
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
C E T R IM O N IU M  C H L O R ID E ,  C E T R IM O N IU M  B R O M ID E ,

A N D  S T E A R T R IM O N IU M  C H L O R ID E1

C et rim o niu m  B ro m id e ,  C e tr im o n iu m  C hl or ide ,  and  S tear tr im on ium  C h lor id e

are  qua ternary am m onium  sa l ts used  for  a  varie ty o f purposes in  cosm et ics a t

concen trat ions of  up  to  10% . C etrim on ium  Brom ide  g iven oral ly i s poorly

absorbed  from  the  in test ine  and  is  excre ted  in  feces . C etrim on ium  Brom ide

app l ied  derm al ly  i s absorbed  in to  the  sk in , bu t  no t  rap id ly. D erm a l i rri ta t ion

and  sensi t i za t ion  and  ocu la r i rr i ta t io n  are  seen  w i th  these  qua tern ary  am m o-

n ium  sa l ts.  C e trim on ium  Brom ide  w as  em bryo tox ic and  tera togen ic in  m ice  fo l-

low ing  in traperi tonea l in ject ion o f  35  mg/ k g; only teratogenic ef fects w ere

observed  w i th  10  mg/ k g . E m bryo tox ic  ef fects consis tent  w ith  m aterna l  toxici ty

w ere  seen  in  a  ra t- feed ing  s tudy  using  50  mg/ k g/ d a y. D erm al exposure to  2%

C etrim onium  C hloride  produced  no ev idence of  te ratogen ic ity;  nor d id  2.5%

S t ea r t r i m o n iu m  C h lo r i d e .  A l l  m u ta g e ne s i s  a ssa y s  u sed  w e re  n e ga t i ve .

R epea ted insu lt  pa tch  tests o f concen tra t ions o f  up  to  0 .25%  C etrim on ium

C hloride  produced  no  sens it i za tion  reac t ions,  a lthough irri ta tion  w as  observed

d u r i n g  i n d u c t i o n .  B a se d  o n  th e  a va i l a b l e  d a t a  C e t r i m o n i u m  B ro m i d e ,

C e trim on ium  C hlor ide , a nd  S teartr im on ium  C hloride  are  considered  sa fe  for

use in  rinse-o ff cosm et ic  products bu t are sa fe only a t concen tra tions o f up  to

0 .25%  in  leave-on  produc ts.

C etr im o nium  B ro m id e  an d  C et r im on ium  C hlo r ide  a re  q u ate rn a ry  am-

m o niu m  salt s used  as  co sm etic b ioc id es,  an tis ta tic  ag en ts ,  su rfactan t -

c leansing  ag ents ,  su rf ac tan t- em u lsi fy in g  agen ts ,  an d  su rfac tan t- susp en d-

ing  agen ts  in  co sm etic pr od u cts .  S tea r t r im o nium  C hlo r id e  i s  a lso  a

q u a te r n a r y  am m o n iu m  sa l t  th a t  h as  b e en  u sed  as  a n  an t i s ta t i c  ag en t  a n d

surfactan t.  T his  repor t  is  a rev iew  of  the  sa fe ty  d ata  on  th ese ingredien ts .

CHEMISTRY

De® nition and Structure

C et r im o n iu m  C h lo r ide  ( CA S  N o . 112 - 02 - 7)  an d  C e t r im on iu m  Br o m id e

( C A S  N o.  5 7 - 09 - 0 )  a r e  q u a te rn a r y  am m on iu m  sa l t s  th a t  co n f o rm  to  th e

f or m u la  sh ow n  in  F ig ur e  1  ( Wen n in g er  an d  M cE w en ,  1 9 9 5 a) .

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 6:1 95 ± 2 20 ,  1997 195
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 u s an  P an g  an d  Ly n n  Wil li s, Sc ient i ® c A n a ly s ts  an d  Wr i t e r s,  p r epa red  th is  re po 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 ,  20036 ,  U SA
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O th er  nam es fo r  Ce t r im o niu m  C h lor ide  ( B ro m id e)  in c lu d e  1-H e x a d e-

ca n a m in iu m ,  N ,N ,N -T rim e th y l - ,C hlor ide  (B rom id e) ;  N ,N ,N -T r im et h y l -

1 - h e x a d e c an am in iu m  C hlor ide  (B rom ide) ; C e ty l  T r im e t h y l  Am m o n i u m

C hlor ide  (B rom ide)  (Wen n in g er  an d  M cE w en ,  1 9 9 5 a) .  C e t r im o n iu m

B r om id e  is  a l so  kn o w n  as  A lk y l t r im e th y l am m o n iu m  b r o m id e  ( K ab ar a ,

1 9 8 4 )  a n d  b y  th e  t r ad e  n a m e  C y c lo to n  ( We n n i n g e r  a n d  M c E w e n ,

1 9 9 5 a ) .  Tr a d e n a m e s  f o r  C e t r im o n i u m  C h l o r i d e  i n c l u d e  A m m o n y x

C E TA C, A rq u ad 1 6 -2 5 W, A rq u ad  1 6 -2 9 W,  B a r q u a t  C T- 2 9 ,  C ar so q u a t

C T- 4 29 , C h em q u a t  1 6 -2 9 , C h em q u a t 1 6 -5 0 , C TA C, Cyclo ton  M 242C /29,

D e h y q u a r t  A , G en am in  C TA C, In cro qua t C T C-5 0, Var isof t  250 , Va r i so f t

3 0 0 ,  an d  Va r isof t  355  (We nn in g er  an d  M cE w e n , 1 9 9 5 a) .

S te a r t r i m o n i u m  C h lo r id e  ( C A S  N o .  11 2 - 0 3 - 8 )  i s  th e  q u a t e r n a r y

a m m o n i u m  sa l t  th a t  c o n f o r m s to  th e  f o r m u la  sh o w n  in  F i g u r e  2

(Wen n in g er  an d  M cE w en , 1 9 9 5 a) .

O th er  c h em ica l  n am es  f o r  th i s  in g r ed ien t  a r e  N ,N ,N - Trim eth y l -1 -

O c tadecan am in iu m  C h lo r id e ;  1 - O c tad ecan am in iu m ,  N ,N ,N -Trim ethy l - ,

C h lo r id e ;  S tear y l Tr im e th y l  A m m o n iu m  C h lo r id e ;  S tea r y l t r i m e th y l-

a m m o n i u m  C h lo r id e ;  Tr im e t h y l - o c ta d e cy la m m o n iu m  C h lo r id e ;  an d

Tr i m e t h y l - s t e a r y l a m m o n i u m  C h l o r id e  ( We n n i n g e r  a n d  M c E w e n ,

1 99 5 a ;  R T E C S ,  1 9 9 2) .  S tea r t r im o n iu m  C h lor ide  i s  a l so  k no w n  b y  th e

t rad e  n am es H o e S  3 6 15 - 1 ,  K em am in e  Q -9 9 0 3B , Va r iso f t  T S - 5 0 , an d

Va r i so f t  T S C . A r q u ad  1 8 - 5 0  i s  a  m ix tu r e  c o n ta in in g  S te a r t r im o n iu m

C hlo r id e (Wen n in g er  an d  M cE w en ,  1 9 9 5 a) .

Chemical and Physical Properties

C et r im o n iu m  B ro m id e  h as a  m o lecu la r  w e ig ht  of  3 6 4 .48  and  a  m e l tin g

p oin t  r an ge  o f  23 7°C  to  24 3°C . I t  i s so lu ble  in  alcoh o l an d  i s  som ew ha t

so lu b le  in  w a te r  an d  ace to n e  b u t  i s  n o t  so lu b le  in  b en zen e  or  e th e r.  I t  i s

s tab le  a t  ac id ic  p H  (B u dav ar i ,  19 8 9 ) ,  w i th  an  op t im u m  bio c id e  p H

ran ge  o f  4  to  1 0  (K ab ar a ,  1 98 4) .  I t  i s  incom pa tib le  w ith  an io nics,  soap ,

n i t r a t e s ,  h ea v y  m eta l s ,  o x id a n ts ,  r u b b er,  p r o te in s ,  and  b lo o d  ( K ab ar a ,

1984) .

Figure 1. F or m ul a  f o r  C e tr im o n iu m  C h l o r id e  an d  C e t r im on i um  B r o m i de ,

w he r e  X± i s  e i the r  a  ch lo r ide  o r  b ro m ide  i on .
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S tea r t r im o n i u m  C h lo r id e  i s  an  a m b er  l iq u id  th a t  c o n ta in s  ap p r o x i-

m ate ly  5 0 %  ac t iv e  q u a te r n a r y  ( H u n t in g ,  1 9 8 3 )  an d  h as a  m o lecu la r

w eigh t of  348 .13  (R TE CS , 1992) .

Method of Manufacture

C et r im o n iu m  B r om id e  i s  p r ep ar ed  f r o m  ce ty l  b r o m id e  an d  t r im e th y l-

am ine  (B u d av ar i ,  1 9 8 9 ) .

Analytical Methods

C at io nic  su r fac tan t s  h ave  b een  d e te r m ined  b y  co lo r im e t r y  ( Wa t e r s  a n d

K u p f e r,  1 9 7 6 )  a n d  b y  m a ss  sp ec t r o m e t r y  ( Ve n t u r a  e t  a l . ,  1 9 8 9 ) .

S te a r t r im o n i u m  C h l o r id e  ca n  b e  i d en t i f i ed  w i th  g as  c h r o m at o g r a -

p hy  ( S u zu ki  e t  al . ,  19 8 6) ,  w i th  sp ect r op h o to m et r y  u sing  o-hydroxy-

h y d r o q u in o n ep h t h a le in  an d  m an g an ese  ( F u j i t a  e t  a l . ,  1 9 8 5 ) ,  an d  in

w a te r  w i th  f a st  a to m  b o m b ar d m e n t  m a ss  sp ec t r o m et r y  ( Ve n t u r a  e t  a l . ,

1989) .

USE

Cosmetic

C et r im o n iu m  C h lo r id e  a nd  C e t r im o n iu m  B ro m id e  h ave  th e  f o l lo w in g

f un c tio ns in  co sm et ics:  cosm etic  b io c id e ,  an t is ta ti c  agen t ,  su rf actan t-

c l e a n s i n g  a g e n t ,  s u r f a c t a n t - e m u l s i f y i n g  a g e n t ,  a n d  su r f a c t a n t -

su sp en d in g  a g en t .  S tea r t r i m o n i u m  C h lo r id e  f u n c t i o n s  a s  a n  an t i s ta t i c

a g e n t  a n d  su r f ac ta n t  ( Wen n ing er  and  M cE w en ,  1 9 9 5 b) .  T h e  p r o du c t

f o r m u l a t io n  d a ta  su b m i t t ed  to  th e  F o o d  a n d  D r u g  A d m i n is t r a t io n

( F D A )  in  1 99 4  r ep o r te d  th a t  C e t r im o n iu m  C h lo r id e  w as u sed  in  a  to ta l

o f  1 62  co sm et ic  f or m ula tio ns,  C e tr im o niu m  B ro m id e  w as used  in  3 7

co sm et ic  f o r m u la t io ns ,  an d  S tea r t r im o niu m  C hlo r id e  w as u sed  in  6  f o r-

m u la tio n s (F D A ,  1 9 9 4 ) .  T h ese  u se s  a r e  su m m ar ized  in  Tab le  1 .

C on cent ra tion  of  use va lu es a re  no  lo ng er  repo r ted  to  th e F D A b y  t h e

cosm etic  in du str y  ( F ed era l R egiste r,  19 9 2) .  D a ta  sub m i tted  to  th e F D A

Figure 2. F o r m ul a  f o r  S t ea r t r i m o n i u m  C h l o r i de .
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Table 1. C o sm e ti c  p r o du c t  f o r m u la t io n  da ta

Total no. of

Total no. of  f o r m ula t io ns  

fo rm ul a t ions  con ta in in g  
I n g r e d i e n t P r oduc t  ca tegor y in  ca teg ory in g r ed i en t

C e tr i m o ni u m  H air  cond i t ions 6 1 4 8 6

ch lo r ide H air  sp r ays ( ae roso l  

® x a t iv es) 3 0 6 1

P e r m a n e n t  w a v e s 3 8 7 2

H air  r inses (nonco lo r ing) 5 8 3

Sham poos (nonco lo r ing) 8 5 2 1

Ton ics ,  d ressing s,  and  o ther  

g ro om in g  a ids 5 6 3 1 7

Wav e  se t 9 8 3

O th e r  h a i r  p r e pa r a t i o n s 3 7 6 1 6

H air  dyes and  co lo rs 

( re qu ir in g  ca u t i on  s ta t em en t  

an d  pa t ch - te s t  in s t r uc t io ns) 1 45 8 1 8

H air  sham poos (co lo r ing) 1 5 2

O t h er  m an icu r i ng  

p r e p a r a t i o n s 7 5 1

C l ea n s i ng 7 4 6 2

B o dy  a n d  ha nd  p r ep ar a t io n s

(exc lud ing  shav ing  

p r ep a ra t io n s) 9 8 4 2

M ois tu r iz ing  p rod uc ts 8 3 9 3

S ki n  f r esh en er s 2 2 2 2

O t he r  sk i n - c a r e  p r ep ar a t io ns 7 9 0 3

1 99 4  To t a l 1 6 2

C etr i m o ni u m  E ye  sha do w s 5 7 1 1

b r om id e C ologn es and  to i le t  w a te rs 8 0 4 1

P ow d e r s 2 9 4 3

H air  con d i t i oner s 6 1 4 1 3

Rinses (noncolor ing) 5 8 1

Sham poos (nonco lo r ing) 8 5 2 1

Ton ics ,  d ressing s,  and  o ther  

h a i r-g room ing  a ids 5 6 3 3

B lush er s ( al l  typ es) 2 7 9 1

Face  p ow der s 2 9 5 3

F o u n d a t i o n s 3 4 5 1

D e od or an ts  ( u nd er a r m ) 2 7 3 1

Men’ s  ta l c u m 9 1

C lea ns in g  p ro du c ts 7 4 6 1

F ace  an d  ne ck  p re pa ra t i on s

(exc lud ing  shav ing  

p r ep a ra t io n s) 2 3 2 1

M o is tu r i z in g  p r epa ra t io ns 8 3 9 3

O t he r  sk i n - c a r e  p r ep ar a t io ns 7 9 0 1

O t h e r  s u n t a n  p r ep a r a t i o n s 6 1 1

1 99 4  To t a l 3 7

S t e ar t r i m o n i u m  H air  con d i t i oner s 6 1 4 3

ch lo r ide P e r m a n e n t  w a v e s 3 8 7 1

O th e r  h a i r  p r e pa r a t i o n s 3 7 6 2

1 99 4  To t a l 6

S ource .  F D A (1994).
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in  1 984 , h ow ever,  ind ica ted  th a t Ce t r im o niu m  C h lo r id e  w as u sed  a t  co n-

centra tion s of  up  to  10%  in  h air  cond itio ners ,  ton ics ,  d ressing ,  g room ing

a ids,  an d  w av e set s;  u p  to  5%  in  h ai r  r in ses  (n on co lor ing )  an d  m oistur iz-

ing  p ro du c ts ;  an d  u p  to  1 %  in  pe r m an en t  w av es and  f ace  an d  n eck

p rep ara t ion s (ex c lud ing  sh avin g  p r ep ar at ion s) .  C e tr im o n iu m  B r o m id e

w as used  a t  co ncen tra tion s of  up  to  5%  in  r inses; an d  u p  to  1%  in  h a ir

cond it ion ers,  ton ics,  d ressin gs,  g ro om ing  aids ,  face  an d  n eck  p rep ar a-

t io n s ( ex c lud ing  sh avin g  p rep ar a tio ns) ,  an d  m oistur iz in g  pr epar a tio ns.

S tea r tr im o n ium  C hlo r id e  w as r ep o r ted  to  b e u sed  a t  con cen tr a t io n s 

o f  u p  to  1 %  in  f o u n d a t io n s  in  1 9 8 4 , b u t  n o  l i s t in g  ex i s ted  f o r

S tea r t r im o n iu m  C h lo r id e  in  an y  h a i r-ca re  produc ts (F D A , 1984) .  F or

sh am p o o s ,  i so p r o p y l  a lco h o l  i s  u su a l ly  in co r p o r a ted  in to  S te a r-

tr im o niu m  C hlo r id e to  pr ovide  ¯ u id ity  and  clar ity  (H un ting ,  198 3) .

International

C e t r im o n i u m  B r o m id e ,  C e t r im o n iu m  C h lo r i d e ,  a n d  S te a r t r im o n iu m

C h lo r id e ,  a s  a lk y l (C 1 2 -C 2 2)  t r im e th y l  am m o niu m  br o m id e  an d  ch lo-

r id es ,  a r e  o n  th e  l i s t  o f  a l lo w ed  pr ese r va t iv es  in  co sm et ics  of  the

E ur o p ean  E co no m ic  C o m m un i ty  ( E E C ) .  T h ey  h ave  a  co ncen t r a tio n

m ax im u m  of  0 .1 %  (E E C , 1 9 91 ) .  C e tr im o niu m  Ch lor ide ,  Ce t r im o n iu m

B r o m ide ,  C e t r im o n iu m  B r om id e  P o w d er,  a n d  S te a r t r im o n iu m  C h lo r i d e

a r e  ap p ro v ed  f o r  c osm et ic  u se  in  Jap an .  S o m e co n cen t ra t io n  l im i t s  a r e

set  for  va r io us uses  (N ikk o C hem ica ls  Co .,  L td . ,  19 92) .

Noncosmetic

A co m m er c ia l  p r od u c t  co n ta in in g  C e t r im o n iu m  B r om id e  ( an d  o th e r

q u a te r n a r y  am m o n iu m  sa l t s)  i s  u sed  as  a  to p ica l  a n t i s ep t i c  ( B u d a v ar i ,

1 9 89 ) .  T h e  u se  of  C e tr im o n ium  B ro m id e  h as been  su gg ested  f o r  th e

r em o v a l  o f  h y d a tid  cy st s  ( F r ayh a  e t  a l . ,  1 9 8 1 )  an d  in  th e  t r ea tm ent  o f

co lor ecta l  ca rc ino m a ( U m pleb y  and  Wil liam son , 1 98 4) .

GENERAL BIOLOGY

Biochemistry

A n  aqueous (aq )  so lu tion  of  5 .0  5 1 0± 4 or  5 .0  5 1 0± 3 M  C e t r i m o n i u m

C h lo r id e  w as  in cu b a ted  w i th  ad e n o sin e  t r ip h o sp h a te  (AT P )  an d  v a r i o u s

sh or t -ch a in  ca rb o xy l ic  ac id s at  p H  3 .0 ,  5 .0 ,  an d  8 .0 .  S am ples w ere  e the r

e x t r a c t e d  a n d  a n a l y z e d  b y  h i g h - p r e s su r e  l i q u i d  c h r o m a t o g r a p h y.

C e t r im o n iu m  C h lo r id e  s ig n i ® can t ly  acce le r a ted  th e  h yd r o ly sis  of  AT P

a t  p H  5 .0  an d  8 .0  b u t  n o t a t  3 .0  ( Tab u sh i e t  a l . ,  19 8 1) .
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F reshly  p rep ar ed  liv e r  m ic r o so m es  w er e  in cub a ted  w ith  0 .1  to  5  m M

C etr im o n iu m  B r o m id e ,  a lo n g  w i th  n ic o t in am ide- ad en in e  d in u c leo t id e

p ho sp ha te  ( N A D P ), g lu co se 6 -p h osp h a te ,  g lu cose  6 -p h osp h ate  deh yd r o-

g en ase ,  s e m ic a r b az i d e  h y d r o c h lo r i d e ,  M g C l
2
,  K C l ,  a n d  p h o s p h a t e

b u ff e r,  for  30  m in . N -D em eth y la t io n  o f  C e t r im o n iu m  B r o m id e  w a s

d e te r m in ed  b y  f o r m ald eh y d e  con cen t r a t io n .  C o ncen t r a t io ns  o v er  1  m M

C etr im o n iu m  B r o m id e  s ig n i ® c an t ly  in h ib i ted  d e m eth y lase  ac t iv i t i e s

( M ad u agw u , 1 9 8 5) .

Absorption, Distribution, and Metabolism

I so m aa  (1 9 7 5 )  in v est ig a ted  th e  ab so r p t io n ,  d is tr ib u t io n ,  an d  ex cre tio n

o f  C e tr im on iu m  B ro m id e  fo l low in g  o ra l  ad m in is t ra t io n  in  ra t s .  G ro u p s

o f  f e m a le  S p r ag u e - D a w l e y  r a t s  w e r e  ad m i n i s t e r e d  0 .8  m g /k g

[1 4C ] C et r im o n iu m  B r o m id e  b y  ga st r i c  in tu b a t io n .  A n im als  w ere  k i l l ed

2 ,  4 ,  8 ,  2 4 ,  7 2 ,  an d  9 6  h  a f te r  ad m in is t r a t io n ,  an d  t i ssu e  sam p les  w er e

ta k e n  f o r  r a d io as sa y. S im i la r ly  t r ea te d  an im als  w er e  k ep t  i n  m e ta b o-

l ism  cages.  U r in e  an d  f eces w ere  co l lec ted  a t  4 -h  in te r va ls  fo r  3  days,

ex p i r ed  C O
2

w as co llec ted  a t  4 - h  in te rv a l s  fo r  24  h ,  an d  b ile  sam p les

w er e  t ak e n  a t  2 - h  in te rv a l s  f o r  1 2  h .

A pp r ox im ate ly  8 0%  of  th e  ad m in iste r ed  r ad io ac t iv i ty  w as f o un d  in

th e  g ast r o in te st in a l  t ra c t  a t  8  h ,  2 %  o f  th e  a d m in iste r e d  d o se  w as

ex cre ted  in  b ile  d u r in g  th e  ® r s t  1 2  h  f o l lo w in g  t r ea tm en t ,  and  o nly  ve r y

sm al l  am o un ts  o f  r ad ioac t iv ity  w ere  d e tec ted  in  th e  b loo d  p lasm a .  T h e

i n v e s t i g a t o r s  c o n c l u d e d  th a t  C e t r im o n i u m  B r o m i d e  w a s  p o o r l y

a b so r b e d  b y  t h e  i n t e s t i n e s .  S m a l l  a m o u n t s  o f  r a d io a c t i v i ty  w e r e

d e tec ted  in  th e  l iv e r,  k id n ey s,  sp leen ,  h e a r t ,  lu n g s,  an d  sk e le ta l  m u s-

c les ,  w ith  o nly  traces de tec ted  in  th e t i ssu es by  day  4 .  By  d ay  3 ,  9 2%  of

th e  a dm in iste r ed  r ad io ac t iv i ty  w as ex c r e ted  in  th e  f eces,  an d  1 %  w as

e l im in a ted  in  th e  u r in e .  N o  r ad io ac t iv i ty  w as d e tec ted  in  ex p i r ed  C O
2
.

T h e  r e su l t s  o f  th i n - lay e r  ch r o m at o g r ap h y  in d ica ted  th a t  C e t r im o n iu m

B r o m id e  w as m e tab o l ized  to  so m e  ex ten t .

T h e  ra te an d  ro ute  o f  ex cr et io n  o f  C e tr im on iu m  Br om id e fo llow in g

in t r av en o u s  a d m in ist r a t i o n  w a s d e te r m in e d  u si n g  tw o  m ale  Wi s t a r

r a t s .  E ach  r a t  w as in jec ted  w i th  0 .0 2 3%  1 4C - C et r im o n iu m  B r o m id e  in

0 .9 %  aq . N aC l and  w as p laced  in  a  m etab ol i sm  cag e  f or  2 4  h .  U r in e,

f eces,  and  ex p ir ed  a ir  w er e ana ly zed  fo r  rad ioac t iv i ty,  th e  a n i m a ls  w e r e

k i ll ed  a f te r  2 4  h ,  and  th e i r  o rg an s w er e  an a ly zed  f o r  r ad io ac tiv i ty. A

to ta l  o f  85 .8%  o f  th e r ad ioact iv ity  w as recov er ed:  58 .9%  in  the ur ine ,

11 .6 %  in  th e feces,  an d  1 5 .3 %  in  th e  t issu es.  T h e in v estig a to r s  n o ted

t h a t  u n i d e n t i ® ed  m e ta b o l i t e s  w e r e  d e tec te d  in  th e  u r in e  a n d  th a t

u n ch ang ed  C e t r im o n iu m  B r om id e  w as  f o u n d in  th e  f eces.  N o  rad io-

ac t iv i ty  w as f o u n d  in  ex p i r ed  a i r  ( B ar tn ik  an d  Wing em , 1 979 ) .
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T h e  inv e st ig a to rs  a lso  c o nd u c te d  a  s tu d y  to  m o n i to r  t i ssu e  d i s t r ib u-

t ion  o f  C e tr im o niu m  B r o m id e  in  ra t s .  T hr ee  m a le  Wis ta r  r a t s  w e r e

ad m inister ed  0 .1 3 5  to  0 .1 7 4%  1 4C -C et r im o n iu m  B r o m id e  v ia  a  ju g u la r

c an n u la .  Tw o  o f  th e  r a t s  w er e  k i l l ed  a f te r  15  m in  an d  th e  o r g an s w er e

r em o ved  fo r  ana lysi s .  T he  b loo d  o f  th e  th i rd  r at  w as ana ly zed  f or

rad ioac tiv ity  3 ,  9 ,  15 ,  30 ,  6 0 ,  1 20 , an d  30 0 m in  f o l lo w ing  adm in istr a-

t ion .  I n  th e  tw o  ra t s  k i l l ed  a f te r  1 5  m in ,  r ad io ac t iv i ty  co n cen t ra t io n s

w er e  gr eate r  in  the  l iv er  (2 4 .8% ) and  k id ney s (5 .5 4% ). I n  the  o th er  ra t ,

r ad io ac t iv i ty  in  th e  b lo o d  d ec r eased  sh a r p ly  in  l e ss  th an  3 0  m in ,  an d

v ery  l i t t l e  r ad io ac tiv i ty  co uld  be  d ete rm ined  5  h  fo l lo w in g  ad m in ist r a-

t io n .  A f te r  2 4  h ,  low  co ncent ra tion s o f  r ad io ac t iv ity  w ere  fo un d in  th e

live r  (2 .0 8% )  an d  k idn ey s (0 .36 % ) (B ar tn ik  and  Wing en , 197 9) .

I n  a n o t h e r  s t u d y,  th r e e  Wist a r  r a t s  w e r e  a d m in i ste r ed  0 .2 9 %  1 4C-

C et r im o n iu m  B r o m id e  in  0 .9 %  aq .  N aC l  su b cu tan eo u sly.  E ac h  r a t  w a s

p laced  in  a m e tab o li sm  cag e  f o r  4 8  h ,  u r in e an d  f eca l  spec im en s w er e

co l lec ted ,  a nd  the  r a t s  w er e  k i l l ed  a t  th e  end  o f  the  s tu d y  an d  th e i r  b o d-

ies  h om og enized .  A to tal  o f  9 6 .2 %  of  th e ad m iniste r ed  rad io ac tiv ity  w as

recov ered : 68 .1%  in  the  ur in e,  1 4 .1 %  in  th e f eces,  and  13 .9%  in  the  t i s-

su es .  M o st  o f  th e  ra d ioa c t iv i ty  w as e l im in a te d  in  th e  u r in e  w i th in  th e

® r s t  2 4  h  ( B ar tn ik  a n d  Wing en , 197 9) .

A lb ino  Wis ta r  r a t s  ( n u m b e r  n o t  sp ec i ® ed)  w er e  g iv en  a  s in g le  aq u e-

ous dose  of 2 .9  5 1 0± 4 m o l/k g  C e tr im o nium  B ro m ide ,  1 .5  5 1 0± 3 m ol/kg

so dium  ni t r i te ,  o r  a  com bin a tion  o f  th ese  tw o co m p ou n ds b y  g avag e .

A n im als  w er e  k i l l ed  a n d  b lo o d  sam p le s  w er e  t ak en  2  h  a f te r  t r ea tm en t .

S e r u m  a lk a l in e  p h o sp h a tase ,  g lu tam ic - p y r u v ic  t r an sa m in a se ,  a n d  to ta l

b i l i ru b in  c o nc en t ra t io n  w er e  an a ly zed  f r o m  tr ea te d  an d  co n t r o l an i-

m a ls .  N o  s i g n i f i c a n t  ch a n g e s  i n  t h e se  p a r a m e t e r s  w e r e  o b se r v e d

( M ad u agw u , 1 9 8 5) .

T he  com m on  b ile du ct of  alb ino  Wi s ta r  r a t s  w e r e  c an n u l a te d ,  an d  th e

a n i m a l s  w e r e  i n je c t e d  in t r a p e r i t o n e a l l y  w i t h  1 .7  5 1 0± 4 m o l /k g

C et r im o n iu m  B r o m ide .  T h e  b i le  o f  b o th  tr ea ted  an d  con t r o l  an im als

w as co llec ted  ov er  4  h  an d  w as an a ly zed  b y  th in - lay e r  an d  p ap er  ch r o-

m a t o g r a p h y.  T h e  m etab o l it e  o f  C e tr im o n iu m  B r o m id e  w as a  seco n dar y

am in e  co nju g a te  ( M adu ag w u , 19 8 5 ) .

T h e  ab so rp t io n  o f  C e t r im o niu m  B r o m id e  th r o u gh  th e  sk in  o f  r a t s

w as  s t u d ie d .  T h r e e  g r o u p s  o f  f iv e  m a l e  Wi s t a r  r a t s  h a d  1 4C -

C et r im o n iu m  B ro m ide  ap p lied  to  th e  c l ip ped  sk in  o f  th e i r  b ack s usin g

n o no cc lu siv e m e tho d s.  G r ou p  1  h ad  1 %  Ce t r im o n iu m  B r om id e  in  w a te r

app lied  f or  1 5  m in  fo llow ed b y  r in sin g ,  an d  r ad io act iv i ty  w as m o ni to red

f or  up  to  7 2  h .  G r ou p  2  h ad  0 .5 %  C e t r im o n ium  B ro m id e  in  a  h a i r- r i n se

fo rm ulat io n  app lied  fo r  5  m in  f o l lo w ed  by  r in sin g ,  an d  rad ioac tiv i ty

w as m on i to r ed  fo r  4 8  h .  G ro u p 3  had  3 %  C e tr im o n iu m  B ro m ide  ap p l ied

in  w a te r  w i th  n o  r in sing ,  an d  rad io act iv i ty  w as m o n i to r ed  f o r  4 8  h .  T h e
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p er cutaneo us ab sor p t ion  fo r  gr ou p s 1 ,  2 ,  an d  3  w as 0 .59 % , 0 .0 93 % , and

3 .1 5% , resp ect ive ly  ( B ar tn ik  an d  Win g en, 1 9 79 ) .  T h e ca lcu lated  to ta l

d a i l y  a b so r p t i o n  f o r  t h i s  s tu d y  w a s  d e t e r m in e d  b y  th e  E u r o p e a n

C osm et ic ,  Toi le t ry,  an d  P e r f u m er y  A sso ciat ion  ( CO L IPA ) (198 4) and  is

p r esen te d  in  Tab le  2 .

Permeability Enhancement

T h e  lin g u a l  f ren a  f r o m  N ew  Z ea lan d  rab b i t s  w er e  r em o v ed  an d  p laced

in  a  c u l tu r e  d i sh  w i th  ap p r o p r ia te  m ed ia .  T h e  t i ssu e  w as cu t  in to  f o u r

p ieces an d  m o u n ted  in  m o d i ® ed  U ssin g  ch am b er s  an d  a l low e d to  eq u i l-

ib ra te .  O n e  s id e  o f  th e  ch am ber  w as ® l l ed  w ith  o x y g ena ted  m ed iu m ;  1

m Ci  of  rad ioact ive  so lu te ; and  0 .025 % , 0 .1 % , or  1 .0%  C etr im on ium

B ro m id e .  T he  rad io ac tiv e  so lu te con ta in ed  [m e th o xy-3H ]d ex tr ans,  [ 1 ,2-
1 4C ]e th ylene  g ly co l ,  [ U -1 4C ]g lu co se ,  [c a rb o x y l-1 4C ] - in u l in ,  [1 4C ] u r e a ,

[1,7-1 4C ]h eptaned io l ,  an d  [ 1-1 4C]n - pr o pan o l.  T he  o th e r  s ide  w as ® l l ed

w i th  o x y g en a ted  m ed iu m  o n ly. E v er y  3 0  m in ,  a  sam p le  w as t ak en  f r o m

each  ch am b er  an d  th e  r ad io ac t ive  co n te nt  a na ly zed .  T h e  F ick  fo r-

m u la  w a s u se d  to  o b ta in  p e r m eab i l i t y  c o n sta n t s .  C e t r im o n iu m  B r o-

m id e  s ig n i ® c an t ly  in c reased  th e  p e r m eab il i ty  o f  th e  or a l  m u co sa  in  a

co n cent r a t io n - d epen d en t  m ann er  ( S ieg e l  an d  G o r do n , 1 98 6 ) .

Hematology

E r ythro cytes  w ere  iso lated  f r om  b lo od  co l lec ted  f r om  S pr ag ue-D aw ley

r at s .  C o ncen tr a t io n s o f  5  to  5 0  m M  C et r im o n iu m  B r o m id e  w er e  in cu-

b a ted  w i th  th e  e r y th r o c y te s  a t  3 7° for  1  h .  A t  1 ,  2 0 ,  40 ,  an d  60  m in ,

a l iq u ots  of  cel l s  w er e r em o v ed  f r o m  incu b at io n  an d  im m edia tely  ex am-

ined  b y  ph ase - co nt r ast  m ic ro scop y fo r  m o rp ho log ic  ch ang es and  c lassi-

® c a t io n .  P o tas siu m  re lease  an d  ce l l  v o lu m e  a l so  w er e  m easu r ed  d u r in g

the  co ur se  o f  in cu b at ion .

S ta r t in g  a lm o st  im m ed ia te ly  an d  co n t in u in g  f o r  th e  ® r s t  2 0  m in ,  t h e

p r edo m in a te  ce l l  sh ap e  w as sp h er o -e chin o cy te .  D u r in g  th e  n ex t 4 0  m in ,

th e  n u m b er  o f  d i sco c yte s  an d  th en  sp h er o -s to m a to c y te  sh ap e s b eg a n  to

in cr ease .  T he  co ncen t ra t io ns  a t  w h ich  th i s  occu r red  w as 7 .5  to  1 0  m M

C e tr im o n iu m  B r o m id e .  T h e  h ig h e r  c o n c en t r a t io n s o f  C e t r i m o n iu m

B r o m i d e  h a d  a  g r e a te r  r a t i o  o f  s t o m a t o c y t e s  to  ec h in o c y t e s ,  an d

ech in o cy tes  w er e  seen  ea r li e r  in  th e  in cu ba t io n  pe r iod .  A c on c en t ra t io n -

d ep end en t  in c r ease  in  th e  m o d a l v o lu m e  o f  e r y thr o cy tes  w as o b se r v ed .

O v er  th e  r an g e  o f  c o n cen t r a t ion s ,  th is  in c r ease  p r eced ed  p o tassiu m

r e lease  an d  con t in u ed  un t i l  1 0 0%  h em o ly si s  o ccu r r ed .  C o n cur r en t ly,

an o th e r  s am p le  o f  e r y th r o cy tes  w as in cu b a ted  w i th  5  m M  [ tr im e th yl -
1 4C]C etr im on iu m  Br om ide .  O ver  a  p er io d  of  9 0  m in ,  al iq uo ts  o f  cell s
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w ere  iced ,  cen t r i f ug ed , an d  co u n ted .  T h e  ad so rp t io n  o f  C e t r im o n ium

B r o m ide  to  th e  e r y th ro cy tes  r eac he d  e qu i l ib r iu m  a f te r  ap p r o x im ate ly  1

m i n  a n d  w as  e q u i v a len t  t o  a p p r o x i m at e ly  1 .6  5 1 07 m o lecu les of

C e t r im o n ium  B ro m ide  p e r  ce l l  ( I so m aa  an d  P aa te r o ,  1 9 8 1 ) .

T h e  e f f ec t s  o f  C e t r im o n ium  B r o m id e o n  p la te le t  cy tosk e le ta l  a ssem-

b ly  w as in v est ig a ted .  P la te le t s  w ere  i so lated  f ro m  the  b lo od  of  vo lu n-

te e r s  an d  in c u b a te d  w i th  e i th e r  1 4C -se ro to n in  or  3 2P - o r t h o p h o sp h a te .

A liq uo ts  of  equ a l am ou n ts  o f  ce l ls  w i th  r ad ioac t iv e  se ro to n in  then  w er e

incu ba ted  w i th  co ncent ra t io ns o f  2 .5  or  5 .0  m M  C et r im o n iu m  B r o m id e

for  u p  to  1  h . A t  r e g u la r  in te r v a l s ,  sa m p les  w er e  t ak e n , c h a l len g ed  w i th

a r ach id o n a te  o r  th ro m b in ,  a n d  an a ly z ed  f o r  se r o to n in  r e lea se .  T h e

cy toske letal  core  of  a sam p le o f  3 2P - o r t h o p h o sp h a te ±t r ea te d  p l a t e l e t s

incu ba ted  w i th  1 5 ,  2 5 ,  o r  3 0  m M  C e t r im o n iu m  B r o m id e  a n d  ch a l le n g ed

w i th  a r a ch id o n a te  o r  th r o m b in  w a s i so la ted .  T h ese  s am p les  w er e  r u n

o n  a n  e le c t r o p h o r es i s  g e l  to  d e te r m in e  p h o sp h o r y la t io n  o f  ce r t a in

p la te l e t  p r o te in s .

A t  ® r s t ,  C e t r im o n iu m  B r o m id e  in h ib i ted  th r o m b in - in d u ced  p la te le t

re lease  of  se r o to nin .  A f te r  ap p ro x im ate ly  1 2  m in ,  h o w ever,  p l a te le t s

r eco v er ed  an d  r e lease  w as ev en tu a l ly  s tim u la ted  to  m o r e  th an  1 0 0 %  o f

co n t r o l s .  N o  r eco v er y  f r o m  th e  in h ib i t io n  o f  a ra ch id o n a te - i n d u ced

p la te le t  se r o to n in  r e lease  w as o b se r v ed . C e t r im o n iu m  B ro m id e  d id  n o t

s i g n i ® can t ly  in h ib it  th e  in cor po ra t io n  of  ac t in -b ind ing  pr o te in  or  m y o-

sin  h eav y  ch a in  p r o te in s  in  th e  in n er  c y to sk e le ta l  co r es  in  th r o m b in -

ind u ced  ce ll s .  I nh ib i t io n  by  C e tr im o n iu m  B r om ide  o f  a r ach ido n a te -

ind u ced  p ro te in  in co rp o ra t ion  in to  th e  cy tosk e le ta l  co r e  w as ob se r ved

(C arro ll  and  Co x, 198 4) .

T h e  ad ju v an t  ac t iv i t i e s  o f  C e t r im o n iu m  C h lo r id e  a n d  C e t r im o n iu m

B ro m id e  w ere  s tu died .  G ro u ps of  ® v e  a lb in o  g u in ea  p igs  w ere  g iv en  a

sub cutaneou s in jec tion  o f  1  L f  p u r i ® ed  d ip h th e r ia  tox o id  in  0 .2  m L

b or a te - succ ina te  b u ff er  (p H  7 .5 ) .  T his  w as adm iniste r ed  w ith  a  d ose  of

1 0 0  m g  o f  a n  a l i p h a t ic  n i t r o g e n o u s b ase  in  su sp en sio n ,  i n c lu d in g

C e t r im o n iu m  C h lo r id e  a n d  C e t r im o n iu m  B r o m id e  to  d e te r m in e  a d ju-

Table 2. C al cu l a t ed  pe r cu t an e o us  ab so r p t i o n

P e r cu t a n e o u s Q u an t i t y  o f  C e t r i m o n i um D ai ly  ab so r p t io n

G r o u p a b so r p t i o n  r a t ea B r om id e abso r bed  ( m g) (m g/kg /day )

1 0.59% 0 .1 2 0 .00 2

2 0 .093% 0 .0 2 0 .00 04

3 3.15% 0 .6 3 0 .01 2

a B a r t n i k  a n d  Win gem , 197 9 .

S ource .  E u r op ean  C o sm e t ic ,  To i le t r y,  a nd  P e r f u m e r y  A ssociat ion  ( 1984) .
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v an t  p o ten t ia l s  o f  th ese  co m p o u n d s.  A secon d in jectio n  of  tox oid  w as

ad m in is te r ed  2 8  d ays f o llo w in g  th e  ® r s t  in jec t io n .  G u inea  p ig s  w er e

b led  1 0  d ay s a f te r  th e  seco n d  in jec t io n ,  an d  an t i to x in  t i t e r s  w e re  m e a-

su r ed  b y  th e  g u in ea - p ig  in t ra cu ta n eo u s  m e th o d .  Tw o  sep a r a t e  co m m er-

c ia l  p r ep ar a t io n s  o f  C e t r im o n iu m  C h lo r id e  h ad  s t r o n g  a d ju v an t  ac t iv-

i t y. A c o m m e r c i a l  p r e p a r a t i o n  o f  C e t r im o n iu m  B r o m id e  h ad  w e ak

adju vant  ac tiv i ty  ( G a l l ,  19 66 ) .

P er fu sed  m ast  cel l s  ex po sed  to  3 7 .5  m M  C et r im o n iu m  C h lo r id e  w er e

ob se rv ed  by  tim e- lap se v ideo  pho tog raphy  fo r  a  pe r io d  o f  3 0  m in .  A f te r

3  m in ,  h i s ta m in e  w as r e lea sed .  A f ter  6 .5  m in ,  60%  of  th e ce lls sw el led

a n d  th e n  d e g r a n u l a te d .  A f te r  1 3  m in ,  a  sec o n d  h i s tam in e  an d  la c ta te

d eh y d r o g en ase  r e lease s  o ccu r r ed .  A f te r  23 .5  m in ,  the  r em ain in g  40 %  of

th e  c e l l s  s t a r ted  to  sw e l l ,  an d  t h e  in t r ace l lu la r  p e r ig r an u la r  m e m b r a n e

sta r t ed  to  r u p tu r e  ( P a r so n s  e t  a l . ,  1 9 8 6 ) .

S plen ic  lym ph o cytes  p rep ar ed  f r om  B a lb /c an d  N M R I  m ice  w er e

in cu ba ted  w i th  sub ly t ic  co n cen tr a t io n s o f  C e t r im o n iu m  B r om id e  in

m ediu m  f o r  3 0  m in .  S o m e cu l tu res  w ere  w ash ed  ( so m e  w i th  Tr i to n  

X -1 0 0)  an d  in cu b a ted  w ith  ¯ u o rescein -con jug a ted  go a t ( or  rab bi t)  an t i-

m o u se  I g G .  C e l l s  w er e  p l a ted  o n  c o v er s l ip s ,  a l lo w ed  to  in c u b a te ,

w ash ed ,  an d  m o u n te d .  O th e r  cu l tu r e s  w er e  in cu b a te d  w i th  m o n o c l o n a l

a n t i t u b u l i n  an d  th e n  s ta in e d  w i th  ¯ u o re sce in -co n ju g a ted  rab b i t  an ti -

m o u se  I gG .  C u l tur es  f o r  e lec t r on  m ic r o sco p y  w ere  in cu b a ted  w i th  

f e r r i t i n - co n ju g a te d  g o a t  a n t i - m o u se  I g G .  P r e t r ea tm en t  w i t h  C e t r i-

m o n i u m  B r o m i d e  s i g n i f i c a n t ly  d e c r e a se d  t h e  a m o u n t  o f  su r f a c e

im m u n o g lo b in  cap p in g  i n  a  d o se - d ep e n d en t  m an n e r.  N o  st r u c t u r a l

chang es w ere  o b se rv ed  b y  e lect ro n  m ic ro sco py.  C e t r im o n iu m  B r o m id e

n e i th e r  a f f ec ted  tu b u l in  ® b e r s  seen  b y  ¯ uo r escen ce  n or  a f fec ted  th e

in te rac t io n  o f  su r face  im m un o g lo b ul in  w i th  e lem en ts  of  the  cy tosk e le-

to n .  T h e  au th o r s  th eo r ize  th a t  C e t r im o n iu m  B ro m id e  in h ib i te d  cap  f o r-

m at io n  by  a l te r in g  th e  asso c ia t io n  b e tw een  th e  su r fa ce  o f  th e  ce l l  an d

the  cy to sk e le ton  ( P aa ter o  e t  al . ,  19 8 6) .

Virucidal, Bactericidal, and Parasiticidal Effects

C e t r i m o n i u m  C h l o r i d e  h a s  i n h ib i t o r y  e f f e c t s  o n  ac t i v a t e d  s l u d g e

m ic r o or g an ism s,  P h o to b a c ter iu m  p h o sp h o reu m ,  an d  S p ir i l lu m  v o l u-

t a n s  (D u tk a  e t  a l . ,  19 8 3) .  C e t r im o n iu m  B ro m id e  h as v ir u cid a l e f f ec t s  o n

h u m an  ro tav ir u s  (R o d g er s  e t  a l . ,  1 9 85 )  and  b ac ter ic id a l  e f f ec t s  on

P se u d o m o n a s  a e ro g i n o sa ( E v an s  e t  a l . ,  1 9 8 5 ;  e l - N im a , 1 9 8 4 ) ,

S trep to co ccu s m u ta n s (Yo t is e t  a l . , 1 983) ,  E scherich ia  co l i,  a n d  a  v a r ie ty

o f  g r am - neg a t iv e  b acte r ia  ( H am m on d  e t a l . ,  1 98 7 ) .

P ar asi t i c id a l  e f fec t s  on  E ch in o co ccus gra nu losu s a l so  w er e  o b se rv ed

w i th  C e t r im o n ium  B ro m id e  ( F r ay h a  e t  a l . ,  19 8 1 ) .
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TOXICOLOGY

Acute Toxicity

Oral
T h e  r ep o r ted  o r a l  L D

5 0
o f  C e tr im o n iu m  Ch lor ide  f or  ra t s  w as 2 5 0  to

3 0 0  m g /k g  ( A r m o u r  I n d us t r i a l  C h em ica l s  C o m p an y, 19 67) ,  and  a 40%

so lu t io n  o f  C e t r im o n iu m  B r o m id e  in  w a te r  h ad  an  o r a l  L D
5 0

of 1000

m g/k g  f or  ra t s  (S c ien t i ® c  &  Tech nica l  I n fo r m at io n  N e tw o rk  [ S T N ]

I n te r n a t io n a l ,  1 9 8 9 ) .

T h e  o r a l  L D
5 0

f or  S tear tr im on iu m  C h lo r ide  f or  1 0  dd Y  m ice  o ver  a

14 -d  ob serv at io n  p er iod  w as 633  m g/k g  for  m a le  m ice an d  5 36  m g /k g  f or

fem ale m ice .  S ign s of  tox ic i ty  o bse rv ed  d ur in g  th e s tu dy  w ere  h yp o-

ac t iv i ty  an d  d ia r r h ea .  C o n g es tio n  o f  th e  b ra in  an d  k id n ey s w er e  fo u n d

a t  n ecr o p sy  (H aseg aw a  e t  a l . ,  1 98 9 ) .

Intraperitoneal
T h e  i n t r ap e r i to n ea l  L D

5 0
o f  40%  (w /v)  C et r im on ium  B rom ide w as 56 .2

m g/k g  fo r  ra t s  ( S T N  I n te rn a t io n a l,  1 98 9 ) .

Subchronic Dermal Toxicity

A 2 8 -d ay  p e rcu tan eo us to x ici ty  t es t  o f  C e tr im o n ium  C h lo r id e  w as co n-

d u c t ed  u s in g  N e w  Z ea l an d  W h i t e  r a b b i t s .  A su sp en s io n  o f  5 4 .5 %

C etr im on ium  Ch lor id e  w as d i lu ted  w i th  w ate r  to  f or m  a  0 .5 %  (w /v)

so lu tion .  D oses of  2  m L /kg /day  o f  th i s  so lu t io n  w ere  ap plied  to  the

c l ip p ed  an d  ab r aded  sk in  o f  ® v e  m a l e  an d  ® ve  fem ale  rabb it s  for  6 .5  to

7 .0  h ,  5  days a  w eek  for  4  w eeks.  A co n t r o l  g ro u p  o f  r ab b i t s  w as tr ea ted

u s in g  t h e  sam e  sch ed u le  w i th  d i s t i l l ed  w a te r.  O b serv at io ns for  s ig ns of

tox ic ity  an d  fo r  m o r ta l i ty  w er e m ad e  tw ice  a  d ay, d e r m a l  i r r i t a t i o n  w a s

scor ed  da i ly,  an d  b o d y  w e ig h ts  w er e  m easu r ed  w e ek ly.  B lo o d sam ples

w er e  t ak en  pr io r  to  d o sin g  and  th en  a t  w eek  4  fo r  h em ato lo gic  an a lyses .

N ecr o p sy  w as p e r f o r m ed  o n  th e  an im a ls  e i th e r  a t  th e  t im e  o f  d e a th  o r

w h en  th ey  w e r e  k i l l ed  a t  th e  en d  o f  th e  s tu d y.

N o  d ea th s occu r red  in  th e  ex p er im en ta l  g ro u p , an d  n o  ev iden ce  o f

to xic i ty  o r  h em ato lo gica l  chan g es w as p r esent .  S l ig h t  to  m od er a te  e r y-

th em a  w as o b se r v ed  in  a l l  o f  t h e  t r ea ted  ra b b i t s  b e tw een  d ay s  4  an d  8

b u t d i sap p ear ed  in  f o ur  r ab b it s  b y  d ay  17 .  Ve ry  s l ig h t  to  s l ig h t  ed em a

w as o b se r v ed  b e tw een  d ay s 6  an d  1 2  in  f o u r  r ab b i t s  an d  su b sid ed  b y

d ay  1 7 .  Tw o  r ab b i t s  h ad  in te r m i t te n t  e v id en ce  o f  s l ig h t  ed em a  d u r in g

w eek 4 ,  and  o ne  rab bi t  d ev e lo ped  ed em a o n  day  20 .  N o  evidence  of

d e sq u a m at io n  o r  co r iace o u sn es s  w a s p r e sen t  in  th r e e  r ab b i t s .  I n  t h e

o th e r  r ab b i t s ,  s l ig h t  a to n ia  w as o b se rv e d  b u t  p e r si s te d  in to  w eek  4  in

o n ly  th re e  an im a ls .  S im i la r ly, v e r y  s l ig h t  to  s l ig h t  d esq u am a t io n  an d
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co r iace o u sn ess  w as n o ted  in  m o st  o f  th e  r ab b i t s ,  b u t  d esq u a m a t io n  w a s

f o u nd  on ly  in  th r ee  an im als  an d  co r iaceo u sn ess  in  tw o  an im als  b y  w eek

4 . S ligh t ® ssu r in g  w as  o b se r v ed  in  m o st  o f  th e  r ab b it s  b u t  ty p ica lly  d is-

ap p e ar ed  b y  th e  en d  o f  th e  s tu d y.

A t n ec ro p sy, t r ea tm e n t - re la ted  ch a n g es w er e  f o u n d  o n ly  in  th e  sk in .

T h e  ap p lica t io n  s i t e s  o f  tw o  r ab b it s  w e re  r ed d en ed , an d  on e  r ab b i t  h ad

scab b in g . F ind in g s f r o m  m ic ro sco p ic  ex am in a t ion  in c lu d ed  m i ld  to

m ar k ed  a can th o s i s  w i th  ac t i v e  m i to si s ,  h y p er k e r a to si s ,  an d  p a r t i a l  to

ex ten siv e  n ec ro sis  o f  th e  ep id e r m is an d  h ai r  f o l l ic le s w ith  o r  w ith ou t

en c ru sta t io n  w i th  ex u d a te .  N o  s ta t i s t i c a l ly  s ig n i ® c a n t  c h a n g es  w e r e

o b se r v ed  f o r  th e  h e pa t ic  o r  r en a l  w e ig h ts  b e tw een  th e  ex p er im en ta l

an d  co n t r o l  an im als  ( I n t e r n a t io n a l  R esea r ch  an d  D e v e lo p m e n t  C o r-

po ra tion ,  19 79 ) .

Chronic Oral Toxicity

C etr im o niu m  B r om id e ,  a t  co ncen tr a t io n s o f  1 0 ,  20 ,  an d  4 5  m g/k g/d ay,

w as  ad m in is te r e d  v ia  th e  d r in k in g  w a te r  to  r a t s  f o r  1  y ea r.  T he  on ly

e f f ec t  n o te d  w a s a  d ec r ea se  i n  b o d y  w e i g h t  g a i n  i n  th e  4 5 -

m g /k g /d ay ±d ose  g ro up  (K ab ara ,  1 98 4) .

Dermal Irritation

In Vitro
C et r im o n ium  C h lo r id e w as t e sted  in  a  pr o po sed  in  v i tr o  m od e l  f o r  id en-

t i fy in g  sk in- i r r i t a t in g  chem ica l s .  T h e  m etho d  w as b ased  o n  th e  cor r e la-

t io n  b e tw ee n  i r r i t a t io n  p o ten t ia l  an d  th e  a b i l i ty  to  r e d u ce  th e  p en e t r a-

t io n  ba r r ie r  o f  th e  sk in  by  ly si s  of  th e  s t ra tu m  co rn eu m .  T h e c l ip p ed

h ai r  co a t of  m a le Wis ta r  r a t s  w a s r e m o v e d  as  a  s i n g le  p e l t  a n d  su b-

jec ted  to  t ap e  s t r ip p in g ,  ab r asio n ,  o r  im m er sio n  in  w a te r.  E p id e r m al

sl i ces  w e r e  t ak e n  f r o m  th e  p e l t  an d  w e r e  t r ea t ed  w i th  C e t r im o n iu m

C hlor id e  (a s  su pp lied) .  S lices  w ere  ev alua ted  a f te r  1 ,  4 ,  an d  24  h  o f

ex p o su re .  T h e  r ed u c tio n  in  e lec t r i ca l  re si s tan ce  o f  th e  t r ea ted  ep id e r-

m al  s l i ces  a f te r  co n ta c t  w i th  C e t r im o n iu m  C h lo r id e  w as t a k en  as  a

m easu re  o f  i r r i t a t in g  p o te n t ia l .  T h e  th r esh o ld  re si s tan c e  v a lu e  f o r  a

po sit ive  ef f ec t w as 4k W . sk in  d i sc .  C e t r im o niu m  C h lo r id e  w as c la ssi ® e d

as  a  sk in  co rr o siv e .  N o  r esp o n se  w as  o b se r v ed  a t  the  1 - h  r ead in g ,  b u t

C e t r im o n iu m  C h lor id e  cau sed  res is tan ce  v a lues  r an g in g  f r o m  2 .4  to  1 .4

k W .sk in  d i sc  b etw een  4  an d  2 4  h  (O live r  e t  a l . ,  1 98 8) .

In Vivo
T he  pr im ary  sk in  ir r i ta tion  of  0 .1% , 0 .5 % , 1 .2% , an d  2 .5%  C et r im o nium

C hlor id e w as ev alua ted  using  gr ou ps o f  s ix  a lb in o  m ale r ab b it s o f  the
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S P F -R u ssian  s t ra in .  C e t r im on iu m  C h lo r id e  (0 .5  g)  w as ap p lied  to  in tac t

an d  ab r aded  s i t e s  on  th e  b ack s o f  the  rab bi t s  f or  2 4  h .  C o m p ar ab le  s i te s

w er e  l e f t  u n t r ea ted .  A l l  o f  th e si te s  w er e  sco red  at  2 4  h ,  r in sed ,  and  then

sco red  ag a in  a t  4 8  h .  T he  resu l ts  a re  sho w n  in  Tab le  3 .

C et r im o nium  Ch lo r ide  (0 .2  m L ),  at  co ncent ra tion s of  1%  an d 1 0% ,

w as ap p l ied  to  th e  p en ile  m u co sa  o f  o ne  rab b i t ,  an d  o b se rv a t ion s w er e

m ad e  a t  1 ,  2 ,  an d  2 4  h .  T h e  o v era l l  i r r i tan t  sco r e w as 0  fo r  th e 1 %  so lu-

tion  and  1 .08  fo r  th e 10 %  so lu t ion ,  o f  a p ossib le  m ax im u m  score  of  4

( A r m o u r  I n d u st r i a l  C h em ic a l s  C o m p an y, 1967).

S t e a r t r i m o n i u m  C h l o r i d e  w a s  r e p o r t e d  t o  t h e  E n v i r o n m e n t a l

P r o te c t io n  A g en cy  as  sev er e ly  i r r i t a t in g  to  th e  sk in ,  h av in g  a  pr im ar y

i r r i t a tio n  in d ex  of  5 .4 .  T h e  te st  an im al,  d o se ,  an d  m ax im um  p ossib le

i r r i ta t io n  sco re  w er e  n o t  sp ec i ® ed ,  b u t  i t  w as n oted  th a t  c lin ica l ev i-

d en ce  of  i r r i t at io n  in c lu ded  n ec ro sis ,  s lo ug hing  o f  sk in ,  s l igh t to  m o der-

a t e  e r y t h em a  a n d  v e r y  s l i g h t  ed em a  a t  2 4  h ,  an d  se v e r e  e r y t h em a  a n d

ed em a  a t  7 2  h  ( S h er ex  C h em ica l  C o m p a n y, Inc.,  1986) .

Dermal Sensitization

Tw e n ty  g u in ea  p ig s  w er e  t e ste d  in  th e  B u eh le r  a s say  f o r  d e r m al  se n si-

t i za tio n .  T h e  in du c t io n  do se  w as 0 .7 5%  S tea r t r im o n iu m  C h lo r id e  in

8 0 %  e t h a n o l ,  a n d  th e  c h a l le n g e  d o se  w a s  0 .5 %  S t e a r t r i m o n i u m

C h lo r id e  in  8 0 %  e th an o l.  F i f t een  an im als  h ad  p os it iv e  reac t io n s,  an d

th e  av e r age  i r r i t a t io n  s cor e  w as 1 .5  ( m ax im u m  p o ssib le  sco r e  w as n o t

r ep o r ted )  ( S her ex  C hem ica l  C o m p an y, Inc. , 1986) .

Ocular Irritation

In Vitro
Bovine red  b lood cells (RBC) w ere co llected  and  iso lated w eekly.  A liquo ts

of 2 5 1 08 R B C/m L w ere  m ad e. S am ples,  w hich  had  a  0 .125  m m ol /L ® x ed

oxy hem og lobin  concentra tion ,  th en  w ere incuba ted  for  10  m in  w i th  d if-

fe ren t  co ncen tra tion s o f  surf ac tan t s,  inc lu ding  C e tr im on iu m  C hlo r ide .

A liqu o ts  w ere  th en  cen tr if ug ed  f or  1  m in ,  an d  th e su p er na tan t  w as p ho-

tom etr ically  analy zed  for  h em olysi s a t  53 0  or  5 60  n m . F rom  th is,  the con-

cent rat ion  at  w h ich  5 0%  o f  th e R BC  w ere  ly sed  w as d ete rm ined  (H
5 0

).

A n oth er  a liqu ot o f  R BC  w as prepared  w ith  1  m g/m L of  su rfactan t,  cen-

t r i fu ged , an d  m easur ed  at  5 4 0  an d  5 75  n m .  T h e  d ena tur at ion  ind ex  (D I)

w as th en  com pu ted  using  th e fo l low ing  fo rm ula :

D I = 100 (R
1

± R
i
)/(R

1
± R

2
)(%)

R
1

is  th e  ex t inc t ion  a t  57 5  nm  d iv ided  b y  th e  ex t inc t ion  a t  54 0  nm  fo r

oxyhem oglobin ; R
2

i s  the  r at io  o f  th e tw o ex tinc tion s fo r  3 .4 7  m m ol

so diu m  do d ecyl  su l fa te  in  an  R B C  a l iq u o t;  an d  R
i

i s  the  r a tio  o f  th e  tw o
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ex t in c t io ns fo r  th e  a ssay ed  m ate r ia l .  T h e  ly si s /d ena tu r a t io n  ( L /D )  q u o-

t i en t  w as  d e t e r m in e d  ( H
5 0

/D I )  and  co m p ar ed  w i th  l i te ra tu r e  v a lu es fo r

o cu l a r  i r r i t an cy.  T h e  H
5 0

fo r  C e t r im o n iu m  C h lo r id e  w as 7  p p m ,  th e  D I

w a s  a p p r o x i m a t e l y  6 5 % ,  a n d  t h e  L /D  r a t io  w a s  0 . 1 .  U n d e r  t h e

r ese a r ch er s ’ c la s si ® c a t io n  fo r  o cu la r  i r r i ta t io n ,  C e t r im o n iu m  Ch lo r id e

w as ª i r r i t a tin g  to  v er y  i r r i ta t in g .º  T he  D r a ize  ocu la r  ir r i t an cy  sco re  re f-

e r en ce d  w as  c la s si ® ed  ª ve r y  i r r i t an t º  (P ap e  and  H op pe , 1 9 90 ) .

W h en  th i s  s tu d y  w a s r e p e a t ed ,  th e  H
5 0

w ith o u t  ad d e d  b o v in e  s e r u m

albu m in  ( B S A )  w as 8  p pm  an d  th e  D I  w as 70 % . T he  H
5 0

w ith  B S A w a s

6 0  p p m  an d  th e  D I  w as 13 % . C e t r im o n ium  C h lo r id e  w i th o ut  B S A w a s

con sid e red  ª v e ry  i r r i t an t º  ( P ap e an d  H o p pe , 1 99 1 ) .

C e t r im o n iu m  C hlo r id e  w as s tu d ied  u sin g  the  ch ick  ch or io a l lan to ic

m em b r ane  te st  a s  d esc r ib ed  b y  K a lw e i t  e t  a l .  ( 1 98 7 ) .  A ste r eo m ic r o-

sco p e w as u sed  to  o bse r v e  th e  r eac tio n s.  I r r i t at io n  in d ices  w er e  ca lcu-

la ted  f r o m  th e  ® r s t  ap p ear an ce  o f  h em o rr h ag e ,  v ascu la r  ly si s ,  an d  c o ag-

u la t io n .  C e t r im o n i u m  C h lo r id e  ( co n ce n t r a t io n  n o t  g iv e n )  p r o d u ce d

h em o r r h ag es  an d  v asc u la r  ly s is  b u t  n o  co ag u la t io n  ( P a p e  a n d  H o p p e ,

1991) . A N eu t r a l  r ed  up tak e  assa y  as  de sc r ib ed  b y  K a lw e i t  e t  a l .  ( 1 98 7 )

w as p e r f o r m e d . T h e  N R
5 0

/K B
5 0

(co ncent ra t ion  in du c in g  5 0 %  cel l  d eath

in  BA LB/c 3T3 ® b ro b las ts)  of  Ce t r im o n ium  Ch lo r id e  w as 3  p p m  ( P ap e

and  H o pp e , 1 99 1 ) .

In Vivo
G r ou ps of  six  a lb ino  m ale  rabb its  o f  the  S P F - Ru ssian  st ra in  w ere used  to

assess the ocular  irr i tation poten tial  of  0 .1% , 0 .5% , 1 .2% , and  2 .5%  (w /w )

Ce tr im on ium  Ch lor ide .  T h e r ig h t co nju nct iva l sac of  each  r abb it  w as

in st i l l ed  w i th  0 .1  m L of  C etr im on ium  Ch lor ide ,  and  th e lef t  eye  ser ved  as

an  un tr ea ted  con tr o l .  T he  ey es w er e exam in ed  2 4  h  la ter  b o th  w ith  an d

w i th o u t  ¯ uo resce in  s tain in g .  A ll  o f  th e eyes w ere  r insed  w ith  0 .9%

sod ium  chlor id e  an d  ex am ined  a t  48  an d  72  h .  T he  resu l ts  ar e rep or ted

in  Tab le 4 .  T he inv estig ato rs repor ted  th at af ter  6 ,  14 ,  and  2 1  d ay s,  a ll  o f

the  eyes w ere restored  to  norm al condi tions (D anoch em o, 1983b) .

Table 3. P r im ar y  I r r i ta t io n  S co r e s f o r  C e t r im on iu m  C h l o r i de

E r y t h e m a  a n d  e sc h a r  i n d ex E d e m a  i n d ex

( M ax . possib le sco re : 4 ) ( M ax . possib le sco re : 4 )

C o n ce n t r a t i o n 2 4  h 4 8  h 2 4  h 4 8  h

0.1% (w/w) 0 .2 5 0 .0 0 0 .0 0 0 .0 0

0.5% (w/w) 1 .7 5 1 .7 5 0 .5 0 0 .0 0

1.2% (w/w) 2 .7 5 2 .7 5 2 .0 0 1 .7 5

2.5% (w/w) 3 .7 5 3 .7 5 2 .2 5 2 .0 0

Source :  F r om  D ano ch em o  ( 19 83a ) .
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T h e  o c u la r  i r r i t a t i o n  p o te n t ia l  o f  1 %  an d  1 0 %  so l u t i o n s o f

C e t r im o niu m  C h lor id e  w as in v est ig a ted  b y  in st i l l in g  o ne  con ju n c tiv a l

sac  of  each  of  tw o r ab bi ts  w ith  0 .2  m L o f  e i th er  so lu tio n .  O b se rv a t io n s

w er e m ade  a f te r  1 ,  2 4 ,  an d  4 8  h .  T he  o ver al l  sco res fo r  the  1 %  an d 1 0%

C etr im o n iu m  C h lor ide  so lu t ion s w er e  3 .6  and  47 .5 ,  r e spec t iv e ly,  o f a

p o s si b le  m a x i m u m  sc o r e  o f  11 0  ( A r m o u r  I n d u s t r i a l  C h e m i c a l s

C o m p a n y, 1967) .

S tea r t r im o n iu m  C h lo r id e  ( d o se  n o t s ta ted )  w as se v er e ly  i r r i t a t in g  to

th e  ey e s o f  n in e  r a b b i t s .  B o th  r in sed  an d  u n r in sed  ey es  h ad  i r r i t a t io n

f o r  u p  to  1 3  d ay s  a f te r  ad m in is t r a t io n .  O n e  r ab b i t  h ad  r ed  w a te r y  d i s-

ch a r g e ,  a n d  s ix  h ad  h em o rr h ag ic  p e r ip h er a l  a r ea s  ( S h er ex  C h e m ica l

C o m p a n y, Inc., 1986) .

I tag ak i  e t  a l .  ( 1 99 1 )  inv est ig ated  th e  o cula r  i r r i t a tio n  p o ten t ia l  o f

S tea r t r im on iu m  C hlor ide .  T h e  co njun ct iv al  sac  o f  o ne  eye  of  each  of

th r ee  r ab b i t s  w as in s t i l l ed  w i th  1 0 0  m L o f  1 0 %  aq . S tea r tr im o niu m

C h lo r id e .  S tea r t r im o n iu m  C h lo r id e  w as  h ig h ly  i r r i t a t in g ;  th e  to ta l  i r r i-

t at ion  sco re  ( m ax im u m  po ssib le scor e,  110 )  w as 6 0 .3 ,  a n d  th e  m ax im u m

cor nea l scor e w as 3 6 .7 .

I n  a n o t h e r  s tu d y, 1 00  m L o f  a 5%  ( w /v )  so lu tion  o f  S tea r tr im on ium

C hlo r ide  w as inst i l led  in to  th e  con jun c tiva l  sac  o f  g u in ea p igs .  T h e  eyes

w ere  sco red  for  s ign s of  i r r i t ation  a f te r  0 .5 ,  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  an d  24  h .

Table 4. Av er ag e  ocu la r  i r r i t a t io n  sco r es  f o r  C e tr im on i um  C h lo r ide

Type  o f  lesion
G r ad in g  p e r i od

C o n ce n t r a t i o n (M ax . possib le scor e) 2 4  h 4 8  h 7 2  h

0.1%  (w/w) C or nea ( 4 ) 0 .0 0 0 .0 0 0 .0 0

Ir is (2 ) 0 .0 0 0 .0 0 0 .0 0

C on junc t iva l  chem osis  ( 4 ) 1 .0 0 0 .0 5 0 .0 0

C on jun c t iv al  r edness  (3 ) 0 .5 0 0 .0 0 0 .0 0

0.5%  (w/w) C or nea ( 4 ) 0 .0 5 0 .0 0 0 .0 0

Ir is (2 ) 0 .2 5 0 .0 0 0 .0 0

C on junc t iva l  chem osis  ( 4 ) 1 .5 0 1 .2 5 0 .0 0

C on jun c t iv al  r edness  (3 ) 1 .2 5 0 .5 0 0 .0 0

1.2%  (w/w) C or nea ( 4 ) 1 .2 5 0 .7 5 0 .0 0

Ir is (2 ) 1 .5 0 1 .0 0 0 .5 0

C on junc t iva l  chem osis  ( 4 ) 2 .7 5 1 .7 5 1 .2 5

C on jun c t iv al  r edness  (3 ) 1 .0 0 0 .7 5 0 .2 5

2.5%  (w/w) C or nea ( 4 ) 2 .7 5 1 .5 0 0 .7 5

Ir is (2 ) 2 .2 5 1 .2 5 1 .0 0

C on junc t iva l  chem osis  ( 4 ) 4 .0 0 2 .7 5 1 .7 5

C on jun c t iv al  r edness  (3 ) 3 .5 0 2 .2 5 1 .7 5

So urce.  D anochem o ( 1983b).
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S tea r t r im o n iu m  C h lo r id e  w a s ex t r em e ly  i r r i t a t in g ,  h av in g  a  to ta l  i r r i-

ta tion  score  o f  96  (m ax im u m  po ssib le  score ,  110)  (B racher  et  al . ,  19 88) .

REPRODUCTIVE AND DEVELOPMENTAL TOXICITY

G ro u ps o f  20  to  22  p reg n an t  Wist a r  r a t s  w e re  ad m in iste r ed  8 ,  2 5 ,  o r  5 0

m g/kg /day  C e tr im o niu m  B ro m ide  on  day s 5  to  14  of  g esta t io n  b y  g ast r i c

in tu b a t i o n .  A n eg a t iv e  co n t r o l  g r o u p  o f  p r e g n an t  r a t s  w a s ad m in is te r ed

cor n  o i l  and  a  p o si t iv e con tr o l  g ro up  o f  ra t s w as g iven  asp i r in  on  d ay  10

o f  g esta tio n .  A ll  o f  th e d am s w er e k il l ed  on  day  2 0  o f  g esta t io n  an d  u te r-

in e  co n ten t s  ex am in ed .  F e ta l  su r v iv a l  w as r ed u ce d , an d  th e  in c id e n ce

o f  r e so r p t io n  s i t e s  w as in c r eased  in  th e  d am s f r o m  th e  h ig h - do se  g r ou p

o nly. N o evid ence of  adv erse ef f ec ts on  l i t ter  s ize ,  v iab i li ty,  o r  l i t te r

w e ig h t  w as p r esen t  in  a n y  o f  th e  ex p er im en ta l  g r o u p s ,  a n d  n o  t i s su e  o r

sk e le ta l  ano m alies  w er e fo u nd  in  th e  fe tu ses  ( L ew is 19 7 7 ) .

I n  a n  i n t r a p e r i t o n e a l  s t u d y,  th e  t e r a t o g en ic  p o t en t ia l  o f  C e t r i-

m o niu m  B r o m id e  w as assessed  u sin g  N M R I  m ice .  G r o up s o f  e ig h t  p r eg-

n an t  m ice  w ere  g iv en  a  s in g le  in t rap er i to nea l  in jec t io n  o f  1 0 .5  o r  3 5 .0

m g /k g  Ce tr im o nium  Br om ide  o n  day  8 ,  1 0 ,  12 ,  or  1 4  o f  gestat io n .  A co n-

t ro l gr o up  o f  m ice  w as in jec ted  w i th  w a te r.  T h e  n um b er  o f  f e ta l  d ea th s

in  th e  1 0 .5  m g /k g  C e t r im o niu m  B r o m id e  g r o up  w as n o t  s ig n i ® c a n t l y

d if f e ren t  f r o m  th a t  o f  the  co n t ro l  g ro u p . T her e  w as an  in c rease  in  f e ta l

d ea th s in  th e  3 5 .0  m g /k g  C e t r im o n ium  B r o m ide  gr o u p , h o w ev er.  A n

inc reased  in cid en ce  o f  c lef t  p a la te  and  o f  ske letal  d ef ec t s of  th e sk ul l

an d  s te r n u m  w a s o b se r v ed  in  t h e  f e tu ses  f r o m  b o th  t r ea tm en t  g r o u p s

( I so m a a  a n d  E k m a n , 1 9 7 5 ) .

I n  a  d e r m a l  s t u d y, g ro u ps o f  2 0  p reg n ant  N ew  Z ea land  W h i t e  r a b b i t s

w ere g iven  top ical applications (2  m L/kg)  of  0 .5% , 1 .0% , and  2 .0%  (v /v)

C etr im o niu m  C hlo r id e ( 100 %  ac tive )  fo r  2  h  on  days 7  to  1 8  of  gesta-

t io n .  A co n tr o l  g r o u p  of  p r eg n an t  r ab b it s  w as t r ea ted  w i th  d e io n ized

w a t e r.  T h e  do es w ere  o bser ved  regular ly  fo r  sign s of  to x ici ty  and  m o r-

t a l i t y, an d  the  ap p l ica t io n  s i t e s  w er e  sco red  d a i ly.  A l l  o f  th e d oes w ere

k il led  o n  d ay  2 9  and  nec ro p sy  w as pe r fo rm ed. T h e  f o llow ing  pa ram e-

te rs  w er e  s tu d ied :  n u m b er  o f  d o es w i th  r e so r p t io ns ,  n u m b er  o f  d o es

w i th  v iab le fe tu ses ,  nu m b er  of  v iab le  f e tu ses ,  p o st im p lan ta t io n  lo ss ,

to ta l  im p lan ta t io n s,  an d  n u m b er  o f  co r p o r a  lu te a .  A ll  o f  th e fe tuses

w ere  exam ined  f or  t er ato log ical  e f fect s .

O n e  d o e  f r om  each  o f  th e  m id -  an d  h igh - d ose  g ro u p s an d  tw o  do es in

th e  c o n t r o l  g r o u p  d ie d  d u r in g  t h e  s t u d y.  T h e  ca u se  o f  t h ese  d ea th s

co u ld  n o t  b e  d e te r m in ed  b y  p o s tm o rte m  ex am in a t io n .  O n e  m id - d o se

d o e  and  o n e  co n tr o l  d oe  ab o r ted  p r ior  to  d ea th .  O f  th e  su rv iv ing  d o es,

o ne  d o e f r om  each  o f  th e  m id -  an d  h ig h- d ose  g ro u ps ab or ted .  N o ne  o f

th e  d o es o f  the  low - d o se  g r o u p abo r ted  o r  d ied  du r in g  th e  s tu dy. N o

s ta t i s t i c a l l y  s ig n i ® c an t  c h an g es  in  m a t e r n a l  b o d y  w e ig h t ,  m ean  b o d y
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w eig h t  g a in ,  n o r  fe ed  co n sum p t io n  w er e  o b se rv e d  in  an y  o f  th e  t r ea t-

m en t  g r o u p s .

D er m al  i r r i t a t io n ,  in  th e  f o rm  o f  e r y th em a , ed em a , a to n ia ,  d esq u a-

m a t io n ,  f i ssu r in g ,  an d  co r i ac eo u sn e ss ,  w as  o b se r v ed  i n  a l l  o f  th e

t r ea ted  d o es  an d  in c r eased  in  a  d o se - r e la ted  f ash io n .  M ar k ed  to  m o d er-

a te  i r r i t a t io n  w as o b se r v ed  p r im ar i ly  in  the  m id -  an d  h ig h -d o se  g r o u ps .

A t n ec r o psy,  the r e  w as a  s l ig h t  in c rease  in  th e  inc id ence  of  co n gested

lun g s in  d o es o f  the  h ig h -d o se  g r ou p . O v er al l ,  th e  rep ro d u ct iv e p a ram e-

te r s  an d  th e  in c id en ce  o f  f e ta l  m a l f o rm at io n s an d  d ev e lo p m en ta l  v a r ia-

t ion s w er e  n ot  s ig n i ® c an t ly  d if f er en t f r om  tho se  of  th e  con tr o l  g rou p

( I n te r n a t io n a l  R e sea r ch  an d  D ev e lo pm en t  C o rp o r a t io n ,  1 9 8 5 ) .

T he em bry otoxic  and  te ratog enic  poten tia l  o f  S tea r tr im onium  Ch lor ide

w as te sted  using  CF Y  S prag ue-D aw ley  ra ts.  G ro ups o f  1 0  to  20  rat s had

0 .9% , 1 .5% , and 2 .5%  S tear trim onium  Chlor ide (0 .5  m L /rat)  applied  to

the shaved  sk in  of  the scapula reg ion  on  days 6  to  15  of  gesta tion . The

m ate r ia l  w as ne ith er  r insed  no r  p laced  und er  occ lu sive patch es.  T he

dam s w ere k il l ed  on  d ay  20 ,  the l i t t er  values w ere  de te rm in ed , and  the

fe tuses  w er e ex am in ed  f or  sk ele ta l  and  v isce ral abno rm al it ie s.

N o  t r ea tm e n t - r e l a te d  d e a t h s  o cc u r r e d ,  an d  o th e r  th an  m a r g i n a l ly

lo w er  w e igh t  g a in  du r ing  th e  d o sin g  p e r io d ,  th e r e  w ere  n o  sy stem ic

sig n s o f  to x ici ty  o r  m acr oscop ic ch an g es in  the  in te rn al  o rg an s of  th e

d a m s.  T h e  a u th o r s  n o ted  s i g n i ® c a n t  d e r m al  i r r i t a t io n  a t  th e  s i t e s  o f

ap pl ica tio n ,  b u t th ese  e f f ec t s  w er e  n ot  d e ta il ed .  T he  l i t t e r  s i zes ,  p ost im-

p lan ta t io n  lo s s ,  an d  l i t t e r  an d  m ea n  f e ta l  w e ig h ts  w er e  s im i la r  to  th o se

o f  con tr o l an im als .  T h er e  w as n o  in cr ease  in  th e  in c id ence  of  f e ta l  m a l-

f o r m at io n s ,  a n d  th e  ty p e s o f  m a l f o r m at io n s  an d  an o m al ies  th a t  w er e

f o un d  w er e  s im i la r  to  th o se  seen  in  th e  co nc ur r en t  co n t r o l g r o u p an d

h isto r ical  con tr o l s ( P a lm er  e t  a l . ,  19 83 ) .

MUTAGENICITY

C etr im o nium  C h lo r id e,  at  co ncent r at ion s o f  0 .0 5  to  1  m g /p la te ,  w as n eg-

a t iv e  i n  an  A m e s te s t  u si n g  S a l m o n e l l a  t y p h im u r iu m s t r a i n s  TA 9 8  a n d

TA 1 0 0  w i th  an d  w i tho u t  m e tab o l ic  ac t iv a t io n .  N eg a t ive  r e su l ts  a l so

w ere  o bta in ed  w ith  5  to  10  m g /p la te  C e t r im o n iu m  C h lo r id e  in  th e  p re s-

en ce  o f  S 9 ,  b u t th ese  co n cen tr a t io n s w er e  tox ic  to  the  b ac ter ia  w i th ou t

m etab olic  ac tiva tion  ( In ou e e t  al . ,  19 80 ) .

I n  a n o t h e r  A m es  te st ,  C e t r im o n iu m  C h lo r id e  w as  t e sted  w i th  S .

t y p h i m u r i u m s t r a i n s  TA 98, TA 100, TA 1535, TA 1 53 7 , and  TA 1 5 3 8  a t

concen tra tio ns of  1 ,  5 , 2 5 ,  125 , and  625  m g/p late .  4 -N it ro- o- ph en ylen e-

d iam ine  w as u sed  as  th e  po si t iv e  co n tr o l  f or  TA 1537, TA 1 5 3 8 , an d

TA 98 , an d  sod ium  azid e  w as u sed  f or  TA 1 53 5  an d  TA 1 0 0 . C e t r im o n iu m

C h lor id e  w as  n eg a t ive  b o th  w i th  an d  w i th o u t  m e tab o l ic  ac t iv a tio n  fo r

eac h  o f  th e  s t r a in s  t e s ted  ( C O L I PA , 1979).
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A n o t h e r  s t u d y  t e s t e d  5 0 %  C e t r i m o n i u m  C h l o r id e  u s i n g  S .

t y p h i m u r i u m s t r a i n s  TA 1535, TA 1 5 37 , and  TA 15 3 8 . C o n cen tr a t ion s 

o f  0 .0 0 5  to  5 .0  m g / p l a te  C e t r i m o n i u m  C h l o r id e  w e r e  u se d .  

2- A cety lam ino ¯ u o r e n e ,  n e u t r a l  r e d ,  a n d  §- n a p h t h y l a m in e  w er e  u s ed  a s

p osi t ive  co n tr o ls .  C e t r im o niu m  C h lor ide  w as n ot  m utag en ic  in  an y  o f

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

( H u n t ing d o n  R esea r ch  C en t re ,  1 9 7 7 ) .  C e t r im o n iu m  B r o m id e  w as  a l so

n e g a t iv e  i n  an  A m es test  (n o  de tai ls  g iven )  ( K abar a,  19 84 ) .

I n  f o r w ar d - m u ta t io n  an d  r e v e r se - m u ta t io n  t e st s  u s in g  E . co li s t r a i n

34 3/113, co ncentr at ion s of  1 ,  10 ,  and  50  m g /m L C et r im o n iu m  C h lo r id e

d id  no t  in c rease  th e  nu m b er  o f  m u tan t  co lo nies  f r om  ce l l  cu l tu r es  in cu-

ba ted  in  d i f fe ren t m edium s fo r  20 ,  40 ,  o r  72  h  (M ü l l er, 1976) .

C e t r im on iu m  C h lo r id e  (2 4 ±26 %  ac t ive  in gr ed ien t )  w as a l so  te sted  in

a  ch r o m o so m e ab er r a t io n  assay  u sin g  C h in ese  h am ste r  V 7 9  ce l l s .  C e l l s

w er e  tr eated  f or  4  h  w ith  0 .3 ,  1 .0 ,  an d  3 .0  m g /m L C et r i m o n iu m  C h lo r id e

an d  th en  w ere  cu l tu red  f o r  1 8  h .  C e l l s  t re a ted  w i th  1 .0  an d  3 .0 7  m g /m L

C etr im o n ium  C h lo r id e  a lso  w ere  cu l tu r ed  f o r  7  and  1 8  h ,  re sp ec tiv e ly.

Test s a l so  w er e  co n du c ted  u sin g  m etab ol ic  ac tiva t io n ;  1 .0 ,  3 .0 ,  and  10 .0

m g /m L C et r im o niu m  C h lo r id e  w er e  t e sted  f or  a  cu l tu re  in te r v a l o f  1 8  h ,

a n d  1 0  m g/m L C et r im o n ium  C h lo r id e  w as te s te d  f o r  in te r va l s  o f  7  an d

2 8  h .  E th y lm e th an e su l f o n a te  an d  cy c l o p h o sp h am id e  w er e  u sed  a s  th e

p o sit iv e  co n tr o l s  f o r  the  te s ts  w ith  an d  w i th ou t  m e tab ol ic  ac t iva t io n ,

r esp ec tiv e ly. C e t r im o n iu m  C h lo r id e  w as n o t  m u tag en ic  in  t e s t s  b o th

w i th  an d  w i th o ut  m e tab o l ic  ac t iv a t io n  ( H e id em an n , 1 9 89 ) .

A n  in  v i t r o  ce l l  t ra ns fo r m at io n  assay  w as u sed  to  a ssess  th e  ca r c in o-

g enic  p o ten t ia l  o f  C e tr im o n iu m  C h lo r id e .  C ry o pr ese rv ed  p r im ary  cu l-

tu res  of  S y r ian  g o ld en  ham ste r  em br y o  ce l ls  w ere  used  as  th e  so u rce  of

tar ge t and  feed er  ce l ls .  Ce tr im on iu m  C hlor id e,  a t  d oses o f  0 .0 5 ,  0 .1 ,  0 .5 ,

an d  1 .0  m g /m L , d id  n o t cau se tr ansf or m at io n  ( I no u e e t  a l . ,  1 98 0 ) .

CARCINOGENICITY

P ub l i sh ed  da ta  o n  th e  cac in o g en ci ty  o f  C e tr im o n iu m  C h lo r id e ,  C e t r i-

m o n iu m  B r o m id e ,  a n d  S tea r t r im o n iu m  C h lo r id e  w er e  n o t  f o u n d .

CLINICAL STUDIES

Dermal Irritation and Sensitization

A r ep ea ted  in su l t  p a tch  te s t  o f  C e t r im o n iu m  C h lo r id e  w as c o n d u c ted

u s i n g  114 vo lun teer s .  O cc lusiv e pa tches co n ta in in g  0 .3  m L of 0.25%

(w /v )  C e tr im on iu m  C hlor id e ( 10 0%  ac t iv e)  w ere  app lied  to  the  u pp er

a rm  of  each  of  th e su bjec ts  for  2 4  h  o n  M o nd ay s,  We d n esd a y s ,  an d

F r id ay s fo r  3  w eeks.  S ev en teen  d ay s f o l low ing  th e  l a st  ap pl icat io n ,  a

ch al len g e  p a tch  o f  0 .2 5%  Ce t r im on iu m  C h lo r id e  w as ap p lied  to  a  p r ev i-
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o u sly  u n t rea ted  s it e .  M i ld  i r r i t a t io n  w as  o b se rv ed  in  sev er a l  su b jec t s

d ur ing  in d uc t ion ,  b u t  n o  sen si t iza t io n  w as o bse r ved . O ne  case  o f  co n-

tac t  u r t i ca r ia  o cc u r r ed ,  b u t  th e  a u th o r s  co u ld  n o t  d e te r m i n e  w h e t h e r  i t

w a s t r ea t m en t  r e la ted  b ec au se  t h e  su b j ec t  r e f u sed  to  p a r t i c ip a te  i n  a

fo llo w - up d iagno stic  pa tch  te st  (H ill  To p Resear ch ,  In c. ,  19 83) .

U sing  the  sam e  te st ing  p ro ced ur es ,  2 .0 %  ( w /v )  aq .  C e t r im o n iu m

C hlor ide  (2 5%  act iv e)  in  a  h a ir- co n d it io n in g  p ro d u c t  w as te s ted  as  a

20 %  aq . so lu tion .  A to ta l  o f  1 06  vo lu n tee r s  co m ple ted  th e  s tu dy.  S l ig h t

to  m o d er a te  e r y th e m a  w as o b se rv ed  in  se v er a l  su b je c t s  d u r in g  th e

ind u c tio n  ph ase  o f  the  ex p er im en t .  F o llo w in g  cha l len g e ,  s ix  ind iv id ua l s

h a d  m i ld  e r y th em ato u s r ea c t io n s.  I n  ® v e  o f  th ese  sub jec ts ,  the  r eac-

t io n s  w er e  t r a n si en t  a n d  w er e  a t t r ib u t ed  t o  p r im ar y  i r r i t a t io n .  T h e

six th  su bjec t  t e s ted  n eg a tiv e ly  w h en  r e te sted  w i th  a  0 .2 5 %  ( w /w )  so lu-

tio n  (H ill  Top  Resea rch ,  I nc . ,  19 84 a) .

I n  an o th e r  s tu d y, 1 .6%  Cetr im onium  Chlor ide  (25%  active)  in  a  hair

conditioner  w as tested  as  a 10 .0%  (w /v)  aq . so lu tion . O f  the 101  subjects

w ho  co m p le ted  th e  s tu dy, on ly  o ne ind iv idua l  resp onded to  the ch allenge

p a tch .  T h e  r esp o nse  w as  a  m i ld  an d  tr an sien t e r y them ato u s reac t io n .

T h r ee  su b jec t s  h ad  m ild  e r y th em a  w i th  p apu les  an d /o r  ed em a  du r in g

in du c tio n ,  b u t  these react io ns sub sided  q uick ly, an d  n one  of  th e ind iv idu-

al s re spon ded  to  the cha llenge  pa tch  (H il l  Top Research ,  Inc.,  1984b).

W hen  0 .8%  C e tr im o nium  C h lo r ide  (2 5%  ac tiv e)  in  a  h a ir  co nd it io n er

w as te sted  as  a  10 .0%  ( w /v )  aq .  so lu t io n ,  a  f ew  in div idu a ls  had  m ild  e ry-

th e m ato u s  r e ac t i o n s d u r in g  in d u c t i o n  b u t  n o  se n si t i za t io n  r e ac t i o n s

w ere  o bse rv ed  in  the  1 01  su bjec ts  w h o co m p le ted  th e  s tu d y  ( H il l  To p

R esea rch ,  Inc . ,  198 4c) .

N e g a t i v e  r e su l t s  w e r e  a l so  o b t a i n e d  w h e n  1 . 6 %  C e t r i m o n i u m

C hlo r ide  (25 %  ac tive )  in  a h ai r  co nd it io ner  w as t ested  as  a 1 0 .0%  (w /v)

aq .  so lu t io n .  N on e  o f  th e  1 0 7  su b jec t s  th a t  co m p le ted  th e  s tu d y  h ad

r eac t io n s to  th e  ch a l len g e  p a tch ,  an d  o n ly  o n e  su bjec t  h ad  s l ig h t  i r r i t a-

t io n  du r in g  in du c tio n  (H il l  To p Resea rch ,  Inc . ,  198 4d ) .

B ro eck x  e t  al .  (1 9 87 )  s tud ied  co sm et ic  in to le ran ce  in  52 0 2 p a tien t s .

A lm o st  a ll  p a tien t s  co m p le ted  a  B e lg ian  Tr i - C o n t ac t  P a tch - t e st  s e r ie s

o r  s im i la r  p a tch  te st  se r ie s .  O f  th e  o r ig in a l  p op u la t ion ,  33  (0 .6 % )  h ad  an

a l le r g ic  r eac tio n  to  a  p r o du c t  co nta in in g  C e tr im o n ium  B r om ide .  O f  th e

1 56  p at ien t s  w ith  a l l er g ies  to  co sm et ics ,  o n ly  o ne  h ad  a  po si t iv e  r eac-

t io n  to  th a t  p r o d u c t .

Case Studies

A 2 0 -m o n th - o ld  ch i ld  w as t r ea ted  f o r  e ry th em a  an d  b l i s te r ing  w i th  b u l-

lae  fo r m at io n  o n  a  14  5 8 ±cm  a r ea  o f  sk in  o n  h is  ch est .  T h e  cau sa t iv e

a g en t  w as  a  sh am p o o  co n t a in in g  a  1 2 %  so lu t io n  o f  C e t r im o n iu m

B ro m id e  ( In m an , 1 9 82 ) .
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A 5 - y ear- o ld  ch i ld  h ad  a  sen si t i za t io n  r eac t io n  ( e r y th em a  an d  ed em a)

to  an  ab ov e- elb ow  p laste r  cast  o n  h is  l e f t  a r m . A t  p a tch  te st in g ,  r ea c-

t io n s to  0 .5 %  C et r im o niu m  B ro m id e  an d  0 .25 %  b enza lko n iu m  ch lo r id e

w er e  o b se r ve d . T h e  au th o rs  p o stu la ted  th e  ch i ld  h ad  p r ev iou s ly  b een

sen s i t i zed  to  C e t r im o n iu m  B ro m id e  an d  h a d  an  a l l e r g ic  r eac t io n  to  th e

b en za lk on iu m  ch lo r ide  in  th e  cast  p rep ar a t io n  ( S tan i f o r th ,  1 9 8 0) .

T h ir ty  m in u tes  a f te r  an  o p er a t io n  to  ex c i se  h y da tid  cy s ts ,  w h ich

inc lu ded  a l ib e ra l i r r ig at io n  o f  the  a f f ec ted  ar ea o f  the  l iv er  w i th  1%

C et r im o n iu m  B ro m id e ,  a  4 5 - y ea r-o ld  w o m an beg an  to  h av e s ig ns of

m eth em o g lo b in em ia .  A sam p le  o f  th e  p at ien t ’ s  b lo o d  w as an a ly zed  sp ec-

t ro p ho tom etr ical ly  a f ter  add in g  0 .2 5 %  C e tr im o n iu m  Br o m id e f o r  3 0

m in .  T h e  m ethem o g lo bin  co ntent  inc reased  f ro m  4 .4 %  to  1 9 .3% .  T h e

p a t ien t  h ad  n o  h i s to r y  o f  cy an o t ic  a tt ac k  in  a  p r ev io u s su r g e r y  w i th o u t

C e t r im o n iu m  B r om id e  ( B ar ak a  e t  a l . ,  1 9 8 0 ) .

Wi th in  15  m in  of  a r ec ta l  lav ag e  u sin g  1 %  C e tr im o n ium  B ro m id e ,  a

p at ien t su ff er ed  f ro m  a  loss  o f  v is ion ,  co nv ulsio ns,  an d  co m a . T hi r teen

h o u r s  a f t e r  t r e a tm en t ,  d e sp i te  in te n s i v e  t h e r a p y, th e  p a t ie n t  d ie d .

A n o th e r  p a t ie n t  su f f e re d  in s tab i l i ty  o f  b lo o d  p r e ssu r e  an d  c a r d iac

i sch em ia  d u r in g  a n d  im m ed ia te ly  a f te r  a  r e c ta l  l av ag e  w i th  a  so lu t io n

co n ta in ing  C e t r im o n iu m  B r o m id e  (co n cen t r a t io n  n o t  s ta ted )  ( S aeed  e t

al . ,  199 1) .

SUMMARY

C e t r im o n i u m  B r o m i d e  a n d  C e t r i m o n i u m  C h l o r id e  a r e  q u a t e r n a r y

am m o n iu m  sa l t s  u se d  as  c o sm et ic  b io c id es ,  an t i s ta t i c  a g en ts ,  su r fa c-

ta n t - c l ean sin g  a g en t s ,  su r f a c ta n t - em u ls i f y in g  a g en t s ,  a n d  su r f a c ta n t -

su sp en d in g  ag en ts  in  co sm et ic  p r o d u c ts .  S tea r t r im o n iu m  C h lo r id e  i s

a l so  a  q u a te r n a r y  a m m o n iu m  sa l t  t h a t  i s  u se d  as  a n  a n t i s t a t i c  a g en t

a n d  su r f a c t a n t .

C e t r im o n iu m  B r o m ide  w as p o o r ly  ab so r b ed  b y  th e  in tes tin a l  t ra c t o f

r a t s  f o l lo w in g  o ra l  ad m in is t r a t io n .  T h e  m a jo r i ty  o f  th e  ad m in iste r ed

d o se  w a s  e l im i n a te d  i n  t h e  f e ce s ,  a n d  e v id e n c e  t h a t  m e t a b o l i sm

o ccu r r ed  to  so m e  ex ten t  w a s p r esen t .  

I n  in t r av en o u s  an d  su b cu t an eo u s s tu d ie s ,  C e t r im o n iu m  B r o m i d e

w as r ap id ly  ex c r e ted  in  th e  u r in e  an d  f eces.  U n id en t i ® e d  m e tab o l i t e s

w ere  de tec ted  in  th e  u r in e  f o l lo w ing  in t rav en o us exp o su r e,  b u t on ly

u n ch an g ed  C e t r im o n iu m  B r o m id e  w as  p r e sen t  in  th e  f ece s.

I n  a  p e r c u t a n e o u s  a b so r p t i o n  s t u d y, 0 .5 9%  o f  1 %  C e tr im o n ium

B r o m id e  in  w a te r  p en e tr a ted  th e  sk in  o f  ra ts  a f te r  1 5  m in  of  ex p o su r e

fo llo w ed  by  r insin g; 0 .93%  of  0 .5 %  Ce tr im on ium  Bro m id e in  a h ai r-

r in se  f o rm ula t io n  p en et r a ted  a f te r  5  m in  o f  exp o sur e  f o llo w ed  by  r ins-

ing ; an d  3 .1 5 %  o f  3 .0 %  o f  C e tr im o nium  B ro m id e in  w a ter  p en e tr a ted

a f te r  1 5  m in  of  ex p o su re  w i th ou t  r insin g .
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T h e  o ra l  L D
5 0

o f  40%  (w /v)  Ce tr im o nium  B rom ide  w as 100 0 m g/k g  for

r a t s .  I n  acu te  s tu d i es  w i th  m ice ,  th e  L D
5 0

f o r  S tea r t r im o n iu m  C h lo r id e

w ere  633  m g /kg  for  m ale m ice  and  5 36  m g/kg  f or  f em ale  m ice.  I n  a  28-

d a y  d e r m a l  to x ic i ty  t e s t  o f  0 .5 %  C e t r im o n i u m  C h lo r id e ,  th e  o n ly

a d v er se  ® n d in g  i n  r ab b i t s  w as  m i ld ,  t r an sie n t  d e r m al  i r r i t a t io n .

W h en  r a t s  w er e  ad m in is te r ed  1 0 ,  2 0 ,  a n d  4 5  m g /k g /d ay  C e t r im o n iu m

B r o m ide  in  th e i r  d r in k in g  w a te r  f o r  1  y ea r,  the only  sign  o f  tox icity  w as

red u ced  b od y  w e igh t  g ain  in  the  4 5  m g /kg /day  gr o up .

C e t r im o n iu m  C h lo r id e  w a s c la s si ® e d  a s  a  sk in  i r r i t an t  in  an  in  v i t r o

s t u d y, an d  S tea r tr im o n iu m  C h lo r id e  w as  p o si t iv e  in  in  v iv o  sk in  ir r i t a-

t io n  a n d  sen si t i z a t io n  s tu d ie s .  

C e t r im o n iu m  C h lo r id e  w as c la ssi ® ed  a s  a  sev e re  o c u la r  i r r i t a n t  in  in

v i t r o  s tu d i es ,  an d  S tea r t r im o n iu m  C h lo r id e  w as se v er e ly  i r r i t a t in g  to

th e  ey es  o f  r ab b i t s  an d  g u in ea  p igs .  C e t r im o n iu m  B r o m id e  w as n o t t e r-

a to g en ic  i n  an  o r a l  s tu d y  w i th  r a t s .  M i ld  em b r y o n ic  e f f ec t s  w er e

o b se r ved  w i th  5 0  m g /k g /d ay  C e t r im o n iu m  B r o m id e ,  b u t  these  w er e

a t t r ib u ted  to  m a te r n a l  to x ic i ty  r a th e r  th an  a  t e r a to g en ic  e f fe c t .  A t

low er  d o ses,  C e t r im o n iu m  Br o m ide  h ad  n o  em b ry o to xic  o r  t er a to g enic

effec ts.

I n  a n  in t r ap e r i to n e a l  s t u d y, C e t r im o n iu m  B r o m id e  in te r f e r ed  w i th

the  em b ry on ic  d ev e lo pm en t of  m ice  a t  a do se o f  10  m g /k g  an d  w as

le tha l to  d ev e lo ping  em b ry os a t  35 .0  m g /k g .  Ter ato genic  e f f ect s  w er e

o b se r v e d  in  b o th  t r ea tm en t  g r o u p s .

T h e r e  w as  n o  e v i d en ce  o f  t e r a to g en i c i ty  b y  2 .0 %  C e t r im o n iu m

C h l o r id e  in  a  d e r m al  s t u d y  w i th  r ab b i t s .  T h e  o n l y  ad v e r se  e f f ec t

o b se r v ed  w a s d e r m a l  i r r i t a t io n  a t  th e  s i t e s  ap p l ica t io n .  W h en  te s ted  in

a  d e r m a l  t e r a to g e n ic i ty  s tu d y,  2 .5 %  S tea r t r im o niu m  C h lo r id e  w a s n o t

m ater na l ly  to x ic ,  em b ry otox ic ,  o r  t e ra to gen ic .

C e t r im o n iu m  C h lo r id e  w a s n eg a t iv e  b o th  w i t h  a n d  w i th o u t  m e t a-

b ol ic  ac tiva t io n  in  an  A m es te st  a t  con cen t ra t ion s o f  u p  to  6 2 5  m g /p la te ,

in  f o r w a rd - m u ta t io n  a n d  r ev e r se - m u ta t io n  te st s  a t  co n c en t r a t io n s o f  u p

to  50  m g /m l ,  and  in  a  ce l l  t ran sf o r m at io n  assay  u p  to  1 .0  m g /m L .

N eg a t iv e  r e su l t s  w e re  a l so  o b ta in ed  in  a  ch r o m o so m e ab e r ra t io n  te st  a t

con cent ra tion s o f  u p  to  3 .0  m g /m L w i th o u t  m e tab o l ic  ac t iv a t io n  an d  u p

to  10 .0  m g/m L in  tes ts  w i th  ex o gen o u s m e tab o l ic  ac t iv a t io n .  Ce t r i-

m o n iu m  C h lo r id e  an d  C e t r im o n iu m  B r o m ide  w er e  b o th  n eg a t iv e  in

A m es te st s ,  an d  C e t r im o n iu m  C h lo r id e  a l so  w as n eg a t iv e  in  an  in  v i t r o

ce l l  t r a n sf o r m at io n  as say.

C e t r i m o n i u m  C h lo r i d e  w a s n e g a t iv e  in  h u m an  r ep e a te d  in su l t  p a t ch

test s  a t  co n cen tr a tion s of  u p  to  0 .2 5%  fo r  1 00 %  ac tive  so lu tion s an d  u p

to  0 .4%  fo r  2 5%  act iv e  so lu t io ns.  S ligh t de rm al  i r r i ta t io n  w as ob ser ved

d u r in g  th e  ind u c t io n  ph ases of  th ese  ex p er im en ts ,  b u t  n o  ev id en ce  o f

sen s it i za tio n  w as o b se r v ed . A few  case rep or ts  of  ad ver se reac tio ns to

C e t r im o n iu m  B r o m id e  h a v e  b ee n  r ep o r te d  i n  t h e  l i t e r a tu r e .
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DISCUSSION

T he  C o sm et ic  I n gr ed ien t  R eview  E x p er t  P an e l  co n sid e r ed  th e  c l in ica l

d a ta  o n  d e r m al  i r r i t a t io n  an d  s en s i t i za t io n  a n d  n o te d  th a t  0 .2 5 %  ( th e

h ig h est  c o n cen t r a t io n  te sted )  C e t r im o n iu m  C h lo r id e  w as  a  m i ld  i r r i-

t an t  b u t  n o t  a  s e n s i t i z e r.  I t  w as ag r eed  th a t  a  co n cent r a tio n  o f  0 .2 5%

w ou ld  be  an  app r op r ia te  l im it  f or  l eav e- on  p ro d uc ts .  I n  su p p or t  o f  th i s

d ec i s ion ,  th e  ex p er t  pan e l  a l so  no ted  th a t  in  o cu la r  s tud ies ,  a  co n cen-

t ra t ion  of  0 .1 %  C e t r im o n ium  C h lo r id e w as n o ni r r i t at in g  to  th e  ey es o f

r ab b i ts  an d  th a t  0 .5 %  cau sed  m i ld  ir r i t a t ion  w h ich  c lea r ed  b y  7 2  h .

G iv en  th e  n eg a t iv e  r ep ro d u c t iv e  an d  d ev e lo p m en ta l  to x ic i ty  d a ta

f r o m  stu d ie s  u s in g  d e r m al  ap p l ica t io n ,  th e  u n i f o r m ly  n eg a t iv e  m u ta-

g en ic i ty  t e s t  d a ta ,  an d  th e  p e r cu tan e o u s ab so r b t io n  o f  th ese  in g re d i-

en t s ,  the  co n cen tr a t ion  l im i t s  im p o sed  abo v e  w ere  co n sid e red  m or e

th an  ad eq u a te  to  p r ec lu d e  an y  p o ten t ia l  d ev e lo p m e n ta l  to x ic i ty  o r  ca r-

cinogenic effec ts .

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

m o n iu m  B r o m id e  an d  S tea r t r im o n iu m  C h lo r id e ,  i t  i s  ex p e c ted  th a t  th e

co ncen t ra t ion  l im it  p laced  o n  C e tr im o n ium  C h lo r id e a l so  w ou ld  ap ply

to  th ese  c o m p o u n d s.  I t  w as ag r eed  th a t n o  co n cen t r a t io n  l im i t  w as  n ec-

essa ry  for  r in se- off  pro du cts .

CONCLUSION

O n  th e  b asi s  o f  th e  an i m a l  a n d  c l in ica l  d a ta  p r esen ted  in  th i s  r ep o r t ,

th e  C o sm e t ic  In g re d ien t  R ev iew  E x p er t  P an e l  co n c lu d es  th a t  C e t r i-

m o n i u m  C h l o r i d e ,  C e t r i m o n i u m  B r o m i d e ,  a n d  S t e a r t r i m o n i u m

C hlo r id e a r e sa fe  f or  use  in  r in se- o ff  p r od u cts  and  ar e  saf e  f o r  u se a t

con cent ra tio ns of  up  to  0 .25 %  in  leave-on  pr od uc ts .
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