in  ( BS A ) in  0 .05  m L P E G -3 5 Castor  O i l .  A po sit iv e co nt ro l g ro up s

o f  an im als  w as in jected  w i th  B S A in  F r eu n d ’ s  co m ple te  ad juv ant  ( F C A ),

an d  a  n eg a t iv e  co n t r o l g r o u p  o f  an im a ls  w as  t r ea ted  w i th  B S A i n  sa l in e .

T h r e e  w eek s l a te r  t h e  an im als  w e r e  in t r a d e r m a l ly  in je c ted  in  th e  r ig h t

¯ a n k  w i t h  B S A in  s a l in e .  S k in  ev a lu a t io n s w er e  m ad e  a t  2 ,  2 4 ,  an d  4 8

h .  P E G - 3 5  C as to r  O i l  cau sed  e r y th em a  an d  sk in  in d u r a t io n  th a t  w a s o f

th e  s am e  se v er i ty  a s  see n  w i th  F C A .

I n  t h e  s eco n d  s tu d y, gr ou ps o f  10  S w iss  m ice w er e in jec ted  sub cuta-

n eo u sly  in  th e  b ack  w i th  1 08 sh eep  e r y th r ocy tes  in  e ith e r  0 .0 05  o r  0 .0 1

m L P E G -3 5  C asto r  O il  in  sa l ine .  A co ntro l g rou p o f  m ice  w as in jected

w i th  sh e ep  e r y t h r o c y te s  i n  s a l i n e .  F iv e  d a y s l a t e r,  th e  m ic e  w er e

ad m iniste red  an  e li c i t in g  d o se o f  1 08 sh e ep  e r y th r o cy t es  in  t h e  h in d

f o o tp ad .  T h e  p e r cen t  in c r ease  in  f o o tp ad  sw e l l in g  w as t ak en  as  a  m ea-

su r e  o f  d e lay ed  h yp er sen si t iv i ty. B oth  do ses o f  P E G -35  C astor  O i l

ca u sed  s ig n i ® c an t  in c re ases  in  fo o tp a d  th ick n es s .

I n  t h e  th i r d  s tu d y, 1 09 sh eep  e r y thr o cy tes  in  0 .0 1  and  0 .0 5  m L P E G -

3 5  C asto r  O i l  in  s a l in e  w a s a d m in is te r ed  in t r ap e r i to n ea l ly  to  1 0  S w iss

m ice . A co nt r o l g r ou p  o f  m ice  w as t rea ted  w i th  er y thr o cy tes  in  sa lin e

o nly.  E ig h t  d a y s l a te r,  b loo d  sam p les  w er e  tak en  f r om  th e  m ice  to  m ea-

su r e  h em ag g lu t in in  co n cen tr a t ion s.  P E G - 3 5  C asto r  O il  had  no  e f f ec t  o n

an t ib o d y  co n c en t r a t io n s.  B ased  o n  t h e  th r ee  s tu d ie s ,  th e  in v est ig a to r s

co nc lu ded  th a t P E G -3 5  C asto r  O i l  is  ª a  po ten t  ad ju van t  o f  cel lu la r

im m u n e  r e sp o n se . º

Ocular Irritation

A 5 %  ac tive  so lu tio n  (p H  =  6 ±8 )  of  P E G - 5 H y dr ogena ted  C astor  O il

(w /w )  (0 .1  m L ) w as in sti l led  in to  the  le f t  con junc tiv al sac of  six  N ew

Z ea lan d  w h i te  rab b i ts .  T hr ee  o f  th e  ey es w er e  r insed  a f te r  3 0  sec .  T h e

r ig h ts  ey es  le f t  un t r ea ted  se r ved  as  co n t ro l s .  S cor in g  acco r d in g  to  th e

m eth od  of  D r aize  ( 1 94 4 )  w as m ad e  a t  2 4 ,  4 8 ,  an d  7 2  h  p o stin sti l l a t io n .

S lig ht  to  m ild  co rn ea l op ac ity  w as o bse r v ed  in  tw o u n r in sed  eyes a t  

24  h  and  persis ted  u ntil  72  h .  N o ne o f  the  o the r  trea ted  eyes h ad  ev idence

o f  co r n ea l d am ag e . S l ig h t i r id ia l  dam ag e  w as o b se r v ed  in  on e  u n r in sed

ey e  a t  2 4  an d  4 8  h ,  an d  in  an o th e r  u n r in sed  ey e  a t  4 8  an d  7 2  h .  I r id ia l
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d am ag e  a l so  w as o b se rv ed  in  o n e  r in sed  ey e  a t  2 4  h ,  b u t  i t  c lea r ed  b y  

7 2  h .  A t 2 4  h ,  a ll  o f  th e  tr ea ted  ey es had  m ild  to  m o der a te  co n ju n c tiv a l

i r r i t a t io n  m an i f est  a s  h y p e re m ia ,  ch em o s is ,  an d  d i s ch ar g e .  O n e  r in sed

ey e  an d  o n e  u n r in sed  ey e  c lea r ed  b y  7 2  h ,  w h ere as th e  r em ain in g  e y es

w er e  i r r i t a te d  th r o u g h  7 2  h .  T h e  2 4 - h  m ax i m u m  m ean  to ta l  sc o r e  w a s

36.3 /110 fo r  the  u n r in sed  ey es an d  13 .7 /110  fo r  th e  r in sed  ey es.  T h e

in v es t i g a to r s  c o n c lu d ed  th a t  P E G - 5  H y d r o g e n a t ed  C a st o r  O i l  w a s

sev e re ly  i r r i t a t in g  to  u n r in sed  ey es an d  m i ld ly  i r r i t a t in g  to  r in sed  e y es

(P ro du ct  S a fe ty  L abs,  1 98 8) .

W h e n  5 0  m m 3 o f  50 %  aq  P E G -3 5 Castor  O il  in  ace ton e w as in sti l l ed

in to  th e  con jun c t iv a l  sac  o f  r ab bi t s ( n um b er  n ot  sp eci ® ed ) ,  l ac r im a tio n

an d m i ld  i r r i ta t ion  o f  th e  co nju nc t iva  w er e ob se rv ed . A 3 0%  aq  so lu t io n

d id  n o t  cause  an y  s ign s o f  i r r i t a t io n  ( BA S F, no  date , c) .

U n d i l u t e d  a n d  5 0 %  a q  P E G - 4 0  H y d r o g e n a t e d  C a s t o r  O i l  w a s

inst i l led  ( 0 .0 5  m L ) in to  the  co n ju nc t iv a l sacs  o f  rab bi ts  (n um ber  n ot

sp ec i ® ed ) ,  an d  o b se r v a t io n s w e re  m ad e  a t  2 4  an d  4 8  h .  S l ig h t  t r an s ien t

r edd en in g  o f  th e  con ju n c tiv a  w as ob se r v ed  w i th  b o th  co n cent r a t io n s

(B A S F, no  da te,  c ) .

N o  ir r i t a t ion  w as o b se rv ed  w hen  th e  eyes of  s ix  rab b it s  w er e  in st i l led

( v o l u m e  n o t  g iv en )  w i t h  a  f o r m u la t i o n  co n ta in in g  2 .0 %  P E G - 2 5

H y d r o g en a ted  C asto r  O i l  ( C T FA ,  1 9 8 2e) .  In  a s im i la r  s tud y, a  f o r m u la-

t io n  con ta in in g  0 .2 5 %  P E G - 40  H yd r o gen a ted  C astor  O il  caused  m ild

t r an sien t  i r r i t a t io n .  T h e  to ta l  i r r i t a t io n  s co re s  o n  d ay s 1  to  3  p o st in st i l-

l a tio n  w er e  1 /110 . A ll  eyes w ere  clear  by  d ay  4  ( CT FA, 1982f).

A f o rm u la t ion  co n ta in ing  3 .0 %  P E G -6 0  H yd r o gen a ted  Casto r  O i l

(v olum e  n ot  g iven)  caused  m inim al i r r i ta t io n  to  th e eyes o f  2  o f  6  rab-

b it s .  T h e  i r r i ta t ion  sco r e fo r  b o th  r ab bi t s  w as 2 /110  24  h  a f te r  in st i l l a-

t io n .  A ll  s ign s o f  i r r i t a tio n  d i sap p ear ed  b y  48  h  (C T FA, 1976c).

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

P E G -4 0  H y d r o g en a ted  C as to r  O i l  w as  t e sted  f o r  te ra to g e n ic  e f fec t s  in

a  f eed i n g  s tu d y  w i th  S p r ag u e - D aw ley  r a t s .  Tw o  g r o u p s o f  p r e g n an t

r a t s ,  3 0  in  o n e  g r o u p  an d  2 7  in  th e  o th e r,  w er e  f ed  d ie t s  co n ta in in g

5 0 ,0 0 0  pp m  o r  1 0 0 ,0 0 0  p pm  P E G - 4 0  H y d r o g en a ted  C asto r  O il ,  r e sp ec-

t iv e ly, o n  day s 0  to  20  o f  g estat io n .  Tw o  co n tr o l g ro u ps  o f  2 6  an d  2 9  ra t s

w e r e  f ed  u n t r e a ted  f ee d .  A l l  o f  th e an im als  w ere  o bse rv ed  f or  s ig n s of

to xic i ty  d u r in g  g esta t io n  an d  w ere  k i l led  o n  day  2 0  fo r  ev a lu a t io n  o f

th e  u te r i .  N o  ev id en ce  o f  e i th e r  m a te r n a l  o r  f e ta l  to x ic i ty  w as  p r esen t .

A s l i g h t  b u t  n o t  s t a t i s t i c a l l y  s i g n i f ic a n t  i n c r e a se  o c cu r r ed  i n  th e

n u m b e r  o f  r e so r p t io n s  in  t h e  g r o u p  t r ea t ed  w i th  1 0 0 ,0 0 0  p p m .  T h e

ty p e  an d  n u m b er  o f  m a l f o r m at i o n s  a n d  a n o m al ie s  f o u n d  in  th e  f e tu ses

o f  t h e  e x p e r i m e n t a l  g r o u p s  w e r e  s i m i l a r  t o  th o s e  f o u n d  a m o n g  

th e  f e tu se s  f r o m  t h e  co n t r o l  g r o u p s .  T h e  i n v es t i g a to r s  c o n c lu d e d  
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th a t  P E G - 4 0  H y d r o g en a te d  C a sto r  O i l  w as n o t  t e r a to g en ic  ( B A S F,  n o

d a te ,  g ) .

N eg a t iv e  r e su l t s  w er e  a l so  o b ta in ed  in  a  t e r a to g e n ic i ty  s tu d y  w i th

N M R I m ice .  Tw o  g r ou p s o f  p r eg n an t  m ice ,  2 5  in  o ne  g r ou p and  3 1  in  th e

o t h e r,  w ere  fed  d ie t s  co nta in ing  e i the r  5 00 0  p pm  o r  1 0 ,00 0  p pm  P E G - 40

H yd ro g ena ted  C asto r  O i l  o n  day s 6  to  15  o f  g esta tio n .  Tw o groups of  26

an d  2 8  m ice  w er e  g iv en  u nt r ea ted  fee d .  T h er e  w as  n o  s ta ti s t i ca lly

si g n i ® c an t  ev iden ce  o f  e ith e r  m a te rn a l  o r  fe ta l  tox ic ity. T he  f ew  m al-

f o r m a t io n s  o b se r v ed  am o n g  t h e  f e tu ses  o f  t h e  t r e a ted  d am s  w er e

sim ila r  to  typ e  an d  nu m b er  to  th o se  fo u n d  in  the  co n t ro l  g ro u p s (B A S F,

n o  d a te ,  h ) .

L an e  e t  a l .  (1 9 82 )  te s ted  P E G -3 0  C asto r  O i l  a s  a  v ehic le  co n tr o l  in  a

m u l t i g e n er a t io n  s tu d y  t h a t  w a s m o d i ® ed  to  inc lu d e a  sc reenin g  f or

d o m ina nt  l e th a l  an d  te r a to ge nic  e f f ec t s .  Ten  m ale  an d  3 0  f em ale  I C R

S w iss  m ice  ( F /0)  w ere  ad m in iste red  1 %  P E G - 30  C asto r  O i l  in  th e ir

d r i n k in g  w a te r  co n t in u o u sl y  th r o u g h o u t  th e  s tu d y. A f te r  3 5  d ays on  th e

test  so lu t io n ,  th e  m ice  w ere  ran d o m ly  m ated  to  p ro d u ced  F /1 A l i t t e r s .

Tw o w eeks fo l low ing  the  w eanin g  of  th e F /1A l it t e r s ,  th e  F /0  m ice  w er e

r e r an d o m ize d  an d  m ated  to  p r o d u ce  F /1 B  l i t t e r s .  T h en  th e  F /0  m ice

w er e  m a ted  r an d o m ly  ag a in  2  w eek s a f te r  th e  w e an ing  o f  th e  F /1 B  l i t-

t e r s  to  p r od u ce  F /1 C  l i t te r s .

Ten  m ale  an d  3 0  fem ale  w ean l in g  m ice  f ro m  th e  F /1 B  li t t e rs  a l so

w ere  ad m iniste red  1 %  solu t ion s o f  P E G -3 0  C astor  O i l  in  the i r  d r in k in g

w ate r  an d  w e re  m a ted  in  n o n sib l in g  m atch es to  p ro d u c e  F /2 A l i t t e r s .

B o d y  w e ig h t  an d  ¯ u id  co n sum p t io n ,  a s  w e l l  a s  f e r t i l i ty  an d  g esta t io n a l

in d ices ,  w ere  d e te rm in ed  r eg u la r ly  fo r  th e  p a r enta l  m ice .  Tw en ty - o n e

d ay  sur v iv a l  s tud ies  w ere  co n du c ted  o n  th e l i t te r s  f ro m  th e  F /1 A , F /1B ,

an d  F /2 A m a t i n g s .

F /1 C  and  F /2 B  m atin g s a l so  w er e  p r od u ced  to  sc r een  fo r  d o m in an t

le th a l  an d  te ra to lo g y  e f f ec ts .  I n  these  s tu d ies ,  f em ale  m ice  w er e  k i l led

d u r in g  g e sta t io n  an d  th e  n u m b e r  o f  f e ta l  im p lan ts ,  ea r l y  a n d  l a te

r eso r p t io n s,  v iab le  f e tu ses ,  an d  d o m in an t  l e th a l  f ac to rs  w er e  d e te r-

m in ed . F e tu ses  w er e  r em o v ed  an d  in div id u a l ly  ev a lu a ted  f o r  g r o ss

d efec t s ,  an d  o n e th i rd  o f  th em  w er e  ex am in ed  f o r  sk e le ta l  an d  v isce r a l

m a l f o r m a t io n s.

N o sign i ® c an t  ch an g es in  rep r o d u c t iv e  p e r f o rm an ce  w er e  o bse rv ed  in

an y  o f  th e  m a t in g s.  M ean  l i t t e r  s iz e ,  p o s tn a ta l  b o d y  w e ig h ts ,  a n d  su r-

v iva l in d ices al so  w er e u naff ec ted .  T he  o nly  s ig ni ® c an t  ch a n g e  o b se r v ed

in  b o th  t h e  d o m in a n t  l e th a l  an d  te r a to lo g y  s c r ee n in g s w a s an  in c r ease

in  th e  ra t io  o f  dead  fe tu ses  to  l iv e  fe tu ses .

P E G - 3 5  C asto r  O i l  a l so  w as t e sted  as  a  so lv en t co n t ro l  in  a  t e r a to-

g en ic i ty  s tu d y.  G r ou p s of  pr egn an t I C R an d C 5 7 B1 /10 D g  m ice  ( nu m-

b er s  no t  sp ec i ® ed)  w ere oral ly  g iven  0 .05  m L /10 g  body  w e ight 8%  P E G -

35  C astor  O i l  an d  1 0%  pr op ylen e  g lycol  in  w a te r  o n  ei th er  day  9 ,  10 ,  or
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11 of  g esta tion .  A n  u n t r ea ted  co n t r o l  g r o up  of  p r eg n an t  m ice  w as  u sed

fo r  com p ar ison .  A ll  o f  the  m ice  w ere  k i l led  on  day  18  of  gestat ion ,  an d

th e  f e tu se s  an d  p la cen tas  w e r e  r e m o v e d  f o r  ex a m in a t io n .  P E G - 3 5

C asto r  O il  d id  n o t h av e  an y  s ig n i ® c an t e f fect s on  gro w th  or  deve lo p-

m ent  in  an y  o f  th e  t r ea tm en t g ro u p s ( C u sic  and  D ag g , 1 98 4 , 19 8 5 ) .

I n  th e f o llo w in g  s tu dies ,  P E G -3 0  C asto r  O i l  an d  P E G - 35  C asto r  O i l

w er e  t e sted  as  n eg a t iv e  v eh ic le  co n t r o l  su b stan ces.  N o  u n t r ea ted  co n-

t ro l  an im als  w er e  u sed  f o r  co m par i so n .

B u r k h a l te r  an d  B a ls te r  (1 9 7 9 )  u sed  P E G - 3 0  C a sto r  O i l  a s  a  v eh ic le

co n t r o l  in  a  b e h av io r a l  d e v e l o p m e n t  e v a l u a t i o n .  M ale  an d  f em a le

alb ino  ICR  m ice w ere  g iv en  dai ly  or al d oses of  10  m L /k g of  a  so lu t ion

co n ta in in g  o n e  p a r t  P E G - 30  C asto r  O i l  an d  e ig h t  p a r t s  sa l in e .  T h e  m ice

w er e  m a ted  a f te r  3  w k  o f  t re a tm en t  w i th  P E G - 3 0  C a sto r  O i l ,  an d  th e

d am s co n tinu ed  to  rece iv e  d a ily  d o ses of  P E G -3 0  C asto r  O il  th ro u gh

g e sta t io n  a n d  lac ta t i o n .  A to ta l  o f  ® v e  l i t t e r s  w as  u sed .  E ach  o f  th ese  l i t-

t e r s  w as r an d o m ly  r ed u ced  to  e ig h t  p u p s ,  a n d  o r a l  ad m in is t r a t io n  o f

P E G - 30  C asto r  O i l  to  the  p u p s w as in it i a ted  7  d  f o llo w ing  b i r th  an d

co n t in u ed  f o r  th e  r em ain d er  o f  th e  s tu d y. O n  d ay s 7  to  21 ,  th e  p u p s

w er e  w e ig h ed , an d  a  b a t te r y  o f  t e s t s  to  d e te r m in e  n eu r o b eh av io r a l

d ev e lo p m e n t  w a s co n d u c te d .  T h ese  t e s t s  in c lu d ed  m e asu r e m en t  o f

r ig h t in g  r e ¯ ex ,  fo repaw  g rasp ,  r oo ting  r e ¯ ex ,  cli f f -drop  aversion ,  au di-

to r y  s ta r t l e  r e sp o n se ,  b a r-h old ing  ab il i ty, ey e o penin g ,  m oto r  p erf or-

m a n ce  an d  l ea r n in g  m easu r e s ,  an d  p la c in g  an d  g r asp in g  r esp o n se s.  I n

g en e ra l ,  th e  p u p s  e x p er ien ced  g r a d u a l  w e ig h t  g a in  an d  p r o g r es siv e

n eu r o b eh a v io r a l  d e v e lo p m en t .

P E G - 3 5  C astor  O i l  w as u sed  as  th e  v eh ic le  co nt r o l  in  a  s tu dy  u sin g

em b r y o cu l tu res .  E m b r y o s f r o m  p r eg na nt  S w is s  Web ste r  m ice  w er e

r em o ved  on  day  8 .5  o f  gesta tio n  an d  g ro w n in  cu ltu re  con tain in g  13 0

m g /m L P E G -3 5 Castor  O il  fo r  2 4  h .  A t  th e  end  o f  cu l tu re ,  th e  em b ry o s

w er e  eva lua ted  f or  v iab i l i ty  an d  on ly  v iab le  em b r yo s w er e  ex am in ed  fo r

m al f o rm at io n s.  O f  th e  44  e m b r y o s ex am in ed ,  o n ly  th r ee  h ad  a bn o r m al-

i t i e s ,  in c lu d ing  d e fec t  of  the  n eur a l  tu b e ,  fac ia l  a r ch ,  and  c ran ia l  r o ta-

t io n .  T h e  m ea n  so m i te  n u m b er  w as 2 4 .2 ,  m ea n  c r o w n - r u m p  len g th  w as

2 .2 5 ,  an d  m ean  pr o te in  co n ten t  w a s 8 6 .5  m g  p er  em b ry o ( U h ing  e t  a l . ,

1993) .

MUTAGENICITY

A u et  a l .  (1 9 91 )  in vestiga ted  the  c lastog en ic  an d  coc lasto gen ic  ac tiv i ty

o f  P E G - 35  Castor  O i l  usin g  m ale IC R  m ice.  C y to gen e tic  an d  m etabo li t e

an a ly ses  w ere  co n d uc ted  w i th  gr o u ps o f  ® ve m ice g iven  0 .1  m L/g  of

0 .03% , 0 .3% , or  3 .0%  P EG -3 5 Castor  O il  o ra lly. O the r  g ro up s o f  m ice

w ere  t rea ted  w i th  b en zen e  in  o l ive  o i l  o r  b en zen e  in  co m b ina t ion  w ith

the  v ar io u s do ses of  P E G - 35  C asto r  O i l .  A n  u n t r e a te d  co n t r o l  g r o u p  an d
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a vehicle con tro l (o live o il )  g ro up also  w ere  u sed .  T he  m ice in  the  s ingle-

t r ea tm e nt  g r o up s  w er e  k i l l ed  a t  3 0  h ,  an d  th e  m ice  r ece iv in g  th e  co m-

b in ed  t r ea tm en t  w er e  k i l l ed  a f te r  th e  ® r s t  t r e a tm en t .  B o n e - m a r r o w

sa m p les  w e r e  h a r v es ted  a t  t h e  e n d  o f  th e  s tu d y  an d  ev a lu a te d  f o r

m icr on uc le i  ( M N ) f r eq uenc ies  in  po ly ch rom at ic  e ry thr ocytes  (P CE ) .

T h e  in v est iga tor s  a lso  te sted  the  e f f ect  o f  P E G -3 5 C asto r  O i l  in

h ep a t ic  cy to ch ro m e  P 4 50  i so en zy m e ex p ressio n  in  l iv er.  M ale  S w iss

a lb ino  C D 1  m ice w ere  g iv en  0 .01  m L /g  b ody  w e igh t 3%  P E G -3 5 Castor

O i l in  w a te r  o r a lly. A no the r  g rou p of  m ice w as g iv en  benzen e f o llow ed

b y 3 %  P E G -3 5 Castor  O i l  1 ,  3 ,  an d  5  h  l ate r.  T h e m ice g iven  P E G - 35

C asto r  O il  o n ly  w ere  k i l led  1 ,  3 ,  5 ,  15 ,  o r  3 0  h  a f ter  t rea tm en t ,  w h ereas

th e  m ic e  tr ea ted  w i th  b o th  P E G - 35  C as tor  O i l  an d  b en zen e  w ere  k i l l ed

a f te r  30  h .  T h e  live rs  w ere  r em ov ed  f r om  a ll  o f  the  m ice fo r  ev alua tion .

P E G - 35  C as to r  O i l  d id  no t  cau se  any  s ig n i ® c an t  o r  d o se - d ep e n d en t

in c r ese s  in  M N  b u t  d id  en h an ce  s ig n i ® c an tly  th e  c lastog enic ity  of  b en-

zen e .  W h en  P E G - 3 5  C asto r  O i l  w as ad m in iste r ed  1 ,  3 ,  an d  5  h  a f te r

b en zen e  t r e a tm en t ,  an  in v er se  t im e- d e p en d e n t  c h an g e  o c cu r r ed  in  M N

f r eq u en c ies .  T h e  en h an c em e n t  e f f e c t s  o f  P E G - 3 5  C as to r  O i l  w er e

a t tr ib u ted  to  i ts  ab i l i ty  to  ind u ce  th e  cy to ch ro m e  P 4 5 0 I  f am i ly  w h en  i t

w as  ad m in is te r ed  1  h  a f te r  b en ze n e  t r ea t m e n t .  N o  p o si t iv e  sy n er g i s t i c

e f f ec t  w as o b se rv ed  w h e n P E G - 3 5  C asto r  O i l  w as ad m in iste r ed  a t  l a te r

in te r v a l s .  T h e  in v e s t i g a to r s  a l so  n o te d  an  i n c r e ase  i n  t r a n s,t r a n s

m u con ic  ac id  (a gen oto xic  m e tabol ite  of  benzene)  in  th e ur in e f o llow ing

c o m b in ed  t r ea tm en t .

P E G - 3 0  C asto r  O il  an d  P E G -3 5  C asto r  O i l  a l so  w ere  u sed  as  n eg a-

t iv e  v eh ic le  co nt r o l s  in  sev era l  s tud ies .  P E G - 30  C asto r  O i l  w as u sed  in

a  ch r o m o so m al  ab e r r a t io n  as say  u s in g  C h in ese  h am ste r  o v ar y  ( C H O )

ce l l s  a n d  m ic r o n u c le u s a n d  sp e r m h ea d  ab n o r m al i ty  a ssay s  w i th  m ice

( Blazak  e t  a l . ,  19 8 8) .  M achem er  an d  L o rk e  (1 9 78 )  used  P E G - 3 5 C astor

O i l  in  d o m in an t l e th a l  t e s t s  o n  m a le  an d  f em ale  m ice ,  m ic ro n u c leu s

t es t s  o n  m a l e  a n d  f e m a l e  m i c e ,  a n d  a  sp e r m a to g o n ia l  t e s t  u s i n g

C h in e se  h a m s te r s .  P E G - 3 5  C as to r  O i l  a l so  w as  u sed  in  a  s tu d y  to

d e te c t  s e x - l in k e d  r e c e s s iv e  l e th a l s  in  D ro so p h i la s p e r m a t o z o a

( K or t se l ius ,  1 9 7 8) .  In  a l l  o f  these  s tud ies ,  k no w n  m u tag en s w er e  u sed

as p o si t iv e  co n tr o l s  an d  h ad  s ig n i ® c an t  ev iden ce o f  m utagen ic ity  co m-

p ar ed  w i th  th e P E G -3 0  C asto r  O il  an d  P E G - 3 5  C astor  O i l  v ehic le

con t ro ls .

CARCINOGENICITY

I n  th e  fo l lo w in g  s tud ies ,  the  P E G  C asto r  O il s  w ere  u sed  as  veh ic le  co n-

t r o l  su b s tan ces ,  an d  n o  u n t r ea ted  co n t r o l  g r o u p s w er e  u sed .

I n  an  o ra l  ca rc in og en ic i ty  s tu d y  of  sev er a l  agen ts ,  P E G -3 0  C asto r  O il

w as used  as  a  v eh ic le  co n t ro l .  M ale  S p r agu e- D aw ley  ra t s  w ere  g iv en  1
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m L of 10 %  P E G -3 0 Casto r  O i l  by  g av ag e  three  t im es a  w eek  f or  1 6  w k

an d  th en  o n ce  p e r  w eek  f o r  an  ad d i tio n a l 10  w k . A l l  o f  the  r at s  w er e

k i ll ed  d u r in g  w eek  7 7  and  n ec r o p sy  w as  pe r f o rm ed . N o  u n t rea ted  co n-

t ro l  g ro u p of  an im als  w as used .  O f  the  29  r a ts  exam in ed , the  fo l lo w in g

n eo plasm s (an d  n u m ber  of  neo p lasm s)  w ere  fo u n d : b en ig n  liv e r  tu m o r

( 1 ) ,  ke ra to acan th om a ( 1 ) ,  p itu i t a r y  ad en o m as ( 4) ,  p r o sta te  ca rc in o m a

in  s i tu  (1 ) ,  L ey dig  ce ll  tu m o r  of  th e te stis  (1) ,  ear  sp ind le  cel l  sa rcom a

(1 ) ,  p ancr eat ic i sl e t  ce ll  ad eno m a (1 ) ,  sp leen  ly m p ho m as (2 ) ,  m am m ar y

® b ro m a  (1 ) ,  su bcu tan eo us m y xo l ip o m a (1 ) ,  su bcu tan eo us ® b ro m as ( 2) ,

an d  ad r e n a l  ad en o m a ( 1 ) .  N o  co m m en t  w as  m ad e  b y  th e  in v es t ig a to r s

r eg ar d in g  th e  n o r m al  r an ge  o f  oc cu rr en ce  o f  th ese  tu m o r s in  th e i r  h is-

tor ical  d a ta base  ( F ia la  e t  a l . ,  1 9 87 ) .

I n  a n o t h e r  s t u d y,  a  P E G  C asto r  O i l  ( n u m b er  o f  m o le s  o f  e th y len e

o x id e  w as  u n sp ec i f ie d )  w as  u sed  a s  a  v eh ic le  c o n t r o l  in  a  lu n g  ad e-

n o m a  a s sa y  u s i n g  A /J  m ice.  Tw o gr o up s o f  2 0  f em ale  m ice  w er e  g iv en

e i t h e r  0 .2  m L o f  2 %  P E G  C a sto r  O i l  th r ee  t im es a  w eek  f o r  8  w k  o r  0 .2

m L of  2 %  P E G  C as to r  O i l  tw ice  each  d o sin g  d ay  fo l lo w in g  th e  sam e

d o s i n g  s c h e d u l e .  A p o s i t iv e  c o n t r o l  g r o u p  o f  4 0  m ic e  w a s g iv en

b enzo [a ] p y r en e  ( B aP )  in  P E G  C a sto r  O il  fo l lo w in g  th e  f i r s t  d o sin g

sch ed u le .  N o  u n t r e a t ed  co n t r o l  g r o u p  w as  u sed .  A l l  o f  th e  an im a ls

w e r e  k i l l ed  8  m o  a f te r  t h e  f i r s t  d o se  an d  w e r e  ex am in ed  f o r  n eo-

p l a sm s .  T h e  n e o p l a s t i c  r e s p o n s e  w a s  n o t  s i g n i f i c a n t l y  d i f f e r e n t

b e tw e en  th e  tw o  P E G  C as to r  O i l  g r o u p s ,  so  th e  d a ta  w er e  p o o led .

O n l y  tw o  o f  th e  m i ce  d i ed  d u r in g  th e  s tu d y. Tw en t y - n in e  p e r ce n t  o f

t h e  m ic e  h a d  lu n g  n e o p l a sm s ,  a n d  th e  a v e r ag e  n u m b er  o f  n e o p l a sm s

p e r  m o u se  w as  0 .3 2 .  N o n e  o f  th e  m ic e  h a d  sq u a m o u s  ce l l  p a p i l lo m as

o r  c a r c i n o m a s  o f  t h e  n o n g l a n d u l a r  s t o m a c h .  O f  t h e  B a P - t r e a t e d

g r o u p ,  f o u r  m ice  d ied ,  6 1 %  o f  th e  m ice  h ad  lu n g  n eo p la sm s,  th e  av e r-

ag e  n u m b e r  o f  n eo p la sm s p e r  m o u se  w as  1 .4 2 ,  an d  9 2 %  o f  th e  m i ce

h a d  sq u am o u s c e l l  n e o p la sm s o f  th e  n o n g la n d u l a r  s to m a ch  ( R o b i n so n

e t  a l . ,  1 9 8 7) .

I n  a  t u m o r- p r o m o t i o n  s tu d y,  a  2 %  so lu t io n  o f  P E G  C as to r  O i l

( u n sp ec i f ied  n u m b er  o f  m o les  o f  e th y len e  o x id e )  w as u sed  as  a  v eh ic le

co n t r o l .  P E G  C as to r  O i l  ( 0 .2  m L )  w as o r a l ly  ad m in is te r e d  to  11 0

f em a le  S E N C A R  m ic e  th r ee  t im e s a  w ee k  f o r  2  w k .  A f t e r  a  n o n t r e a t-

m ent  pe r io d  o f  2  w k , 1 .0  m g of  T PA in  ac e to n e  w a s to p ic a l ly  ap p l ied  to

th e  m i ce  th r ee  t im es  p e r  w e ek  f o r  2 0  w k .  N o  u n t r ea t ed  co n t r o l  g r o u p

o f  a n im al s  w a s  u se d .  A t  th e  e n d  o f  th e  s t u d y, 1 5%  of  th e  m ice  had

n e o p l a sm s .  A to ta l  o f  2 0  n e o p la sm s  w a s  p r ese n t ,  an d  t h e  n e o p la sm s±

a n im a l  r a t io  w a s 0 .1 8 .  T h e  i n v e st ig a to r s  a l so  r e p o r t ed  th e  r e su l t  o f  

9 0  m i c e  t r e a t e d  w i t h  d i m e t h y l su l f o x i d e  f o l l o w e d  b y  T PA t r e a t -

m en t :  6 %  o f  th e  m ice  h ad  n e o p lasm s,  th e r e  w er e  a  to ta l  o f  5  n e o-

p l asm s ,  a n d  t h e  n eo p l asm ±an im a l  r a t i o  w as  0 .0 6  ( R o b in so n  e t  a l . ,

1 98 9) .
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CLINICAL STUDIES

Hemodynamics

E ig h t  m en  w h o  w er e  p r ev io u sly  t e sted  in t r av en o u sly  w i th  a  d r u g  d i s-

so lved  in  2 0%  P E G - 35  C astor  O il  w er e g iven  0 .15  m L /k g P E G -3 5

C asto r  O i l  in tr aveno u sly  o ver  a  1 0- sec  in fu sio n  p er io d .  B lo o d sam ples

w ere  t ak en  1 ,  5 ,  1 0 ,  2 0 ,  an d  3 0  m in  p o stin ject io n  f o r  h i s tam in e  ana ly-

si s ,  an d  b lo o d  p r essu r e  a n d  h ea r t  ra te  w as m o n i to r ed .  N o  in c r e ase  in

p lasm a  h i s tam in e  co n ce n t ra t io n s o r  e f fe c t s  o n  b lo o d  p r es su r e  a n d  h ea r t

ra te w ere  d etected  ( D o enick e  et  a l . ,  19 73 ) .

Dermal Irritation

Tw en ty  su b jec t s  w er e  p a tch  te sted  w ith  3 0 %  P E G - 3 5 C asto r  O i l  in

w a te r  an d  1 00 %  P E G - 4 0  H y d r og en a ted  C asto r  O i l  o n  the  sk in  o f  th e i r

b ack s.  O b se r v a t io n s w ere  m ad e  a f te r  2 4  an d  48  h .  N o  sig n s o f  ir r i ta t io n

w ere  o bser ved  ( U n ive rsi ty  Cl in ic  E pp en do rf ,  1 95 1±19 54 ) .

A 2 4 -h  s in gle  insu l t  pa tch  te st  o f  a  fo r m u lat ion  co n ta in in g  2 %  P E G -

2 5  H y d r o g ena ted  C asto r  O i l  w as con d u c ted  us in g  2 0  sub jec t s .  O n e  su b-

jec t  d ev e lop ed  m i ld  e r y th em a  and  tw o  su b jec t s  h ad  b a re ly  pe r cep t ib le

r eac t io n s ( C T FA , 19 82 g ) .  In  a  s im i lar  s tud y, a  f o r m u la t io n  co n ta in in g

0 .25 %  P E G -4 0 H yd ro gena ted  Casto r  O i l  cau sed  1  of  2 0  su b jec ts  to

d ev e lop  a  m ild  reac tion  to  th e  f or m u lat ion  ( CT FA , 1981).

T he  cu m u la t iv e  i r r i ta t io n  p o ten t ia l  o f  a  fo r m u la t io n  con ta in in g  3 %

P E G - 6 0  H yd r o g en a ted  C astor  O i l  w as co n du c ted  u sin g  12  v o lu n tee rs .

O cclusiv e pa tches o f  0 .2  m L o f  th e  f o rm u la t ion  w er e  ap pl ied  to  th e

back s o f  each  sub jec t fo r  23  h  fo r  21  con secut ive  days. Tes t  s i t e s  w e r e

sco red  2 4  h  a f te r  each  app l ica t ion .  T h e co m po si te  to ta l  sco re  w as

2 2 /7 5 6.  T h e  in v est ig a to r s  co n c lud ed  th a t  th i s  fo r m u la t ion  w as es sen-

t i al ly  n o n ir r i t a t ing  (H i l l  To p R esear ch ,  19 76 ) .

Dermal Irritation and Sensitization

A fo r m ula t ion  co n ta in ing  0 .0 5 %  P E G - 4 0 H y d ro g en a ted  C astor  O i l  w as

tes ted  in  a  r ep ea t ed  in su l t  p a tch  te st  u s in g  1 2 0  v o lu n tee rs .  T h e  f o r m u-

lat io n  ( 0 .10  m L )  w as app lied  u nd er  o cc lusive  pa tch es to  th e b ack s of

each  su bjec t fo r  2 4  h  o n  M o nd ays,  Wed n esda y s,  a n d  F r id ay s  f o r  3  w k .

A f te r  a  2 - w k  no n t r ea tm en t  p e r io d ,  ch a l len g e  p a tch es o f  th e  fo r m u la t io n

w er e  ap p l ied  to  p r ev io u s ly  u n t r ea ted  s i t e s .

F iv e  su bjec t s  had  o n e in c iden ce  each  o f  ba r e ly  p e rcep t ib le  e ry them a

d u r in g  th e  i n d u c t io n  p h ase  o f  th e  s tu d y. O n e  of  these  su b jec t s  a l so  h ad

a  m i ld  r eac t io n  to  th e  ch a l len ge  a pp l ica t io n  a t  b o th  the  2 4 - h  an d  4 8- h

r ead in g s.  O n e  su b jec t ,  w h o  sho w ed  n o  r eac t io n  d u r in g  th e  in d u c t io n

p h ase ,  h ad  a  b a r e ly  p e rce p tib le  r eac t io n  a t  th e  4 8 - h  ch a l len g e  re ad ing .
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F ol low - up  te st ing  of  th ese  tw o su b jec t s  w as co n d uc ted  u sin g  th e  f o rm u-

la tio n  ª a s  is º  an d  a t  a  1 :3  d ilu t io n  in  w a te r.  R eact iv i ty  w as no t  co n-

® r m ed  in  o n e  sub jec t ,  b u t th e  o th e r  su b jec t  h ad  a  v e r y  w eak  re ac t io n  to

the  ª a s- isº  f o rm u la t ion  a t  th e  2 4- h  gr ad in g  pe r iod .  T h e in v es tig a to r s

n o te d  th a t  th i s  r e ac t iv i ty  w as m u ch  le s s  th an  a t  c h a l le n g e  an d  w as  o f

q uest io n able  c lin ica l  s ig n i ® c an ce .  T h ey  co n c lu d ed  th a t th is  f or m u la tio n

w as no t  an  a l l e r g ic  sen si t i ze r  ( C T FA, 1977b).

U sin g  th e  sam e  p r oced u r es ,  a  f o r m u la t ion  co n ta in in g  0 .2 5 %  P E G -4 0

H y d ro g en a ted  C asto r  O i l  w as t e sted  f o r  a ll e r g ic  co n tac t  sen si t iza t io n

p oten tia l  o n  8 6  su b jec t s .  Tw o  su b je c t s  h ad  m in im a l  i r r i t a t io n  d u r in g

th e  in d u c t i o n  p h a se  o f  th e  s tu d y,  b u t  n e i th e r  r ea c ted  to  th e  ch a l len g e

p a tch .  O n e  su bjec t ,  w h o  h ad  no  s ig n s o f  ir r i ta t io n  du r in g  in d u c t io n ,  h ad

f a in t  e r y th em a  a t  th e  2 4 - h  g ra d in g  p e r io d  o n ly. T he  inv est iga to rs  co n-

c lu d ed  th a t  th i s  f o r m u la t io n  w as n o t  a  se n si t i ze r  ( C T FA , 1982h) .

A fo rm u la t ion  con ta in in g  3 .0 %  P E G - 6 0 H yd r og en a ted  Casto r  O il  a l so

w a s te s ted  u s in g  th e  sa m e  r ep e a te d  in su l t  p a tch  p r o ced u r es  w i th  1 0 2

su bject s .  N o sign s o f  i r r i t a tion  w ere  o bse rv ed  in  an y  of  th e  sub jec t s

d u rn g  in d uc t io n .  O n ly  o ne  do u b t fu l  r eac t io n  w as ob se r v ed  a t  the  48 - h

r ead in g  a f te r  ch a l len ge .  F o llo w - u p te st in g  of  th i s  su b jec t w i th  th e  f or-

m ula t ion  an d  a  1 :3  d ilu t io n  of  th e  f or m ula t ion  w as n eg a t iv e  (C T FA ,

19 76d ) .

Jo nes an d  K en ned y ( 19 8 8)  repo r ted  tw o cases  o f  eczem a  f ro m  a  top i-

ca l  m ed icam e n t  u se d  to  t r ea t  l eg  u lc e r s .  P a tch  te st s  w i th  th e  co n-

st i tu ents  o f  th i s  c ream  im p lica ted  P E G -4 0  C asto r  O il  ( 0 .1%  an d 1%

p et .)  a s  th e  sen si t i z in g  ag en t .  T h is  in g re dien t  in d u ced  sev er e  g r ad e- 3

r eac t io n s a t  4 8  an d  9 6  h  in  bo th  p a t ien ts .  T h e  a ll e r g en ic i ty  o f  th ese

r eac t io n s w a s su p p o r ted  b y  te s ts  w i th  1 0  co n t r o l  p a t ien t s ,  w h o  h ad  n eg-

a tive  r eac tio ns to  0 .1 %  and  1 %  P E G - 40  C asto r  O il .

Anaphylactoid Reactions

S ev er a l  c ase  s tu d ies  o f  an ap h y lac to id  r ea c t io n s a s so c ia ted  w i th  in t r a-

v en ou s adm in istr a t io n  of  d r u g s d i sso lv ed  in  P E G - 3 5  C asto r  O i l  h av e

b een  repo r ted .  I n  a ll  o f  th ese  cases ,  P E G - 35  Castor  O i l  cou ld  n ot  be

d i re t ly  im p l ica ted  as  th e  cau se  f or  th e  adv er se  r eac t io n ;  h ow ev er,  su ch

f ac to rs  a s  to le ran ce  o f  th e  d ru g s a lo n e  w h en  ad m in iste r ed  o r a l ly,  t r e a t-

m en t  w i th  dr u g s f r o m  the  sam e  f am ily  n o t  d i sso lv ed  in  P E G - 3 5  C asto r

O il ,  an d  s im i la r  in  sev era l  typ es o f  d r ug s in  w h ich  P E G - 35  C asto r  O i l

w as  th e  so lv en t  s t r o n g ly  su g g es t  th a t  P E G - 3 5  C as to r  O i l  w as  th e  ca u se

o f  th e  a n ap h y lax is .

M o s t  o f  t h e  c a se  r e p o r t s  a r e  o f  i n t r a v e n o u s  t r e a t m e n t  w i t h

cy clo spo r ine  d isso lved  in  P E G -3 5 Castor  O il  (Van H ooff  et  al . , 1987;

M ag a lin i e t  al . ,  19 86 ; P tachc in ski  e t  a l . ,  19 85 ; H ow rie  et  a l . ,  1 98 5;

C h apu is  et  a l . ,  1 9 85 ;  L eu n issen  e t  a l . ,  1 9 85 ;  F r iedm an  e t  a l . ,  1 98 5 ;
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K ahan  e t  a l . ,  1 98 4 ) .  In  g en er a l ,  su b jec t s  exp er ien ced  ¯ u sh in g ,  b r o n-

ch o sp a sm ,  d y sp n ea ,  ch es t  p a in s ,  p r u r i tu s ,  u r t i ca r ia ,  an d  h y p o t en s io n

w ith in  m in u tes  o f  in jec tio n .  Reac t io n s w er e  d o cum en ted  occu rr ing  b oth

a f te r  th e  ® r s t  d o se  an d  a f te r  m u l t ip le  d o ses .  In  so m e  in stan ce s,  th e

r esea r ch e r s  w er e  ab le  to  d e te r m in e  th a t  th e  su b jec t s  h ad  p r ev io u s

ex po su re  to  o th e r  dr u gs d i sso lv ed  in  P E G - 35  C astor  O i l .

I n t r a v en o u s  t r ea t m e n t  w i t h  v i t am in  K
1

( p h y to n ad io n e)  a l so  h as b een

l in k ed  w i th  an ap h ylac to id  r eac tio ns ( de  l a R u bia  et  a l . ,  19 8 9;  L ef re r e

and  G i ro t ,  19 87 ; R ich  and  D r ag e ,  19 82 ;  B arash  e t  al . ,  1 97 6) .  Wi t h i n

m i n u te s  o f  a  b o lu s  in je c t io n ,  p a t i en t s  d e v e l o p e d  f a c ia l  f lu sh in g ,

h y p o ten s io n ,  ch est  p a in ,  d y sp n ea ,  a n d  ab d o m in a l  p a in .  I n  th e  ® v e  cases

r ep o r ted ,  f o u r  su b jec t s  w e r e  ad m in iste r ed  th e  d r u g  an  u n d i lu ted  a n d

o n e  w a s ad m in iste r ed  a  d i lu ted  f o r m .  I n  o n e  case ,  an ap h y la c to id  r eac-

t io n s w er e  p r ev en te d  in  a  su b seq u en t  in jec t ion  b y  u sin g  a  d i lu ted  fo r m

o f  th e  d ru g  an d  ad m in iste r in g  i t  a t  a  s lo w er  in f u sio n  ra te .  T hr ee  o f  th e

cases o ccu r red  o n  th e  ® r s t  in jec t ion ,  an d  tw o  occu rr ed  a f te r  a  secon d

in jec t io n ,  w h ich  r esu l ted  in  o ne  d ea th .

T h e  an e sth e t i c  d r u g ,  A lth esin ,  w h ich  w as a  co m b in a tio n  o f  a lp h a-

x a l o n e  a n d  a lp h ad o lo n e ,  w a s w i th d r aw n  f r o m  t h e  m a r k e t  i n  1 9 8 3

b ecau se  of  the  h igh  inc id en ce  of  an ap h ylac tic  reac t io ns to  the  so lven t,

P E G -3 5 C asto r  O il  ( S m o linske ,  19 92 ) .

A n ap h y lac t ic  r ea c t io n  a l so  h av e  b een  asso c ia ted  w i th  in t ra v en o u s

t rea tm en ts  w i th  d iazep am  ( H ü t te l  e t  a l . ,  1 98 0 ) ,  t en ip os id e  ( S id d a l  e t

al . ,  19 89) , and  d isoprofo l (Br igg s et  al . , 1982) .

T h e  m ec ha nism  b eh in d  th ese  ty p es o f  reac tio n s i s  n o t  c lea r.  D o en icke

e t  a l .  ( 1 9 7 3 )  r e p o r te d  th a t  a l t h o u g h  h i s t a m i n e  r e l e a se  o c c u r s  i n

p a t ie n t s  t r e a te d  w i th  d r u g s d i sso lv ed  i n  P E G - 3 5  C as t o r  O i l ,  t h i s

v eh ic le  a lo ne  d id  n o t  in d u ce  h i s tam in e  r e lease .  I t  i s  b e liev ed  th a t  th i s

co m p o u n d  c au se s h i s tam in e  r e lea se  w h en  ad m in ist e r ed  in  c o m b in a t io n

w i th  ce r ta in  an aesth e t ic  d r ug s ( L o ren z ,  19 7 5 ) .  Wa tk in s e t  a l .  ( 1 9 76 )

a l so  p ro p o se d  th a t  th e  su r f ac tan t  p r o p er t i e s  o f  P E G - 3 5  C asto r  O i l

en h an c e  th e  im m u n o g en ic i ty  o f  co n cu r r en t ly  ad m in iste r ed  d ru g s .

In  a  s tu dy  b y  R adf o rd  et  a l .  ( 19 8 2) ,  act iva t io n  o f  th e a l te r na t iv e  co m-

p lem e n t  p a th w a y  w as a sso c ia ted  w i th  su b jec t s  r eac t in g  to  ® r s t  ex p o-

su r e  to  A l th esin ,  w her eas th e  ac t iv a t io n  o f  th e  c la ssic  co m p lem en t

p a th w ay  w as  as so c i a ted  w i th  r eac t io n s to  a  re p ea t  ex p o su r e  to  th e

d r u g .  I n  g en er a l ,  p a t ie n t s  r ea c t in g  to  a  r ep e a t  ex p o su r e  to  t h e  d r u g

h ave  m or e  sev ere  c l in ica l  reac t io n s,  w h ich  a r e im m u n olo gica lly  re lated .

In  a  1 0- yea r  su rv ey  o f  118  p a t ie n t s  w i th  A l th esi n - r e la te d  h y p er sen s i-

t iv i ty, 1 %  of  th e cases  w ere  c la ssi ® e d  a s  im m u n o g lo b in  E ±m ed ia ted

ty p e  I  h y p er sen si t iv i ty, 36 %  to  im m u n e  co m plem en t -m ed ia ted  r eac-

t io ns  in v o lv in g  o th e r  an t ibo d ies ,  4 0 %  to  a l t e rn a te  p a th w ay  co m plem en t

C 3 ac tiv at io n ,  and  23 %  to  m ixed  react ion s (Wa tk in s ,  1 9 8 6 ) .
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SUMMARY

P E G - 3 0 ,  - 3 3 ,  - 3 5 ,  - 3 6 ,  an d  - 4 0  C a st o r  O i l  an d  P E G - 3 0  a n d  - 4 0

H yd ro g ena ted  C asto r  O i l  a r e po ly e th y len e  g ly co l  de r iv a tives  o f  castor

o i l  an d  h y dr o g en a ted  casto r  o il  tha t  a re  u sed  in  a  v ar ie ty  o f  co sm et ic

p r o d u c t s  a s  e m u ls i ® e r s  o r  so lu b i l i z in g  ag e n ts .  F o r m u la t io n  d a ta  su b-

m i t te d  t o  th e  F D A in  19 95  rep or ted  a to ta l  o f  5 40  cosm et ic  fo rm ula tion s

co n ta in in g  th e se  in g r ed ie n t s .

A t the  cel lu la r  l ev el ,  P E G - 35  Casto r  O il  af fect s  a  va r iety  o f  ce llu lar

fu n c tion s,  in c lu d in g  AT P p ro d u c t io n ,  P K C  ac tiv a t ion ,  r en a l  p r o x im al

tu b u le  ce l l  f u n c t io n ,  an d  n eu r i t e  ou tg r o w th .  P E G - 40  H y d ro g en a ted

C asto r  O il  a f fec ted  th e  in teg r ity  o f  hu m an ep i th e l ia l  ce l ls .

I n  t h e  p h ar m a c eu t i c a l  i n d u st r y, P E G -3 5  Casto r  O i l  an d  P E G -4 0

C a sto r  O i l  a r e  co m m o n ly  u sed  as  so l v en t s  f o r  in t r a v en o u s d r u g s .

T h ere fo re ,  m u ch o f  the  tox ic ity  da ta  ava i lab le  on  th is  f am ily  of  in gr ed i-

en t s  a r e  sp ec i ® c a l ly  o n  in t r av en o u s u se .

H em o d y n am ic  s tu d ie s  in d ica te  th a t  in t r av en o u s ex p o su r e  to  P E G - 3 5

C asto r  O i l  cau ses a lt e r a t ion s in  ca r d iac  o u tpu t ,  b lo o d  p r essu r e ,  b loo d

¯ o w  to  v a r io us  o r g an s,  an d  h i s tam ine  r e lease .  E n d o th e l ia l  d y sf u n c t io n

o f  i so la ted  r a t  h ea r t s  a l so  w as  a l t e re d  b y  ex p o su re  to  P E G - 3 5  C asto r

O i l.

T h e  or a l  L D
5 0

of  tw o co sm et ic  fo rm ulat io ns con ta in in g  e ithe r  2 .0%

P E G - 2 5  H y d r o g en a ted  C as to r  O i l  o r  0 .2 5 %  P E G - 4 0  H y d r o g e n a ted

C asto r  O i l  w as r epo r ted  to  b e m or e  th an  1 5 .0  g /kg  fo r  ra t s.  F o r  a  fo r-

m u la t io n  con ta in in g  3 .0 %  P E G - 60  H y d r og en a ted  C astor  O i l ,  th e  L D
5 0

f o r  ra t s  w as m o re  than  5 .0  g /k g .

P E G - 3 5  C asto r  O i l  cau ses acu te  n ep h r o to x ic i ty  in  r a t s .  I n  th e  i so-

la ted  p e rf u sed  r a t  k id n ey  m o d e l ,  th is  in g r ed ien t  in d u ced  v aso co n st r ic-

t ion  and  red u ced  r en a l  b lo o d  ¯ o w  an d  g lo m eru la r  ® l t r a t i o n  r a t e  in  r a t s .

A n o th e r  s tu d y  r ep o r ted  th a t  P E G - 3 5  C asto r  O i l  cau se d  th e  d e v e lo p-

m ent  o f  c ry sta l s  in  th e  p r ox im al tu b u les  o f  r a ts ;  h o w ever,  n o  n ep h r o-

tox ic ef fec t s  w er e  o bse r ved  in  a  s tu dy  u sin g  r ab b it s .

I m p a i r m en t  o f  r en a l  fu n c tio n  a l so  w as  o b se rv e d  in  acu te  in t r av en o u s

stu d ies  o f  P E G - 3 5  C asto r  O i l  u sin g  r a t s .

In  sho r t- te rm  stud ies ,  th e  to x ic i ty  of  P E G -35  C astor  O il  to  do gs f o l-

lo w in g  in t r av e n o u s e x p o su r e  w as  g r ea te r  th an  th a t  o f  P E G - 3 0  C a sto r

O il .  C h ang es in  l ip id  an d  lip o pr o te in  v a lues an d  accu m u lat io n  o f  l ip id

in  th e  sp leen ,  lym p h  no d es,  l iv e r,  an d  k id ney s w ere  o b ser v ed;  h o w ev er,

no  tox ici ty  o r  any  adv erse  m acroscopic or  m icro sco pic  chang es w ere

o b se r v ed  in  tw o s tud ies  us ing  r ab b i t s .  A stu d y  o f  P E G -4 0  H y d ro g en a ted

C astor  O il  p rod uced  som e ev id ence of  tox ic ity  a s w e l l  as  a  stor ag e

p r o c e s s  i n  t h e  sp l e n i c  r e t i c u lu m ,  b u t  n o  f u n c t i o n a l  d i s t u r b a n c e

o ccu r red .
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F o l l o w i n g  r e p e a te d  i n t r a m u sc u la r  i n j e c t io n s  w i t h  5 0 %  P E G - 3 5

C asto r  O i l ,  n o  s ig n i ® can t s ig n s o f  to x ic i ty  w ere  ob se rv ed  in  do gs.

N eg a t iv e  r e su l t s  a l so  w e r e  o b t a in ed  in  s tu d ies  w i th  r a b b i t s  an d  g u i n ea

p ig s.

N o sign i ® c an t  s ign s o f  to x ici ty  w ere  o bse rv ed  in  su bchr on ic  ora l

s tud ies  o f  5 %  P E G - 40  C asto r  O il  using  ra t s  an d  d o gs,  1 00 ,0 0 0- pp m

P E G - 4 0  H y d r o g e n a t e d  C a s t o r  O i l  u s i n g  r a t s ,  a n d  5 %  P E G - 4 0

H y d r og en a ted  C asto r  O i l  us in g  d o g s.  R esu l ts  w ere  a l so  n eg a t iv e  in  su b-

ch ro n ic  de r m al  s tu d ies  u sin g  ra t s  fo r  fo r m ula t io ns co n ta in in g  0 .25 %

P E G - 4 0  H y d r o g e n a t ed  C as t o r  O i l  o r  3 .0 %  P E G - 6 0  H y d r o g e n a t ed

C asto r  O i l .

U n d i lu ted  P E G - 3 5  C asto r  O i l  a n d  P E G - 4 0  H y d r o g en a ted  C as to r  O i l

ca u sed  m i l d  t r an si en t  d e r m a l  i r r i t a t io n  w h en  ap p l ied  to  th e  sk in  o f  r ab-

b i t s .  P r im ar y  ir r i ta tio n  s tu d ies  o f  f o rm u la t io n s co n ta in in g  e i th e r  2 .0%

P E G - 2 5  H y d r o g en a ted  C as to r  O i l  o r  0 .2 5 %  P E G - 4 0  H y d r o g e n a ted

C astor  O i l  p ro d u ced  m in im al  s ig n s o f  i r r i ta t io n .

I n  a  sen si t i za tio n  s tud y  w i th  g u inea  p ig s ,  5 0 %  P E G - 3 5  C asto r  O i l

cau sed  i r r i t a t io n  d u r in g  t h e  in d u c t io n  p h a se  o f  th e  ex p er im en t ,  b u t  n o

sen sit izat io n  w as o bse rv ed  f o l lo w in g  a  ch al leng e app lica tion  o f  5%

P E G - 3 5  C as t o r  O i l .  S i m i la r  r e su l t s  w er e  o b ta in e d  i n  in t r ad e r m a l

s t u d i e s .

S o m e  ev id en ce  sh o w ed  th a t  P E G -3 5  C as to r  O i l  w as a  p o ten t  ad ju-

v an t  o f  ce l lu la r  im m u n e  r esp o n se  in  s tu d ies  u sin g  g u in e a  p ig s  an d

m ice .

N o  ocu la r  ir r i ta t io n  w as ob se r v ed  in  r ab bi t s  w i th  e i th e r  3 0 %  aq  P E G -

3 5 C asto r  O i l  o r  a  f o rm u la t io n  co nta in in g  2 .0 %  P E G -2 5  H yd r og en ated

C as to r  O i l .  S l ig h t ,  t r an s ien t  o cu la r  i r r i t a t io n  w as o b se r v ed  w i th  u n d i-

lu ted  an d  5 0 %  aq  P E G -4 0  H y d r o g en a ted  C asto r  O i l  an d  w ith  f o r m u la-

t io n s co n tain in g  e ith er  0 .2 5%  P E G - 4 0 H y dr o gen a ted  C asto r  O i l  o r  3%

P E G - 6 0  H yd r o g en a ted  C asto r  O i l .

A diet  o f  1 00 ,0 00 -p pm  P E G -4 0  H y dr og ena ted  C astor  O i l  fed  to  p reg-

n an t  r a t s  th r o u g h 2 0  d ay s o f  g esta t io n  d id  n o t  cau se  te r a to g en ic  e f f ec t s

to  th e  fe tu se s .  S im i la r ly,  no  ter a to gen ic  e f f ect s  w er e  ob se rv ed  w hen

p reg n an t m ice  w ere  fed  1 0 ,0 0 0- p p m  P E G - 4 0  H yd r o gen a ted  C asto r  O i l .

I n  rep r od u c t iv e  an d  d eve lo p m en ta l  tox ic i ty  s tu d ies  in  w h ich  1 %

P E G - 3 0 and  8 %  P E G - 35  C asto r  O il  w er e u sed  as  veh ic le  co nt ro l s ,

adv erse  ef fec ts  o n  f er ti l i ty  o r  d eve lo p m ent  fo llo w ing  or a l ad m inis tra-

t io n  w ere  n o t ob se r ved .

P E G - 35  C asto r  O i l  d id  n o t cau se  an y  s ig n i ® c an t  clastog en ic  ef fec ts  in

m ice bu t d id  pr od uce  coc lastog en ic  e f fect s  w hen  adm in iste r ed  in  co m b i-

n a t io n  w i th  b en z en e .  P E G - 3 0  an d  P E G - 3 5  C as to r  O i l  w er e  u sed  as  n eg-

a t iv e  v eh ic le  co n tr o l s  in  a  v a r ie ty  o f  m utag en ic i ty  a ssa ys .  I n  th ese  s tu d-

i e s ,  k n o w n  m u ta g e n s  h a d  s ig n i f i c a n t  e v i d e n c e  o f  m u ta g e n i c i t y

co m p are d  w i th  th ese  veh ic les .
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T h e  o nly  ava i lab le  d a ta  o n  th e  ca r c ino g en ic  p o ten t ia l  o f  the  P E G

C as to r  O i l s  w er e  f r o m  stu d ies  in  w h ich  th ese  in g r ed ien t s  w er e  u sed  as

vehic le  co nt ro l s.  In  c lin ica l s tud ies ,  P E G - 35 Castor  O i l  h ad  no  ef fect  on

th e  p lasm a  h i s t am in e  co n ce n t r a t i o n  o f  m e n  f o l l o w i n g  i n t r av e n o u s

a d m i n is t r a t i o n .

A 3 0 %  so lu t io n  o f  P E G - 3 5  C a st o r  O i l  an d  1 0 0 %  P E G - 4 0

H y d ro g en a ted  C asto r  O i l  w er e  n o t  i r r i t a t in g  to  th e  sk in  o f  2 0  su b jec t s .

N eg a t iv e  r e su l ts  a l so  w er e  o b ta in ed  in  s in g le  2 4 -h  in su l t  p a tch  te s t s

w i th  f o r m u l a t i o n s  c o n ta i n i n g  e i t h e r  2 . 0 %  P E G - 2 5  H y d r o g e n a t e d

C astor  O i l  o r  0 .2 5 %  P E G - 40  H yd r og en a ted  C asto r  O i l .  In  a cu m u la tiv e

i r r i t a t io n  s tu d y, a  f o rm u la t io n  co n ta in ing  3 %  P E G - 6 0 H y d ro g ena ted

C a sto r  O i l  w a s n o n i r r i t a t in g .

N o evid en ce  o f  sen si t iza tion  w as sho w n in  c lin ica l s tud ies  w i th  fo r-

m ula t io n s co n ta in in g  e i the r  0 .0 5 %  o r  0 .2 5%  P E G - 40  H y d ro g ena ted

C asto r  O i l ,  o r  3 .0 %  P E G - 60  H yd ro g en a ted  C asto r  O il .

P E G - 3 5  C asto r  O i l  h a s  b een  asso c ia ted  w i th  case  r ep o r t s  o f  an ap h y-

lac to id  reac t ion s f o l lo w ing  in t rav en ou s ad m in ist ra t ion  o f  d ru g s d i s-

so lv ed  in  th i s  v eh ic le .  A l th o u g h  P E G - 3 5  C as to r  O i l  h a s  n o t  b ee n

d ir ec tly  im p l ica ted  as  th e  cau se fo r  th ese  typ es o f  r eac t ion s,  fac tor s

su ch  as  to le r an ce  o f  th e  d r u g s a lo n e  w h en  ad m in iste r ed  o r a l ly,  t r e a t-

m en t  w i th  dr u g s f r o m  the  sam e  f am ily  n o t  d i sso lv ed  in  P E G - 3 5  C asto r

O il ,  an d  s im ila r  r eact io ns o b ser v ed  in  sev era l  ty p es o f  dr u gs in  w h ich

P E G - 3 5  C ast o r  O i l  w as th e  so lv en t  s t r o n g ly  su g g es t  th a t  P E G - 3 5

C asto r  O i l  w as th e  cau se  o f  th e  an ap h y lac t ic  r eac t io ns .

DISCUSSION

T he  C o sm et ic  In g r ed ien t  R ev iew  (C I R )  E x p er t  P an e l  r ev iew ed  th e

a v a i l a b l e  s a f e t y  d a t a  o n  t h e  P E G  C a s t o r  O i l s  a n d  t h e  P E G

H y d r o g e n a t ed  C a st o r  O i l s  an d  a g r ee d  th a t  th ese  in g r ed i en t s  se em  to

h av e  l i t t l e  tox ici ty.  T h e  o n ly  ad v er se  reac tio n s o bse rv ed  w ere  an ap h y-

lac to id  r eac t io n s in  in t r av en o us  s tu d ies .  B ecau se  th is  r o u te  o f  ex p o su r e

d oes no t  o ccur  f r om  co sm et ic  u se ,  th e  P ane l  w as n o t co ncern ed  ab o ut

th i s  ty p e o f  r i sk .  T h e  P ane l  d id  ex pr ess  co ncer n  o ver  th e  l ack  o f  cur ren t

co n ce n t r a t io n  o f  u se  d a ta .  I t  w as ag r eed  th a t  co n c en t r a t io n  l im i t s

sh o u ld  b e  b ased  o n  th e  av a i lab le  t e s t  d a ta  o n  i r r i t a t i o n  an d  se n si t i z a-

t io n .  T h e  h ig h est  con ce nt r a t io n  te sted  y ie ld in g  n eg a t iv e  r e su l t s  f o r  th e

P E G  C asto r  O i l  fam i ly  w as 50 %  P E G - 3 5 C asto r  O i l  in  a sen si t i za t io n

stu d y  w i th  g u in ea  p ig s .  F o r  th e  P E G  H y d r o g en a ted  C asto r  O i l  f am i ly,

u n d i lu ted  P E G - 4 0  H y d r o g e n a ted  C asto r  O i l  w as n eg a t iv e  in  a n im al

an d  c l in ic a l  i r r i t a t io n  s tu d ies .  T h e  P an e l  ag r e ed  th a t  th e  ch e m ica l  s im-

i la r ity  o f  th ese  tw o  in g r ed ien t s  to  th e  o th e r  in g re dien t s  in  th e i r  re sp ec-

t iv e fam i lie s al lo w s fo r  ex tr ap o la tio n  o f  th e co n cen tr at io n  l im i ts  to

th ese  o t h e r  in g r ed ien t s .
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CONCLUSION

B a se d  o n  t h e  i r r i t a t io n  a n d  se n s i t i z a t io n  d a ta  p r ese n te d  i n  t h i s  r e p o r t ,

the  C IR  E x per t  P an el  con c lu des th a t P E G -3 0, - 33 ,  -3 5 ,  -3 6 ,  an d  - 40

C astor  O il  a re  sa f e  fo r  use  in  cosm et ics  a t  con cen tr a t io n s up  to  50 %  an d

th a t  P E G -3 0  an d  - 4 0  H y d r o gen a ted  C asto r  O i l  a r e  sa f e  f o r  u se  a t  co n-

cen tr at io ns o f  u p  to  1 0 0% .
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