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THE METABOLIC DISPOSITION OF 14C-LABELLED 
PONCEAU 4R IN THE RAT, MOUSE AND GUINEA-PIG

J. C. Phillips, C. S. Bex and I. F. G aunt

British Industrial Biological Research Association, Woodmansterne Road.
Carshalton, Surrey SM5 4DS, UK

(Received 18 March 1982)

A bstract—The absorption, metabolism and excretion of l4 C-labelled Ponceau 4R has been studied in 
the rat. mouse and guinea-pig. Following administration of a single oral dose of 0-5 or 50 mg/kg body 
weight substantially all of the dose was excreted in the urine and faeces within 72 hr, with the majority 
being accounted for in the faeces. In all three species, naphthionic acid was the major urinary metabolite, 
whereas in the faeces naphthionic acid. 7-hydroxy-8-aminonaphthalene-l,3-disu!phonic acid and 
unchanged dye were found. Pretreating male rats with unlabelled Ponceau 4R in the diet (50 mg/kg/day) 
for 28 days prior to dosing with the 1 4C-labelled colouring had no effect on the route of excretion or the 
time taken to eliminate the majority of the label. Following a single dose of 1 4 C-labelled colouring to 
previously untreated rats, mice and guinea-pigs or to rats pretreated as above, no marked accumulation 
of radioactivity in any tissue was found, although tissue levels of radioactivity at 72 hr after dosing were 
higher in the pretreated rats than in those that were not pretreated. Pregnant rats eliminated a single 
oral dose of 14C-labelled colouring at a similar rate to non-pregnant females: however, some retention of 
radioactivity in the foetuses was found. In studies of absorption from isolated loops of small intestine 
containing 50, 500 or 5000 ppm Ponceau 4R. no significant absorption was detected in rats, but some 
absorption was seen in mice at the lowest concentration, and in the guinea-pig at the two higher 
concentrations.

INTRODUCTION

T h e  p r in c ip a l c o n s t itu e n t  o f  P o n c e a u  4 R  [ C l  (1 9 7 1 )  
N o . 1 6 2 5 5 ; E E C  E .1 2 4 ]  is th e  t r is o d iu m  sa lt  o f  7- 
h y d r o x y -8 - ( 4 -s u lp h o n a t o - l- n a p h th y la z o ) n a p h t h a le n e -
1 ,3 -d is u lp h o n a te . It is o n e  o f  th e  w a te r -s o lu b le  a z o  
d y e s  c u rren tly  p e r m itte d  for f o o d  u se  in  th e  U n ite d  
K in g d o m  ( F o o d  A d d it iv e s  a n d  C o n ta m in a n ts  C o m ­
m ittee , 1979).

A  c o n s id e r a b le  b o d y  o f  e v id e n c e  re la t in g  to  th e  
to x ic o lo g y  o f  a z o  d y e s  is  a v a ila b le  (IA R C  W o r k in g  
G r o u p , 1 9 7 5 ; J o in t  F A O /W F I O  E x p er t  C o m m it te e  o n  
F o o d  A d d it iv e s , 1 974 ; K h e r a  &  M u n r o , 1979), a n d  
th e  m e ta b o lis m  o f  th e s e  c o m p o u n d s  h a s  b een  
r e v ie w e d  (A lb r ech t &  M a n c h o n . 1 973; W a lk e r . 1970). 
It h a s  b e e n  s h o w n  th a t  for m o s t  s u lp h o n a te d  a z o ­
d y es , th e  m a jo r ity  o f  a n  o r a lly  a d m in is te r e d  d o s e  is 
m e ta b o liz e d  b y  r e d u c t iv e  f is s io n  o f  th e  a z o  g r o u p , a n d  
th a t o n ly  a sm a ll p r o p o r t io n  is  a b s o r b e d  o r  e x cre ted  
in ta c t  (L a rsen  &  TTarding, 1 9 7 6 ; R a d o m s k i &  M e ll-  
in g er , 1 962; U r a k u b o , 1967). N o  in fo r m a t io n  is  a v a il­
a b le  o n  th e  m e ta b o lic  fa te  o f  P o n c e a u  4 R  in  th e  in ta c t  
a n im a l;  h o w e v e r , it h a s  b een  d e m o n s tr a te d  th a t  th is  
d y e  is  su b jec t  to  a z o -r e d u c t iv e  f is s io n  b y rat ca eca l  
c o n te n ts  in v itr o  (L a rsen , M e y e r  &  S c h e lin e , 1976;  
W a lk er , 1968) a n d  d u r in g  fe r m e n ta t io n  b y la c t ic  a c id  
b a cter ia  (E ise n b r a n d  &  L o h r s c h e id , 1959).

T h e  r e s u lts  p r e s e n te d  in  th is  r ep o r t  d e sc r ib e  th e  
a b so r p t io n , d is tr ib u t io n  a n d  e x c r e t io n  o f  14C -la b e lle d  
P o n c e a u  4R  in  th e  rat, m o u s e  a n d  g u in e a -p ig  f o l lo w ­
in g  o ra l a d m in is tr a t io n  at d o s e  le v e ls  o f  0 5  a n d  
50  m g /k g  b o d y  w e ig h t.

Abbreviations: 7-HANS = 7-Hydroxy-8-aminonaphthaIene-
1,3-disulphonic acid.

EXPERIMENTAL

M a te r ia ls .  P o n c e a u  4 R  la b e lle d  w ith  14C  in  b o th  
n a p h th a le n e  r in g s  (1 ,4 ,5 ,8 ,1 ',4 ',5 ',8 '-14C ; F ig . 1) w a s  
su p p lie d  b y IC I P h y s ic s  a n d  R a d io is o t o p e  S erv ice s . 
C le v e la n d . It h a d  a sp e c if ic  a c t iv ity  o f  31-8 m C i/m m o l.  
T h in - la y e r  c h r o m a to g r a p h y  o f  th e  la b e lle d  m a ter ia l  
o n  s il ic a -g e l p la te s  d e v e lo p e d  in  p r o p a n -2 - o l - a m m o -  
n ia  (sp . gr. 0 -8 8 ) -w a te r  ( 1 0 : 1 :2 , b y  v o l.;  sy s te m  1 ) or  
b u t a n - l - o l - p r o p a n - l - o l - a m m o n ia  (sp . gr. 0 8 8 ) - w a t e r  
( 1 0 : 5 : 1 : 4 ,  b y  v o l.;  s y s te m  2) o r  o n  c e l lu lo s e  p la te s  
d e v e lo p e d  in  b u t a n - l - o l - e t h a n o l - w a t e r  ( 5 : 2 : 3 ,  b y  
v o l.;  sy s te m  3) r ev ea led  o n e  red  c o m p o n e n t  (R F in  th e  
th r ee  sy s te m s  0-30. 0-22  a n d  0-37 , r e sp e c t iv e ly ) . T h e  
r a d io c h e m ic a l p u r ity  o f  th e  m a ter ia l in  a ll th ree  
c h r o m a to g r a p h ic  s y s te m s  w a s  > 9 0 % .

U n la b e l le d  P o n c e a u  4R  (R ef. 9 /1 4 2 2 N )  w a s  s u p ­
p lie d  b y  th e  F o o d  C o lo u r s  S u b -C o m m it te e  o f  the  
C h e m ic a l In d u s tr ie s  A s s o c ia t io n , a n d  c o m p lie d  w ith  
th e  s p e c if ic a t io n s  la id  d o w n  in  th e  F o o d  A d d it iv e s  
a n d  C o n ta m in a n ts  C o m m itte e  (1 9 7 9 ) rep o r t . A n a ly s is  
b y  W illia m s  ( H o u n s lo w )  L td . H o u n s lo w , M id d x  
s h o w e d  th a t th e  m a ter ia l c o n ta in e d :  d y e , 81% ; s u b s i­
d ia ry  d y es , 0-5% : v o la t ile  m a tter , 5-8% ; w a te r  in s o l ­
u b le  m a tter , 0-02% ; s o d iu m  c h lo r id e . 7-9% ; s o d iu m  
su lp h a te , 0  9% ; c o p p e r , 2  p p m ; lea d , 5 p p m ; a rsen ic , 
1 p p m . T h in - la y e r  c h r o m a to g r a p h y  o f  th is  m a ter ia l  
in  s o lv e n t  sy s te m s  1, 2  a n d  3 r e v e a le d  o n ly  o n e  c o l ­
o u r e d  c o m p o n e n t  w ith  a n  R F v a lu e  s im ila r  to  th a t o f  
th e  la b e lle d  c o lo u r  ( R F, 0  32, 0-23  a n d  0-40. r e sp ec t­
ively ).

A n im a ls  a n d  tre a tm e n t.  T h e  s tu d ie s  w e r e  ca rr ied  o u t  
in  m a le  a n d  fem a le  W is ta r  a lb in o  ra ts  ( 1 0 0 -1 8 0  g  
b o d y  w e ig h t), p r e g n a n t  fe m a le  W is ta r  ra ts  ( 2 0 0 -2 5 0  g  
b o d y  w e ig h t)  a n d  m a le  D u n k in - H a r t le y  g u in e a -p ig s
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( 2 1 0  3 6 0  g  b o d y  w e ig h t), su p p lie d  b y  O L A C  (1 9 7 6 )  
L td . B ice ster . O x o n . T h e  p r eg n a n t ra ts  w ere  su p p lied  
w ith  a k n o w n  d a y  o f  m a tin g  (d e fin ed  a s  d a y  0  o f  
p reg n a n cy ). M a le  C D -I  m ice  w'ere su p p lie d  b y  
C h a r le s  R iv er  U K  L td . M a r g a te , K en t. T h e  ra ts  a n d  
m ice  w ere  fed  S p ra tt's  L a b o r a to r y  A n im a l D ie t  N o .  1 
a n d  th e  g u in e a -p ig s  w e r e  fed  O x o id  D ie t  S G I  w ith  a 
v ita m in  C  su p p le m e n t  in th e  d r in k in g -w a te r . A ll a n i­
m a ls  w ere  g iv e n  fo o d  a n d  w a ter  ad lib. a n d  k ep t at 
2 0  ±  2 C .

G r o u p s  o f  m a le  rats, m ic e  a n d  g u in e a -p ig s  a n d  
fem a le  ra ts  w ere  g iv en  a s in g le  d o s e  o f  14C -la b e lle d  
P o n c e a u  4R  b y  g a v a g e . T h e  la b e lle d  c o lo u r in g ,  
d ilu te d  w ith  u n la b e lle d  c o lo u r in g , w a s  a d m in is te r e d  
a s  a n  a q u e o u s  s o lu t io n  at a v o lu m e  (5 m l k g  b o d y  
w e ig h t)  th a t  p r o v id e d  a d o s e  lev e l o f  0 5  o r  5 0  m g  
c o lo u r in g /k g  b o d y  w e ig h t  ( 2 0 / iC i/k g  b o d y  w e ig h t). 
P r e g n a n t  ra ts w ere  g iv e n  a  s in g le  o ra l d o s e  o f  5 0  m g  
14C -la b e lle d  P o n c e a u  4 R /k g  b o d y  w e ig h t  o n  d a y  8 o f  
p r eg n a n cy . In a d d it io n , a  g r o u p  o f  m a le  ra ts  w a s  
g iv e n  u n la b e lle d  P o n c e a u  4R  in th e  d ie t  for 28  d a y s  to  
p r o v id e  an  in ta k e  o f  a p p r o x im a te ly  50  m g /k g  b o d y  
w e ig h t /d a v . T h is  w a s  fo llo w e d  b y  a s in g le  o ra l d o s e  o f  
50  m g  14C -la b e lle d  P o n c e a u  4 R /k g .

A fter  tr e a tm en t w ith  14C -la b e lle d  c o lo u r in g  th e  a n i­
m a ls  w e r e  h o u se d  in  a ll-g la s s  m e ta b o lis m  c a g e s  (Jen -  
c o n s  S c ie n t if ic  L td . H e m e l H e m p ste a d . H erts). A ir  
w a s  d ra w n  th r o u g h  th e  c a g e  a t a c o n s ta n t  ra te  o f  
2 5 0  m l m in  a n d  th e  e x h a le d  C 0 2 w a s  tr a p p e d  in  
e th a n o la m in e - 2 -e t h o x y e t h a n o l  (1 :4 . v /v ). T h e  tr a p ­
p in g  s o lu t io n s  w ere  c h a n g e d  a t in te r v a ls  u p  to  72  hr. 
U r in e  a n d  fa e c e s  w e r e  c o l le c te d  a t  2 4 -h r  in te rv a ls  for  
3 d a y s , a fter  w h ic h  t im e  th e  a n im a ls  w e r e  k illed .

T h e  liver , k id n e y s , sp lee n , h ea rt, lu n g s , b ra in , g a s ­
t r o in t e s t in a l  tract ( in c lu d in g  c o n te n ts ) , te s te s  (g en ita l 
tract in  n o n -p r e g n a n t  fem ales), fo e tu s e s  a n d  sa m p le s  
o f  sk e le ta l m u sc le  a n d  s u b c u ta n e o u s  fat w ere  a n a ly se d  
for r a d io a c t iv ity .

Urinary excretion. U r in e  s a m p le s  ( 0 - 2 4  hr) w ere  
ly o p h iliz e d  a n d  th e  re s id u e  e x tr a c te d  r e p e a te d ly  w ith  
m e th a n o l. T h e  to ta l m e th a n o lic  e x tr a c t  w a s  e v a p o r ­
a ted  to  d ry n ess , ta k e n  u p  in  m e th a n o l a n d  e x a m in e d  
b y  th in - la v e r  c h r o m a to g r a p h y . T h e  re s id u e  fro m  th e  
m e th a n o l e x tr a c t io n  w a s  fu r th er  e x tra c ted  w ith  eth y l 
a c e ta te  a n c  th e  re s id u e  fro m  th is  e x tr a c t io n  d is s o lv e d  
in  w a ter . T h e  e th y l a c e ta te  ex tra c t  a n d  th e  a q u e o u s  
s o lu t io n  w ere  a lso  e x a m in e d  b y th in - la y e r  c h r o m a ­
to g r a p h y . F o r  a ll th ree  sp ec ie s , m o r e  th an  80%  o f  th e  
r a d io a c t iv ity  p resen t in  th e  u r in e  w a s  r e c o v e r e d  in  th e  
m e th a n o l ex tract.

Faecal excretion. F a e c e s  (5 g) w ere  h o m o g e n iz e d  in  
50  m l m e th a n o l-w a te r  (9 5 :5 , v /v ). f iltered  a n d  th e  res i­
d u e  r e p e a te d ly  e x tr a c te d  w ith  2 5 -m l a l iq u o ts  o f  m e th ­
a n o l  u n til n o  fu r th er  r a d io a c t iv ity  c o u ld  b e  r em o v ed . 
T h e  c o m b in e d  m e th a n o l e x tr a c ts  w e r e  c o n c e n tr a te d  
a n d  e x a m in e d  b y  th in - la y e r  c h r o m a to g r a p h y . T h e  
r a d io a c t iv ity  r e m a in in g  in  th e  r e s id u e  w a s  d e te r m in e d  
b y  c o m b u s t io n . F o r  a ll th ree  sp e c ie s  m o r e  th a n  80%  
o f  th e  r a d io a c t iv ity  p resen t in  th e  fa e c e s  w a s  e x tra c ted  
b y  th is  p r o ced u re .

Biliary excretion. T h r e e  m a le  ra ts  w ere  a n a e s th e ­
t iz ed  w ith  s o d iu m  p e n to b a r b ito n e  a n d  th e  b ile  d u c t  o f  
e a c h  w a s  c a n n u la te d . T h e  14C -la b e lle d  c o lo u r in g  d is ­
s o lv e d  in  0-9%  (w /v )  sa lin e  w a s  in je c ted  in to  the  
s to m a c h  a t a d o s e  ra te  o f  0  5 m l/lO O g  b o d y  w e ig h t  to  
p r o v id e  a d o s e  lev e l o f  5 0  m g /k g . B ile  w a s  c o l le c te d  at

in te rv a ls  for  u p  to  5 hr. T h e  r a d io a c t iv ity  e x c r e te d  in  
th e  b ile  a t e a c h  t im e  in terv a l w a s  d e te r m in e d .

Intestinal absorption studies. A b s o r p t io n  w a s  s tu d ­
ied  u s in g  th e  te c h n iq u e s  d e sc r ib e d  b y  M a tth e w s ,  
C raft. G e d d e s  et al. (1968). M a le  a n im a ls  o f  th e  th ree  
sp e c ie s  w ere  a n a e s th e t iz e d  w ith  s o d iu m  p e n to b a r b i­
to n e  a n d  a len g th  o f  sm a ll in te s t in e  w a s  is o la te d  
b e tw e e n  lig a tu re s  w h ile  e n su r in g  th a t th e  m e se n te r ic  
b lo o d  su p p ly  r e m a in e d  in ta c t. T h r e e  se p a r a te  5 -cm  
le n g th s  w e r e  is o la te d  w ith  th is  le n g th  (o n ly  o n e  for th e  
m ice )  a n d  0  3 m l o f  a 0-9%  (w /v )  sa lin e  s o lu t io n  c o n ­
ta in in g  14C -la b e lle d  a n d  u n la b e lle d  c o lo u r in g  g iv in g  a 
to ta l c o n c e n tr a t io n  o f  c o lo u r in g  o f  e ith er  50 , 5 0 0  or  
5 0 0 0  p p m  w a s  in tr o d u c e d  in to  e a c h  lo o p . L o o p s  w'ere 
r e m o v e d  im m e d ia te ly  a fter  in je c tio n  o f  th e  sa m p le  
( tim e  =  0  m in ), a fter  3 0  m in  a n d  a fter 1 hr a n d  w a s h e d  
o u t  w ith  0-9%  (w /v )  sa lin e  s o lu t io n . T h e  in te s t in e  a n d  
th e  c o n te n ts  w ere  a ss a y e d  se p a r a te ly  fo r  r a d io a c t iv ity .

Radioactivity determinations. R a d io a c t iv ity  w a s  
m ea su red  in  a  P a c k a r d  2 6 5 0  l iq u id  s c in t il la t io n  
c o u n te r  a n d  e ffic ie n c y  w a s  d e te r m in e d  b y  th e  ex te r n a l  
c h a n n e ls -r a t io  m e th o d . U r in e  (0-5 m l), b ile  (0 1  m l) 
a n d  in te s t in a l lo o p  c o n te n ts  (0-5 m l) w ere  c o u n te d  in  a 
s c in t il la t io n  flu id  o f  t o lu e n e - 2 -e th o x y e th a n o l  ( 1 : 1, 
v /v )  c o n ta in in g  2 ,5 -d ip h e n y lo x a z o le  (0-4% , w /v ) . 
F a e c e s  a n d  t is su e s  w ere  e x a m in e d  for 14C  c o n te n t  b y  
o x id a t io n  in  a  P a ck a rd  3 0 6  S a m p le  O x id is e r . T h e  
14C 0 2 p r o d u c e d  w a s  tra p p e d  in  C a r b o s o r b  a n d  
c o u n te d  in  P e r m a flu o r  V  s c in t il la t io n  c o c k ta i l  ( P a c k ­
ard  In s tr u m e n ts , D e s  P la in es . IL . U S A ). R e c o v e r y  o f  
14C  w a s  b e tw e e n  9 7  a n d  99% . R a d io a c t iv ity  o n  th in -  
la y er  p la te s  w a s  v isu a liz e d  u s in g  a R a d io c h r o m a to ­
g ra m  S p a rk  C h a m b e r  (B irch o v er  In s tr u m en ts . L e tch -  
w o r th , H er ts )  a n d  q u a n tita te d  b y  s c in t il la t io n  c o u n t ­
in g  o f  1-cm  w id e  b a n d s  sc ra p ed  from  th e  p la te .

Statistical analysis. D iffer en ces  in th e  to ta l e x c r e ­
t io n  o f  r a d io a c t iv ity  fo llo w in g  a s in g le  o ra l d o s e  o f  
14C -la b e lle d  c o lo u r in g  w ere  in v e s t ig a te d  b y  tw o-w ay-  
a n a ly s is  o f  v a r ia n ce . In te s tin a l a b s o r p t io n  d a ta  w e r e  
su b jec ted  to  a D ix o n 's  G a p  te st  for  o u t l ie r s  a n d  
a b s o r p t io n  after  30  a n d  6 0  m in  w a s  c o m p a r e d  w ith  
z e r o - t im e  c o n tr o ls  u s in g  S tu d en t's  t test. T h e  le v e l o f  
s ig n if ic a n c e  c h o s e n  for a ll s tu d ie s  w a s  P <  0  0 5 .

R E S U L T S

T h e  e x c r e t io n  o f  r a d io a c t iv ity  b y  m a le  a n d  fem a le  
ra ts fo llo w in g  a s in g le  o ra l d o s e  o f  l 4C -la b e lle d  P o n ­
c ea u  4 R  is s h o w n  in  T a b le  1. A lth o u g h  th e  m a jo r ity  o f  
th e  r a d io a c t iv ity  w a s  e lim in a te d  in  th e  fa ece s  w ith in  
2 4  hr. b e tw e e n  a p p r o x im a te ly  5 a n d  23%  o f  th e  a d ­
m in is te red  r a d io a c t iv ity  w a s  fo u n d  in th e  u r in e  d u r in g  
th e  3 -d a y  c o l le c t io n  p er io d . O n ly  tra ce  q u a n tit ie s  o f  
r a d io a c t iv ity  ( le ss  th a n  0 0 3 %  o f  th e  d o s e )  w ere  
d e te c te d  in  ex p ir e d  C 0 2. M a le  m ic e  a n d  g u in e a -p ig s  
(T a b le  2) e x c r e te d  a h ig h er  p r o p o r t io n  o f  th e  d o s e  in  
th e  u r in e  (9 -2 7 %  in th e  m o u s e  a n d  9 -3 7 %  in  th e  g u i­
n e a -p ig )  b u t th e se  le v e ls  w ere  n o t  s ta t is t ic a lly  s ig n if i­
c a n t ly  d ifferen t fro m  th o s e  for th e  rats.

T r e a tin g  m a le  ra ts  w ith  u n la b e lle d  P o n c e a u  4 R  in  
th e  d ie t  for 28  d a y s  p r io r  to  d o s in g  w ith  14C -la b e lle d  
c o lo u r in g  h a d  n o  e ffect o n  th e  ra te  o f  e x c r e t io n  o f  th e  
5 0 -m g /k g  d o s e  o r  o n  th e  p r o p o r t io n  o f  th e  r a d io a c ­
t iv ity  e x c r e te d  in  u r in e  a n d  fa eces  (T a b le  1). T h e  
e x c r e t io n  o f  r a d io a c t iv ity  in u r in e  a n d  fa ece s  b y  p r e g ­
n a n t ra ts  g iv e n  a s in g le  o ra l d o s e  o f  l 4 C -la b e lle d
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Table 1. Excretion of radioactivity by male and female rats given a single oral dose of ,4C-labelled
Ponceau 4R

Route of 
excretion

Time
(hr)

Dose
(mg/kg)...

Recovery of administered radioactivity (%)

0-5 50 50*

Males
co2 0-24 0 - 0 0 1  (0 -0 0 1 - 0 -0 0 2 ) 0-001 (0-001-0-003) 0-007 (0-004-0-012)

24-72 0 - 0 0 2  (all) 0-003 (0-002-0-006) 0-005 (0-002-0-008)
Urine 0-24 6-3 (4-3-10-0) 9-3 (6-1-12-2) 7-6(5-1-10-1)

24-48 0-7 (0-3—1 -3) 1-5 (11-2-3) 1-3(0-2-3-6)
48-72 0  1 ( 0  1- 0 -2 ) 0 - 2  (0 -1- 0 -2 ) 0-2 (0-04-0-55)

Faeces 0-24 87-6 (80-9-95-0) 78-4 (70-9-84-1) 75-9 (49-6-91-6)
24-48 3-9(1 -4-6-7) 11-7(9-3-14-4) 13-8 (3-7-36-3)
48-72 0-3(0-1-0-4) 0 - 6  (0 -2 - 1 0 ) 1-3 (0-4—2-8 )

Total. ..98-9(97-0-101-4) 101-6 (94-1-106-9) 100-1 (94-0-103-2)

Females
CO, 0-24 0 - 0 1 2  (0 -0 1 1 - 0 -0 1 2 ) 0-002 (0-001-0-003) ND

24-72 0-017 (0-010 0-028) 0 - 0 0 2  (all) ND
Urine 0-24 7-9 (4-5-10-2) 8-9 (4-4-15-1) 8-9 (5-8-14-0)

24-48 0-9 (0-4-1 -9) 2-1 (0-5-70) 0-8 (0-2-1-4)
48-72 0 -1  (0 1 - 0 -2 ) 0-3 (0-1—0-8) 0-3 (0-05-1-2)

Faeces 0-24 75-9(58-9 85-2) 74-8 (31-8 91-1) 76-1 (49-1-92-1)
24-48 11-9 (3-0-27-0) 12-8(4-2-37-7) 14-8 (3-6-35-2)
48-72 . 0 -6 (0 -3-1-2) 2-9 (0-3-10-3) 0-8 (0-3—2-6)

Total. .. 97.4(95-2-99 1) 101-8 (99-0-105-6) 101-7(95-2-104-6)

ND = Not determined
*Male rats: pretreated for 28 days with unlabelled Ponceau 4R (c. 50 mg/kg body weight/day) given in the 

diet. Female rats: pregnant animals given a single oral dose on day 8  of pregnancy.
Values are means for groups of four low- and high-dose males and low-dose females and for groups of six 

high-dose females, pretreated male and pregnant rats. The range of values is given in brackets.

c o lo u r in g  w a s  s im ila r  to  th a t  b y  n o n -p r e g n a n t  fem a le s  
(T a b le  1).

T h e  r a d io a c t iv ity  r e c o v e r e d  in  th e  t is su e s  o f  m a le  
a n d  fem a le  ra ts is s h o w n  in  T a b le  3. T h e  p r o p o r t io n  
a n d  d is tr ib u tio n  o f  th e  re ta in e d  r a d io a c t iv ity  w a s  
s im ila r  to  b o th  d o s e  le v e ls  w ith  th e  m a jo r ity  b e in g  
a s s o c ia te d  w ith  th e  g a s tr o - in te s t in a l tract, liv er  a n d  
k id n e y s. In fem a le  rats, th e  p r o p o r t io n  o f  th e  d o se  
re ta in ed  w a s  h ig h er , p a r t ic u la r ly  in  th e  liv er  a n d  g a s ­
tr o -in te s t in a l tra ct (T a b le  3). S u b s ta n t ia lly  h ig h er  
le v e ls  o f  r a d io a c t iv ity  w ere  fo u n d  in  th e  t is su e s  o f  
p re tr e a te d  ra ts a lth o u g h  th e  d is tr ib u tio n  rem a in ed

u n c h a n g e d  (T a b le  3). T h e  p r o p o r t io n  o f  th e  d o s e  
re ta in e d  in  th e  m a jo r ity  o f  th e  t is su e s  w a s  c o m p a r a b le  
in  p r e g n a n t  a n d  n o n -p r e g n a n t  a n im a ls  (T a b le  3), 
a lth o u g h  th e  liv ers  o f  th e  p r e g n a n t  a n im a ls  c o n ta in e d  
s u b s ta n t ia lly  m o r e  r a d io a c t iv ity  th a n  th o s e  o f  th e  
n o n -p r e g n a n t  a n im a ls . B e tw e e n  0-3 a n d  0-5%  o f  the  
a d m in is te r e d  d o s e  w a s  p r e s e n t  in  th e  fo e tu se s .

T h e  t is su e  le v e ls  o f  r a d io a c t iv ity  in  m a le  m ice  g iv en  
14C -la b e lle d  P o n c e a u  4 R  a t  a  d o s e  lev e l o f  50  m g /k g  
w ere  s im ila r  to  th o s e  in  th e  ra t; h o w e v e r  a t th e  lo w er  
d o s e  lev e l th e  p r o p o r t io n  o f  r a d io a c t iv ity  r e ta in e d  w a s  
g rea ter  (T a b le  4). T h e  m a le  g u in e a -p ig  a ls o  re ta in e d  a

Table 2. Excretion of radioactivity by male mice and guinea-pigs given a single oral dose of 14C-labelled Ponceau 4R

Route of 
excretion

Time
(hr)

Dose 
(mg/kg..

Recovery of administered radioactivity ("„)

Mouse Guinea-pig

0-5 50 0-5 50

co2 0-24 0-010 (0-004-0016) 0-003 (0-001-0-004) 0-002 (0 001-0-004) 0-008 ( 0  001-0-026)
24-72 0-004 (0-002-0-009) 0-002 (0-002-0003) 0  0 0 2  (0 -0 0 2 - 0 -0 0 2 ) 0004 (0-002-0-013)

Urine 0-24 13-7 (7-7-23-2) 11-8 (9-7-16-8) 7-8 ( 6  9-8-4) 14-0 (6-7-31-0)
24-48 1-2 (0-7—2-8) 2-1 (1-2-5-3) 4-2 (2-2- 6-2) 2-6(1 -5—5-5)
48-72 0-4 (0-2—0-7) 0-4 (0-1 -0-9) 0 9 (0-5 1-3) 0-3(0-1-0-7)

Faeces 0-24 82-6 (61-4- 94-9) 75-3 (60-1 86-3) 51-2 (36-9-60-6) 60-7 (33-8-75-2)
24-48 2 - 0  (0 -6 —5-0) 7-9 (2-1-22-2) 28-4(23-9-32-3) 18-2(11-7-20-5)
48-72 0-4 (01-0-7) 0-5 (0-3 11) 9-3 (5 0-17-3) 10-2 (8-6-13-8)

Total.... 100-3 (93-7-104-4) 98-0 (901 103-7) 101-8 (100-9-102-3) 106-0(88-6-112-0)

Results are expressed as the mean for groups of six animals (three for guinea-pigs given 0-5 mg/'kgl. with the range of
values in brackets.
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Table 3. R a d io a c t iv i t y  in th e  t is s u e s  o f  m a le  a n d  fe m a le  r a ts  72 h r  a fte r  a n  o ra l d o s e  o f  , 4 C -la h e lle d  P o n c e a u  4 R

Recovery of administered dose (% x 103)

Dose level 
(mg kg)...

Male Female

Tissue 0-5 50 50* 0-5 50 50+

Liver 12-3 ± 1-9 1 0 -0 ± 0-9 288 ± 15 84 ± 36 57 ± 8 497 ± 74
Kidney 7-4 ± 0-9 7-4 ± 0-7 2 0 - 2 ± 2 -6 8 -6 ± 16 9-2 ± 3-2 11-5 ± 0 - 6

Spleen 0-4 + 0-03 0-5 ± 0-1 7-8 ± 3-9 1-3 ± 0 -6 1 -2 ± 0-4 3-1 ± 1 -0

Brain 0-4 ± 0-03 0-3 ± 0-1 6 -8 ± 0-3 4-9 ± 2-5 1-2 ± 0-4 4-6 ± 0-5
Heart 0-5 ± 0 -2 0-3 ± 0 -1 5-8 ± 0 - 6 0 -6 ± 0-3 0-9 ± 0-3 3-7 ± 0-3
Testes/genital 0 -8 ± 0-1 1 -0 ± 0-1 13-0 ± 0-9 1 -0 ± 0-5 0-9 ± 0 -2 ND

tract
Lungs 0 -8 + 0 - 2 0-7 ± 0 1 9-0 ± 1-5 0 -8 ± 0-3 31 ± 2 -0 5-3 + 0-7
Stomach 1-6 ± 0-4 3-1 ± 0-3 7-6 ± 1-4 3-9 ± 1-8 13-2 ± 6-7 9-3 ± 1-8
Small intestine 14-0 + 2-2 20-5 ± 1-7 362 ± 57 38 ± 6 133 ± 50 253 + 22
Caecum 8-3 ± 0-6 14-0 ± 4-4 53 ± 21 56 ± 33 77 ± 47 189 ± 41
Large intestine 11-3 ± 26 15-0 ± 2-7 51 ± 26 32 ± ¡0 58 + 39 10-8 ± 1-1
Muscle! 0-5 + 01 0-3 ± 0-1 4-9 ± 0-9 0-2 ± 0-1 1-6 ± 0-3 3-8 ± 0-4
Fat! 2-0 ± 0-7 2-4 ± 0-4 19 4 ± 3-7 5-6 ± 0-8 12-0 + 1-6 22-8 ± 8-5

ND = Not determined
*Rats were pretreated for 28 days with unlabelled Ponceau 4R (c. 50mg/kg body weight/day) given in the diet. 
1'Rats given a single oral dose on day 8  of gestation, 

of dose x 1 0 3,/g tissue.
Values are means ± SE\1 for groups of four rats (six pretreated male rats and pregnant rats|.

h ig h er  p r o p o r t io n  o f  th e  a d m in is te r e d  r a d io a c t iv ity  
th a n  th e  rat. a lth o u g h , a s  w ith  th e  rat. th e re  w ere  n o  
m a rk ed  d ifferen ce s  b e tw e e n  th e  d o s e  le v e ls  (T a b le  4). 
In th e  g u in e a -p ig  a su b s ta n t ia l  a m o u n t  o f  th e  a d m in ­
istered  r a d io a c t iv ity  r e m a in e d  in  th e  g a s tr o - in te s t in a l  
tra ct (2-5- 6 % a t th e  lo w e r  d o s e  lev e l a n d  1 -5-4%  at 
th e  h ig h e r  d o s e  lev e l) , a n d  in th e  liv er  (0 3 -  1-4%) at 
72  hr.

In th e  s tu d ie s  o f  in te s t in a l a b s o r p t io n  at c o n c e n ­
tr a tio n s  o f  P o n c e a u  4 R  o f  50 . 5 0 0  o r  5 0 0 0  p p m  n o  
s ig n if ic a n t  a b s o r p t io n  o f  r a d io a c t iv ity  (a s  m ea su red  
b y  to ta l r e c o v e r y  o f  in je c ted  r a d io a c t iv ity )  fro m  the  
rat sm a ll in te s t in e  o c c u r r e d  o v e r  a  I-h r  p e r io d  (T a b le
5). H o w e v e r , a s lig h t , b u t s ta t is t ic a lly  s ig n if ic a n t. lo s s  
o f  r a d io a c t iv ity  a fter  1 hr w a s  se en  in  th e  g u in e a -p ig

at th e  tw o  h ig h er  c o n c e n tr a t io n s  (5 0 0  a n d  5 0 0 0  p p m )  
a n d  in  th e  m o u s e  a t  th e  lo w e s t  c o n c e n tr a t io n  
(5 0  p p m ). A lth o u g h  su b s ta n t ia l , b u t v a r ia b le , a m o u n ts  
o f  r a d io a c t iv ity  w ere  a s s o c ia te d  w ith  th e  g u t t is su e , 
th ere  w a s  n o  r e la t io n sh ip  b e tw e e n  th e  d is tr ib u t io n  o f  
r a d io a c t iv ity  in t is su e  a n d  c o n te n ts , w ith  e ith e r  t im e  
o r  c o n c e n tr a t io n . T h e  r a d io a c t iv ity  a s s o c ia te d  w ith  
th e  g u t  t is su e  p r o b a b ly  r ep resen ts  c o lo u r in g  b o u n d  to  
o r  a s s o c ia te d  w ith  m u c o s a l p r o te in s . M e a s u r e m e n t  o f  
th e  a b s o r b a n c e  at 4 6 5  nm  o f  a s o lu t io n  o f  th e  lo o p  
c o n te n ts  a t th e  e n d  o f  th e  e x p e r im e n ta l p e r io d  sh o w e d  
th a t n o  b r e a k d o w n  o f  th e  a z o  d y e  h a d  o ccu rre d . T h e  
la ck  o f  a n y  su b s ta n t ia l  a b s o r p t io n  o f  th e  in ta c t  a z o  
d y e  fro m  th e  u p p er  g a s tr o - in te s t in a l tract o f  th e  rat 
w a s  fu r th er  su p p o r te d  b y  th e  o b s e r v a t io n  th a t  less

Table 4. R a d io a c t iv i ty  in th e  t is s u e s  o f  m a le  m ic e  a n d  y u in e a -p iijs  72 h r  a fte r  an  o ra l d o se  o f
' 4 C -la b e lle d  P o n c e a u  4 R

Tissue
Dose level 
(mg/kg)...

Recovery of administered dose (”„ x 1 0 ’)

Mouse Guinea-pig

0-5 50 0-5 50

Liver 109 ± 39 40 + 0-6 343 + 37 536 + 183
Kidney 62 ± 17 3-0 ± 10 16-0 ± 1-5 26-2 + 4-4
Spleen 22 + 7 2 - 2  ± 1-8 4-2 ± 2-0 8-7 + 5-9
Heart 30 + 12 0-5 + 0-2 5-8 + 1-9 7-1 + 1-4
Lung 32 ± 14 0-5 ± 0-2 10-3 + 1-3 12-6 + 3-5
Brain 2 1 + 7 0-4 + 0-1 170 + 1-5 22-0 + 6-5
Testes 6 8  ± 36 1-7 + 0-6 6 - 6  + 0-5 6 8  + 1-5
Stomach 38 ± 13 12-4 + 4-1 595 + 97 390 + 58
Small intestine 90 + 30 8 -8  ± 1 -8 318 + 51 283 + 26
Caecum 52 + 10 16-4 ± 4-8 1941 + 677 774 + 202
Large intestine 74 ± 17 20-2 + 4-0 1246 + 277 599 + 146
Muscle* 153 ± 23 20-0 + 5-8 8 - 0  + 0 -6 25-8 + 4-3
Fat* 199 + 18 70 ± 14 8 - 0  ± 1-2 18-3 + 1-8

*“„ of dose x 1 0 3 g tissue.
Values are means ± SEM for groups of six animals (three guinea-pigs given 0-5 mg/kg).
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Table 5. Absorption of ,4C-labelled Ponceau 4R from isolated loops of small intestine of male rats, mice
and guinea-pigs

Species
Time
(hr)

Initial
concn (ppm)...

Retained radioactivity (°„ of injected dose)

50 500 5000

Rat 0 102-8 ± 0-5(7) 102-1 ± 1-3(6) 99-2 ± 0-4(3)
0-5 104-4 + 2-6(6) 99-6 ± 2-4(6) 99-5 ± 0-3(5)
1 0 101-4 ± 1-2(6) 99-7 ± 4-0(9) 96-3 ± 2-3(12)

Mouse 0 103-5 ± 1-8(7) 103-4 ± 0-6(5) 103-5 ± 0-9(3)
0-5 104-4 ± 2-6(6) 99-6 ± 2-4 (6 ) 99-5 ± 0-3(5)
1 0 101-4 ± 1-2(6) 99-7 ± 4-0(9) 96-3 ± 2-3(12)

Guinea-pig 0 104-4 + 1-2(7) 104-0 ± 0-4(3) 104-9 ± 0-3(6)
0-5 102-4 ± 3-0(5) 1 0 2 - 2  ±  1-9(6) 103-9 ± 4-6(5)
1 -0 105-2 ± 2-7(5) 100-4 ± 1-2(3)* 98-7 ± 0-4(3)***

Results are expressed as mean ± SEM for the number of determinations shown in brackets. Values 
marked with asterisks are significantly lower (Student's f test) than the corresponding zero-time values 
[*P < 0-05; **P < 001; ***P < 0001).

th a n  0 1 % o f  th e  a d m in is te r e d  r a d io a c t iv ity  in  the  
5 0 -m g /k g  d o s e  w a s  r e c o v e r e d  in  th e  b ile  a fter  1 hr a n d  

o n ly  b e tw e e n  0-6 a n d  1-3% w a s  r e c o v e r e d  after  5 hr.
A t lea s t  tw o  r a d io a c t iv e  c o m p o n e n t s  w ere  p r esen t  

in  th e  u r in e  cS  a ll th r ee  sp e c ie s . T h e  m a jo r  c o m p o n e n t  
(70%  o f  th e  la d io a c t iv i t y  in  th e  rat) p re sen t in  th e  
m e th a n o l ex tr a c t , c o - c h r o m a to g r a p h e d  w ith  n a p h -  
th io n ic  a c id  in  th r ee  sy s te m s . O f  th e  m in o r  c o m ­
p o n e n ts , o n e  h a d  a  s im ila r  c h r o m a to g r a p h ic  m o b il i ty  to
7 - h y d r o x y -8 -a m in o n a p h th a le n e -  1 .3 -d is u lp h o n ic  a c id  
(7 -H A N S ;  F ig . 2). In  m o u s e  u r in e , s o m e  r a d io a c t iv ity  
a ls o  c o -c h r o m a to g r a p h e d  w ith  P o n c e a u  4 R . T h in -  
la y er  r a d io c h r o m a to g r a p h y  o f  fa eca l e x tr a c ts  from  
rats, m ic e  a n d  g u in e a -p ig s  g iv e n  5 0  m g  14C -la b e lle d  
P o n c e a u  4 R /k g  b o d y  w e ig h t  s h o w e d  th a t a t lea st  
th r ee  r a d io a c t iv e  c o m p o u n d s  w e r e  p resen t. R a d io a c ­
t iv ity  in  th e  e x tr a c ts  c o -c h r o m a to g r a p h e d  w ith  n a p h -  
th io n ic  a c id . 7 - H A N S  a n d  u n c h a n g e d  P o n c e a u  4R .

DISCUSSION

S tu d ie s  o n  th e  a b s o r p t io n  a n d  e x c r e tio n  in  th e  rat 
o f  a z o  d y e s  w ith  s tr u c tu r e s  r e la ted  to  th a t  o f  P o n c e a u  
4 R , su c h  a s  a m a r a n th  (H o n o h a n , E n d e r lin  &  R yer-  
s o n , 1 9 7 6 ; R a d o m s k i &  M e llin g e r , 1 9 6 2 ; R u d d ick , 
C ra ig , S ta v r ic  e t  a l. 1 979 ) a n d  c a r m o is in e  (G a lli  &  
C o s ta , 1980) h a v e  s h o w n  th a t  th e  m a jo r ity  o f  th e  a d ­
m in is te r e d  d o s e  is r e d u c e d  in  th e  g a s tr o - in te s t in a l  
tract, a n d  th a t th e  m e ta b o lit e s  are  e x c r e te d  p r e feren ­
t ia lly  in  th e  faeces .

T h e  re su lts  o f  o u r  s tu d ie s  w ith  14C -la b e lle d  P o n ­
c e a u  4 R  in  th e  ra t s h o w in g  th a t  s u b s ta n t ia l ly  a ll o f  a

OH

Fig. 1. Structure of Ponceau 4R with the l4 C-labelled pos­
itions indicated by an asterisk.

s in g le  o ra l d o s e  is  ra p id ly  ex c r e te d  in  u r in e  a n d  fa eces , 
w ith  th e  m a jo r ity  a c c o u n te d  for in  th e  fa ece s , su g g e s ts  
th a t  th e  m e ta b o lic  fa te  o f  P o n c e a u  4 R  in  th e  ra t is  
s im ila r  to  th a t o f  re la ted  a z o  d y es . T h e  p r e s e n c e  o f  
n a p h th io n ic  a c id  in  b o th  u r in e  a n d  fa e c e s  c o n f ir m s  
th a t  th is  c o lo u r in g  is  r ed u c e d  in  th e  g a s tr o - in te s t in a l  
tra c t  o f  th e  rat.

T h e  r e s u lts  o b ta in e d  w ith  m ice  a n d  g u in e a -p ig s  
su g g e s t  th a t  th e  fa te  o f  P o n c e a u  4R  in  th e se  sp e c ie s  is  
s im ila r  to  th a t  in  th e  rat. H o w e v e r , s in c e  b o th  th e  
m o u s e  a n d  th e  g u in e a -p ig  e x c r e te d  a g re a te r  p r o p o r ­
t io n  o f  th e  d o s e  in  th e  u r in e  th a n  d id  th e  rat, th ere  
m a y  b e  sp e c ie s  d ifferen ce s  in  e ith e r  th e  ra te  o r  e x te n t  
o f  a z o  r e d u c t io n  in  th e  g a s tr o - in te s t in a l tra ct o r  in  th e  
ra te  o f  a b s o r p t io n  o f  th e  n a p h th io n ic  a c id  re lea sed .  
T h e  s lo w e r  e x c r e t io n  o f  r a d io a c t iv ity  in  th e  fa e c e s  o f  
th e  g u in e a -p ig  (a p p r o x im a te ly  10% o f  th e  d o s e  is  
e x c r e te d  b e tw e e n  48  a n d  72  hr c o m p a r e d  w ith  le s s  
th a n  1% in  th e  m a le  rat a n d  m o u s e )  is p r o b a b ly  a s ­
s o c ia te d  w ith  a lo n g e r  g u t  tra n sit  t im e  in  th is  sp e c ie s . 
S im ila r  r e s u lts  h a v e  b e e n  r e p o r ted  w ith  th e  e s s e n t ia l ly  
n o n -a b s o r b e d  tr ip h e n y lm e th a n e  d y e s  G r e e n  S  a n d  
B r illia n t B lu e  F C F  in  th e se  th ree  sp e c ie s  (P h ill ip s ,  
M e n d is , E a s o n  &  G a n g o ll i ,  1980).

1 2  3 4
Fig. 2. Thin-layer radiochromatograms of urine extract 
(track 2) and faeces extracts (track 3) from rats given 50 mg 
1 4C-labelled Ponceau 4R/kg body weight. Standards 
(tracks 1 and 4) are Ponceau 4R (P4R). naphthionic acid 
(NA) and 7-hydroxy-8-aminonaphthalene-l,3-disulphonic 
acid (7-HANS).
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The absorption and excretion of intact azo dye 
after oral administration has been reported for a 
number of colourings including amaranth (Ruddick et 
al. 1979). Ponceau SX and Sunset Yellow FCF 
(Radomski & Mellinger. 1962). In the present study, 
no evidence was found for absorption or for excretion 
in the urine of unchanged Ponceau 4R in the rat. 
However, chromatographic examination of 24-hr 
urine samples from mice revealed traces of unchanged 
Ponceau 4R. Although the gut-loop experiment sug­
gested that there was significant absorption of Pon­
ceau 4R from the mouse small intestine at the lowest 
concentration, this is not supported by the findings at 
the higher concentrations. In the light of this evidence 
it is unlikely that unchanged Ponceau 4R is absorbed 
from the upper gastro-intestinal tract of the mouse to 
any significant extent, and it is possible that the trace 
of dye found in mouse urine arises from contami­
nation of urine by faeces during the experiment. 
Although there is evidence for absorption of radioac­
tivity from guinea-pig gut at the higher concen­
trations. intact Ponceau 4R was not detected in the 
urine.

The low level of retention of Ponceau 4R and/or 
metabolites in tissues is similar to that of other 
related water-soluble azo dyes that have been investi­
gated, including amaranth (Ruddick et al. 1979), Pon­
ceau MX (Urakubo, 1967) and Sunset Yellow FCF 
(Honohan, Enderlin, Ryerson & Parkinson. 1977). 
Although the total residual radioactivity in most of 
the tissues was similar in male and female rats, that in 
the livers of the female rats was significantly greater 
than in the males. This may be of relevance to the 
finding that in both long-term (Allmark, Mannel & 
Grice, 1957) and short-term (Gaunt, Farmer, Grasso 
& Gangolli. 1967) toxicity studies on Ponceau 4R in 
this species, liver enlargement and increased serum 
transaminase levels have been reported in the female 
rat. Residual levels of radioactivity in the tissues of 
pregnant rats were low; however a substantial 
amount of radioactivity was found in the foetuses of 
these animals. Nevertheless no embryotoxic effects 
have been reported for Ponceau 4R in the rat at dose 
levels in excess of those used in this study (Meyer & 
Hansen. 1975).

The substantially higher tissue levels of radioac­
tivity in the 28-day pretreated animals, suggests that 
the pharmacokinetics of a single dose of Ponceau 4R 
is altered by pretreatment. However, as the urinary 
excretion of radioactivity is unchanged, a marked in­
crease in the extent of azo reduction is unlikely. Hol- 
son. Schumacher, Gaylor & Gaines (1976) have 
reported that pretreatment of rats with the related azo 
dye amaranth increases the capability of the gut flora 
to metabolize the colouring and hence increase 
absorption and excretion.

Thin-layer chromatography of extracts from the 
faeces of all three species suggested that some 
unchanged colouring was excreted. Studies on azo 
dyes with sulphonate groups adjacent to the azo link 
have generally shown that only trace quantities of an 
orally administered dose are excreted unchanged in 
the faeces (Radomski & Mellinger, 1962; Ryan & 
Welling. 1967; Scheline & Longberg, 1966). However 
the recent study with amaranth (Ruddick et al. 1979) 
showed that a substantial amount of unchanged dye

was present in the faeces extract, although no quanti­
tative data were reported.

Very little radioactivity (less than 1-5% of the dose) 
was found in the bile of rats given 1 4 C-labelled Pon­
ceau 4R, indicating that biliary excretion of Ponceau 
or its metabolites is of minimal importance in this 
species. However, studies of the biliary excretion of 
water-soluble sulphonated azo dyes have shown that 
unchanged dye and metabolites are excreted in bile 
from animals given azo dyes including Ponceau 4R by 
both oral and parenteral routes (Walker, 1970) 
although Ikeda & Uesugi (1973) found no evidence 
for the biotransformation of Ponceau 4R after iv ad­
ministration to bile cannulated, renal pedicle-ligated 
rats.

Further studies are in progress to characterize the 
metabolites of Ponceau 4R and to investigate possible 
species differences in the rate of azo reduction of the 
colouring.
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A b s tr a c t—The effect of three antioxidants, propyl, octyl and dodecyl gallate. on hepatic drug metab­
olism in male rats was studied in vivo and in vitro. When fed at a dietary concentration of 1% for 14 
days, only dodecyl gallate increased relative liver weight. Cytochrome P-450 content was not influenced, 
but a slight increase in cytochrome b5 content was observed after the feeding of propyl gallate. Monooxy­
genase activity (benzo[a]pyrene-hydroxylase and ethoxycoumarin-deethylase activities) was not affec­
ted by propyl or octyl gallate. but a significant decrease in benzo[r;]pyrene-hydroxylase activity was 
apparent in rats fed dodecyl gallate. Study of benzo[«]pyrene-metabolite formation in liver microsome 
preparations from control and propyl gallate-treated rats showed an overall decrease in metabolite 
production following gallate treatment, the decrease being statistically significant for the formation of 
the 9.10-dihydrodiol. Epoxide-hydratase activity was enhanced by a factor of 1-5 in rats fed propyl 
gallate; glutathione-transferase activity was unaffected. In vitro, the gallates proved to be potent inhibi­
tors of ethoxycoumarin deethylation in liver microsomes from untreated and phenobarbital-treated rats; 
however, when cytochrome P-448 had been induced by pretreatment with 3-methylcholanthrene. ethoxy­
coumarin deethylase was less sensitive to the inhibitory action of the gallates.

INTRODUCTION

Antioxidants used in foods and feeds have been 
shown to affect drug-metabolizing enzymes in rodent 
tissues. Most of these studies have been performed 
with BHA, BHT and ethoxyquin, and it has been 
shown that these agents show both inducing and inhi­
biting properties towards enzymes involved in the 
biotransformation of foreign compounds. Liver 
microsomal monooxygenase can be induced by BHA 
and BHT (Allen & Engblom. 1972) as well as by eth­
oxyquin (Parke, Rahim & Walker, 1974a). and it has 
been demonstrated that the characteristics of this 
monooxygenase induction resemble those of phéno­
barbital induction (Kahl & Netter. 1977; Kahl & 
Wulff, 1979). Monooxygenase can be inhibited in vitro 
by these antioxidants (Hill & Shih. 1974; Parke, 
Rahim & Walker, 1974b; Yang. Strickhart & Woo, 
1974), and the phenobarbital-inducible form of 
monooxygenase is far more sensitive to inhibition 
than is the 3-methylcholanthrene-inducible form 
(Kahl & Netter, 1977; Kahl & Wulff, 1979). Moreover 
enzymes that act on foreign compounds as a sequel to 
primary oxidation, i.e. epoxide hydratase (Cha. Martz 
& Bueding, 1978; Kahl, Deckers-Schmelzle & Klaus, 
1978; Kahl & Wulff, 1979), glucuronosyl transferase 
(Bock, Kahl & Lilienblum, 1980; Cha & Bueding,
1979), glutathione transferase (Benson, Batzinger, Ou 
et al. 1978) and NADPH-quinone reductase (Benson,

♦This work is the subject of the doctoral thesis of M.
Depner, Fachbereich Medizin, Universität Mainz. 

fTo whom reprint requests should be sent.
Abbreviations'. BHA = Butylated hydroxyanisole; BHT 

= Butylated hydroxytoluene; HPLC = high-pressure 
liquid chromatography.

Hunkeler & Talalay, 1980), are also induced by these 
antioxidants.

In a number of countries, gallic acid esters are used 
as antioxidants in food and feed. However, the bio­
logical effects of this class of antioxidants have been 
less extensively characterized than those of BHA. 
BHT and ethoxyquin. Some studies have been per­
formed with propyl and octyl gallate (Creaven. Davies 
& Williams. 1966; den Tonkelaar. Verschuuren. 
Kroes & van Esch, 1968). In one of these studies no 
increase in liver weight was caused by feeding octyl 
gallate at 0-5% to rats and no increase in biphenyl-4- 
hydroxylation was observed (Creaven et al. 1966). 
Recently King & McCay (1981) reported that the 
cytochrome P-450 content, monooxygenase activity 
and NADPH-cytochrome c reductase activity in rat- 
liver microsomes was not affected by feeding 03°0 
propyl gallate. Inhibition of microsomal monooxyge­
nase by propyl gallate has been observed in vitro, 
however, by Torrielli & Slater (1971) and by Yang & 
Strickhart (1974).

Data on the action of other gallic acid esters on 
monooxygenase are lacking. Moreover, other drug- 
metabolizing enzymes have not been tested for induci- 
bility by gallic acid esters. The present paper deals 
with these questions and also characterizes the type of 
monooxygenase inhibition exerted by propyl gallate. 
octyl gallate and dodecyl gallate.

EXPERIMENTAL

Test compounds. Propyl gallate was purchased from 
Sigma Chemie AG, München, octyl and dodecyl gal­
lates from Fluka AG, Neu-Ulm, and ethoxyquin from 
Paesel GmbH, Frankfurt.
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A n im a ls  a n d  tre a tm e n ts .  G r o u p s  o f  five  m a le  
S p r a g u e -D a w le y  ra ts (o b ta in e d  fro m  W ig a  G m b H ,  
S u lz fe ld , a n d  w e ig h in g  100  g  a t th e  sta r t  o f  th e  e x p e r i­
m e n t)  w ere  fed  for 14 d a y s  o n  a  c o n v e n t io n a l  p o w ­
d ered  d ie t  (A ltr o m in  132 0  fro m  A ltr o m in  G m b H ,  
L ip p e ) e ith e r  u n su p p le m e n te d  (c o n tr o l g r o u p )  o r  c o n ­
ta in in g  o n e  o f  th e  g a lla te s  o r  e t h o x y q u in  a t a le v e l o f  
1%. T h e  ra ts w e r e  k ille d  a t th e  en d  o f  th e  feed in g  
p er io d , th e  liv ers  w e r e  w e ig h e d  a n d  m ic r o s o m a l frac­
t io n s  w ere  p rep a red . In  a d d it io n  to  th a t  b r o u g h t  
a b o u t  b y  th e  feed in g  o f  e t h o x y q u in , e n z y m e  in d u c tio n  
for in v itr o  s tu d ie s  w a s  e f fe c ted  in  m a le  S p r a g u e -  
D a w le y  ra ts w e ig h in g  c. 2 0 0  g, e ith e r  b y  th ree  ip  in je c ­
t io n s  o f  80  m g  p h é n o b a r b ita l  in n o rm a l sa lin e  g iv e n  at 
2 4 -h r  in te r v a ls  o r  b y  th r ee  ip  in je c tio n s  o f  2 0  m g
3 -m e th y lc h o la n th r e n e  in  p e a n u t  o il  g iv e n  at 12-hr  
in te rv a ls . T h e s e  ra ts w e r e  k ille d  2 4  hr a fter  th e  last  
in je c tio n  o f  p h é n o b a r b ita l  a n d  36  hr a fter  th e  last
3 -m e th y lc h o la n th r e n e  in je c tio n . T h e  e ffec ts  o f  
5-5 0 0 -/tM  c o n c e n tr a t io n s  o f  p r o p y l, o c ty l o r  d o d e c y l  
g a lla te  o n  e th o x y c o u m a r in -d e e th y la s e  a c t iv ity  w ere  
s tu d ie d  ir_ p r e p a r a t io n s  o f  liv er  m ic r o s o m e s  from  
th e se  rats.

P r e p a r a tio n  o f  liv e r  m ic ro so m es. L iv er s  w ere  
w e ig h e d , p er fu sed  w ith  ic e -c o ld  s a lin e  to  r e m o v e  
e r y th r o c y te s  a n d  th en  h o m o g e n iz e d  w ith  3 v o ls  
0-25 M -su crose  s o lu t io n  c o n ta in in g  0 -0 2 M -T r is  HC1  
b u ffer (p H  7-4), a n d  0-005  m -E D T A  (N e tte r , 1960). 
N u c le a r  fra g m e n ts  a n d  m ito c h o n d r ia  w e r e  s e d i­
m e n te d  b y c e n tr ifu g a t io n  at 1600 g  for 15 m in  a n d  
9 0 0 0  g  for 3 0  m in .

T h e  m ic r o so m a l p e lle t  w a s o b ta in e d  b y ce n tr ifu g a ­
t io n  o f  th e  9 0 0 0 -g  su p e r n a ta n t  a t 1 0 5 .0 0 0  g  for 6 0  m in . 
T h e  p e lle t  w a s  w a s h e d  o n c e  a n d  th en  re su sp e n d e d  to  
a p ro te in  c o n c e n tr a t io n  o f  a b o u t  20  m g /m l. P r o te in  
c o n te n t  w a s  d e te r m in e d  a c c o r d in g  to  L o w r y , R o se -  
b ro u g h , F arr &  R a n d a ll (1951). S p ec tra l m e a su r e ­
m en ts  w e r e  p er fo rm ed  in  a P erk in  E lm er  3 5 6  tw o -  
w a v e le n g th  d o u b le -b e a m  s p e c tr o p h o to m e te r  in  th e  
sp lit -b e a m  m o d e . T h e  c o n te n t  o f  c y to c h r o m e  P -4 5 0  
a n d  c y to c h r o m e  b 5 w a s  m ea su r e d  a c c o r d in g  to  
O m u r a  &  S a to  (1 9 6 4  a,b).

B e n z o [« ]p y r e n e -h y d r o x y la s e  a c t iv ity  w a s  d e te r ­
m in e d  b y  a m o d if ic a t io n  o f  th e  flu o r im e tr ic  p ro c e d u r e  
d e sc r ib e d  by G ie le n , G o u jo n  &  N e b e r t  (1972). T h e

a ssa y  w a s  p er fo rm ed  u n d er  su b d u e d  lig h t. E t h o x y c o u ­
m a r in -d e e th y la se  a c t iv ity  w a s  m ea su red  b y a m o d if i ­
c a t io n  o f  th e  m e th o d  d esc r ib ed  b y U llr ic h  &  W eb er
(1972). E p o x id e -h y d r a ta s e  a c t iv ity  w a s  m e a su r e d  w ith  
sty r e n e  o x id e  a s th e  su b s tr a te  a c c o r d in g  to  O e s c h .  
Jerin a  &  D a ly  (1 9 7 1 ) a n d  w ith  b e n z o [ « ]p y r e n e -4 .5 -  
o x id e  a s  th e  s u b s tr a te  a c c o r d in g  to  S c h m a s s m a n n .  
G la tt  &  O e s c h  (1976). [ 3H ]S ty r e n e  o x id e  a n d  
[ 3H ]b e n z o [« ] p y r e n e - 4 ,5 -o x id e  w e r e  a g e n e r o u s  g ift  
from  P r o fe s so r  F . O e s c h , M a in z . C y to s o l ic  g lu ta ­
t h io n e  S -tra n s fera se  w a s  m ea su red  w ith  [ 3H ] b e n -  
z o [ a ] p y r e n e -4 ,5 -o x id e  a s th e  su b s tr a te , a s  d e sc r ib ed  
by V a n  C a n tfo r t . M a n il , G ie le n  e t al. (1979).

F o r  s tu d y in g  b e n z o [c t]p y r e n e  m e ta b o lis m  u sin g  
H P L C  a n a ly s is , [ 3H ] b e n z o [ a ] p y r e n e  (A m er sh a m  
B u c h le r  G m b H  &  C o . K G , B r a u n sc h w e ig )  a t a final 
sp e c ific  a c t iv ity  o f  0-2  C i/m m o l w a s  in c u b a te d  w ith  
l iv e r  m ic r o s o m e s  for 15 m in  in  a c o n c e n tr a t io n  o f  
50  qM. E x tr a c t io n  w ith  e th y l a c e ta te  w a s  fo llo w e d  by  
e v a p o r a t io n  o f  th e  e th y l a c e ta te  p h a se  a n d  th e  re s id u e  
w a s  d is s o lv e d  in  m e th a n o l a n d  in je c te d  in to  a 
S p e c tr a p h y s ic s  h ig h -p r e ssu r e  liq u id  c h r o m a to g r a p h  
(H P L C  c o m p o n e n t  sy s te m ) eq u ip p e d  w ith  a S p h er i-  
so r b  O D S  5 p  r e v e r se -p h a se  c o lu m n . T h e  e lu t io n  w a s  
p er fo rm ed  w ith  a lin ea r  m e th a n o l w a te r  g ra d ien t  
(3 5 -7 5 % ) o v e r  4 0  m in  a t  a c o n s ta n t  flo w  o f  
0-5 m l/m in . B e tw e e n  m in  55 a n d  65 , th e  g ra d ien t w a s  
in crea sed  to  100% m e th a n o l, a n d  e lu t io n  w a s  th en  
c o n t in u e d  for a n o th e r  10 m in . R a d io a c t iv ity  w a s  c o n ­
t in u o u s ly  m o n ito r e d  u s in g  a n  L B  50 3  m o n ito r  from  
B e r th o ld , W ild b a d . D a t a  w ere  s to r e d  for  q u a n tita t io n  
in  th e  d ig ita l in te g r a tio n  sy s te m  B S  2 7 /N  (B er th o ld ).

RESULTS

T a b le  1 su m m a r iz e s  th e  d a ta  o n  liv er  w e ig h t, 
m ic r o so m a l c y to c h r o m e  c o n te n t  a n d  th e  a c t iv it ie s  o f  
m ic r o s o m a l m o n o o x y g e n a s e  a n d  e p o x id e  h y d r a ta s e  
a n d  o f  c y t o s o l ic  g lu ta th io n e  tra n sfera se  o b ta in e d  in 
fe e d in g  e x p e r im e n ts  w ith  th e  g a lla te s . A  m o d e r a te  in ­
c r e a s e  in  liv er  w e ig h t  to  b o d y  w e ig h t  ra tio  w a s  o b ­
se rv ed  o n ly  a fter  d o d e c y l g a lla te  feed in g . N o  in flu e n c e  
o f  g a lla te s  o n  th e  c y to c h r o m e  P -4 5 0  c o n te n t  o f  th e  
m ic r o s o m e s  w a s  d e te c te d :  c y to c h r o m e  %  c o n te n t  
te n d e d  to  in crea se , a n d  th is  in c r e a se  w a s  ju s t  s ta tis t i-

Concn of PG , fiM  Concn of OG, fiM  Concn of DG, fiM

Fig. 1. D ifferential in h ib ition  o f  ethoxycou m arin -d eethy lase  activity in vitro  by propyl gallate (PG ), octyl 
gallate (O G ) and d odecyl gallate (D G ) added to liver m icrosom al preparations from untreated ( • ) ,  
phenobarbital-pretreated  (■ )  and 3-m ethylcholanthrene-pretreated  (A ) rats. V alues are m eans ±  SEM  
(n =  3).
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c a lly  s ig n if ic a n t  w ith  p ro p y l g a lla te . W h ile  e th o x y c o u -  
m a r in -d e e th y la se  a c t iv ity  w a s  n o t  a ffec ted  b y g a lla te  
fe ed in g . b e n z o [ « ]p y r e n e  h y d r o x y la s e  w a s  in h ib ite d  by  
d o d e c y l g a l la te  tr e a tm e n t , a lth o u g h  it w a s  u n a ffec ted  
b y p ro p y l-  o r  o c ty l-g a l la te  in g e s t io n . P ro p y l g a lla te . 
b ut n o t  th e  o c ty l o r  d o d e c y l es ter , m o d e r a te ly  in ­
c r e a s e d  m ic r o so m a l e p o x id e -h v d r a ta s e  a c t iv ity :  th e  
in crea se  w a s  s ta t is t ic a lly  s ig n if ic a n t  o n ly  w h e n  a c t iv ity  
w a s  m ea su red  w ith  sty r e n e  o x id e  a s  th e  su b s tra te . N o  
effect o n  g lu ta th io n e -tr a n s fe r a s e  a c t iv ity  w a s  o b ­
serv ed .

T a b le  2. o n  th e  effect o f  p ro p y l g a l la te  fe ed in g  o n  
th e  p a ttern  o f  b e n z o [a ]p y r e n e  m e ta b o lis m  in  liv er  
m ic r o s o m e s , s h o w s  th a t th is  tr ea tm e n t  im p a ire d  th e  
ra te  o f  fo r m a t io n  o f  all th e  d ih y d r o d io ls  a n d  p h e n o ls .  
A lth o u g h  th is  in h ib it io n  w a s  s ta t is t ic a lly  s ig n if ica n t  
o n ly  for th e  p r o d u c tio n  o f  th e  9 ,1 0 -d ih y d r o d io l.  a 
d e g r e e  o f  in h ib it io n  c lo s e  to  s ta t is t ic a l s ig n if ic a n c e  
w a s  a p p a ren t in th e  fo r m a tio n  o f  th e  4 .5 -  a n d  o f  th e  
7 ,8 -d ih y d r o d io l, p re feren tia lly  m e d ia te d  b y  c y t o ­
c h r o m e  P -4 5 0  a n d  c y to c h r o m e  P -4 4 8 , r e s p e c t iv e ly  
(R a sm u ss e n  &  W a n g . 1974).

F ig u re  1 fu r th er  i l lu s tr a te s  th e  in h ib ito r y  a c t io n  o f  
g a lla te s  o n  m ic r o so m a l m o n o o x y g e n a s e  a c t iv ity , as  
d e m o n s tr a te d  in  in v itro  ex p er im en ts .

M ic r o s o m a l p r e p a r a t io n s  o b ta in e d  fro m  c o n tr o l  
a n d  fro m  p h e n o b a r b ita l- tr e a te d  ra ts w e r e  m o r e  se n s i­
t iv e  to  th e  g a lla te s  th a n  w ere  th o s e  o b ta in e d  from  
3 -m e th y lc h o la n th r e n e - tr e a te d  rats, w h ic h  sh o w e d  
l it t le  r e s p o n s e  to  in h ib ito r  c o n c e n tr a t io n s  b e lo w  
5 0  /<m .

T a b le  3 d e m o n s tr a te s  th e  in v itr o  effect o f  th e  g a l ­
la te s  o n  e p o x id e  h y d r a ta se . A te n d e n c y  o f  a ll th e  g a l­
la te s  to  a c t iv a te  th is  e n z y m e  is a p p a r e n t  b ut is o n ly  
s ta t is t ic a lly  s ig n if ic a n t  w ith  o c ty l g a l la te  a n d  th en  
o n ly  in  m ic r o s o m e s  in  w h ic h  e p o x id e -h y d r a ta s e  a c ­
t iv ity  h a d  b een  c o n s id e r a b ly  in d u c e d  by e th o x y q u in  
feed in g .

DISCUSSION

D ie ta r y  a n t io x id a n ts  a re  a b le  to  p r o tec t  e x p e r im e n ­
tal a n im a ls  a g a in st  a w id e  sp e c tr u m  o f  c h e m ic a l c a r ­
c in o g e n s  w h e n  th e y  are  fed p r io r  to  o r  c o n c o m ita n t  
w ith  th e  a d m in is tr a t io n  o f  th e  c a r c in o g e n  (for  a 
rev iew , se e  W a tte n b e r g . 1978) M o s t  o f  th e se  s tu d ie s  
h a v e  b een  p er fo rm ed  w ith  B H A  a n d  B H T  a n d  a few  
a ls o  w ith  e th o x y q u in . W e  k n o w  o f  o n ly  o n e  s tu d y  in 
w h ich  a g a ll ic  a c id  es ter  a n tio x id a n t  h a s  b een  sh o w n  
to  a fford  s o m e  p r o te c t io n  a g a in s t  c h e m ic a l c a r c in o ­
g e n e s is ;  K in g  &  M c C a y  (1 9 8 0 ) r e p o r te d  a  r e d u c t io n  
in  d im e th y lb e n z [ (( ]a n th r a c e n e - in d u c e d  m a m m a r y  
tu m o r ig e n e s is  w h en  rats w e r e  fed 0 -3°„  p ro p y l g a lla te  
in  th e  d ie t . T h is  se e m s  su r p r is in g  in  v ie w  o f  th e  fact 
th a t  g a ll ic  a c id  e s te r  a n t io x id a n ts  p la y  a n  im p o r ta n t  
ro le  a s  fo o d  a d d it iv e s  in  s o m e  c o u n tr ie s , in c lu d in g  th e  
F e d e r a l R e p u b lic  o f  G e r m a n y .

T h e  m e c h a n ism  u n d e r ly in g  th e  p r o te c t iv e  a c t io n  o f  
a n t io x id a n ts  a g a in st  c a r c in o g e n s  h a s  n o t  y e t b een  e lu ­
c id a te d . M o s t  a u th o r s  h a v e  c o n s id e r e d  th e  p o ss ib ility  
o f  a r e la t io n s h ip  b e tw e e n  th is  a c t io n  a n d  th e  e ffec ts  o f  
a n t io x id a n ts  o n  e n z y m e s  in v o lv e d  in  th e  m e ta b o lis m  
o f  th e  c a r c in o g e n s . In d u c in g  a n d  in h ib it in g  e ffec ts  o f  
B H A . B H T  a n d  e th o x y q u in  o n  d ru g  m e ta b o lis m  h a v e  
b een  w id e ly  s tu d ie d , b u t o n ly  a few  re su lts  o n  p ro p y l 
g a lla te  h a v e  b een  p u b lish e d , a n d  n o n e  o f  th e  o th e r



510 M. D fpner, G. F. Kahl and R. Kahl

T able 2. Pattern of benzo[a]pyrene metabolism by liver microsomes from rats 
fed powdered diet with or without a I% propyl gallate supplement for 14 days

R ate of m etabolite  form ation 
(pm ol/m in per mg protein)

M etabolite  D ie t . . .  C ontro l PG

BP-9.10-dihydrodiol 70-4 = 4-4 44-7 ± 7-5*
B P-4.5-dihydrodiol 62-2 ± 4-1 41-1 ± 9-1
B P-7,8-dihydrodiol 43-6 ± 2-4 26-7 ± 3-4
9-H ydroxy-B P 226-5 ± 68-4 140-9 ± 29-9
3-H ydroxy-B P 327-8 ± 87-5 261-0 ± 43-7

P G  =  Propyl gallate BP =  B enzo[a]pyrene 
Values are m eans ±  SEM for groups of three o r four determ inations and 

th a t m arked with an asterisk differs significantly (P < 0 05 by S tudent’s t 
test) from the control.

Table 3. Effect of gallic acid esters in vitro  on epoxide hydratase activity of liver microsomes 
from control rats and from rats fed I % ethoxyquin in the diet for 14 days

T reatm ent

Epoxide hydratase activity 
(nm ol styrene glycol/m in per mg protein)

C ontro l
m icrosom es

‘E thoxyquin’
m icrosom es

C ontrol 12-7 +  2-2 97-3 +  3-1
Propyl gallate (1 0 0 / im ) 14-5 ±  2-4 102-4 +  4-5
Octyl gallate (100 /im) 15-5 ±  2-8 127-6 ±  5-2*
D odecyl gallate (100 /im ) 13-9 ±  2-3 106-4 +  6-5

Values are m eans +  SEM  for three incubations and th a t m arked with an asterisk differs 
significantly (P < 0 01, by S tuden t’s t test) from the control.

g a lla te s  u sed  a s  fo o d  a n t io x id a n ts  h a s  b een  tested . N o  
e ffec ts  o f  p ro p y l g a lla te  o n  d r u g -m e ta b o liz in g  
e n z y m e s  in v ivo  h a v e  b een  fo u n d  in  th e  s tu d ie s  p u b ­
lish ed  s o  far (C rea v en  e t a l. 1966; K in g  &  M c C a y ,
1981) b u t in v itro  in h ib it io n  o f  h e p a tic  m ic r o so m a l  
m o n o o x y g e n a s e  a c t iv ity  h a s  b een  o b se r v e d  (T o rr ie lli 
&  S la ter , 1 971; Y a n g  &  S tr ick h a r t, 1974).

A n  a b s e n c e  o f  an y  in v ivo  e ffe c ts  o f  g a l la te s  o n  c a r ­
c in o g e n  m e ta b o lis m  w o u ld  b e  a n  a rg u m en t a g a in st  
th e  in te r p r e ta t io n  o f  th e ir  p r o te c t iv e  a c t io n  a g a in st  
c h e m ic a l c a r c in o g e n e s is  in term s o f  m e ta b o lic  a c t i­
v a t io n  a n d  in a c t iv a t io n , an  in te r p r e ta t io n  fa v o u r ed  by  
a n u m b e r  o f  a u th o r s . O u r  s tu d y  d id  n o t  c o n f ir m  p rior  
in d ic a t io n s  th a t d ru g  m e ta b o lis m  c o u ld  n o t  b e  a ffec­
ted  b y p ro p y l g a lla te  fe ed in g , b u t th e  e ffects  fo u n d  
w e r e  ce r ta in ly  v ery  m o d e r a te , a n d  it is  q u e s t io n a b le  
w h e th e r  th e y  a re  su ffic ien t to  p r o v id e  s u p p o r t  for  th a t  
in te r p r e ta t io n . U s in g  1% d ie ta ry  le v e ls  o f  th e  a n t io x ­
id a n ts , w e  fo u n d  in h ib it io n  o f  m o n o o x y g e n a s e  r ea c ­
t io n s  b y  d o d e c y l g a l la te  (b e n z o [a ]p y r e n e -h y d r o x y la s e  
a c t iv ity )  a n d  b y p ro p y l g a lla te  (b e n z o [a ] p y r e n e  
m e ta b o lite  p a ttern ) a n d  in d u c t io n  o f  e p o x id e -h y d r a -  
ta se  a c t iv ity  b y p ro p y l g a lla te . It is n o t  c le a r  w h y  
d o d e c y l g a lla te  p ro v ed  th e  lea s t  p o te n t  m o n o o x y g e ­
n a s e  in h ib ito r  in  th e  in v itro  te s ts  w h ile  in v ivo  it w a s  
th e  o n ly  g a l la te  th a t  w a s  e ffec tiv e . L ik e  e th o x y q u in  
(K a h l &  N e t te r , 1977) a n d  B H A  a n d  B H T  (K a h l &  
W u lff, 1979) th e  g a ll ic  a c id  e s te r s  w ere  fo u n d  to  oe  
p referen tia l in h ib ito r s  o f  th e  c o n s t itu t iv e  a n d  p h e n o -  
b a r b ita l- in d u c ib le  m o n o o x y g e n a s e  w h ile  c y to c h r o m e  
P -4 4 8 -m e d ia te d  m o n o o x y g e n a t io n  w a s  le ss  se n s itiv e , 
as w a s  p r e v io u s ly  rep o r ted  for  p ro p y l g a lla te  (Y a n g  &  
S tr ick h a r t, 1974).

T h is  c a s ts  s o m e  d o u b t  o n  th e  p o s s ib le  im p a c t  o f  
m o n o o x y g e n a s e  in h ib it io n  as a cr itica l m e c h a n ism  in  
th e  a n t ic a r c in o g e n ic  a c t io n  o f  th e  a n t io x id a n ts  
b e c a u se  in  m a n y  o f  th e  c a r c in o g e n e s is  te st  sy s te m s  
d e sc r ib e d  c y to c h r o m e  P -4 4 8  is l ik e ly  to  h a v e  b een  
in d u c e d  by th e  h ig h  d o s e  o f  p o ly c y c lic  a r o m a tic  h y ­
d r o c a r b o n  o r  o th e r  c a r c in o g e n  a d m in is te r e d . O u r  
s tu d y  p r o v id e d  n o  d a ta  to  in d ic a te  w h e th e r  a n t io x i ­
d a n t  e ffects  o n  o n e -e le c tr o n  f la v o p r o te in -c a ta ly s e d  
o x id a t io n s  w e r e  l ik e ly  to  p la y  a  ro le  in  th e  a n t i ­
c a r c in o g e n ic  a c t iv ity .

I n d u c t io n  o f  e p o x id e  h y d ra ta se  m a y  b e  a ss u m e d  to  
b e  a p r o te c t iv e  m e c h a n ism  a g a in st  p r e c a r c in o g e n s  
w h ic h  fo rm  p rim a ry  e p o x id e s  a s  th e  u lt im a te  c a r c in o ­
g e n ic  sp ec ie s . H o w e v e r , in th e  c a s e  o f  p o ly c y c lic  a r o ­
m a tic  h y d r o c a r b o n s , in c lu d in g  d im e th y lb e n z [n ]a n th -  
ra cen e , w h ic h  w a s  u sed  in th e  p ro p y l g a lla te  s tu d y  o f  
K in g  &  M c C a y  (1 9 8 0 ), th e  s itu a t io n  is d ifferen t  
b e c a u s e  n o t  a  p r im a ry  o x id e  b ut a d io l e p o x id e  
fo rm e d  b y th e  se q u e n tia l a c t io n  o f  m o n o o x y g e n a s e ,  
e p o x id e  h y d r a ta s e  a n d  a g a in  m o n o o x y g e n a s e  is th e  
u lt im a te  c a r c in o g e n . It is o b v io u s  th a t fo r  d io l-e p o x -  
id e  fo r m a t io n  e p o x id e  h y d r a ta s e  s h o u ld  p la y  b o th  an  
a c t iv a t in g  a n d  a  p r o te c t iv e  ro le . W e  h a v e  o b se r v e d  an  
in c r e a s e  in  th e  fo r m a t io n  o f  th e  D N A  a d d u c t  o f  th e  
d io l e p o x id e  o f  b e n z o [n ]p y r e n e  w h e n  m e ta b o lic  a c t i ­
v a t io n  o f  b e n z o [ a ]p y r e n e  is  c a ta ly se d  b y  liv er  m ic r o ­
s o m e s  fro m  e th o x y q u in - tr e a te d  ra ts  (K a h l e t a l. 1978). 
H o w e v e r , e th o x y q u in  is a  m u c h  m o r e  e ffe c tiv e  

e p o x id e -h y d r a ta s e  in d u c er  th a n  is p ro p y l g a lla te , as  
s h o w n  in  th e  p resen t stu d y , a n d  th e  b io lo g ic a l  s ig n if i­
c a n c e  o f  th e  m o d e r a te  in d u c t io n  o f  th e  e n z y m e  b y th e  
g a lla te  r e m a in s  q u e s t io n a b le . In  v itro  d a ta  s h o w  th a t
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th e  e n h a n c e m e n t  is n o t  d u e  to  d irec t a c t iv a t io n  o f  th e  
e n z y m e  (T a b le  3). F o r  e th o x y q u in , it h a s  b een  sh o w n  
th a t th e  in c r e a se  in  e n z y m e  a c t iv ity  is d u e  to  tru e  
e n z y m e  in d u c t io n  (K a h l, 1980) a n d  it r e m a in s  to  be  
te sted  w h e th e r  th is  is a ls o  th e  c a s e  w ith  p ro p y l g a lla te .

T h e  c o n c e n tr a t io n s  o f  g a lla te s  n e c e s sa r y  to  p r o d u c e  
th e  effects  o n  d ru g  m e ta b o lis m  d e sc r ib e d  h ere  a re  far 
a b o v e  th o s e  in g e s te d  b y m a n  in  fo o d . E v en  if  it  s h o u ld  
turn  o u t  th a t th e  p r o te c t io n  a ffo rd ed  b y a n t io x id a n ts  
a g a in st  c h e m ic a l c a r c in o g e n e s is  is  d u e  to  in te r v e n tio n  
at th e  lev e l o f  c a r c in o g e n  m e ta b o lis m , it d o e s  n o t  
se em  lik e ly  th a t  su c h  p r o te c t iv e  a c t io n  ca n  a ls o  b e  
e x p e c te d  from  a n tio x id a n t  s u p p le m e n ta t io n  o f  fo o d .  
M o r e o v e r , s in c e  th e  m e c h a n ism  o f  p r o te c t io n  is  still 
u n c lea r  a n d  s in c e  s o m e  to x ic  e ffec ts  o f  a n t io x id a n ts  
are  k n o w n — a lb e it  a t  h ig h  d o s a g e — a n  in c r e a s e  in  
a n tio x id a n t  c o n c e n tr a t io n  in  fo o d  d o e s  n o t  a p p e a r  to  
b e  ju s t if ie d , a t  lea s t  in  th e  p resen t s ta te  o f  k n o w le d g e .
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A b s tr a c t—Gum karaya was given to groups of 15 rats of each sex at levels of 0 (control). 0-2, 1 or 5% 
(w/w) in the diet for 13 wk. An increase in faecal bulk was seen in all treated groups throughout the 
study. There was a decrease in weight-gain at the highest dietary level (significant only in the females), 
which was associated with a marginal reduction in food-conversion efficiency. Males given 1 or 5% 
drank more than the controls and a transient increase in water intake was seen in females given the 
highest level. The no-untoward-effect level from this study was 5% (w/w) of the diet, providing a mean 
intake of about 4g karaya gum/kg body weight/day.

INTRODUCTION

G u m  K a r a y a  (S te r c u lia  g u m ), th e  d r ied  e x u d a te  
fro m  S te rc u lia  u ren s  R o x b u r g h  a n d  o th e r  S te rcu lia  
sp e c ie s  (F a m . S te r c u lia c e a e )  is a p a r tia lly  a c e ty la te d  
p o ly s a c c h a r id e  o f  v ery  h ig h  m o le c u la r  w e ig h t. S tr u c ­
tu ra l s tu d ie s  (A sp in a ll &  S a n d e r so n , 1970) d o  n o t  p er ­
m it  a c o m p le te  s tru c tu re  to  b e  p r o p o s e d  for a n y  o f  th e  
few  sp e c ie s  s tu d ie d  to  d a te , b u t it a p p e a r s  th a t S te r c u ­
lia  g u m  m o le c u le s  are h ig h ly  b ra n ch ed , w ith  in ter io r  
g a la c tu r o n o r h a m n a n  c h a in s  to  w h ic h  are  a tta c h e d  
g a la c to s e  a n d  r h a m n o s e  e n d -g r o u p s .

B e c a u se  o f  its  u n u su a l s ta b ility  to w a r d s  a c id ic  h y ­
d r o ly s is  a n d  e n z y m a tic  d e g r a d a t io n , g u m  k a ra y a  h a s  
a  lo n g  h is to r y  o f  u se  a t th e  0 -0 0 2  to  0 -8 % lev e l in  
fo o d s tu ffs , p h a r m a c e u tic a ls  a n d  c o s m e t ic s  a s  a n  e m u l­
sifier, s ta b iliz e r , th ic k e n e r  a n d  b u lk in g  a g en t, p a r t ic u ­
la r ly  in  a c id ic  p r e p a r a t io n s .

A lth o u g h  th e  te r a to g e n ic ity  a n d  m u ta g e n ic ity  o f  
g u m  k a ra y a  h a v e  b een  in v e s t ig a te d  in  s tu d ie s  c o m ­
m is s io n e d  b y  th e  U S  F o o d  a n d  D r u g  A d m in is tr a t io n  
( N T I S  r e p o r ts  1972 , 1973), n o  sa t is fa c to r y  m e ta b o lic .  
9 0 -d a y  o r  lo n g -te r m  s tu d ie s  w ith  k a ra y a  h a v e  p re ­
v io u s ly  b een  r ep o r ted . S in c e  th e r e  w a s  in su ffic ien t  e v i­
d e n c e  to  a l lo w  th e  e s ta b lis h m e n t  o f  a n  a c c e p ta b le  
d a ily  in ta k e  (A D I )  g u m  k a ra y a  w a s in c lu d e d  in  A n n e x  
II  o f  th e  E E C  D ir e c t iv e  o n  em u lsif ie r s , s ta b iliz er s , 
th ic k e n e r s  a n d  g e ll in g  a g e n ts  ( 7 4 /3 2 9 /E E C  as  
a m e n d e d  b y  7 8 /6 1 2 /E E C )  a l lo w in g  it to  b e  a u th o r iz e d  
te m p o r a r ily  b y  in d iv id u a l m e m b e r  s ta te s . In  its  1978  
rep o rt  th e  S c ie n t if ic  C o m m it te e  for  F o o d  d ec la red  
th a t  it w o u ld  b e  p rep a red  to  r e -a sse ss  th e  c la s s if i­
c a t io n  o f  g u m  k a ra y a  if  th e  re su lts  o f  a m e ta b o lic  a n d  
a  9 0 -d a y  s tu d y  b e c a m e  a v a ila b le  w ith in  o n e  year.

*This investigation was sponsored by the International 
Natural Gums Association for Research (INGAR) Ltd, 
Marlon House, 71-74 Mark Lane, London EC3R 7HS.

Abbreviations: INGAR = International Natural Gums As­
sociation for Research Ltd: SCF = Scientific Committee 
for Food.

C o n s e q u e n t ly , sm a ll- sc a le  p re lim in a ry  d ie ta ry  a n d  
d o s e -r a n g in g  s tu d ie s  w ere  sta r ted  in 1979 at E d in ­
b u rg h  U n iv e r s ity  a n d  a p p lic a t io n  w a s  m a d e  to  th e  
S C F 'b y  th e  s p o n s o r  o f  th e  p resen t s tu d y  ( I N G A R )  for  
an  e x te n s io n  u n til th e  en d  o f  1980. o f  th e  t im e  b y  
w h ic h  th e  n ec e ssa r y  s tu d ie s  w ere  to  b e c o m p le te d  a n d  
a sse sse d . T h is  e x te n s io n  w a s  g r a n te d  o n  29  A p ril 
1980, in  th e  s e c o n d  a m e n d m e n t  (8 0 ,/5 9 7 /E E C ) to  D i ­
rec tiv e  7 4 /3 2 9 /E E C . R e p o r ts  o f  th e  p resen t s tu d y  a n d  
o f  a m e ta b o lic  s tu d y  o f  g u m  k a ra y a  in  ra ts  ( s p o n s o r e d  
b y I N G A R )  h a v e  b een  su b m itte d  to  th e  S C F  a n d  a 
m e ta b o lic  s tu d y  in  m a n  w a s ca rr ied  o u t  ea r ly  in  1982  
to  m eet r e c o m m e n d a tio n s  m a d e  b y  W H O  (1974).

T h e  p re lim in a ry  d ie ta ry  s tu d ie s  in d ic a te d  a m a rk ed  
u n p a la ta b ility  a t d ie ta ry  le v e ls  o f  m o r e  th a n  8 % g u m  
k a ra y a , p r e su m a b ly  b e c a u se  o f  its  o d o u r  o f  free a c e t ic  
a c id . R a ts  c o u ld  b e in d u c e d  to  ea t d ie ts  c o n ta in in g  
m o r e  th a n  8 % g u m  k a ra y a  b y in c r e m e n ta l in crea se s  
in d ie ta ry  c o n c e n tr a t io n s , b u t a t th e se  h ig h er  lev e ls  
(u p  to  16%) b o d y -w e ig h t  g a in  w a s  c o n s id e r a b ly  
red u ced . H o w e v e r , lim ite d  la b o r a to r y  in v e s t ig a t io n s  
a n d  m a c r o s c o p ic  p o s t  m o r te m  e x a m in a t io n  r ev ea led  
n o  a d v e r s e  e ffe c ts  in  a n im a ls  th a t  h a d  r ece iv e d  u p  to  
16%  g u m  k a ra y a  for a p e r io d  o f  9 0  d a y s. A  d ie ta ry  
c o n c e n tr a t io n  o f  5%  w a s  se le c te d  as th e  h ig h e s t  d o s e  
lev e l fo r  th e  s tu d y  rep o r ted  h ere  to  a v o id  th e se  p r o b ­
le m s  o f  p a la ta b ility  a n d  p o s s ib le  d ie ta ry  im b a la n c e s .

EXPERIMENTAL

T e s t  m a te r ia l.  G u m  k a ra y a  w a s  o b ta in e d  b y  a L o n ­
d o n  im p o r te r  in  1979  a s  a p a rce l o f  lu m p s  (B a tc h  N o .  
7 99) fro m  an  e s ta b lish e d  B o m b a y  sh ip p er . T h e  
m a ter ia l w a s  red u c e d  c o m m e r c ia lly  in to  p o w d e r  (to  
p a ss  th r o u g h  150 m esh ) a n d  w a s  th e n  s ifted  o n  a 2 0 0  
m e sh  s ie v e  to  r e m o v e  u ltr a -f in e  p o w d e r . A  sa m p le  o f  
th is  b a tc h  w a s  id en tif ied  b y A llp o r t  C o n s u lt in g  A n a ­
ly s ts  L td , L o n d o n  S E 11 a s  g u m  k a r a y a  sa t is fy in g  th e  
r e q u ir e m e n ts  o f  th e  B r itish  P h a r m a c e u t ic a l C o d e x  
1973. O th e r  a n a ly se s  s h o w e d  th e  g u m  to  b e  c o m -
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Duration of treatment , wk

Fig. 1. Mean body weights of male rats fed diets containing 
0(0) 0-2(«), 1(0) or 5(B)% gum karaya for 13 wk.

p r ised  o f  m o is tu r e  (17% ), a c e ty l g r o u p s  (14% ), in ­
o r g a n ic  m a tter  (7% ) a n d  c a r b o h y d r a te  (62% ).

A n im a ls . S p r a g u e -D a w le y  d er iv e d  ra ts fro m  th e  C D  
stra in  (6 0  m a le s , 6 0  fe m a le s :  2 2  d a y s  o ld )  w ere  
o b ta in e d  fro m  C h a r le s  R iv er  ( U K )  L td , M a rg a te ,  
K en t. T h e y  w ere  h o u s e d  in g r o u p s  o f  five , b y  sex , in 
s ta in le s s -s te e l  w ire -m esh  c a g e s  in e n v ir o n m e n ta lly  
c o n tr o l le d  q u a r te r s  ( 1 8 - 2 5 CC , re la t iv e  h u m id ity  
4 0 -7 0 % ) w ith  12-hr lig h t/d a r k  c y c le s . G r o u n d  d iet  
a n d  ta p  w a ter  w ere  free ly  a v a ila b le , e x c e p t  d u r in g  
p e r io d s  o f  d e p r iv a t io n  a s s o c ia te d  w ith  la b o r a to r y  
in v e s t ig a t io n s .

P r e p a r a tio n  o f  te s t  d ie ts .  T h e  b a s ic  d ie t  u sed  w a s  
C R M -X . G L P -c e r t if ie d  (L a b su re , P o o le ,  D o r se t) .  
B a tc h e s  o f  d ie t  w ere  p rep a red  for e a c h  trea tm en t  
g r o u p  at fo r tn ig h t ly  in te rv a ls . W h e n  n o t  in  u se  d ie ts  
w ere  s to r e d  in  se a le d  p la s t ic  c o n ta in e r s  a t r o o m  te m ­
p era tu re .

E x p e r im e n ta l d es ig n  an d  co n d u c t

G r o u p s  o f  15 ra ts  o f  e a c h  se x  w e r e  g iv e n  d ie ts  c o n ­
ta in in g  0  (c o n tro l) , 0-2, 1 o r  5%  (w /w ) g u m  k a ra y a  for  
13 w k . T h e  a n im a ls  w ere  o b se r v e d  d a ily  for a b n o r ­
m a lit ie s  o f  c o n d it io n  o r  b e h a v io u r  a n d  w ere  w e ig h e d  
o n  th e  first d a y  o f  tr e a tm e n t , a t w e e k ly  in te rv a ls  
th e rea fter  u p  to  w k  13 a n d  a g a in  o n  th e  d a y  o f  
a u to p s y . T h e  fo o d  c o n s u m p t io n  o f  e a c h  c a g e  o f  a n i­
m a ls  w a s  m e a su r e d  w e e k ly  t h r o u g h o u t  th e  stu d y . 
W a te r  in ta k e  w a s  m e a su r e d  d a ily  d u r in g  w k  1 - 4  a n d
9 - 1 2  o f  th e  stu d y .

T h e  e y e s  o f  a ll a n im a ls  w e r e  e x a m in e d  b e fo r e  tr e a t­
m en t s ta r ted  u s in g  a K e e le r  d irec t  o p h th a lm o s c o p e . A 
m y d r ia tic  a g e n t  (M y d r ia c y l, 1%, A lc o n  L a b s . Inc., 
U S A )  w a s  in st ille d  in to  th e  e y e s  15 m in  b e fo r e  e x a m ­
in a tio n . T h is  p r o c e d u r e  w a s  re p e a te d  d u r in g  w k  13

for a ll c o n tr o l a n im a ls  a n d  for a ll a n im a ls  g iv e n  5%  
g u m  k a ra y a .

B lo o d  sa m p le s  w ere  c o l le c te d  b y  o r b ita l s in u s  p u n c ­
tu re  u n d er  lig h t e th er  a n a e s th e s ia  (d ie th y l e th er , A n a -  
lar g ra d e . B D H . P o o le .  D o r s e t)  fo llo w in g  a  16-hr fast  
at w k  5 a n d  13 o f  tr ea tm en t. O n  e a ch  o c c a s io n  ten  
ra ts  o f  e a c h  sex  fro m  e a ch  o f  th e  c o n tr o l a n d  h ig h e st  
d ie ta ry  lev e l g r o u p s  w ere  sa m p led . B lo o d  sa m p le s  
w ere  e x a m in e d  for h a e m o g lo b in  c o n c e n tr a t io n , m ea n  
ce ll v o lu m e , to ta l e r y th r o c y te  c o u n t , to ta l a n d  d iffer ­
e n t ia l le u c o c y te  c o u n t;  p a ck ed  ce ll v o lu m e , m ea n  ce ll  
h a e m o g lo b in  a n d  m ea n  ce ll h a e m o g lo b in  c o n c e n ­
tr a tio n  w e r e  c a lc u la te d . P la s m a  w a s  a n a ly s e d  for th e  
c o n c e n tr a t io n  o f  b lo o d  u rea  n itr o g e n , g lu c o s e , to ta l  
p r o te in  a n d  a lb u m in , so d iu m  io n s , p o ta s s iu m  io n s  a n d  
for th e  a c t iv it ie s  o f  a lk a lin e  p h o s p h a ta s e , a sp a r ta te  
a m in o tr a n s fe r a s e  a n d  a la n in e  a m in o tr a n sfe r a se .

U r in e  w a s  c o l le c te d  fro m  th e  sa m e  a n im a ls , d u r in g  
a  16-hr p e r io d  o f  w a ter  d e p r iv a t io n , a t w k  5 a n d  13 
o f  trea tm en t. S p e c im e n s  w ere  e x a m in e d  for m ic r o ­
s c o p ic  c o n s t itu e n t s  a n d  for c o n c e n tr a t io n  o f  g lu c o s e ,  
p r o te in , r e d u c in g  su b s ta n c e s , k e to n e s , b ilir u b in , u r o ­
b il in o g e n  a n d  h a e m o g lo b in . T h e  v o lu m e  a n d  sp e c if ic  
g r a v ity  w ere  a ls o  m ea su red .

T o  m in im iz e  a n y  b ia s  in tr o d u c e d  b y  th e se  in v e s t i­
g a t io n s  a  s im ila r  n u m b e r  o f  a n im a ls  from  th e  lo w  a n d  
in te r m e d ia te  d ie ta ry  lev e l g r o u p s  w e r e  d e p r iv e d  o f  
fo o d  a n d  w a ter  in  th e  sa m e  m a n n e r  b u t w ith o u t  th e  
c o l le c t io n  o f  b io flu id s .

A t th e  e n d  o f  th e  tr e a tm en t p e r io d  th e  a n im a ls  w ere  
k illed  b y  ip  in je c tio n  o f  p e n to b a r b ito n e  s o d iu m  a n d  
w ere  e x s a n g u in a te d  fro m  th e  ren a l artery . A n  a u to p s y  
w a s p er fo rm ed , d u r in g  w h ich  a n y  m a c r o s c o p ic  a b n o r ­
m a lit ie s  w ere  n o te d  a n d  th e  a d ren a l g la n d s , b ra in , 
g o n a d s , h eart, k id n e y s , liver , lu n g s  a n d  th y r o id s  w ere  
w e ig h e d . S a m p le s  o f  th e se  o r g a n s  a n d  o f  a o r ta , c a e ­
c u m , c o lo n , d u o d e n u m , e p id id y m id e s , e y e s , fem u r.

Duration o f tre a tm e n t, wk

Fig. 2. Mean body «'eights of female rats fed diets contain­
ing 0(0), 0-2(#). 1 (□) or 5(■)% gum karaya for 13 wk.
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Table 1. Mean food conversion efficiency of rats fed diets containing 0-5% gum karaya for 13 if k

Dietary Food conversion efficiency* (%) during wk ...
level --------------------------------------------------------------------------------------------------
(%) 1 2 3 4 5 6 7 8 9 1 0 11 1 2 13

0 37-83 28-82 26-66 19-61 12-16
M ales

13-44 11-09 11-36 10-37 7-91 5-71 6-70 119
0 -2 37-43 28-52 25-45 20-62 11-26 14-85 12-32 10-69 8-95 9-08 4-17 8-51 3-81
1 0 36-72 28-50 26-60 19-35 14-61 13-27 12-64 10-29 10-29 7-14 5-10 7-70 3-32
50 36-51 27-80 25-14 17-89 8-06 14-90 13-11 10-65 7-96 8-47 5-79 6-60 1-18

0 26-65 15-58 14-90 12-53 6-23
F em ales

8-52 7-45 5-97 5-48 5-17 1-78 4-73 2-55
0 - 2 24-49 16-65 14-73 12-81 6-47 803 6-38 5-32 4-69 5-00 2 - 0 0 5-22 2-99
1 0 25-87 16-12 15-28 12-16 7-73 9-45 6-74 5-69 4-53 3-38 2 - 8 6 4-56 5-97
50 23-38 15-26 13-74 11-64 3-74 8-94 6-14 5-51 6-16 2  1 0 1-85 4-53 3-63

*The percentage food-conversion efficiency is calculated as [weekly body-weight gain (g)/weekly food consumption 
(gfi x 1 0 0 .

Table 2. Mean water intake of rats fed diets containing 0-5°n gum karaya for
13 wk

Dietary Water intake (ml/rat/day) during wk ...
level -------------------------------------------------------------------
(%) 1 2 3 4 9 10 11 1 2

0 26-6 28-5 31-1
M ales

35-2 31-9 32-6 33-6 32-5
0 -2 25-3 28-9 31-7 36 5 35-3 34-5 36-3 36-0
1-0 30-2 31-9 35-2 34-2 34-5 34-4 36-3 35-3
5-0 33-1* 35-1* 35-8 34-6 35-4 34-9 37-5 36 5

0 21-5 23-5
F em ales

26-7 29-2 33-8 35-0 36-9 38-4
0 - 2 2 0 - 0 23-0 25-3 26-2 29-5 28-4 31-6 32-0
1-0 2 1 - 0 24-0 26-6 28-4 33-6 35-4 35-5 36-3
5-0 25-2* 26-6 27-7 28-9 34-6 35-3 35-6 34-5

Values are means for groups of 15 animals; those marked with asterisks differ 
significantly (Student's t test) from the corresponding control value 
(*P < 005).

h eart, i le u m , je ju n u m , ly m p h  n o d e s , o e s o p h a g u s , p a n ­
crea s , p itu ita ry , p r o sta te , sa liv a ry  g la n d , sc ia t ic  n erve , 
se m in a l v e s ic le , sk in , sk e le ta l m u s c le , sp le e n , sp in a l  
c o r d , s to m a c h , th y m u s , to n g u e , tra ch ea , u r in a ry  b la d ­
d er  a n d  u te ru s w ere  p reserv ed  in  10% b u ffered  fo r m a ­

lin . P a ra ff in -w a x  s e c t io n s  o f  th e se  t is s u e s  fro m  c o n tr o l  
a n im a ls  a n d  th o s e  g iv e n  5%  g u m  k a ra y a  w e r e  s ta in e d  
w ith  h a e m a to x y lin  a n d  e o s in  for m ic r o s c o p ic  e x a m in ­
a t io n . F u r th er  s e c t io n s  o f  k id n e y  fro m  th e s e  a n im a ls  
w ere  s ta in e d  w ith  O il R ed  O  a n d  tr e a te d  w ith  P er-

Table 3. Group mean haematological data of rats fed diets containing 0 or 5% gum karaya for 13 wk

Sex and Leucocytes* (103 mm3)
dietary 

level (%)
Hb

(g/ 1 0 0  ml)
RBC

(1 0 6/mm3)
PCV
(%)

MCH
(Pg)

MCHC
(%)

MCV
(c/tm) Total N L M E

Male 0 16-6 7-30 46
W k 5

22-7 36 63 15-80 0-93 14-81 004 0 -0 1

5 16 4 7-47 46 2 2 - 0 36 61 14-12 1-61 12-47 0-04 0 - 0 0

Female 0 164 7-32 46 22-5 36 62 13-07 1-21 11-82 0 -0 1 0-03
5 16 6 7-24 45 22-9 37 62 13-84 1-24 12-60 0 - 0 0 0 - 0 0

Male 0 16 6 8-33 41
W k 13

19 9 40 50 13-83 1-32 12-42 0-04 0-05
5 16 3 8-23 41 19-7 40 50 16-40 2-48 13-80 0-03 0-08

Female 0 15-8 7-77 40 20-4 39 52 11-76 1-37 10-32 0 - 0 2 0-03
5 15-8 7-73 40 20-5 40 52 12-28 0-79 11-44 0 - 0 2 0-03

Hb = Haemoglobin RBC = Red blood cells PCV = Packed cell volume MCH = Mean corpuscular haemo­
globin MCHC = Mean corpuscular haemoglobin concentration MCV = Mean corpuscular volume 
N = Neutrophils L = Lymphocytes M = Monocytes E = Eosinophils 

*No basophils were detected.
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io d ic  a c id  S c h iff  r ea g en t. H is to p a th o lo g ic a l  e x a m in ­
a t io n  w a s  re s tr ic ted  to  th e se  tw o  g r o u p s , t is s u e s  from  
a n im a ls  g iv e n  0-2  o r  1% g u m  k a ra y a  b e in g  re ta in e d  in  
f ix a tiv e .

O .2 
< 2

rh M ’i <N — ro (N

RESULTS

T h e  o n ly  tr e a tm e n t-r e la te d  c lin ic a l c h a n g e  w a s  a 
te n d e n c y  for tr ea ted  a n im a ls , p a r ticu la r ly  th o s e  g iv en  
5%  g u m  k a ra y a , to  s h o w  an  in c r e a se  in  fa eca l b u lk . 
T h is  w a s  n o te d  fro m  th e  o n s e t  o f  tr e a tm e n t  a n d  p er­
s is te d  for 13 w k.

D u r in g  w k  4  a n d  5 th e  ra te  o f  b o d y -w e ig h t  g a in  
in  b o th  se x e s  o f  ra ts  g iv e n  5%  g u m  k a r a y a  w a s  
red u c e d  w h e n  c o m p a r e d  w ith  th a t o f  th e  c o n tr o ls .  
S u b s e q u e n t ly , th e  m a le s  g a in e d  w e ig h t  at a s im ila r  
ra te  to  th e  c o n tr o ls  b u t th e  fe m a le s  g iv e n  5%  k a ra y a  
c o n t in u e d  to  sh o w  s lig h t  g r o w th  re ta r d a t io n . B y th e  
e n d  o f  th e  s tu d y  th e  m e a n  w e ig h t  o f  th e  m a le s  a n d  
fe m a le s  a t th is  d ie ta ry  lev e l w a s  lo w e r  th a n  th e  c o n ­
tr o ls  b y  5%  a n d  12%  r e s p e c t iv e ly  (F ig s  1 a n d  2). T h e  
d ifferen ce  in  w e ig h t  g a in  o v e r  th e  13 w k  p er io d  
b e tw e e n  fe m a le s  g iv e n  5%  g u m  k a ra y a  a n d  th e  c o n ­
tr o ls  w a s  s ta t is t ic a lly  s ig n if ic a n t  (S tu d e n t’s  f test. 
P  <  0 -05). T h er e  w a s  n o  a d v e r se  e ffect o n  f o o d  in ta k e  
a n d  th e  o v e r a ll  fo o d  c o n v e r s io n  e ffic ien cy  o f  a n im a ls  
g iv e n  5%  k a ra y a  w a s  o n ly  m a r g in a lly  lo w e r  th a n  th a t  
o f  th e  c o n tr o ls  (T a b le  1). W ith  th e  e x c e p t io n  o f  w k  4. 
m a le  ra ts g iv e n  1 o r  5%  g u m  k a ra y a  d ra n k  m o r e  th a n  
th e  c o n tr o ls  d u r in g  a ll p e r io d s  o f  m e a su r e m e n t . T h e  
m o s t  m a rk ed  in c r e a s e s  w ere  th o s e  s h o w n  d u r in g  w k  1 
a n d  2  b y  m a le s  g iv e n  5%  g u m  k a ra y a , w h e n  th e  d iffer­
e n c e s  fro m  c o n tr o ls  w ere  s ta t is t ic a lly  s ig n if ic a n t. T h e  
o n ly  s ig n if ic a n tly  in crea sed  v a lu e  for fe m a le s  w a s  th a t  
d u r in g  w k  1 for  ra ts  g iv e n  5%  g u m  k a r a y a  (T a b le  2). 
M e a n  in ta k e s  o f  th e  test m a te r ia l o v e r  th e  en tire  test  
p e r io d , a s  c a lc u la te d  fro m  b o d y  w e ig h t  a n d  fo o d  
in ta k e  d a ta , w ere  157, 791 a n d  3 9 4 7  m g /k g /d a y  for  
m a le s  a n d  189. 9 4 4  a n d  4 7 5 4  m g /k g /d a y  for fem a le s  
fed d ie ta r y  le v e ls  o f  0 2 .  1 a n d  5%  r e sp e c t iv e ly .

O p h th a lm o s c o p ic  e x a m in a t io n  r e v e a le d  n o  o c u la r  
a b n o r m a lit ie s  th a t c o u ld  b e  a sc r ib e d  to  a d m in is tr a ­
t io n  o f  th e  test m a ter ia l. N o  h a e m a to lo g ic a l  c h a n g e s , 
d is tu r b a n c e s  o f  p la sm a  a n a ly s e s  o r  e ffec ts  o n  u r in e  
c o m p o s i t io n  w ere  fo u n d  at e ith e r  th e  w k  5 o r  13 
in v e s t ig a t io n s . (T a b le s  3 a n d  4). T h e  m e a n  re la tiv e  
b ra in  w e ig h t  o f  fem a le s  g iv e n  5%  g u m  k a r a y a  w a s  
s ta t is t ic a lly  s ig n if ic a n tly  in crea sed  w h e n  c o m p a r e d  
w ith  th e  c o n tr o l  v a lu e  (P  <  0 0 1 ) .  N o  o th e r  o rg a n  
w e ig h t  c h a n g e s  w e r e  o b se r v e d  (T a b le  5).

T h e  h is to p a th o lo g ic a l  e x a m in a t io n  r ev ea led  p er i­
b r o n c h ia l a n d  p e r iv a sc u la r  ly m p h o id  r e a c t io n s  a s s o c i­
a ted  w ith  fo ca l a lv e o l i t is  in  th e  lu n g s  a n d  in tr a lo b u la r  
ly m p h o id  fo c i in th e  liver. L e ss  c o m m o n  fin d in g s  in ­
c lu d e d  ren a l c o r t ic a l tu b u le  r e g e n e r a tio n , ly m p h -n o d e  
h y p e r p la s ia , th y r o id  u ltr im o b r a n c h ia l re s ts  a n d  fo a m ­
c e ll a c c u m u la t io n  in  th e  lu n g s. H o w e v e r , th e  d is tr ib u ­
t io n  o f  th e se  fin d in g s  w a s  s im ila r  in  trea ted  a n d  c o n ­
tro l rats.

DISCUSSION

T h e  te n d e n c y  for trea ted  a n im a ls  to  s h o w  in crea sed  
fa eca l b u lk  a n d  in c r e a se d  w a ter  in ta k e  m ig h t  be  
re la ted  to  th e  h y g r o s c o p ic  n a tu re  o f  g u m  k a ra y a , but
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Table 5. Group mean organ weight data of rats fed diets containing 0 or 5% yum karaya for 13 wk

Sex and 
dietary 

level (%)

Body 
weight • 

(g)

Relative organ weights (% of body weights)

Brain Liver Heart Gonads Adrenals Thyroids Kidneys Lungs

Male 0 488 0 412 3-197 0-305 0-723 0 - 0 1 2 0-007 0-569 0-366
5 470 0-427 3-077 0-297 0-759 0 - 0 1 2 0-007 0-567 0-348

Female 0 266 0-684 3-367 0-353 0-026 0-024 0 - 0 1 0 0-643 0-451
5 248 0-744» 3-238 0-359 0-029 0-026 0 - 0 1 0 0-630 0-478

Values are means for groups of 15 animals; that marked with an asterisk differs significantly (Student’s t 
test) from the corresponding control value (*P < 0 05).

in  th e  a b s e n c e  o f  a n y  in fo r m a t io n  o n  fa eca l w e ig h t  
a n d  m o is tu r e  c o n te n t ,  th is  c a n  o n ly  b e  sp e c u la te d .

In  th e  a b s e n c e  o f  a n y  r e d u c t io n  in  f o o d  c o n s u m p ­
t io n  or  o th e r  m a n ife s ta t io n s  o f  to x ic ity , th e  s lig h t  
r e ta r d a t io n  o f  w e ig h t  g a in  s h o w n  b y  a n im a ls  g iv e n  
5 %  g u m  k a r a y a  w a s  p r o b a b ly  r e la ted  to  a n u tr it io n a l  
im b a la n c e , c a u s e d  b y th e  in c o r p o r a t io n  o f  a r e la t iv e ly  
h ig h  lev e l o f  te st  a r tic le . A t  lo w e r  d ie ta ry  le v e ls  o f  
k a ra y a  a n im a ls  o f  b o th  se x e s  s h o w e d  c o m p a r a b le  o r  
s lig h t ly  g rea ter  w e ig h t -g a in s  th a n  c o n tr o l  a n im a ls . 
T h e  in c r e a se  in  r e la t iv e  b ra in  w e ig h t  se en  in  fe m a le s  
g iv e n  5 %  g u m  k a ra y a  is c o n s id e r e d  to  h a v e  r e su lte d  
fro m  th is  s l ig h t  g r o w th  r e ta r d a t io n  s in c e  o th e r  
w o r k e r s  h a v e  s h o w n  th a t b ra in  w e ig h t  is p r im a r ily  a  
fu n c t io n  o f  a g e  a n d  a lte r s  l it t le  w ith  c h a n g e s  in  b o d y  
w e ig h t  (F e r o n , d e  G r o o t ,  S p a n jer s  &  T il, 1 9 7 3 ; O ish i, 
O is h i &  H ir a g a , 1 9 7 9 ; S ch a rer , 1977).

In  su m m a ry , s in c e  n o  a d v e r s e  e ffe c ts  w ere  n o te d  o n  
fo o d  in ta k e  o r  c lin ic a l c o n d it io n  a n d  s in c e  n o  a d v e r se  
e ffec ts  w ere  r ev ea led  b y  h a e m a to lo g ic a l ,  b lo o d  c h e m ­
istry  a n d  u r in e  a n a ly se s , o p h th a lm o s c o p y , o r g a n  
w e ig h t  a n a ly s is  o r  h is to p a th o lo g y , a  d ie ta ry  le v e l o f  
5%  g u m  k a ra y a  ca n  b e  reg a rd ed  as a n o -u n to w a r d -  
e ffect lev e l. S in c e  th is  lev e l c o r r e s p o n d e d  to  a n  a v er ­
a g e  in ta k e  o f  a b o u t  4 g /k g /d a y  it is  su g g e s te d  th a t  
4 0  m g /k g /d a y  c o u ld  b e  reg a rd ed  a s  a n  a c c e p ta b le  
d a ily  in ta k e  (A D I).

C u rren t u sa g e  o f  g u m  k a ra y a  in  th e  U K  fo o d  
in d u s try  is e s t im a te d  b y I N G A R  at 100 to n s /y e a r .  
A s su m in g  a p o p u la t io n  o f  55  m ill io n , th is  g iv e s  an  
a v e r a g e  in ta k e  o f  1-82 g /p e r s o n /y e a r , o r  a b o u t  5 m g /  
d a y . F o r  a 7 0 -k g  m a n  th is  r ep r e se n ts  a n  in ta k e  so m e  
5 6 0  t im e s  lo w e r  th a n  th e  A D I  p r o p o s e d  a b o v e . It

w o u ld  a p p e a r  th e re fo re , th a t  n o  t o x ic o lo g ic a l  h a za rd
is p o s e d  b y  th e  p resen t u sa g e  o f  g u m  k a ra y a  in  fo o d ­
stu ffs.
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Abstract—Phenylpropan-l-ol was added to the diet of groups of 15 male and 15 female rats to provide 
intakes of 0 (control), 10. 40 or 160 mg/kg/day for 13 wk. No effects on body weight, food intake, water 
intake, haematology, semi-quantitative analysis of urine, renal concentration and dilution tests, serum 
chemistry or the histological examination could be attributed to treatment. Increased liver weights at the 
highest dose level in both sexes and increased kidney weights at the two highest dose levels in males 
were considered to be related to treatment, but in view of the lack of histological abnormalities this 
study did not demonstrate whether these were toxic or adaptive effects. An isolated renal mesenchymal 
tumour was found in the females fed the highest dose level. It is concluded that the no-effect level in this 
study was 10 mg/kg/day.

INTRODUCTION

2 - P h e n y lp r o p a n - l - o l  (h y d r a tr o p ic  a lc o h o l;  F E M A  
n o . 2 7 3 2 ;  C o E  n o . 2 2 5 7 ) is u sed  as a c o m p o n e n t  o f  
fra g ra n ces a n d  fo o d  f la v o u r in g s . O p d y k e  (1 9 7 5 ) e s t i ­
m a ted  th a t its  u se  in  fra g ra n ces  in th e  U S A  w a s  less  
th a n  5 0 0  k g /y r  a n d  th a t th e  n o r m a l p e r c e n ta g e  c o n ­
c e n tr a t io n s  (m a x im u m  c o n c e n tr a t io n s  in  b r a c k e ts )  
w ere  0-01 ( 0 1 5 )  in  s o a p , 0 0 0 1  (0 -015) in  d e terg en ts , 
0-01 (0  0 5 )  in  c rea m s a n d  lo t io n s  a n d  0 1  (0-6) in  p er ­
fu m e. T h e  u se  in  fo o d , w o r ld w id e , h a s  b een  c a lc u la te d  
a s  25  k g /y r , w ith  n o r m a l c o n c e n tr a t io n s  (p p m ) o f  7-2 
(8-9) in  n o n -a lc o h o l ic  b ev era g es , 5-7 (6-8) in  ice  crea m , 
7-3 (10  0 ) in  c a n d y , 13-4 (15-5) in b a k ed  g o o d s , 10-6 
(12-0) in  g e la t in  d e ss e r ts  a n d  1-2 (1-6) in  c h e w in g  g u m  
(G r u n d s c h o b e r , H a ll, S to fb e r g  &  V o d o z , 1975), th e  
fig u res  in  b r a c k e ts  a g a in  r e p r e s e n t in g  th e  h ig h e st  c o n ­
c e n tr a t io n s  rep o rted .

T h e  sm a ll a m o u n t  o f  p u b lis h e d  in fo r m a tio n  o n  th e  
to x ic ity  o f  2 - p h e n y lp r o p a n - l- o l  w a s  su m m a r iz e d  by  
O p d y k e  (1975). T h e  d a ta  q u o te d  sh o w  th a t m e ta b ­
o lism  la rg e ly  in v o lv e s  o x id a t io n  to  th e  a c id  fo llo w e d  
b y  e x c r e tio n  as th e  g lu c u r o n id e  c o n ju g a te , a lth o u g h  a 
p r o p o r t io n  (1 0 -2 0 % ) is e x c r e te d  a s  th e  d irec t g lu c u r o ­
n id e  c o n ju g a te . T h e  h ig h  p r o p o r t io n  e x cre ted  as th e  
a c id  c o n ju g a te  is in  k e e p in g  w ith  th e  e s ta b lish e d  p a th ­
w a y  o f  m e ta b o lis m  o f  h y d r a tr o p ic  a c id  (D ix o n . C a ld ­
w e ll &  S m ith , 1977). T h e s e  w o r k e r s  s h o w e d  a ls o  th a t  
th is  p a ttern  o f  m e ta b o lis m  o f  th e  a c id  a p p lie d  in  m a n  
as w e ll a s  th e  rat. T h e  L D 50 v a lu e s  q u o te d  b y O p d y k e  
(1 9 7 5 ) a re  2-3 g /k g  in  ra ts tr ea ted  o r a lly  a n d  in  e x c e s s  
o f  5 g /k g  in  r a b b its  trea ted  b y th e  d erm a l r o u te ;  th e  
m a ter ia l h a s  b een  fo u n d  to  b e  n o n -ir r ita n t  a t full 
s tren g th  in  ra b b its  a n d  at a c o n c e n tr a t io n  o f  6%  in  
p e tr o la tu m  in  h u m a n s . T h e  la tter  fo r m u la t io n  a lso  
p r o v e d  to  b e  w ith o u t  s e n s it iz in g  p o te n t ia l  in  h u m a n s .

T h e  o b je c t iv e  o f  th e  p resen t s tu d y  w a s  to  o b ta in  
su b a c u te  d a ta  a p p r o p r ia te  to  th e  sa fe ty  e v a lu a t io n  o f
2- p h e n y lp r o p a n - l- o l ,  p a r ticu la r ly  w ith  re feren ce  to  its  
u se  a s a f o o d  a d d itiv e .

EXPERIMENTAL

T e s t  m a te r ia l. 2 - P h e n y lp r o p a n - l - o l  w a s  s u p p lie d  
b y  th e  In te r n a t io n a l O r g a n iz a t io n  o f  th e  F la v o r  
In d u stry , G e n e v a . T h e  m a ter ia l c o m p lie d  w ith  
th e  f o l lo w in g  sp e c if ic a t io n :  v is c o u s  l iq u id ;  re la tiv e  
d e n s ity  (¿ 20 /  1 -0 0 0 -1 -0 0 6 ; r e fra c tiv e  in d e x  (n^0),
1 -5 2 4 0 -1 -5 2 8 0 ; a c id  v a lu e , m ax  1; a s sa y , m in  95% . 
A n a ly s is  o f  th e  sa m p le  u sed  g a v e  th e  fo llo w in g  
resu lts : r e la tiv e  d e n s ity  {d l° ) .  1 -0031; re fra c tiv e  in d ex  
(no0 ). 1 -5251; a ssa y  (G L C ), 99-2% . T h e  sa m p le  w a s  
s to r e d  in  c lo s e d  c o n ta in e r s  at 4 °C .

A n im a ls  a n d  d ie ts .  W e a n lin g  ra ts  w e r e  o b ta in e d  
fro m  a  s p e c if ie d -p a th o g e n -fr e e  c o lo n y  o f  th e  W ista r  
stra in  (O la c  1976 L td . B ice ster . O x o n ). T h e y  w ere  
h o u s e d  in  g r o u p s  o f  fiv e  o f  th e  sa m e  sex  a n d  trea t­
m en t, in  p la s t ic s  a n d  s ta in le s s -s te e l  g r id -f lo o r e d  c a g e s  
( N o r th  K e n t  P la s t ic  C a g e s  L td , D a r tfo r d , K e n t)  s u s ­
p e n d e d  o n  ra ck s w ith  p a p er  for c o l le c t io n  o f  ex cre ta . 
T h e  c a g e s  w ere  k ep t in  an  a ir -c o n d it io n e d  r o o m  a n d  
d a ily  m e a su r e m e n t  o f  m a x im u m  a n d  m in im u m  te m ­
p er a tu r e s  s h o w e d  91%  o f  th e  v a lu e s  to  b e  in  th e  
24  ±  3 °C  ran ge . A ll o f  th e  d a ily  r e la t iv e  h u m id ity  
m e a su r e m e n ts  w ere  in  th e  55  ±  10%  ra n g e . T h e  
w e a n lin g  ra ts w ere  a c c lim a tiz e d  to  th e  e n v ir o n m e n ta l  
c o n d it io n s  for  9 d a y s  b e fo re  r e c e iv in g  th e  te st  d ie ts .

T h e  ra ts w ere  d iv id e d  in to  fo u r  g r o u p s  o f  15 m a le s  
a n d  15 fe m a le s  a n d  th e  d ie ta ry  c o n c e n tr a t io n s  o f  th e  
te s t  m a ter ia l w ere  a d ju s te d , o n  th e  b a s is  o f  fo o d -  
in ta k e  a n d  b o d y -w e ig h t  m e a su r e m e n ts , t o  p r o v id e  as  
n ea r ly  a s  p o s s ib le  a c o n s ta n t  in ta k e  o f  0  (c o n tr o l) , 10, 
4 0  a n d  160 m g  2 -p h e n y lp r o p a n - l- o l /k g  b o d y  w e ig h t /  
d a y  for th e  fo u r  g r o u p s  th r o u g h o u t  th e  13 -w k  feed in g  
p er io d . T h e  b a s ic  d ie t  w a s  L a b o r a to r y  A n im a l D ie t  
N o .  2 (S p r a tt’s P a te n t  L td , B a r k in g . E s se x );  fresh  test  
d ie ts  w e r e  p rep a red  a t w e e k ly  in te r v a ls  a n d  s to r e d  in  
c lo s e d  m e ta l c o n ta in e r s .

T e s t  p ro c e d u re . T h e  ra ts  w ere  o b se r v e d  d a ily  for  
a b n o r m a lit ie s  o f  c o n d it io n . T h e y  w ere  w e ig h e d  in ­
it ia lly  a n d  th en  tw ic e  w e e k ly  th r o u g h o u t  th e  stu d y .
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Food and water intakes were recorded for each cage 
of rats for 3 days before treatment and at twice- 
weekly intervals during the experiment.

Blood, collected from the retro-orbital sinus at wk 
6  and from the aorta during the anaesthetic phase 
prior to the post-mortem examination, was examined 
for haemoglobin concentration, erythrocyte count, 
packed cell volume and leucocyte count. Counts of 
reticulocytes and the different types of leucocytes were 
confined to the samples from the control and highest 
dose groups. Serum was separated from the blood 
collected at the end of the study and was analysed for 
glucose, urea, protein, albumin, glutamic-oxalacetic 
transaminase, glutamic-pyruvic transaminase and lac­
tic dehydrogenase.

Urine was collected over a 6 -hr period, from each 
rat during wk 6  and during the last week of the ex­
periment. It was examined for volume, specific gravity 
and pH. and semi-quantitative analyses for glucose, 
blood, bile, ketones and protein were carried out. 
Renal concentrating and diluting ability was exam­
ined further by measuring the specific gravity and 
volume of the urine collected during a 2 -hr period 
immediately after a 25-ml/kg oral water load and of 
that collected during a 4-hr period starting 16 hr after 
the water load. The number of cells was counted in 
the samples collected immediately after the water 
load.

After the feeding period (on days 95-97 for males 
and days 98. 99 and 102 for females), the animals were 
fasted overnight, killed by exsanguination under bar­
biturate anaesthesia and subjected to a post-mortem 
examination. Any abnormalities were noted and the 
adrenal glands, brain, caecum (with and without con­
tents). gonads, heart, kidneys, liver, pituitary, spleen, 
stomach and thyroid were weighed. Samples of these 
tissues and of urinary bladder, colon, diaphragm, epi­
didymis. eye. Harderian gland, lung, lymph nodes, 
mammary gland, nerve, oesophagus, pancreas, pros­
tate. rectum, salivary gland, seminal vesicles, skeletal 
muscle, skin, small intestine, spinal cord, trachea, 
thymus, uterus and vagina were preserved. Those 
from the highest dose level and control groups were 
sectioned and examined microscopically.

RESULTS

All of the animals survived the treatment period 
and no abnormalities of condition or behaviour were 
seen. The group mean body weights (Table 1) showed 
no consistent or dose-related reductions in the males. 
Statistically significant deviations from the control 
(not shown in Table 1) occurred during the first 2 wk 
in the lowest dose group and during days 67 84 in the 
intermediate dose group. In females, the mean body 
weights were lower in all the treated groups than in 
the control group from wk 3. but the differences w'ere 
not dose related and did not increase markedly with 
time. For example, the value for the group given 
40 mg kg was 5°„ lower than the control value at day 
21 and 8 °„ lower by day 91.

The mean food intakes of the male treated groups 
over the period of the study (Table 1) were slightly 
lower than those of the controls but not in a dose- 
related manner, the only statistically significant differ-
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ence being at the intermediate dose. The twice-weekly 
measurements for this group were generally 5-10% 
lower than those for the control group, the differences 
often reaching statistical significance. Most of the 
food-intake values for the other male groups were 
within 5% of the control and only scattered statisti­
cally significant differences were found. In the females 
the food intake of the lowest dose level was similar to 
that of the controls and in the 40 mg/kg/day group 
there were only small, non-significant differences in 
both the twice-weekly and overall values. The food 
intake of the highest dose group was lower from wk 4, 
resulting in a lower overall mean value.

The range of dietary concentrations used and the 
resulting average intakes of phenylpropanol-l-ol are 
shown in Table 1. The values calculated at twice- 
weekly intervals showed that 96, 92 and 96% of those 
for the 10-, 40- and 160-mg/kg/day males were within 
10% of the desired dosage. For females, the corre­
sponding figures were 8 8 , 8 8  and 65%.

The overall water intakes for the males given the 
two higher dose levels were similar to the control 
intake, but at the 1 0 -mg/kg/day dose the overall 
intake was lower. This reflected the values throughout 
the study, including the pretreatment period, although 
generally the differences during the experiment were 
not statistically significant. The pattern of water 
intake by the females was different, with higher 
intakes by all treated groups although there was no 
dose relationship.

There were inconsistent differences in the results of 
the haematological examinations at wk 6  and 13 
(Table 2). The erythrocyte counts were lower than the 
control counts in the high-dose males at the end of

the study, whereas in the corresponding females at wk 
6  this same measurement and the haemoglobin con­
centration were significantly greater than the control 
values. The data for the intermediate dose levels are 
not shown in Table 2, but the only statistically signifi­
cant deviation from the control was a higher erythro­
cyte count 7-97 x 106 /'mm3 in the intermediate-dose 
males at the first examination.

No urine samples gave reactions for bilirubin or 
glucose at either wk 6  or wk 13, and only occasional 
samples gave positive reactions for blood. The inci­
dence of these did not differ significantly between the 
treated and control groups. There were some differ­
ences in the incidences of samples with various reac­
tions for protein (Table 3). Significantly more samples 
from the males given 40 mg/kg/day for 6  wk showed 
an intermediate (+  + ) reaction with an associated de­
crease in the number of samples giving the higher- 
grade reactions. In the females there were more 
samples with the minimal grade of reaction from the 
lowest dose group at wk 13 and from the 160-mg/kg/ 
day group at wk 6 . Further statistical analysis of the 
latter group revealed that the total incidence of ani­
mals giving the higher grades of reaction for protein 
( +  + or greater) was significantly less than the con­
trol incidence.

The results of the renal concentration and dilution 
tests in the control and highest dose group (Table 4) 
were similar, as were the results for the lower dose 
groups and control. The only statistically significant 
differences were slightly lower mean volumes of the 
samples collected at 0-2 hr (5-0 ml) and 16-20 hr 
(0-4 ml) from the 40-mg/kg/day females at wk 13 and 
a low specific gravity (1-057) for the samples taken

Table 2. Results of haematological examinations of rats fed diets to provide intakes of 0 or 160 mg 
2-phenylpropan-l-ol/kg/day for 6 or 13 wk

Dose level 
(mg/kg/day)

RBC
( lO'Vmnr’)

Hb
(g/ 1 0 0  ml)

PCV
(%)

Reties 
(% RBC)

Total
(lO-’/mm3)

Leucocytes

Differential

N E L M

Male
0 7-36 17-3 49+

Wk 6

0 - 8 30-2 13-7 0 - 6 85-2 0-7
160 6-96 17-3 47 0-7 28-4 15-1 0 - 8 83-2 1-0 *
Female
0 7-48 17-5 48 1-1 18-4 9-5 1-0 89-3 0-3
160 8-15* 18-4* 47 1-2 14-8 11-4 0-7 87-0 1 - 0

Male
0 8-04 14-8

Wk 13

49 1-4 4-6 23-1 1-3 74-8 0 - 8

160 7-47* 14-6 49 1-5 4-2 18-8 0-9 79-5 0-7

Female
0 7-34 14-4 45 1-6 3-7 17-8 0 - 8 79-8 0 - 8

160 7-33 14-3 45 1-4 3-5 19-9 1-9 76-9 1-3

RBC = Red blood cells Hb = Haemoglobin PCV = Packed cell volume 
Reties = Reticulocytes N = Neutrophils E = Eosinophils 

L = Lymphocytes M = Monocytes
tMean for 12 rats only.
The figures are means for groups of 15 rats except where stated otherwise. Those marked with an 

asterisk differ significantly (0 05 > P > 001 by f test) from the corresponding controls. 
Basophilic leucocytes were not encountered in the differential counts.
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No. of samples giving positive reactions for protein

Males Females

(mg kg day) G rade  of reaction*. t + + + + + + + + + + t + + + + + + + + + +

Wk 6

0 1 7 4 3 0 1 8 5 1 0
10 1 5 6 3 0 4 Î 8 3 0 0
40 0 5 10* 0 0 3 7 5 0 0

160 2 5 8 0 0 6 * 8 1 0 0(a)

Wk 13
0 6 8 0 1 1 7 6 1 0

10 0 3 10 2 0 6 * 6 3 0 0
40 1 2 10 1 1 3 9 3 0 0

160 0 7 6 2 0 1 7 7 0 0

tR eae lio n s  on test strips defined as: t. trace: + . c. 30 mg 100 m l: + + , c. 100 mg 100 m l: + + +. c. 3 0 0 m g /1 0 0 m l;
+ + + +. c. 1 0 0 0  mg 1 0 0  ml. 

iIncludes one sample with no reaction for protein.
Figures marked with an asterisk differ significantly (0-05 > P > 001 by Fisher's exact test) from the control: (a) indicates 

that the total with grade + + or above was significantly less than in the control group.

from the low-dose females at 0-6 hr, again at wk 13. 
The mean pH values for the urines of both sexes given 
160 mg phenylpropanol kg day were significantly 
lower than the control values at wk 6 . but the differ­
ence was much less marked after 13 wk (Table 4). 
There was no similar finding at the intermediate dose 
level (pH 7-2 and 6-4 in males and females, respect­
ively. at wk 6 ). The urinary cell count was slightly 
higher in the top-dose female group than in the con­

trols at wk 6  and markedly higher at wk 13. However, 
the latter count was due entirely to one animal with a 
value of 27-5 x 103 hr. and when this was excluded 
the group mean was 0-5 x 103 cells/hr. close to that 
for the controls.

There were no statistically valid differences between 
the control and high-dose rats in the results of the 
serum analyses. With the lower doses, the only stat­
istically significant differences were slightly higher

Tabic 4. Results of renal concentration and dilution tests, urinary pH determinations and 
urinary cell counts in rats Jed diets to provide intakes of II or 161) mg 2-phenylpropan- l-ol kg

day for 6 or 13 i\ k

Measurements in samples collected at:

Dose
level

(mg/kg day)

0  2 hr+ 0 - 6  hr 16 2 0 hr+

Specific
gravity

Volume
(ml)

Cells 
(10 3 /hr)

Specific
gravity

Volume
(ml) pH

Specific
gravity

Volume
(ml)

Male
0 1 - 0 1 0 6-9 1-0

Wk 6

1-042 2-9 7-1 1-083 0-7
160 1 -009 7-3 1-1 1-046 3-6 6-5* 1-085 0-7
Female
0 1007 4-7 0-5 1063+ 1-5 6 - 8 1-081 0-4
160 1-008 4-9 1-1* 1-050 1-9 6 -2 ** 1-077 0-4

Male
0 1 0 1 0 10-5 0-7

Wk 13

1 067+ 2-5+ 7-3 1-074 0-7
160 1 0 1 1 9-1 0-5 1-068 2 - 8 6-9 1-068 0 - 8

Female
0 1 0 1 0 6-1 0-5 1-075 1-7 6-4 1-126+ 0-5
160 1 0 1 1 5-5 2-4 1-069 2-1 6 - 2 1 - 1 1 0 0-7

tSamples collected over the stated period following intake of a 25-ml kg oral water load at 
0  hr.

iMean of 14 measurements.
The figures are means for groups of 15 rats except where indicated otherwise. Those 

marked with asterisks differ significantly (I test) from the control value: * = P < 0-05• 
** = 0 01 > P > 0 001.
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Table 5. Results of analysis of serum from rats fed diets to provide intakes of 
0-160my 2-phenvlpropan-l-ol/kg/day for 13 wk

Dose level 
(mg kg day)

GOT
(IU)

GPT
(IU)

LDH
(IU)

Urea
( mM)

Protein 
(g 1 0 0  ml)

Albumin 
(g 1 0 0  ml)

Glucose
(mM)

0 67-0 18-6
Males

1563 8-3 6-5 3-7 6 - 6

10 6 6 6 20-7 1645 8-3 7-0* 3-7 6-3
40 69-3 18-0 1761 8 - 0 6-7* 3-7 5-8

160 6 6  1 28-4 1354 7-9 6 - 6 3-8 7-2

0 55-6 14-9+
Females

1204 9-5 7-0 4-1 4-4
1 0 60-2+ 16-1 1224 8-4 6-7 3-8* 4-3
40 62-8 15-7 1226 9-2 6-9 4-1 4-4

160 59-3 20-3 1 1 1 2 9-5 7-1 4-2 4-6

GOT = Glutamic-oxalacetic transaminase GPT = Glutamic-pyruvic trans­
aminase LDH = Lactic dehydrogenase IU = International units 

tMean of 14 determinations.
The figures are means for groups of 15 animals except where indicated 

otherwise. Those marked with an asterisk differ significantly (r test) from 
the control value: 0 05 > P > 0 01.

protein concentrations in the males of both groups 
and a lower concentration of albumin in the low-dose 
females (Table 5).

The relative liver weights of both sexes given 
160 mg kg day were higher than those of the controls 
(Table 6 ). The actual weights were also higher than 
the controls but the difference was statistically signifi­
cant only in the males. The same group of males had 
absolute and relative kidney weights approximately 
15% higher than the control values, whilst at the 
intermediate dose level (40 mg/kg/day) the relative 
kidney w-eight was approximately 7% higher than the 
control with no significant difference in the absolute 
weight. The absolute and relative kidney weights of 
the high-dose females were 13-15% higher than those 
of the control group. These differences were not stat­
istically significant and were due to very high values 
from one animal. Exclusion of these weights resulted 
in mean values within 5% of the control.

The males on the intermediate dose level showed 
higher relative heart and pituitary weights with no 
significant increase in the absolute weights. These 
values showed statistical significance by the t test but 
there was no overall significance using the analysis of 
variance involving all the groups. Comparison with 
the controls showed a higher mean relative caecal 
weight in the high-dose females, a high relative adre­
nal weight in the low-dose females, and a high relative 
brain weight in all the female groups (but showing no 
dose relationship). None of these findings were associ­
ated with a significant difference in the absolute 
weights.

The range and severity of the histological findings 
were similar in the control and high-dose animals and 
were those to be expected in these animals. Increases 
in the incidence of lesions were confined to the lung: 
there were more treated females with peribronchial 
mononuclear cell cuffing (eight affected compared 
with two controls) and in the males the incidence of 
moderate alveolar thickening was higher in the 
treated group (in ten rats compared with three con­
trols), although the total incidence of treated animals 
with any grade of alveolar thickening was not signifi­

cantly increased over that of the controls (15 f. 10). 
The female high-dose animal with a high kidney 
weight proved to have a mesenchymal tumour in the 
kidney. Other findings in the renal system of this rat 
were severe nephrosis, chronic inflammatory-cell infil­
tration and pelvic epithelial hyperplasia, together with 
hyperplasia of the urinary bladder.

This animal had also shown other signs of renal 
abnormality in the form of a high serum-urea concen­
tration (22 mM compared with a control mean of
9-5 mM). low specific gravity and high urine volumes 
in the concentration tests and a high urinary pH and 
cell count (8-0 and 27-5. respectively, compared with 
control means of 6  4 and 0-5). It also showed a strong 
reaction for blood in the urine at wk 13.

DISCUSSION

The lower body weight of all the groups of treated 
females is not considered to be a toxic effect. There 
was no parallel effect in the males and neither the 
time of onset nor the magnitude of the differences 
from the control were dose related. The group mean 
w'eight of the three treated groups did not differ by 
more than 5 g at any time and the highest dose level 
was the last to be affected. In addition the differences 
from the control, although statistically significant, 
were small (7-9% of the control). Such a pattern of 
small differences with no dose relationship and con­
fined to one sex is unlikely to represent an effect of 
treatment. It is more likely that the control group 
showed an anomalously high weight gain.

The differences in weight gain cannot be correlated 
with the food intake, which was lower in the females 
on the highest dose but not markedly low in the 
females on the intermediate and low doses despite the 
similarity of the body weights in these three groups. A 
reason for the variations in food intake may have 
been that the diets were somewhat unpalatable. How­
ever. there was little effect in the high-dose males, 
which consumed the highest dietary concentrations, 
and there were no differences at the beginning of the 
study when such effects are usually most obvious.
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Although the erythrocyte counts of the males given 
160mg/kg/day were 5-10% lower than the control 
count, the other measurements on these cells provided 
no supporting evidence of an anaemia and the reticu­
locyte counts showed no evidence of any compensa­
tory increase in red-cell turnover. In the absence of 
any similar findings in the females it is difficult to 
establish with certainty whether there was any effect 
on the erythrocytes.

There was no evidence of any functional defect in 
the kidneys and the slightly lower pH values may 
have been related to the excretion of the alcohol or its 
metabolites in the urine, since Williams (1959) 
reported this as the main route of excretion. The in­
creases in renal cell excretion were not related to 
treatment since the high values were associated with 
one animal subsequently shown to have a renal 
tumour and hyperplasia of the bladder and renal 
pelvis. Despite the normal results in the tests of renal 
function, male animals given doses of 40 or 160 mg/ 
kg/day had higher relative kidney weights without 
any detectable underlying pathology. It is possible 
that these weights reflected the increased demand to 
excrete the products of metabolism, but it is difficult 
to equate this with the sex difference since there was 
no increased renal weight in females after elimination 
of the one animal with grossly abnormal pathology.

An increased metabolic demand may have 
accounted for the higher liver weights at the highest 
dose level, since Williams (1959) showed that 2-phe- 
nylpropan-l-ol is either oxidized before glucuronide 
conjugation and excretion or conjugated directly to a 
hydroxyl glucuronide. If this explanation is correct it 
is unlikely to be associated with the conjugation stage 
of the metabolism since there was no increase in liver 
weight in rats given seven daily ip injections of 80 mg 
2 -phenylpropan-l-ol/kg despite a doubling of the 
glucuronide excretion (Lake, Longland, Harris et al.
1980).

An alternative explanation is that the increased 
liver and kidney weights were the result of a toxic 
effect, and since there are insufficient data from the 
present study to differentiate between these alterna­
tives the higher organ weights must be attributed to 
treatment with 2 -phenylpropan-l-ol.

The higher relative brain weights in females with no 
differences in the absolute weights and no corre­
sponding finding in the males is likely to be a result of 
expressing the normal organ weight in relation to a 
low body weight. This effect in animals that have 
failed to grow as well as the controls is well docu­
mented (Feron, de Groot, Spanjers & Til, 1973; Oishi, 
Oishi & Hiraga, 1979). It is likely that a similar expla­
nation applies to the slightly higher relative caecum 
weights.

It was unexpected to find a renal tumour in an 
animal of this age, especially as spontaneous tumours 
of the kidney are considered to be rare (Snell, 1967). 
Nevertheless they do occur; a review of 675 rats of 
each sex used as controls in 3-month studies in these 
laboratories revealed one kidney tumour (Gaunt,

Farmer, Grasso & Gangolli, 1967). Despite this low 
background incidence, spontaneous mesenchymal 
tumours of the kidney are predominantly a neoplasm 
of the young rat. most having been reported in ani­
mals under 12 months of age (Hard, 1976). Although 
the tumour found in the present study was in a rat 
given 160 mg 2 -phenylpropan-l-ol/kg, the absence of 
signs of renal damage in the other rats suggests that 
this lesion was not related to treatment.

This experiment has revealed few effects that can be 
definitely attributed to treatment. The liver- and kid­
ney-weight increases are considered to be treatment- 
related, although it is uncertain whether these were 
toxic or adaptive effects. On this basis the no-effect 
level for this study was lOmg/kg/day.
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Abstract—Mutagenicity screening was carried out on 31 samples of popular Thai spices derived from 12 
different families of plants, namely the Amaryllidaceae (2), Graminae (1), Labiatae (4), Lauraceae (1), 
Magnoliaceae (1), Myristicaceae (2), Myrtaceae (2), Piperaceae (3), Rutaceae (2), Solanaceae (2), Umbelli- 
ferae (2) and Zingiberaceae (9). Two variations of the rapid streak method of rec-assay in Bacillus subtilis 
strains H17 (rec + ) and M45 (rec~) were used. Only Ceylon cinnamon (the bark of Cinnamomum zeylani- 
cum Nees of the family Lauraceae) showed mutagenic activity. The crude form of this spice and its 
water-heated and water-macerated residues all produced the rec effect, while water-heated and water­
macerated filtrates did not, even in concentrations equivalent to as much as 50 mg solids/test disc.

INTRODUCTION

Spices have been used for centuries to preserve 
foods or to make them more appetizing by improving 
taste and/or aroma. Many spices have also been used 
in both folk medicines and modern drug preparations, 
since they contain active medicinal ingredients (Can- 
toria, 1976; Morton, 1980; Swinyard & Harvey, 1975). 
Because of these widespread uses, the chemical con­
stituents, the pharmacological actions and the anti­
microbial activities of spices have been widely studied 
(Dasgupta & Datta, 1980; Isogai, Suzuki & Tamura, 
1976; Monsereenusorn, 1980; Prasad & Joshi, 1949). 
However, little work has been carried out on the 
possible carcinogenic properties of spices and this 
may be useful since many are consumed in fairly large 
quantities over long periods of time.

Mutagenicity is the capacity of a substance to 
induce changes in genes or chromosomes (Hollstein, 
McCann, Angelosante & Nichols, 1979) and many 
studies have revealed a close relationship between 
mutagenicity and carcinogenicity (Ames, Durston, 
Yamasaki & Lee, 1973; McCann, Choi, Yamasaki & 
Ames, 1975; Slater, Anderson & Rosenkranz, 1971). 
About 80-90% of the substances recognized as muta­
genic also show carcinogenic action. Consequently, 
any spice showing a mutagenic effect may also have 
an associated carcinogenic capacity. In this investiga­
tion, 31 samples of popular Thai spices were screened 
for mutagenicity using the rapid streak method of the 
rec-assay system.

EXPERIMENTAL

Test spices. Thirty-one samples of fresh and dried 
Thai spices were bought from local markets and herb 
shops, respectively, in Bangkok. The spices and parts

of the plants used are identified in Table 1. To reduce 
the residues of any insecticides that might be present, 
the fresh spices were washed twice, drained and finally 
ground. The dried spices were powdered directly, 
except for turmeric which was purchased in the pow­
dered form. Each ground spice was divided into three 
portions for treatment according to the following 
three protocols, which reflected some of the cooking 
procedures to which the spices are commonly sub­
jected and which together could provide some infor­
mation on the heat stability and water solubility of 
active constituents of the spices:

(1) One portion was not treated and was desig­
nated the ‘crude form’ of the spice.
(2) The second portion was mixed with water 
(10 g spice in 50 ml, except turmeric for which 
1 0 0  ml water was used) and the mixture was 
heated in a boiling water-bath for 1 hr, cooled to 
room temperature and filtered through gauze or 
cotton wool to yield the ‘water-heated residue’ 
and ‘water-heated filtrate’. The latter was divided 
into two parts, one part remaining untreated 
while the other was dried at 85°C, 0-5-1 g of the 
residue being redissolved in 1 ml water.
(3) The third portion was treated in the same way 
as the second portion, except that the mixture 
was macerated for 5 days at room temperature 
instead of being boiled and the treated part of the 
‘water-macerated filtrate’ separated from the 
‘water-macerated residue’ was dried at 45°C 
rather than at 85°C.

Bacteria. Bacillus subtilis strain H17 (rec+), possess­
ing regular DNA recombination repair properties, 
and strain M45 (rec~), a mutant with a much lower 
DNA-repair efficiency, were used as test organisms. 
These two strains were kindly provided by Dr T.
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Table 1. Tested spices and their plant sources

Common name Source Family

Bird pepper
Fresh spices

Fruit of Capsicum minimum Roxb. Solanaceae
Cherry pepper Fruit of Capsicum frutescens var. Solanaceae

Galangal
longum Bail

Rhizome of Alpinia galanga Swartz Zingiberaceae
Garlic Bulb of Allium sativum Linn. Amaryllidaceae
Ginger (old) Rhizome of Zingiber officinale Roscoe Zingiberaceae

(young) Rhizome of Zingiber officinale Roscoe Zingiberaceae
Hoary basil Leaf of Ocimum americana Linn. Labiatae
Holy basil Leaf of Ocium sanctum Linn. Labiatae
Kitchen mint Leaf of Mentha cordifolia Apiz. Labiatae
Kra chai Root of Gastrochilus panduratus Ridl. Zingiberaceae
Leech lime Leaf of Citrus hystrix DC Rutaceae
Lemon grass Stem of Cymbopogon citratus Stapf. Graminae
Shallot Bulb of Allium ascalonicum Linn. Amaryllidaceae
Sweet basil Leaf of Ocimum basilicum Linn. Labiatae
Zedoary Rhizome of Curcuma zedoaria Rose Zingiberaceae

Bay leaf
Dried spices

Leaf of Pimenta racemoso Moiller Myrtaceae
Black pepper Fruit of Piper nigrum Linn. Piperaceae
Caraway Fruit of Cuminum cyminum Linn. Umbelliferae
Ceylon cinnamon Bark of Cinnamomum zeylanicum Nees Lauraceae
Chinese star anise Fruit of Illicium verum Hook Magnoliaceae
Clove Flower of Eugenia caryophyllus Bullock Myrtaceae

Coriander
et Harris

Fruit of Coriandrum sativum Linn. Umbelliferae
Dee plee Fruit of Piper chaba Hunt Piperaceae
Mace Arillode of Myristica fragans Linn. Myristicaceae
Nutmeg Seed of Myristica fragans Linn. Myristicaceae
Phlai Rhizome of Zingiber cassumunar Roxb. Zingiberaceae
Phrik horn Fruit of Zanthoxylum limoneUa Alston Rutaceae
Siam cardamom Fruit of Amomum krervanh Pierre Zingiberaceae
Turmeric Rhizome of Curcuma longa Linn. Zingiberaceae
White pepper Fruit of Piper nigrum Linn. Piperaceae
Wild ginger Rhizome of Zingiber zerumbet Smith Zingiberaceae

Kada, National Institute of Genetics, Mishima, 
Japan,

Media and culture preparation. The composition of 
the liquid medium used for bacterial culture was 1 0  g 
beef extract (Difco Laboratories, Detroit, MI, USA), 
10 g polypeptone (Daiko Chemical Co., Osaka, 
Japan) and 5 g NaCl (Sigma Chemical Co., St. Louis, 
MO, USA) in 1 litre distilled water, pH 7. For solid 
medium, 15 g bacto-agar (Difco Laboratories) was 
added and 1 0  ml medium was dispensed into each
10-cm Petri dish.

Culture preparations. B. subtilis strains H17 and 
M45 were separately cultivated in liquid medium at 
37°C for 18 hr in a shaker incubator, and 50% (w/v) 
glycerol was then added to each culture (glycerol:cul­
ture =  1:3). The cultures were then divided into small 
vials and kept in the freezer at -  80°C. One vial was 
used for each experiment.

Mutagenicity screening of spices. The rapid streak 
method of the rec-assay system described by Kada 
and his colleagues (Kada, Moriya & Shirasu, 1974; 
Kada, Tutikawa & Sadaie, 1972) was used with slight 
modification. Briefly, the frozen cultures of B. subtilis 
strains H17 and M45 were thawed at room tempera­
ture, each strain was streaked on the agar plate in a 
long line and spices were tested using 15-mm paper 
discs. These discs were wetted with 0 05 ml water

before application of the sample. For testing of the 
crude samples and residues (water-heated and water­
macerated), the wetted disc was placed on the agar, 
with the margin of the paper touching the two 
streaked lines, and a 15-mm diameter and 5-mm high 
metal ring was placed on top of the disc for easy 
loading with the spice powder or residue. After load­
ing, the ring was removed. For the test filtrates 
(water-heated and water-macerated), a volume of 
0-05 ml was pipetted/inoculated into the wetted disc 
before the disc was put on the agar. In this case the 
concentrated filtrate gave approximately 25- 50 mg 
solids/disc.

Mitomycin C (Kyowa Hokko Kogko Co. Ltd, 
Tokyo, Japan) at 0-05 /tg/disc was used as the positive 
control, while water and cellulose (Sigmacell® Type 
100; Sigma Chemical Co.) were used as negative con­
trols.

Two sets of plate tests were carried out and each set 
was duplicated. The first set was incubated at 37°C 
for 24 hr (the ‘standard streak method’). The second 
set was first put in the refrigerator (4°C) overnight 
and then incubated continuously at 37°C for 24 hr 
(the ‘cold method’). A result was interpreted as posi­
tive for mutagenicity if the clear zone on the streaked 
line of strain M45 appeared 3 mm or more longer 
than that on the line of strain H I7.
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Table 2. Test samples showing antimicrobial activity* in the rec-assuv of crude forms of spices and their water-heated and 
water-macerated filtrates and residues, using Bacillus subtilis HI 7 (rec + ) and M45 (rec~)

Lengths of clear zone (mm)

Standard streak method Cold method

B. subtilis B. subtilis
-------------  Ree --------------- Ree

Spice H17 M45 Difference effeett H17 M45 Difference effeett

Crude forms
Galangal 5 5 0 - 5-5 7 1-5 -
Garlic 41 42 1 - 41 43 2 -
Shallot 1-5 2-5 1 - 6-5 9 2-5 -

Zedoary 0 1-5 1-5 - 2-5 4 1-5 -
Ceylon cinnamon 6-5 14 7-5 + 7 14 7 +
Chinese star anise 0 2 2 - 2 2 0 -
Clove 5 5 0 - 11 9 — 2 -
Turmeric 0 0 0 - 2 2 0 -
Wild ginger 4 6 2 - 3 5 2 -

Water-heated residues
Ceylon cinnamon 17-5 23-5 6 + 2 0 29-5 9-5 +
Clove 7 6 - 1 - 1 2 14 2 -

Water-heated filtrates
Chinese star anise (50 mg solids/disc) 1 2 1 - 5 5 0 -
Clove (50 mg solids/disc) 3 2 - 1 - 2 2 0 -

Water-macerated residues
Garlic 7 8 1 - 1 0 11 1 -
Ceylon cinnamon 6-5 10-5 4 + 11 25 14 +
Clove 11 12 1 - 23 23 0 -
Wild ginger 2 2 0 - 1-5 3 1-5 -

Water-macerated filtrates
Garlic (50 mg solids/disc) 6 7 1 - 12 11 - 1 -
Clove (50 mg solids/disc) 2 1 - 1 - 2 3 1 -

T h e  other samples tested (see Table 1) showed no antimicrobial activity in either variant of the assay (standard streak or 
cold method).

tlndicating no mutagenic activity ( - )  and with mutagenic activity ( + ).

RESULTS AND DISCUSSION

The results in Table 2 show that many of the tested 
spices showed antimicrobial activity against strains 
H17 and M45. In the crude form, these spices were 
galangal, garlic, shallot, zedoary, Ceylon cinnamon, 
Chinese star anise, clove, turmeric and wild ginger. 
Among these, garlic produced the longest clear zones 
for both strains, with lengths of about 40 mm by both 
the standard streak and cold methods. When the 
spices had been heated with water, only the residues 
of Ceylon cinnamon and clove retained their antimic­
robial activity, while the untreated water-heated fil­
trates had no such effect. However, when these fil­
trates were concentrated, Chinese star anise and clove 
at 50 mg/disc produced some clear zones on the 
streak lines of H17 and M45. The water-macerated 
residues of four samples of spices, namely, garlic, Cey­
lon cinnamon, clove and wild ginger, possessed anti­
microbial activity, and again the corresponding fil­
trates showed no activity until after their concen­
tration to 50 mg/disc, at which point both garlic and 
clove caused inhibition of both test strains.

When the lengths of the clear zones for strains H17 
and M45 were compared, only Ceylon cinnamon had 
a rec effect, indicating the possession of mutagenic 
activity. This effect was exhibited by the crude form of

the spice and also by the water-heated and water­
macerated residues, but not by the water-heated and 
water-macerated filtrates, showing the responsible 
component(s) to be heat stable but not water soluble. 
Organic-solvent fractions have not been prepared and 
it is not yet known whether the fractions showing a 
mutagenic action are also carcinogenic. Another 
aspect requiring investigation is the possible influence 
of metabolic processes on the mutagenic activity of 
spice constituents, and work is at present in progress 
on the mutagenicity of various Ceylon cinnamon 
extracts using the spore rec-assay in the presence and 
absence of a hepatic metabolizing system.
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Abstract—When boiled pork extract was heated under reflux at 102°C for 4 hr mutagens, which were 
detected using Salmonella typhimurium strains TA98 and TA1538, were formed. The level of mutagenicity 
was dependent on the concentration of pork in the extract, the duration of boiling and on pH; the 
optimum pH for mutagen formation was found to be 9 to 11. Thin-layer chromatographic analysis 
showed that the mutagens formed in boiled pork extract were chromatographically distinguishable from 
benzo[a]pyrene and from the primary mutagenic pyrolysis products of tryptophan (3-amino-l,4-dimethyl- 
5H-pyrido[4,3-b]indole and of glutamic acid (2-amino-6-methyldipyrido[l,2-a:3',2'-d]imidazole).

INTRODUCTION

Since 1964, carcinomas of the liver and stomach 
have together constituted the second commonest 
cause of death among the Chinese in Taiwan. To 
study the aetiological factors contributing to these 
malignant tumours the Ames test has been used to 
detect mutagens in extracts of the foods that are most 
popular with the Chinese. In preliminary investiga­
tions we found that ether extracts of soya bean sauce 
and Chinese wine contain the precursors of mutagens 
(Lin & Tai, 1980; Lin, Wang & Yeh, 1979).

The active mutagenic components were recently 
isolated from the pyrolysis products of certain amino 
acids (e.g. tryptophan and glutamic acid) and their 
structures have been characterized (Kasai, Nishimura, 
Nagao et al. 1979; Matsumoto. Yoshida, Mizusaki & 
Okamoto, 1977; Yamamoto, Tsuji, Kosuge et al.
1978).

Mutagenic activity has been found in boiled beef 
extracts and concern has also arisen since the Chinese 
in Taiwan usually cook ground pork with soya sauce 
for a relatively long time. Preliminary results indi­
cated the presence of substances in the boiled pork 
extracts that were mutagenic when tested with Sal­
monella typhimurium strains TA98 and TA1538 but 
not with strains TA100, TA1535 and TA1537 (Lee & 
Lin, 1981). Since a correlation between mutagenicity 
and carcinogenicity has been demonstrated (McCann, 
Choi, Yamasaki & Ames, 1975) it is possible that the 
strong mutagens in boiled pork may be among the 
factors responsible for diet-related cancers.

We now report a study of mutagen formation dur­
ing the boiling of pork extract as a function of boiling 
time, pH and concentration.

EXPERIMENTAL
Materials

Benzo[a]pyrene was purchased from Tokyo Kasei 
Kogyo Co. (Tokyo, Japan). The amino-acid pyrolysis

Abbreviations: Glu-P-1 = Glutamic acid pyrolysis product
1 (2-amino-6-methyldipyrido [l,2-a:3',2'-d]imtdazole);
Trp-P-1 = tryptophan pyrolysis product 1 (3-amino-l,4-
dimethyl-5H-pyrido[4,3-b]indole).

products, Trp-P-1 and Glu-P-1 were kindly provided 
by Dr T. Sugimura, and NADP and glucose 6 -phos­
phate were obtained from Calbiochem (San Diego, 
CA, USA). The food materials were purchased from 
local stores in Taipei City.

Sample preparation

Effect of boiling time on mutagen formation. The 
boiled pork extracts were prepared by boiling 1 2 0 0 g 
of lean ground pork in two volumes of distilled water 
for 20 min. The solid residues were removed by filtra­
tion with glass wool and the filtrate was cooled. The 
congealed fat was skimmed off and the remaining 
liquid was condensed to 240 ml by boiling in an open 
beaker. The condensate was boiled under reflux for 
various periods of time. The sample was kept at 
100-102°C during the heating. After heating, the 
boiled pork extract was acidified with 4 m-HC1 to 
pH 2, saturated with (NH 4 )2 S 0 4, filtered through 
glass wool and extracted twice, each time with one 
volume of dichloromethane. The aqueous phase was 
then adjusted to pH 10 with 4 M-ammonia water and 
extracted three times each with one volume dichloro­
methane. The acidic extracts and the basic extracts 
were evaporated separately to dryness. The residues 
were weighed and dissolved in dimethylsulphoxide for 
mutagenicity testing. Since most of the mutagens were 
found in the basic fraction, the residues obtained from 
the basic fraction were used in these investigations.

Effect of concentrations of pork extracts on mutagen 
formation. The boiled pork extracts were prepared by 
boiling 600 g of lean pork as described above, and the 
concentrations were adjusted with distilled water to 
12, 6 , 3 and 1-5 g equivalents fresh ground pork per 
ml. They were further boiled for 12 hr under reflux 
and extracted for the mutagenesis assay.

Effect of pH on mutagen formation. The boiled pork 
extract was prepared by boiling 900 g of lean pork as 
described above. The final concentration was adjusted 
to be equivalent to 6  g fresh ground pork per ml. 
4 m-HCI or 4 M-ammonium hydroxide were used to 
adjust the pH of the extracts to 1, 3, 5, 7, 9 and 11, 
and they were further heated and extracted for the 
mutagenesis assay.
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Amount of boiled pork extract, / ig /p l a t e

Fig. 1. Dose response curves for the mutagenicity of boiled 
pork extract tested with Salmonella typhimurium strains 
TA1538 (—O—) and TA98 (■ ■ -O' • •)■

Mutagenesis assay
Mutagenic activity was measured by the preincuba­

tion method as described by Yahagi, Nagao, Seino et 
al. (1977). The liver homogenate supernatant (S-9) was 
prepared from the liver of male Sprague-Dawley rats 
(180-200 g) which were treated with Aroclor 1254 as 
described by Ames, McCann & Yamasaki (1975). S. 
typhimurium strains TA1538 and TA98 were kindly 
supplied by Professor B. N. Ames (Berkeley. CA). The 
colonies of histidine revertants on each plate were 
counted after incubation at 37°C for 2 days. The rates 
of spontaneous reversion in the presence of S-9 mix 
were 43 ±  8  and 24 +  3 colonies/plate for strain 
TA98 and TA1538 respectively. The numbers of spon­
taneous revertants were subtracted from the tested 
group in these experiments.

Thin-layer chromatography

Thin-layer chromatography of boiled pork extracts, 
benzo[a]pyrene or Glu-P-1 was carried out using a 
glass-filter sheet impregnated with silica gel (Silica gel 
60 F-254. E. Merck. Darmstadt. FRG) and chloro­
form-methanol (90:10. v/v) as the solvent system. The 
chromatograms were cut into 1 -cm strips which were 
individually extracted. The extracts were dried and 
dissolved in DMSO. and aliquots were tested with S. 
typhimurium strain TA1538.

fig. 2. The effects of boiling time (under reflux at 102°C) 
on the mutagenicity in Salmonella typhimurium strain 
TA1538 of a boiled pork extract containing 5 g equivalents 
of fresh ground pork in each ml of extract.

Concn, g equiv p o r k / 2 5  ml extract

Fig. 3. The effects of different concentrations of ground 
pork in the extract on the mutagenicity in Salmonella typhi­
murium strain TA1538 of boiled pork extract after refluxing 
at 102 C for 12 hr.

RESULTS AND DISCUSSION

Mutagenic activity was detected in ground pork 
extracts after boiling and the mutagens were specific 
for strains TA98 and TA1538 and required metabolic 
activation by S-9 mix (Lee & Lin. 1981). Figure 1 
shows the linear dose-response of the two strains that 
are sensitive to frame-shift mutation. The effects of cook­
ing time on mutagen formation are shown in Fig. 2. 
The data show a lag phase of 4 hr, during which 
significant levels of mutagen were not produced, and 
an active phase during which the mutagenic activity 
increased rapidly with increased cooking time. The 
reaction mixture was brown with a light roasted 
aroma after 4 hr of cooking. The formation of muta­
gen in boiled beef extracts is much slower with a lag 
phase of around 48 hr (Spingarn & Weisburger. 1979). 
The effects of various concentrations of boiled pork 
extracts on mutagen formation are shown in Fig. 3. It 
indicates that the minimum concentration of boiled 
pork extract required to induce mutations is about 3 g 
equivalents of fresh ground pork per ml of extract. 
Figure 4 illustrates the effects of pH on mutagen for-

Fig. 4. The effects of pH on the mutagenicity in Salmonella 
typhimurium strain TA1538 of boiled pork extract contain­
ing 6  g equivalents of fresh ground pork in each ml extract 
after refluxing at 102 C for 12 hr.
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Fig. 5. The results of thin-layer chromatographic analysis 
of boiled pork extracts (—O—), benzo[o]pyrene (— □ — ), 
tryptophan pyrolysis product 1 (-• -• -■ -)  and glutamate 
pyrolysis product 1 (■ - ■ A

mation. The formation of mutagens is enhanced at 
pH values above 9, and is much less at neutral or 
acidic pH. This result indicates that the formation of 
the mutagens in boiled pork is probably not caused 
by the sugar-ammonia model system proposed by 
Spingarn & Garvie (1979).

Thin-layer chromatography was used to determine 
whether the mutagenic activity of the boiled pork 
extract resulted from the presence of benzo[a]pyrene 
or of the mutagenic amino acid pyrolysis products, 
Trp-P-1 or Glu-P-1. Figure 5 shows that the boiled 
pork extract has a peak at RF 04, while Trp-P-1 has a 
peak at P f 02, Glu-P-1 at RF 08  and benzo[a]pyrene 
at Rf 10. These analyses indicate that the mutagens 
in boiled pork extract are chromatographically dis­
tinguishable from benzo[a]pyrene, Trp-P-1 and 
Glu-P-1.

A favourite Chinese dish, ‘Ru-thou Fan’ is made by 
cooking ground pork and reducing it to a highly fla­
voured paste which is served on steamed rice. Our 
results show that this paste may have strong muta­
genic activity and could contribute to the incidence of 
cancer of the gastro-intestinal tract and other organs.

The purification and identification of the mutagens 
from the boiled pork extract are in progress.
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INHIBITION OF PROTEIN PYROLYSATE MUTAGENICITY 
BY RETINOL (VITAMIN A)

L. BusK,*t, U. G. AHLBORGi and L. Albanus*
*  T o x i c o l o g y  L a b o r a t o r y ,  N a t io n a l  F o o d  A d m in i s t r a t io n .
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Abstract—The mutagenicity in the Ames Salmonella-microsome test of four protein pyrolysate products, 
formed during the cooking of meat. (Trp-P-1. Trp-P-2, Glu-P-1 and Glu-P-2) was found to be inhibited 
by the addition of vitamin A in  v i t r o  in the form of retinol. The effect is interpreted as an inhibition of 
the metabolic activation of the mutagens to their respective ultimate mutagenic forms since retinol has 
been shown to have no effect on the survival of the Salmonella cells, no effect on directly acting 
mutagens and no effect on the formation of NADPH in the test system. The results demonstrate the 
need for an increased understanding of the interaction of dietary components in evaluating mutagenic/ 
carcinogenic risks from processed food.

INTRODUCTION

Short-term tests for mutagenicity, in particular the 
Ames Salmonella-microsome test, have been used to 
an increasing extent to screen for potential mutagens 
and carcinogens in the environment. While the quali­
tative correlation between mutagenicity in the Ames 
test and carcinogenicity in vivo is fairly good 
(McCann. Choi, Yamasaki & Ames, 1975), the quanti­
tative correlation is less good (Ashby & Styles, 1978) 
and is dependent on the multistep nature of carcino­
genesis: the initiating genotoxic damage, recognized 
by the mutagenicity assay, may be changed by e.g. 
DNA-repair processes and promotor or antipromotor 
agents. However, the initiation process itself may also 
be influenced by a number of modifying factors such 
as, for example, vitamin A.

The proposal that vitamin A may affect the initiat­
ing step stems from the observation that retinol acts 
as a modifier of the mutagenicity of compounds 
requiring metabolic activation (Busk & Ahlborg, 1980 
& 1982a,b).

The processing of foods has been found to produce 
a number of mutagenic compounds (Sugimura & 
Nagao. 1979) some of which have been shown to have 
carcinogenic properties in animal studies (Hosaka, 
Matsushima. Hirono & Sugimura, 1981; Matsukura, 
Kawachi. Morino et al. 1981). However, these com­
pounds seem to be less carcinogenic than would have 
been expected from their mutagenicity.

Since diet is regarded as a major contributor to the 
aetiology of cancer and vitamin A is an essential diet­
ary component ingested in different amounts by dif-

A b b r e v i a t io n s :  AxC = 2-Amino-9/7-pyrido(2.3-b)indole:
Glu-P-1 = 2-amino-6-methyldipyrido( 1.2-a:3'.2'-d)imi- 
dazol;Glu-P-2 = 2-aminodipyrido(1.2-a:3',2'-d)imidazol; 
Trp-P-1 = 3-amino-3.4-dimethyl-5//-pyrido(4.3-b)indole: 
Trp-P-2 = 3-amino-l-methyl-5H-pyrido(4.3-b)indole.

ferent groups in our society we undertook the present 
investigation to elucidate the possible influence of 
vitamin A on the mutagenicity of some compounds 
formed during the cooking of meat.

EXPERIMENTAL

Animals. Liver homogenate was prepared from 
male Sprague-Dawley rats (200 g) obtained from 
Anticimex, Sollentuna. and maintained on Astra Ewos 
R3 diet, supplied by Ewos AB. Sodertalje, containing
12.000 IU vitamin A/kg. The rats were injected ip 
with Aroclor 1254 (500 mg, kg) dissolved in arachis oil 
5 days before they were killed. The animals were 
killed by decapitation and the livers were removed 
aseptically. All subsequent steps were performed 
under sterile conditions and at +4°C. The tissue was 
minced and homogenized in three vol. 0 T 5 m-KC1 
with four strokes of the pestle at lOOOrev./min in a 
Potter-Elvenhjelm homogenizer. After centrifugation 
at 9000 g for 10 min the supernatants (S-9 fractions) 
from five rats were pooled, divided into aliquots, im­
mediately frozen to — 90°C, and stored at this tem­
perature prior to the start of the experiments (max 2  

months). The protein concentration, measured by the 
method of Hartree (1972), of the S-9 fraction was
25-5 mg/ml. The final preparation of the metabolizing 
system (the S-9 mix) was carried out by the method of 
Ames, McCann & Yamasaki (1975). The amount of 
cofactors added to each plate was constant although 
the amount of S-9 fraction was varied.

Chemicals. Trp-P-1, Trp-P-2, Glu-P-1 and Glu-P-2 
were a gift from Professor T. Sugimura, National 
Cancer Center Research Institute. Tokyo, Japan. Reti­
nol (all trans). NADP and glucose-6 -phosphate were 
obtained from Sigma Chemical Company, St. Louis, 
MO, USA. All other chemicals were purchased from 
Kebo Grave, Spanga.
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Retinol, pg  / p la te  Retinol, p.g/p\ats
Fig. 1. The mutagenicity of (a) Trp-P-1 at levels of 40 (Y) and 80 (•) ng/plate and (b) Trp-P-2 at levels 
of 5 (▼) and 10 (•) ng/plate towards Salmonella typhimurium strain TA98 in the presence of different 
amounts of retinol. Each point represents the mean of two experiments with three plates/concentration.

B a c t e r i a l  t e s t e r  s t r a i n .  The S a l m o n e l l a  t y p h i m u r i u m  

histidine auxotroph strain TA98 was kindly provided 
by Professor B. N. Ames. University of California, 
USA, and was checked in our laboratory for proper 
genetic characteristics by the method of Ames e t  a l .  

(1975).
M u t a g e n i c i t y  a s s a y .  The procedure of Ames e t  a l .  

(1975) with the modification of Yahagi. Nagao, Seino 
e t  a l .  (1977) was followed. The S . t y p h i m u r i u m  cells 
were grown for 14 hr at 37 C with continuous shak­
ing. The test compounds were pre-incubated with the 
S-9 mix at 37 C 20 min prior to the addition of bac­
teria and top agar. To avoid oxidation, retinol was 
dissolved in absolute ethanol and added to the liver 
homogenate from freshly prepared solutions shortly 
before the addition of the S-9 mix to the test com­
pounds. All retinol solutions were kept on ice and in 
the dark. The final concentration of ethanol (0-6%) 
was the same in all S-9 mixes. The addition of ethanol 
in concentrations varying from 0 - 1 0 % did not affect 
the mutagenicity of any of the pyrolysate products 
under the experimental conditions used. The test 
compounds were dissolved in water and added to the 
plates in 1 0 0 ^ 1  portions.

M e a s u r e m e n t  o f  N A D P H  g e n e r a t i o n .  The S-9 mix 
was prepared as described for the mutagenicity assays 
with 10/¿I liver homogenate/ml. The rate of NADPH 
generation was measured as an increase in absorb­
ance at 340 nm in a Beckman M24 spectropho­
tometer. The blank contained the complete reaction 
mixture with the exception of glucose-6 -phosphate. 
Retinol as a freshly prepared ethanol solution was 
added to the reaction mixture and the blank as de­
scribed for the mutagenicity assays.

RESULTS

The mutagenic potency of amino acid pyrolysates 
in the Ames assay is known to vary with the amount 
of S-9 added to the plates. The optimal amounts 
of S-9 for all four test compounds were determined in 
order to conduct the inhibition experiments in a sys­

tem with maximal sensitivity. The optimal amounts of 
S-9 were found to be 8 , 10, 15 and 30 p\ for Trp-P-1, 
Trp-P-2, Glu-P-1 and Glu-P-2, respectively. To eluci­
date the effect of vitamin A on the mutagenicity of the 
four amino-acid pyrolysates, vitamin A, in the form of 
retinol, was added to the test system at doses ranging 
from 2 to 150/tg/plate.

Figure 1 shows that retinol strongly inhibits the 
mutagenicity of Trp-P-1 and Trp-P-2 towards strain 
TA98. Both compounds were tested at two different 
concentrations. Trp-P-1 at 40 and 80 ng/plate and 
Trp-P-2 at 5 and 10 ng/plate. The inhibition was 
readily detected even at the lowest concentration of 
the vitamin. 2  /(g/plate. regardless of the dose of the 
mutagen and at concentrations of 50-100 pg retinol/ 
plate the inhibition was almost complete. The spon­
taneous mutation frequency was 25 ±  5 (mean ± 
SEM) revertants/plate. Similar results were obtained 
with Glu-P-1 at concentrations of 7-5 and 15 ng/plate 
and Glu-P-2 at 500 and 1000 ng/plate (Fig. 2). The 
inhibition was evident at 2  p g  retinol/plate and was 
almost complete at 50-100/;g retinol/plate.

As different amounts of S-9 were used for the detec­
tion of mutagenicity of the various amino acid pyroly­
sates. the inhibition curves in Figs 1 and 2 are not 
directly comparable. In Fig. 3, the Ames test data 
from the highest dose of each mutagen expressed as 
his+-revertants/plate are plotted against the amount 
of retinol per mg protein to facilitate comparison of 
the inhibition at a constant ratio between retinol and 
the metabolizing enzymes.

To find out whether the inhibition by retinol was 
due to a depletion of NADPH, a cofactor generated 
in the test system and vital for the activity of the 
metabolizing enzymes, the formation of NADPH in 
the S-9 mix was recorded in the presence of different 
amounts of retinol. Table 1 shows that retinol at 
levels of up to 820 /ig/mg protein had no effect on the 
formation of NADPH. The rate of formation varied 
between 95 and 100% of the control with no added 
retinol. The highest dose of retinol used in the inhi­
bition experiments was about 750 p g / m g  protein (Fig.
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ILU__ I_______ I____________ I____________ I
2 10 20  50 100 150

Retinol, f i g / p l a t e Retinol, ^ ig /p la te

Fig. 2. The mutagenicity of (a) Glu-P-1 at levels of 7-5 (▼) and 15 (•) ng/plate and (b) Glu-P-2 at levels 
of 500 (T) and 1000 (•) ng/plate towards S a lm o n e l la  t y p h im u r iu m  strain TA98 in the presence of different 
amounts of retinol. Each point represents the mean of two experiments with three plates/concentration.

3). However, when retinol was tested, at 1536/rg/mg 
protein, a 24% reduction in NADPH formation was 
recorded. The availability of NADPH does not 
appear to be responsible for the recorded inhibition of 
mutagenicity under the experimental conditions used.

DISCUSSION

The present data demonstrate that retinol inhibits 
the mutagenic effect of a series of amino acid pyroly- 
sates. This inhibition is not due to a cytotoxic effect of 
retinol on the Salmonella cells (Baird & Birnbaum, 
1979; Busk & Ahlborg, 1980). It has also been demon­
strated that retinol does not inhibit the mutagenic 
effects of direct-acting mutagens (Baird & Birnbaum, 
1979; Busk & Ahlborg, 1980).

As in earlier studies with the indirect mutagens 
aflatoxin B[ (Busk & Ahlborg, 1980) and o-aminoazo- 
toluene (Busk & Ahlborg, 1982b) the inhibitory effect 
of retinol presented here is interpreted as the result of 
an inhibition of the metabolic activation of the test 
compounds.

Fig. 3. The mutagenicity of 80 ng Trp-P-1 ( ........), 10 ng
Trp-P-2 (----- ), 15 ng Glu-P-1 (------- ) and 1000 ng Glu-P-2
(---- ) towards S a lm o n e l la  ty p h im u r iu m  strain TA98 in the
presence of different relative concentrations of retinol and 
S-9-mix protein.

The metabolism of the pyrolysis products of trypto­
phan and glutamic acid has not been elucidated in 
detail. The results of Yamazoe, Ishii, Kamataki et al. 
(1980) suggest that, in the case of Trp-P-2, N-hydrox- 
ylation is the first step in the metabolic activation and 
is followed by oxidation to a nitrosocompound. Both 
the N-hydroxy- (M3) and the nitroso- (M4) metab­
olites (see Fig. 4) are direct-acting mutagens, but 
recent studies suggest that further conjugation reac­
tions with serine also produce active metabolites 
(Yamazoe, Ishii, Mita et al. 1981). It is therefore diffi­
cult to assess which step(s) in the activation of the 
pyrolysis products are affected by retinol. The pro­
posal that N-hydroxylation is inhibited by retinol is 
supported by our own finding that retinol also in­
hibits the mutagenicity of o-aminoazotoluene (Busk & 
Ahlborg, 1982b), which is believed to be metabolized 
via an N-hydroxylation (Ames, Durston, Yamasaki & 
Lee, 1973; Sugimura, Sato. Nagao et al. 1976). How­
ever we have also found that, under the conditions 
described in this paper, retinol enhances the mutagen­
icity of two aromatic amines, 2 -aminofluorene and 
2-acetylaminofluorene (Busk & Ahlborg, 1982a); the 
metabolism of both of these compounds is known to 
involve N-hydroxylation as the first step (Aune, Dyb-

Table 1. T h e  g e n e r a t io n  o f  N A D P H  in  th e  S - 9  m ix  a s  a  

f u n c t io n  o f  a ilc le d  r e t i n o l

Retinol added 
(/ig/mg protein)

NADPH generated

(nmol/min mg 
protein) (% of control)

0 333 1 0 0

82 316 95
205 321 96
410 332 1 0 0

820 323 97
1536 253 76
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TRP-P-2 M3 M U
Fig. 4. Proposed metabolic activation of Trp-P-2.

ing & Thorgeirsson. 1980: Sakai. Reinhold. Wirth et 
al. 1978).

A number of epidemiological studies have indicated 
that vitamin A may act as an anticarcinogenic agent 
in man 'Basu. Donaldson. Jenner et al. 1976: Bjelke. 
1975; Mettlin & Graham. 1979; Shekelle. Kiu. Ray­
nor et al. 1981; Wald. Idle & Boreham. 1980). The 
mechanism is not known but it has been suggested 
that promotion could be influenced by the vitamin 
(Sporn & Newton. 1979). Our present data further 
supports the hypothesis that vitamin A can also affect 
initiation.

A number of factors other than vitamin A have 
been found to modify the mutagenicity of amino acid 
pyrolysates. Borek & Ong (1981) have shown that 
X-rays have a synergistic effect on the oncogenic 
action of Trp-P-2 on golden hamster embryo cells. 
Yoshida. Matsumoto & Okamoto (1979) found that 
amino-a-carboline (AaC) had a synergistic effect on 
Trp-P-2 induced mutagenesis in Salmonella. Pyrrole 
pigments such as hemin. biliverdine. chlorophyllin 
and protoporphyrin act as inhibitors of the mutagen­
icity of some amino acid pyrolysates as shown by 
Aromoto. Ohara. Namba et al. (1980). Tsuda. Taka- 
hashi. Nagao et al. (1980) presented evidence that 
nitrite in acidic solution deaminates Trp-P-1. Trp-P-2 
and Glu-P-1 and thereby prevents the formation of 
the ultimate mutagenic forms of these substances. 
They have also shown that nitrite converts AaC to a 
non-mutagenic hydroxy derivative but that prolonged 
nitrite treatment gave a 2-hydroxy-3-nitro- compound 
that was a direct-acting mutagen (Tsuda. Nagao. Hir- 
ayama & Sugimura. 1981a). Inouc. Morita & Kada 
(1981) have isolated and purified an inhibitor of 
Trp-P-2 mutagenicity, probably a haemo protein, 
from cabbage and Hayatsu. Arimoto, Togawa & 
Makita (1981) have shown that ether extracts of 
human faeces can inhibit the mutagenicity of Trp-P-1, 
Glu-P-1 and AaC. The inhibitors in the faeces 
extracts were found to be oleic and linoleic acid. 
Furthermore Tsuda, Wakabayashi. Hirayama et al. 
(1981b) have shown that chlorinated tap water 
strongly inhibits the mutagenicity of both Trp-P-1 
and Trp-P-2.

The occurrence of both endogenous and exogenous 
compounds that can modify the mutagenicity of 
amino-acid pyrolysates makes it difficult to assess the 
extent to which they pose a health hazard to man. 
However, the mere existence of them, in food ingested 
by man. and their biological activity in model test 
systems, make them highly suspect as a group of com­
pounds that may be involved in the observed relation­
ship between diet and cancer incidence.
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Abstract—A rat kidney explant system was developed and its respiratory characteristics in the presence 
and absence of a series of compounds found in food were studied. Cubes taken from the whole kidneys 
of male Osborne-Mendel rats were incubated under sterile conditions for up to 18 hr. The respiratory 
activity of these explants after incubation was measured by determining the amount of “ COi evolved as 
a result of the metabolism of [ 14C]glucose. Changes in membrane permeability as a result of treatment 
were assessed by measuring the total protein content in the medium. Measurements of respiratory 
activity showed that the biochemical integrity of the control explants was well maintained over the test 
period. Various compounds were tested at a range of concentrations from 0T to 10 mM. In the initial 
screen, several of the compounds tested at ImM—butylated hydroxytoluene (BHT), butylated hydroxy- 
anisole (BHA), DDT, polychlorinated biphenyl (Aroclor 1254), patulin, zearalenone and cadmium chlor­
ide—markedly inhibited respiration; neither ascorbic acid nor caffeine was effective at this concentration. 
Two of the fat-soluble compounds, DDT and zearalenone, inhibited respiration at concentrations of 01 
and 0-25 mM concentrations, respectively, while patulin. a water-soluble mycotoxin, did not give signifi­
cant inhibition at concentrations below 0-5 mM. In some cases, e.g. patulin and BHA. the dose-response 
curves appeared to be bimodal. with stimulation of respiration occurring at lower concentrations. The 
two mycotoxins, patulin and zearalenone. and the antioxidant BHA produced losses of cellular protein 
at concentrations of 10. 0 50 and fO mM, respectively, indicating membrane perturbation. Thus, this 
kidney explant system responded consistently to a variety of known toxins and can be considered as 
another in vitro method of determining which compounds show the potential for in vivo toxicity.

INTRODUCTION

The introduction of new substances into commer­
cially prepared food, together with increased con­
sumer interest in the safety of food additives, has led 
to a greater level of toxicity testing of food com­
ponents than ever before. New assessment methods 
are needed to supplement the animal feeding studies 
that are at present the principal methods of toxico­
logical evaluation. Efforts to develop new methods 
have centred around the development and validation 
of in vitro procedures, some of which use tissue slices, 
tissue fractions or isolated cell organelles for short 
exposure periods (1-2 hr). Somewhat longer periods 
of exposure have been used for primary or secondary 
cultures of isolated cells. Renal in vitro systems have 
involved the use of selected cell types (Basackova, 
1963) or slices (Berndt, 1976), the latter being suitable 
for only brief incubation periods.

Sullivan, Chin & Carpenter (1972) developed 
methods using liver explants to study the metabolism 
of xenobiotic substances; we have adapted these 
methods to kidney explants. This approach was 
chosen because renal explants maintain their cellular

Abbreviations—BHA = Butylated hydroxyanisole; BHT 
= butylated hydroxytoluene; CV = coefficient of 
variation; DDT = l,l.l-trichloro-2,2-bis(p-chloro-
phenyl)ethane; EDTA = ethylenediaminetetraacetate; 
FDA = Food and Drug Administration; HPLC = high- 
pressure liquid chromatography; SD = standard devi­
ation.

architecture and the relative proportions of different 
cell types while retaining good viability as measured 
by their capacity for respiration.

The effect of a number of food additives, contami­
nants and natural components of food on glucose 
metabolism in renal explants is reported. Some of 
these substances have also been subjected to extensive 
biological testing with in vitro and/or in vivo test sys­
tems and have been found to have diverse chemical, 
physical and toxicological characteristics.

EXPERIMENTAL

Chemicals. Ascorbic acid, BHA. BHT and EDTA 
were obtained from ICN Pharmaceuticals, Cincinnati, 
OH, and caffeine and Tween-80 were obtained from 
Sigma Chemical Co., St. Louis, MO. These chemicals 
were of the highest purity obtainable from commer­
cial sources and were all used without further purifi­
cation. Technical DDT was obtained from Chemical 
Compounding Corp., Brooklyn, NY. Patulin was 
purified, crystallized and analysed by the Division of 
Chemistry and Physics, FDA and was found to be 
98-7% pure by UV absorption, TLC, HPLC and 
infrared and mass spectroscopy. Zearalenone was 
obtained from Commercial Solvents Corp.. Terre 
Haute, IN and was also found to be 98-99% pure by 
TLC, HPLC and gas-liquid chromatography. The 
polychlorinated biphenyl used was Aroclor 1254 
(Monsanto Co., St. Louis, MO) which had been char­
acterized by the Division of Chemistry and Physics, 
FDA. Cadmium chloride (reagent grade) was
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obtained from J. T. Baker Chemical Co., Phillipsburg, 
NJ. [ 1 4 C]Glucose (uniformly labelled, specific activity 
c. 4mCi mmol) was purchased from New England 
Nuclear Corp.. Boston. MA.

Explain technique. Male Osborne-Mendel rats 
weighing 300-350 g were killed by decapitation, and 
their kidneys were removed aseptically. In a typical 
experiment requiring 40 cultures, the kidneys of four 
rats were used. The kidneys were halved longitudin­
ally and cut in 0-5 mm slices on a Mcllwain tissue 
chopper (Mickle Laboratory Engineering Co., Gom- 
shall, Surrey, England). After a single pass through 
the machine, the cutting platform was rotated 
through 90: and a second cutting was executed. The 
cross-sectional dimensions of the resulting rectangular 
prisms of tissue or ‘tissue cubes' were 0-5 x 0-5 mm 
(x  1/2 the kidney thickness). Each explant comprised 
the relative amounts of medulla and cortex appro­
priate to its site of origin in the organ. The kidney 
explants were placed in sterile Dulbecco’s phosphate- 
buffered saline (Dulbecco & Vogt. 1954) containing 
1 0 0  units of penicillin and 1 0 0  pg of streptomycin/ml. 
All kidney cubes were placed in the same container of 
saline; this procedure randomizes the explant material 
used in each culture dish with regard to the donor 
animal and the site of origin in the kidney. Pooling 
explant material from several animals increases the 
reproducibility of replicates, both within and between 
experiments (Hirsch, 1976). The pH of the culture 
medium after incubation (measurement made in a 5% 
C 0 2 atmosphere) was within 0-2 units of the initial 
pH of 7-4.

The tissue was removed from the saline and 250-mg 
quantities of tissue were placed in 60-mm Falcon 
plastic petri dishes. Trowell’s T - 8  medium (2-5 ml) 
(Trowell, 1959) containing penicillin and streptomycin 
was added to each dish; the medium covered the 
bottom of the dish but was not deep enough to sub­
merge the tissue completely. Preliminary experiments 
demonstrated that the addition of foetal calf serum to 
the medium at levels of up to 2 0 % did not have a 
significant effect on the glucose utilization of the cul­
tures over an 18-hr incubation period; therefore the 
serum was not added in further experiments.

The prepared dishes were placed in 26-cm plastic 
desiccators (Ace Duravac, Ace Glass Co.. Vineland, 
NJ) which were modified by the addition of tubes at 
the bottom to facilitate flushing with gas. The desic­
cators were flushed for 15- 20 min with 95% 0 2-5% 
C 0 2 and then placed in an incubator at 37°C. After 
the cultures had equilibrated for 1 hr, test compounds 
dissolved in 1 0 0  p\ of either distilled water or dimethyl- 
sulphoxide (DMSO) were added. The appropriate 
solvent alone was added to control cultures. The 
desiccators were again flushed with the 0 2- C 0 2 mix­
ture for 1 0  min and then returned to the incubator for 
18 hr. Most experiments consisted of eight replicates 
(eight dishes) at each dose level.

Respiration measurements. After exposure of the cul­
tures to the test compound, the entire contents of the 
dishes were transferred to conical tubes and centri­
fuged at 600 g for 10 min. The medium was decanted 
and reserved for the measurement of protein. Buffered 
saline (2-5 ml), which had been saturated with 95% 
0 2 -5% C 0 2, was then added, the tissue was gently 
suspended and the centrifugation was repeated. The

saline was decanted and discarded. The tissue was 
then transferred to a 25-ml Erlenmeyer flask, and 
2-5 ml buffered saline was added to the flask followed 
by 100 pi 0-9 M-glucose solution containing 2-5 pCi 
[ !4 C]glucose. The flasks were closed with serum stop­
pers into which plastic centre wells (No. K-882320, 
Kontes Co., Vineland, NJ) had been inserted and 
placed in a reciprocating water bath ( 1 0 0  strokes/min) 
at 37 C for 60 min. At the end of the incubation 
period. 0-2 ml NCS tissue solubilizer (Amersham/ 
Searle, Arlington Heights, IL) was placed in the centre 
well of each vessel for the collection of evolved 1 4 C 0 2 

and 10% H ,S 0 4  (0-25 ml) was added to the medium. 
The flasks were then returned to the water bath for a 
further 30 min after which the centre wells were re­
moved and placed in counting vials. The absorbed 
radioactivity was counted in a Model 6880 Mark III 
liquid scintillation counter (Searle Radiographics Inc., 
Des Plaines. IL). using Permafluor I scintillation fluid 
(Packard Instrument Co., Downers Grove. IL). 
Counting efficiency was approximately 95% and 
counting time was adjusted to allow for a probable 
counting error of less than 1%. Counts were con­
verted to dpm using stored quench curves and an 
internal microprocessor. The explant material was 
collected on tared filter paper disks, rinsed, dried 
overnight and weighed. The 1 4 CO , produced was 
expressed at dpm/mg dry weight of tissue/hr.

Protein was determined by the method of Lowry, 
Rosebrough, Farr & Randall (1951), with bovine 
serum albumin as the standard. Statistical analyses 
were performed using the IBM Statistical Library 
Program for APL-IUP 5796-pgq (IBM Corp., Inc., 
Advanced Logic Products, Poughkeepsie, NY). Differ­
ences between means were analysed by the Student’s t 
test, and P values of <005  were accepted as statisti­
cally significant.

RESULTS

Because five of the compounds (BHA, BHT, PCB, 
zearalenone and DDT) were poorly soluble in water, 
they were dissolved in DMSO. Control cultures 
exposed to up to 100 p\ DMSO/2-5 ml culture volume 
showed no statistically significant effect on respir­
ation. This is consistent with the findings of Metcalfe 
(1971), who concluded that levels of DMSO up to 
about 1% have negligible effects on primary cultures 
of monkey kidney cells.

Initial studies were carried out with untreated cul­
tures to establish the time course of 1 4 C 0 2 produc­
tion from glucose by the kidney explants; the data 
shown in Fig. 1 represent several similar experiments. 
The rate of respiration declined for the first 10 hr and 
then increased abruptly, with glucose utilization 
reaching a maximum value 14 hr after establishment 
of the explants. If the explants were held for several 
days, respiration diminished by about 2 0 % in each 
24-hr period.

Table 1 shows the mean respiration values for repli­
cate control cultures in eight of the experiments 
reported here; the data were obtained over a 2 -year 
period. The standard deviations (SD) and coefficients 
of variation (CV; [SD/mean] x 100) for each experi­
ment are also shown. The within-run reproducibility 
of the method is reflected in the CV, which for all
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Fig. I. The rate of respiration of rat kidney expiants as 
measured by 14C 0 2 production with [ l4 C]glucose as sub­
strate. Values are the means of four determinations at each 
time period and the triangles indicate standard errors of 
the mean (SEM).

eight experiments averaged 25. The means of all the 
control means and SDs for the eight experiments were 
828 and 205, respectively (CV = 24-8).

Figure 2 summarizes the effect of various chemicals 
at 1 mM concentrations on the respiration of kidney 
explants after an 18-hr exposure. Ascorbic acid in­
creased respiration above control levels and BHT. 
DDT, PCB, patulin. BHA, zearalenone and cadmium 
chloride reduced respiration. Caffeine had no effect.

The effects of different concentrations of BHA, 
BHT and ascorbic acid, caffeine, patulin, zearalenone 
and DDT on respiration and protein leakage are 
shown in Fig. 3. In cultures incubated with 010, 0-25 
and 0-50 mM-BHA and with 0T0mM-BHT, respir­
ation was increased over control values (Figs 3a,b), 
but only the increases with 010 and 050 mM-BHA 
were statistically significant. Inhibition occurred at 
the higher concentrations of both BHA and BHT. and 
was statistically significant with 0-75 and 10 mM-BHA 
and with 10mM-BHT. Ascorbic acid had no effect at 
any concentration tested (Fig. 3c). Leakage of protein 
into the medium in the presence of these compounds 
was statistically significant only with TO mM-BHA. 
Caffeine had no pronounced effects on respiration; 
glucose utilization was slightly stimulated at the 0-50 
and 10 mM concentrations but the increases were not 
statistically significant (Fig. 3d). Protein content of the

Fig. 2. The rates of respiration of rat kidney explants, as 
measured by the production of l4 C 0 2 with [ l4 C]glucose 
as substrate, after 18 hr incubation with 1 mM solutions of 
(a) ascorbic acid, (b) caffeine, (c) BHT, (d) DDT, (e) PCB, (f) 
patulin, (g) BHA, (h) zearalenone and (i) CdCl2. The results 
represent the combined data from eight separate experi­
ments. Except for PCB and CdCl2. where duplicate deter­
minations were carried out. six to eight replicates were 
used for each of the test compounds and corresponding 
controls.

medium was significantly decreased with both 0-50 
and TO mM-caffeine. Respiration was significantly in­
creased in cultures incubated with 0-10 mM-patulin 
but was significantly decreased in those incubated 
with the 0-50, 0-75 and TO mM concentrations (Fig. 
3e). Protein leakage was significantly increased at 
TO mM-patulin, and at this concentration respiration 
of the explants had almost ceased. Zearalenone (Fig. 
3f) produced a pronounced dose-related inhibition of 
kidney explant respiration. Other than cadmium 
chloride (Fig. 2), zearalenone was the most effective 
compound tested in this study in inhibiting glucose 
metabolism. At 0-25 mM-zearalenone. respiration was 
inhibited by approximately 70%. In addition, treat­
ment with this compound increased protein loss from 
the tissue relative to that seen for the control cultures 
by about 35% at the two highest concentrations 
tested. DDT (Fig. 3g) exhibited a dose-response simi-

Table 1. M e a n  v a lu e s  a n d  v a r ia n c e s  o f  r e s p i r a t io n  o f  c o n t r o l  c u l tu r e s  o f  
k id n e y  e x p l a n t s  a s  in d ic a t e d  b y  th e  le v e l  o f  l 4 C 0 2 p r o d u c e d  w ith  

[ l4C]3/ucose a s  th e  s u b s t r a t e

Experiment
no. No. of replicates

Specific activity 
of 14C 0 2 released 
(dpm mg tissue/hr) SD CV*

i 8 769 116 15
2 6 397 157 39
3 8 1018 123 1 2

4 8 791 198 25
5 8  560 131 23
6 8 899 293 32
7 8 718 157 2 1

8 6 1468 465 31

F.C.T. 2 0 /5 — D

SD = Standard deviation 
CV = Coefficient of variation, (SD/mean) x 100
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Fig. 3. The effects, on the respired 14C 0 2 (----- ) produced by rat kidney explants with [ 14C]glucose as
the substrate and on the appearance of protein in the medium (-----), of treatment with (a) BF1A. (b)
BHT, (c) ascorbic acid, (d) caffeine, (e) patulin. (f) zearalenone and (g) DDT. Values are means ± SEM of 
eight replicates.

lar to that seen for BHT. At the 0 50 and 10 mM 
concentrations, the inhibitory activity was 46 and 
56%, respectively. Little protein leakage was noted.

DISCUSSION

We have studied the respiration of the kidney 
explant system in the presence and absence of a series 
of test compounds. By modifying the liver explant 
system of Sullivan et al. (1972) we were able to main­

tain kidney preparations in a favourable milieu. In 
this system, kidney explants could be exposed to test 

compounds for significantly longer times than is poss­
ible when tissue slice techniques are used, without 
disrupting the anatomical relationships of the cells 
(Berndt, 1976).

In general, tissue integrity was maintained for the
18-hr period. This assessment was based on measure­
ment of the respiration rate of control cultures. 
Reproducibility of respiration measurements within 
any series of cultures was good; the CV was generally
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around 25 for control cultures and this degree of vari­
ation was consistent from experiment to experiment.

The compounds tested ranged from known potent 
toxins with anticipated effects to compounds with 
little reported cellular toxicity: they are all contami­
nants or natural components of food or food addi­
tives. Their effect on the kidney explants was assessed 
primarily on the basis of total respiration as measured 
by the conversion of 1 4 C-labelled glucose to 1 4 C 0 2. 
Because of the implications of positive findings with 
respiration, particularly at low concentrations of the 
test material, we selected respiration as the criterion 
for investigating damage to the metabolic integrity of 
the explants.

The use of T-8 , a serum-free medium, permitted the 
measurement of leakage of total protein, or Lowry­
positive material, from the cells. This parameter 
proved to be a much less sensitive indicator of com­
pound-cell interaction than the rate of glucose utiliz­
ation. Only a few of the compounds elicited a signifi­
cant effect on protein leakage, and these changes 
occurred only at relatively high concentrations. Patu- 
lin was one of those compounds, a finding in accord­
ance with other reports reviewed by Singh (1967) indi­
cating an effect of this compound on the semipermea­
bility of cell membranes. Patulin was an effective in­
hibitor of glucose oxidation in the kidney explants, an 
effect not unexpected since Singh (1967) reported that 
respiration of several tissues and cellular systems is 
inhibited by this toxin. A more recent report (Polacco 
& Sands, 1977) demonstrated that 0-062 mM-patulin 
caused 50-60% inhibition of respiration in cultured 
soya-bean suspensions. This concentration of toxin 
was approximately one-tenth of the amount needed to 
produce an effect of similar magnitude in the kidney 
explant system. Liver slices are also susceptible to in­
hibition of respiration by patulin at 0 08-0-32 mM 
concentrations (Peters et al. 1977). In preliminary ex­
periments, we confirmed the observations of Ciegler
(1977) that patulin may exert its toxicity by interac­
tion with — SH groups, since addition of cysteine to 
the medium attenuated the effect of the toxin on kid­
ney culture respiration.

The other mycotoxin tested, zearalenone, has little 
similarity to patulin with regard to chemical or physi­
cal properties, but it was also effective in retarding the 
respiratory activity of the kidney preparations. Aside 
from its known oestrogenic activity (Mirocha et al. 
1977), very little has been reported about the biologi­
cal activity of this compound. A recently completed 
chronic study in which rats were fed zearalenone at 
levels as high as 3 mg/kg body weight for approxi­
mately 2  yr revealed that the toxicity of this com­
pound is low and no specific tissue lesions were 
reported except for an increase in the prominence of 
medullary trabeculae (Cox & Re, 1979). It may be 
speculated that the mode of action was nonspecific 
interference with intracellular membrane functions, as 
has been reported for other lipophilic substances 
(Metcalfe, 1971). Caffeine, another natural compound 
which is not known to produce any specific tissue 
lesions in vivo except at very high acute oral doses 
(Friedman et al. 1979), did not interfere with glucose 
oxidation in the kidney cultures.

The inhibition of glucose metabolism by DDT may 
be related to its lipophilicity. This compound has also

been reported to be cytotoxic to mammalian cells in 
vitro at even lower concentrations than those reported 
in the present studies. Palmer, Green & Legator 
(1972) showed that DDT was toxic to cultured kan­
garoo rat cells at concentrations of 20-50 /¡g/ml. The 
reduced production of 1 4 C 0 2 from [ l4 C]glucose by 
kidney explants might have been predicted, since 
Johnston (1951) reported that 0-01-0-1 itim-DDT pro­
duced inhibition of succinoxidase and cytochrome 
oxidase, two key respiratory enzymes.

Heavy metals such as cadmium are thought to 
exert their toxic effects through specific cell-mem­
brane lesions. In the present study, 1 mM-cadmium 
chloride almost totally destroyed the respiratory ac­
tivity of the kidney explants. The effect was appar­
ently not specific to cadmium since 2-5 mM-zinc sul­
phate also markedly depressed respiration of the kid­
ney cells (data not shown).

Aroclor 1254 at a concentration of 1 mM produced 
impairment of kidney cell respiration but to a lesser 
degree than that brought about by the cadmium salt. 
Aroclor 1254 produced impairments in a wide variety 
of biochemical functions when fed to rats: these 
changes included an apparent uncoupling of liver 
mitochondrial oxidative phosphorylation (Garthoff, 
Friedman, Farber et al. 1977). This latter effect and 
the nonpolar nature of the chlorophenolic isomers 
constituting Aroclor 1254 raises the possibility that 
the biological activity of PCB may be due to mem­
brane involvement such as structural perturbation.

Although both BHA and BHT are known to pos­
sess low acute toxicity (Feuer. Gaunt. Golberg & 
Fairweather, 1965; Gaunt, Gilbert & Martin, 1965), 
the series of studies reported here confirm the results 
of others (Leslie et al. 1978; Metcalfe, 1971; Milner, 
1967; Surak, Bradley, Branen & Shrago, 1976a; 
Surak, Bradley, Branen et al. 1976b) concerning the 
biological and biochemical activities of these com­
pounds in in vitro systems. Much evidence has also 
been presented to show that the biological effects of 
these two phenolic antioxidants relate, at least par­
tially. to their nonpolar character and consequent 
apparent ability to react and bind with membranes, 
altering their physical and possibly functional proper­
ties (Leslie et al. 1978; Metcalfe, 1971; Snipes, Person, 
Keath & Cupp, 1975; Surak et al. 1976a,b; Surak, 
1980). As in most of these in vitro studies and in short­
term feeding studies (Feuer et al. 1965) of both com­
pounds, in our study BHT appeared to have a more 
profound effect than BHA on the kidney explants 
(Figs 3a,b), that is it inhibited respiration at lower 
concentrations than BHA. Moreover, both com­
pounds appeared to stimulate cellular respiration in 
our system at low concentrations (0-1 mM) in a highly 
reproducible manner. This phenomenon may be 
related to the finding of Surak (1980) that low levels 
of BHA and BHT had a membrane-stabilizing effect 
on erythrocytes, while high levels caused haemolysis 
in treated animals. Evidence for BHA/BHT-related 
disturbance of membrane integrity in the cells of the 
kidney explants was apparent from measurements of 
protein in the medium (Figs 3a,b). Increases of protein 
in the medium occurred with both compounds, but 
were significant only for BHA and only at the highest 
level tested.

The possibility that the antioxidant activity of BHA
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and BHT is responsible for their inhibition of respir­
atory activity in the kidney explants appears unlikely 
because similar concentrations of ascorbic acid were 
ineffective. Milner (1967) also showed that tocopherol 
did not mimic the effect of BHT in inhibiting RNA 
synthesis by monkey kidney cells. The relatively low- 
toxicity of BHA (and possibly BHT) in vivo may be 
due to its rapid metabolism and excretion (Hathway, 
1967).

Concentrations as high as 1 mM were sometimes 
required for the inhibition of respiration. However, 
lower levels often produced a stimulatory effect and 
this finding should be included in the assessment of 
the toxicity of the compounds to the explants. This is 
especially important in those cases in which the effect 
may be related to an uncoupling of oxidative phos­
phorylation (Wainio, 1970). Cadmium chloride, for 
example, significantly stimulated respiration of the 
explants at a concentration of 1 0 “ 7 m  in preliminary 
experiments.

In conclusion, we have used model toxic com­
pounds to demonstrate the potential of the kidney 
explant system for assessing the effects of xenobiotic 
substances. The system is relatively simple and re­
sponds predictably to compounds that affect the bio­
chemical integrity of tissues, and the rate of respir­
ation of the explants is maintained for periods of time 
that permit longer exposure to the compounds than 
do tissue-slice techniques. In addition, it may be poss­
ible to measure effects of compounds on specific renal 
function with this system.

REFERENCES

Basackova, J. (1963). The transport of inorganic ions and 
p-aminohippurate in isolated cells of the renal cortex of 
the rabbit. Biochem. bioplns. Acta 71. 345.

Berndt, W. O. (1976). Use of the tissue slice technique for 
evaluation of renal transport processes. Em ir. Hlth Pers- 
pect. 15, 73.

Ciegler, A. (1977). Patulin. In Mycotoxins in Human and 
Animal Health. Edited by J. V. Rodricks, C. W. Hessel- 
tine & M. A. Mehlman. p. 609. Pathotox Publishers, 
Inc., Park Forest South. IL.

Cox, G. E. & Re, T. A. (19791. Final Report. Chronic Tox­
icity Study of Zearalenone in the Rat (FDA Contract 
No. 223-75-2178). Food and Drug Administration, 
Rockville. MD.

Dulbecco, R. & Vogt, M. (1954). Plaque formation and 
isolation of pure lines with poliomyelitis viruses. J. exp. 
Med. 99, 167.

Feuer, G., Gaunt, I. F„ Golberg. L. & Fairweather, F. A. 
(1965). Liver response tests. VI. Application to a com­
parative study of food antioxidants and hepatotoxic 
agents. Fd Cosmet. Toxicol. 3, 457.

Friedman, L., Weinberger, M. A., Farber, T. M., Moreland,
F. M„ Peters, E. L., Gilmore, C. E. & Khan, M. A.
(1979). Testicular atrophy and impaired spermatogenesis 
in rats fed high levels of the methylxanthines caffeine, 
theobromine, or theophylline. J. envir. Path. Toxicol. 2, 
687.

Garthoff. L. H.. Friedman. L.. Farber, T. M„ Locke, K. K.. 
Sobotka, T. J., Green, S„ Hurley, N. E., Peters, E. L.. 
Story, G. E., Moreland, F. M., Graham, C. H„ Keys, J.

E., Taylor, M. J.. Scalerà, J. V.. Rothlein, J. E.. Marks. E. 
M.. Cerra, F. C. Rodi. S. B. & Sporn, E. M. (1977). 
Biochemical and cytogenetic effects in rats caused by 
short-term ingestion of Aroclor 1254 or Firemaster BP6 . 
J. Toxicol, emir. Hlth 3. 769.

Gaunt, I. F„ Gilbert, D. & Martin, D. (1965). Liver re­
sponse tests. V. Effect of dietary restriction on a short­
term feeding study with butylated hydroxytoluene 
(BHT). Fd Cosmet. Toxicol. 3, 445.

Hathway. D. E. (1967). Metabolic fate in animals of hin­
dered phenolic antioxidants in relation to their safety 
evaluation and antioxidant function. Adv. Fd Res. 15. 1. 

Hirsch, G. H. (1976). Differential effects of nephrotoxic 
agents on renal transport and metabolism by use of in 
l  itro techniques. Em ir. Hlth Perspect. 15, 89.

Johnston, C. D. (1951). The in vivo effect of DDT and 
related compounds on the succinoxidase system of rat 
heart. Archs Biochem. 31, 375.

Leslie, S. W.. Gad, S. C. & Acosta. D. (1978). Cytotoxicity 
of butylated hydroxytoluene and butylated hydroxyani- 
solc in cultured heart cells. Toxicology 10, 281.

Lowry, O. H„ Rosebrough. N. J., Farr, A. L. & Randall, R. 
J. (1951). Protein measurement with the Folin phenol 
reagent. J. biol. Chem. 193, 265.

Metcalfe, S. M. (1971). Cell culture as a test system for 
toxicity. J. Pharm. Pharnuic. 23. 817.

Milner. S. M. (1967). Effects of the food additive butylated 
hydroxytoluene on monolayer cultures of primate cells. 
Nature, Lond. 216, 557.

Mirocha, C. J.. Pathre, S. V. & Christensen, C. M. (1977). 
Zearalenone. In Mycotoxins in Human and Animal 
Health. Edited by J. V. Rodricks. C. W. Hesseltine & M.
A. Mehlman. p. 345. Pathotox Publishers, Inc., Park 
Forest South, IL.

Palmer, K. A.. Green. S. & Legator. M. S. (1972). Cytogen­
etic effects of DDT and derivatives of DDT in a cultured 
mammalian cell line. Toxic, appi. Pharmac. 22, 355. 

Peters, E. L., Keys, J. E. & Friedman, L. (1977). Compara­
tive in vitro biochemical effects of patulin and afiatoxin
B, . Feda Proc. Fedii Am. Socs exp. Biol. 36. 397.

Polacco. J. C. & Sands. D. C. (1977). The mycotoxin patulin
inhibits the respiration of higher plant cells. PI. Sci. Lett. 
9, 121.

Singh, J. (1967). Patulin. In Antibiotics. Voi. 1. Mechanism 
of Action. Edited by D. Gottlieb & P. D. Shaw. p. 621. 
Springer-Verlag, Berlin.

Snipes, W., Person. S„ Keath, A. & Cupp, J. (1975). Buty­
lated hydroxvtoluene inactivates lipid-containing viruses. 
Science, N.Y. 188. 64.

Sullivan. L. J., Chin, B. H. & Carpenter, C. P. (1972). In 
vitro vs in vivo chromatographic profiles of carbaryl 
anionic metabolites in man and lower animals. Toxic, 
appi Pharmac. 22. 161.

Surak. .1. G. (1980). Butylated hydroxyanisol (BHA) and 
butylated hydroxytoluene (BHT) interaction with human 
erythrocytes. (Abstract). Fedii Proc. Fedii Am. Socs exp. 
Biol. 39, 442.

Surak. J. G.. Bradley, R. L„ Jr. Branen, A. L. & Shrago. E. 
(1976a). Effects of butylated hydroxyanisole on Tetrahy- 
mena pyriformis. Fd Cosmet. Toxicol. 14, 277.

Surak, J. G„ Bradley, R. L„ Jr, Branen, A. L.. Ribelin. W. 
E. & Shrago. E. (1976b). Effects of butylated hydroxy­
toluene on Tetrahvmena pyriformis. Fd Cosmet. Toxicol. 
14, 541.

Trowell, O. A. (1959). The culture of mature organs in a 
synthetic medium. ExpI Cell. Res. 16, 118.

Wainio, W. W. (1970). The Mammalian Mitochondrial Res­
piratory Chain, p. 340. Academic Press, New York.



Fd Chem. Toxic. Vo!. 20. pp. $47 to 556. 1982 
Printed in Great Britain. All rights reserved

0278-6915 82 050547-10S03.00/0 
Copyright © 1982 Pergamon Press Ltd

HIGH INCIDENCE OF ANGIOSARCOMAS IN BROWN-FAT 
TISSUE AND LIVERS OF MICE FED STERIGMATOCYSTIN

M. E n o m o t o

Biosafety Research Center. Food, Drugs and Pesticides. Fukude-cho,
Iwata-gun. Shizuoka 437-12

J. H a t a n a k a , S. I g a r a s h i . Y. U w a n u m a . H .  I t o , S. A s a o k a .

A. I v a t o m  I and S. K u y a m a

Agricultural Chemicals Institute. Nihon Tokushu Noyaku Seizo K.K..
Hino-slti, Tokyo 191

T. H a r a d a

Biological Laboratory. Nippon Veterinary and Zoo-technical College.
Musashino-shi, Toyko ISO

and

T. H a m a s a k i

Department of Agricultural Chemistry, Faculty of Agriculture, Tottori University 
Tottori-shi 689. Japan

(Received 25 January 1982)

Abstract—BDF, female mice fed 30 or 120 ppm sterigmatocystin in their diet for 55 or 51 wk. respect­
ively. developed angiosarcomas of the liver and of the dorsal brown-fat tissue. No tumours were 
observed in five mice from each group, including the controls, killed after 43 wk. but angiosarcomas 
were observed in mice from the test groups that died or were killed after more than 43 wk of treatment 
with sterigmatocystin. Thirty-four out of 53 mice (64-2n„) fed 30 ppm sterigmatocystin developed hepatic 
angiosarcomas. Six (1 T3°„) of those fed 30 ppm sterigmatocystin and 27 out of the 51 mice (52-9°„) fed 
120 ppm developed angiosarcomas in the dorsal brown-fat tissue. Benign vascular lesions in the liver 
and a few angiosarcomas of the ovary and lung were also observed in mice of both test groups. No 
vascular changes were observed in control mice except for peliosis-like lesions in the spleens of two mice. 
Increases in the incidences of lung and hepatocellular adenomas were also observed in sterigmatocvstin- 
treated mice.

INTRODUCTION

Sterigmatocystin. a mycotoxin produced by several 
species of Aspergillus, has been shown to be a potent 
carcinogen in the rat (Mabuchi. 1979; Maekawa. 
Kajiwara, Odashima & Kurata. 1979; Ohtsubo. Saito. 
Kimura & Tsuruta, 1978; Purchase & van der Watt, 
1970) and in a small aquarium fish, medaka (Hata­
naka, Doke, Harada et al. 1981) and to manifest 
“genetic activity” in bacteria (Ueno, Kubota, Ho & 
Nakamura. 1978; Wehner, Thiel, van Rensburg & 
Demasius. 1978) and mammalian cells in tissue cul­
ture (Umeda, Tsutsui & Saito, 1977). A large number 
of fungi have been found to produce sterigmatocystin 
(Rabie, Liibben & Steyn. 1976) and recent analyses 
carried out in Japan have frequently revealed both 
domestic and imported cereals to be contaminated 
with these fungi (Tsuruta. 1980).

We have recently reported that in medaka fed 
2-5 ppm sterigmatocystin in the diet for 8  wk there 
was a high incidence of liver-cell carcinoma within 
18 wk (Hatanaka et al. 1981). Guinea-pigs were very 
sensitive to the toxicity of sterigmatocystin. but 
showed no tumour development (Mabuchi. 1979).

Mice are known to be resistant to the toxic effects of 
sterigmatocystin, just as they are to that of aflatoxin 
Bt (Enomoto & Miyata. 1976). ICR white Swiss mice 
of both sexes fed a diet containing 5 ppm sterigmato­
cystin developed more pulmonary tumours than did 
the controls. However, the incidence of other tumours 
was not affected by the feeding of sterigmatocystin 
(Zwicker, Carlton & Tuite, 1974).

The present study was carried out to determine 
effects in mice of feeding 30 and 120 ppm sterigmato­
cystin in the diet.

EXPERIMENTAL

Test material. Sterigmatocystin was isolated from 
the mycelia of Aspergillus versicolor (Vuillemin) Tira- 
boschi and purified by the method of Hatsuda & 
Kuyama (1954). The purity of this compound (pale 
yellow needles; m.p. 244-245 C) was checked by 
means of chromatographic and spectroscopic 
methods.

Sterigmatocystin w'as mixed with the basal diet 
(CE-2 or CE-7. Clea Japan Ltd. Tokyo) at levels of 30
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or 120 ppm before pelleting. CE-2 was used in the test 
diet for the first 22 wk of the treatment and CE-7 was 
used in the test diet for the remaining experimental 
period. Chemical analyses of pellets, carried out at the 
Division of Food Chemistry. National Institute of 
Hygienic Sciences. Tokyo by Mrs E. Isohata and Dr 
M. Uchiyama before and after the experiment, con­
firmed the required sterigmatocystin content.

Animals and experimental procedure. The strain 
BDF] female mice used in the study were hybrids, 
C 5 7 B L 6 N C rj; x DBA 2NCrj7, and were obtained 
from Charles River Japan. Inc., Atsugi. Kanagawa. 
The animals were kept in plastic cages, five to a cage, 
in an air-conditioned room and were given pelleted 
diet and tap water ad lib. The mice (5 wk old. mean 
initial weight 16-2 g) were divided into three groups 
and treated as described below.

Group 1 (controls). Fifty mice were fed the basal 
diet. Basal diet CE-2 in pellets was given for the 
first 22 wk of the treatment and basal diet CE-7 in 
pellets was fed for the remaining experimental 
period.
Group 2. Fifty-five female mice were given pelleted 
feed containing 30 ppm sterigmatocystin for 55 wk 
and then were given basal diet CE-7 in pellets con­
taining no sterigmatocystin for the remainder of the 
experiment.
Group 3. Fifty-five mice were given a pelleted feed 
containing 120 ppm sterigmatocystin for 40 wk. 
Thereafter, they were given the control diet (CE-7 
pellets) for 4 wk, followed by a further 11 wk on the 
diet containing 120 ppm sterigmatocystin. The sur­
viving mice were fed CE-7 in pellets containing no 
sterigmatocystin for the remaining experimental 
period.

Five mice from each group were killed at wk 43 
and ten from each group were killed at wk 6 8 . All of 
the survivors were killed at wk 73. All of the animals 
were weighed weekly and food consumption was 
recorded. Those found dead or killed when moribund 
as well as those killed at the time intervals specified 
above were autopsied and all organs were examined 
macroscopically and w'ere fixed in 1 0 % buffered for­
malin. The livers, spleens and kidneys of each mouse 
as well as those organs that showed gross pathologi­
cal changes were examined histologically. Sections of 
paraffin-embedded material were stained with haema- 
toxylin and eosin and by additional special methods 
(silver impregnation, Masson's trichrome and periodic 
acid-Schiff stains) when necessary.

For electron microscopic examination, representa­
tive samples of the tumour tissues were fixed in 2-5% 
glutaraldehyde for 2  hr and then treated with 1% 
osmium tetraoxide buffered with sodium phosphate 
solution (01 m. pH 7-3) for 2 hr. The specimen blocks 
were dehydrated through a series of graded concentra­
tions of ethanol and embedded in epoxy resin. Thin 
sections were cut with glass knives on a Porter-Bloom 
MT-2B ultramicrotome and stained with uranyl acetate 
and lead mixture solution. The sections were exam­
ined at 50 kv in a HS-7D electron microscope.

Liver changes were classified according to a classifi­
cation of mouse liver lesions suggested by Frith & 
Ward (1980) and Frith. Baetcke. Nelson & Schiefer- 
stein (1980).

Fig. 1. Weight gain of mice fed 0 (----- ). 30 (-----) or 120 (■ ■ ■)
ppm sterigmatocystin in the diet. The group given 30 ppm 
sterigmatocystin was fed the test diet for 55 wk and then 
the control diet for the remainder of the experiment. The 
high-dose group was given the test diet for 40 wk then the 
control diet for 4 wk, followed by a further 11 wk on the 
test diet. Surviving mice were given the control diet for 
the remainder of the experiment.

RESULTS

The animals in the test groups gained weight more 
slowly than did the control group (Fig. 1). During the 
first 40 wk of the study the animals in the high-dose 
group, receiving a diet containing 1 2 0  ppm sterigma­
tocystin, weighed about 2 0 % less than the control ani­
mals. This wrns probably due to reduced food intake 
and consequently after 40 wk the high-dose group was 
given control diet for 4 wk. Thereafter, the animals 
were given the test diet for a further 11 wk. Mice in 
both dose groups showed an increased weight-gain 
after wk 55, when sterigmatocystin treatment w'as dis­
continued. Calculated from the total consumption of 
diet, the average daily intake of sterigmatocystin was 
97-2 /ig/mouse in the low-dose group and 226 pg/ 
mouse in the high-dose group during feeding of sterig­
matocystin.

No animals in any of the three groups died before 
wk 43, except for one mouse in the high-dose group 
which died at wk 11. Histological study of this animal 
revealed atrophic changes in the thymus, liver and 
kidneys and karyorrhexis of germ centre cells in the 
lymph nodes and spleen.

No neoplastic changes were found in any of the 
mice killed at wk 43. and the only histological change 
observed was increased pleomorphism of liver cell nu­
clei in mice from the test groups (and especially from 
the high-dose group) in comparison with those from 
the control group.

Soft subcutaneous tumours, which showed fluctuat­
ing development, were observed on the backs of mice. 
Most of these were first observed about 50 wk after 
the start of the experiment. The tumours enlarged 
progressively and became firmer. Rupture of the 
tumour followed by death from haemorrhage w'as ob­
served in one of the 2 1  mice of the low-dose group 
surviving 43-68 wk of the experiment and in 17 of 23 
mice of the high-dose group surviving 61-68 wk of the 
experiment (Fig. 2).
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Death following intra-abdominal bleeding was ob­
served in 18 out of 2 1  mice in the low-dose group and 
one out of 23 mice in the high-dose group. Massive 
haemorrhage was caused by the rupture of vascular 
tumours that had developed in the liver, ovaries or 
lungs.

The only vascular changes observed in controls 
were peliosis-like lesions in the spleens of two mice.

Histological examination of tumours

The incidences of tumours in mice from the three 
groups are listed in Table 1. Two of the 50 animals in 
the control group developed tumours (one with a leio­
myoma of the uterus and one with a leiomyosarcoma 
of the uterus). In the high- and low-dose groups 
tumours developed in 34 out of 55 and 44 out of 55 
mice, respectively.

The subcutaneous tumours that developed on the 
backs of many of the mice were angiosarcomas. They 
were observed in six (12-5%) of the mice given 30 ppm 
sterigmatocystin and in 27 (58-7%) of those given 
120 ppm. These vascular neoplasms which grew in a 
nodular form and ranged from 2  to 2 0  mm in diam­
eter, were all found in the brown-fat tissue between 
the bilateral scapulas. Histologically, the tumours 
were composed of flattened, spindly or polygonal

endothelial cells projecting into bloody spaces. 
Occasionally, multinucleated cells or cells with a giant 
hyperchromatic nucleus were found. Mitotic figures 
were frequently observed. Some areas within the 
tumours were packed with spindle-shaped or polygo­
nal cells similar to those showing the vascular pattern 
characterized by cavernous spaces filled with blood 
(Fig. 3). Neither fatty vacoules nor glycogen-contain­
ing materials were demonstrated in these tumour cells 
by the use of specific stains. Reticulin-fibre stain 
showed the tumours to have a variety of structural 
patterns, such as double-framed cavities and inter­
lacing basket-like frameworks (Fig. 4). The tumour 
cells infiltrated the neighbouring brown-fat tissue and 
frequently caused massive haemorrhage.

Hepatic haemangioendotheliomas and angiosar­
comas occurred in a significantly greater number of 
mice in the low-dose group than in those of the high- 
dose group. Angiosarcomas of the liver were observed 
in 34 (64-2%) of the mice fed 30 ppm sterigmatocystin, 
but in none of those fed 1 2 0  ppm sterigmatocystin. 
Only four haemangioendotheliomas were found in the 
latter mice, compared with 14 in the low-dose group. 
Grossly, in those animals with vascular lesions, the 
liver exhibited multiple red cavities which ranged in 
size from minute spots to nodular masses. In the early

Table 1. Incidence of tumours in female BDF, mice given control diet or diets containing sterigmatocystin

No. of mice with

Hepatic Angiosarcoma of the
Sterigmatocystin Time No. haem-

dose of kill of mice angioendo- Brown
(ppm in diet)* (wk) killed thelioma Liver fat Ovary Lung Other tumours

0 43 5 0 0 0 0 0 0

58t 1 0 0 0 0 0 0

68 1 0 0 0 0 0 0 0

73 34 0 0 0 0 0 1 leiomyosarcoma of the uterus. 
1 leiomyoma of the uterus

Total.. ■ — 50 0 0 0 0 0 2

30 43 5 0 0 0 0 0 0

6 8 1 0 8 5 1 0 0 1 lung adenoma 
1 hepatocellular adenoma 
1 papilloma of the oral cavity

43 6 8 J 23§ 0 19 1 1 1 1 leiomyosarcoma of the uterus
73 17 6 1 0 4 0 0 1 hepatocellular carcinoma 

1 leukaemia
4 lung adenomas

Total.. . — 55 14 34 6 1 1 1 0

1 2 0 n il 1 0 0 0 0 0 0

43 5 0 0 0 0 0 0

6 8  0 1 0 0 2 1 0 3 lung adenomas
61-68+ 27(j 2 0 17 0 0 1 sarcoma of the uterus

2  lung adenomas
1 leiomyoma of the uterus

73 1 2 2 0 8 2 0 1 squamous cell carcinoma of 
the auditory gland duct

7 lung adenomas
2  hepatocellular adenomas

Total. . . -- 55 4 0 27 3 0 17

‘For details of feeding regimes see Experimental. 
tKilled when moribund at time indicated. 
fDied or killed when moribund at time indicated.
¡¡Two of these 23 mice in the 30-ppm group and four of these 27 in the 120-ppm group could not be examined because of 

cannibalism or autolysis.
||Time of death.
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stages of tumour development, hyperaemia and cystic 
dilation of sinusoids filled with blood were observed 
microscopically. These peliosis-like lesions were 
usually lined with proliferating endothelial cells and 
were considered to be haemangioendotheliomas. 
Severe compression of the liver-cell cords was not ob­
served. However, in the later stage, enlarged blood- 
filled masses showed the irregularly dilated bloody 
spaces lined with highly anaplastic cells that sug­
gested malignancy. Pleomorphic, hyperchromatic 
nuclei were marked in these flattened, spindle-shaped 
or polygonal cells (Fig. 5). Irregular invasion into the 
neighbouring hepatic parenchyma and a few cases of 
metastasis to the lungs were found.

Ovarian angiosarcomas occurred in one mouse in 
the low-dose group and in three of those in the high- 
dose group. One lung angiosarcoma occurred in the 
low-dose group. Métastasés of angiosarcomas were 
rather exceptional. Almost all of the multiple angio­
sarcomas found in the same animal were probably 
primary tumours rather than tumours resulting from 
métastasés.

Other types of tumours were also observed (Table 1). 
However, with the exception of lung adenomas and 
hepatocellular adenomas, none occurred frequently 
and in no case were they observed in mice in the 
test groups significantly more frequently than in the 
present controls or than in untreated mice of BDF, 
strain from the same breeder that have been observed 
previously by Tsubura (1981).

Histological examination o f the liver
The incidence of histological changes other than 

vascular lesions in the liver are shown in Table 2. 
There was a dose-dependent increase in pleomorph- 
ism of liver cells. This pleomorphism was classified as 
cytomegaly and karyomegaly according to the criteria 
of Frith & Ward (1980). Proliferative hepatic lesions 
classified as foci of cellular alteration, hepatocellular 
adenoma and hepatocellular carcinoma were seen more 
frequently in the test groups than in the controls.

However, no dose-dependent increase in the incidence 
of any of these lesions was found.

Electron microscopic examination o f vascular tumours
Electron microscopically the hepatic angiosarco­

mas were composed of blood spaces lined by electron- 
lucent, flat or closely packed polygonal cells. Desmo­
somes and interdigitations were found between the 
tumour cells. Binocytotic vesicles were seen at the 
surface membranes. Occasionally, the cytoplasm pro­
jected deeply into the lumen. In general, the tumour 
cell had a cleaved nucleus with a prominant nuceolus. 
Mitotic figures were observed infrequently. The cyto­
plasm of the tumour cell was usually rich in rough 
endoplasmic reticulum which showed moderate dila­
tion of the cisternae. Some of the tumour cells con­
tained microtubular bodies like Weibel-Palade bodies 
(Shirai, 1981) in their cytoplasm.

The subcutaneous angiosarcomas were composed 
of flat or swollen, electron-lucent cells. These cells had 
a similar appearance to those of the hepatic angiosar­
comas described above. In areas that consisted only 
of tumour tissue, the tumour cells and their nuclei 
had more angular or irregular shapes. The occasional 
presence of smooth muscle cells with characteristic 
myofibrils surrounding the basement membrane of 
the endothelial tumour cells (Fig. 6 ) also suggested the 
vascular origin of this tumour (Waldo, Vuletin & 
Kaye, 1977).

DISCUSSION

The present results clearly demonstrate that in 
BDF, female mice the long-term administration of 
sterigmatocystin in the diet resulted in the induction 
of malignant vascular tumours. Electron microscopy 
of hepatic and brown-fat tumours revealed typical 
vascular tumours composed of neoplastic endothelial 
cells. Seventy-five (721%) of the 104 sterigmatocystin- 
treated mice examined had one or more tumours of 
the blood vessels. The first tumour was found in the

Table 2. Hepatocellular lesions observed in female BDF, mice given control diet or diets containing sterigmatocystin

Sterigmatocystin 
dose (ppm in 

diet)*

Time
of
kill

(wk)

No.
of

mice
killed

No. of mice with hepatic lesions

Cytomegaly & 
karyomegaly

Foci of cellular 
alteration

Hepato- Hepato­
cellular cellular 

adenoma carcinomaNone Slight
Acido- 

Moderate philic
Baso­
philic

0 43 5 5 0 0 0 0 0 0
68 10 0 9 1 0 0 0 0
73 34 17 17 0 0 0 0 0

30 43 5 0 5 0 4 0 0 0
68 10 0 5 5 3 6 1 0
43-68t 21 2 9 10 7 4 0 0
73 17 0 14 3 8 7 0 1

120 IH 1 1 0 0 0 0 0 0
43 5 0 2 3 4 0 0 0
68 10 0 0 10 8 2 0 0
61—68+ 23 2 6 15 7 3 0 0
73 12 0 4 8 3 1 2 0

*For details of feeding regimes see Experimental. 
tDied or killed when moribund at time indicated. 
JDied at time indicated.



Fig. 2. A female mouse killed 68 wk after the beginning of the experiment. Angiosarcoma of the 
subcutis: the tumour growth occupies the brown-fat tissue on the back of the mouse.

Fig. 3. Angiosarcoma of brown-fat tissue in a female mouse killed at wk 68. Note the vascular tumour 
growth with capillary and cavernous blood-filled spaces. Areas of closely packed polygonal tumour cells 
are also seen. Haematoxylin and eosin x400.
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Fig. 4. Angiosarcoma of the brown-fat tissue in a female mouse killed at wk 73. Note the cavernous 
framework of the angiosarcoma and the fairly large nuclei of the endothelial tumour cells. Silver 
impregnation x 400.

Fig. 5. Hepatic angiosarcoma in a female mouse killed at wk 68. Note the irregularly dilated bloody 
spaces lined by endothelial tumour cells which show nuclear pleomorphism. Liver cells are seen mixed 
with the tumour cells at the lower right-hand side of the picture. Haematoxylin and eosin x400.
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Fig. 6 . Electron micrograph of an angiosarcoma in the brown-fat tissue of a female mouse killed at wk 
6 8 . Note a single layer of endothelial cells (End) and smooth muscle cells (SMC), irregular in shape and 
arrangement, x 10280.
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brown-fat tissue on the back at wk 43. No vascular 
tumours occurred in 44 control mice observed for up 
to 73 wk. A recent study of spontaneous tumours in 
female BDF, mice, obtained from the same breeder, 
revealed no development of vascular tumours in 
untreated mice over a 2-yr period (Tsubura. 1981).

There are no reports available on the development 
of malignant vascular tumours in brown-fat tissue. 
Various incidences of blood vessel tumours have been 
induced in animals by carcinogenic chemicals, but 
although some of the vascular tumours induced by 
urethan (Deringer, 1962), ¿V-nitrosodimethylamine 
(Toth, Magee & Shubik, 1964) and symmetrical 
dimethylhydrazine (Toth & Wilson, 1971) were found 
in fat other than pararenal tissue, there was only one 
case of a brown-fat tumour (in an HR/De mouse 
painted with urethane in Deringer’s study). The 
brown fat. a type of adipose tissue commonly seen 
in young mammals and abundant even in adults in 
hibernating species, is known to be rich in vascular 
tissue. Its brown colour is thought to be derived from 
this vascular network and from the abundant lyso- 
somes in the fat cells. It is interesting that in this 
study the target tissue for tumour induction by sterig­
matocystin was the vascular elements of brown fat. In 
previous studies a low incidence of hepatic angiosar­
comas has been induced in rats fed a diet containing 
sterigmatocystin for more than 1 yr (Mabuchi, 1980; 
Maekawa et al. 1979; Ohtsubo et al. 1978). One 
splenic haemangiosarcoma was seen in a rat treated 
with T5 mg sterigmatocystin/day for 42 wk f Purchase 
& van der Watt, 1970). Since the distribution and 
metabolic fate of sterigmatocystin in the animal body 
have been little investigated, it is not possible at 
present to give a clear interpretation of the toxic or 
carcinogenic effects of this mycotoxin on the target 
cells.

The other question of the significant differences in 
the sites of development of vascular tumours at the 
two dose levels of sterigmatocystin used in the present 
study also remains unresolved. The incidence of 
angiosarcomas in the brown-fat tissue was ll-3°/„ in 
the low-dose group compared with 52-9% in the high- 
dose group. However, no angiosarcomas of the liver 
were induced in the high-dose group, whereas the 
incidence of hepatic angiosarcomas was high (64-2%) 
in the low-dose group. Benign haemangioendothelio- 
mas were induced in the livers of four of the 51 mice 
examined in the high-dose group.

The liver is the usual target for the carcinogenic 
action of sterigmatocystin given orally to rats or 
medaka. In the present study only a few mice devel­
oped hepatocellular adenomas (one in the low-dose 
group and two in the high-dose group). One hepato­
cellular carcinoma was found in the low-dose group. 
Hepatocellular tumours were not observed in the con­
trol mice in our 74-wk study. The occurrence of such 
tumours was not reported in untreated female mice of 
the same strain observed for 2 yr (Tsubura, 1981). It is 
interesting that mice fed sterigmatocystin showed 
more cytomegaly and karyomegaly of the liver cells 
and foci of cellular alteration than did the control 
mice. Foci of hepatocellular alteration have been 
suggested to be possible precursors of hepatocellular 
tumours (Frith et al. 1980).

An interesting finding was an increase in the inci­

dence of lung adenomas in test groups compared with 
the controls. Spontaneous lung adenomas were not 
observed in the controls. Tsubura (1981) reported an 
incidence of pulmonary tumours of 5-0% in males and
1-7% in females in untreated BDF! mice during a 2-yr 
period of observation. Zwicker et al. (1974) reported 
that both male and female mice of the ICR white 
Swiss strain fed a diet containing 5 ppm sterigmato­
cystin for 54-58 wk developed more pulmonary 
tumours than did the controls. They attributed this 
occurrence to a carcinogenic effect of sterigmato­
cystin.

Our previous study of the acute toxic effects of afia- 
toxin B, and sterigmatocystin in mice revealed rela­
tively low susceptibility of this species to both myco- 
toxins. The single oral LD 50s were approximately 
290 mg aflatoxin B,/kg body weight and more than 
800 mg sterigmatocystin/kg in DDD strain mice 
(Enomoto & Miyata, 1976). Mice are also known to 
be relatively insensitive to the carcinogenic effects of 
aflatoxin B, and sterigmatocystin. However, newborn 
mice treated with aflatoxin Bt (Vesselinovitch, Mihai­
lovich, Wogan et al. 1972) or sterigmatocystin (Fujii, 
Kurata. Odashima & Hatsuda, 1976) showed an in­
creased susceptibility to the induction of hepatocellu­
lar tumours. In the present study, a relatively large 
amount of sterigmatocystin was given to both test 
groups of mice from 6  wk of age. Mice given 120 ppm 
sterigmatocystin in the diet consumed about 1 -2 % of 
the single oral LD 5 0  or about lOmg/kg body weight/ 
day, a mean total intake of about 3-6 g/kg. Mice given 
30 ppm sterigmatocystin consumed about 4 mg sterig­
matocystin/kg body weight/day. a mean total intake 
of about 1-5 g/kg.
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Abstract—Chloroform was tested for mutagenicity in the Salmonella/microsome assay using five strains 
of Salmonella typhimurium. In view of previous reports describing the development of liver and kidney 
tumours in some experiments involving long-term administration of chloroform to rats and mice, the 
mutagenicity tests were carried out in the absence of any S-9 microsomal-enzyme preparation and in the 
presence of S-9 microsomal-enzyme preparations derived from (a) livers and (b) kidneys of rats and mice 
previously exposed to the microsomal-enzyme inducer Aroclor 1254. No evidence of potential mutagen­
icity was observed under any of the test conditions. To determine whether the findings might have been 
influenced by the volatility of the chloroform, the test organisms were exposed to chloroform vapour, 
but again chloroform gave no indication of potential mutagenicity. Taken in conjunction with already 
published data from mutagenicity studies with chloroform, it appears unlikely that the tumours ob­
served in some long-term rodent studies are attributable to a genotoxic action of the compound.

INTRODUCTION

In the first published account of tumorigenesis fol­
lowing repeated administration of chloroform to 
small rodents. Eschenbrenner & Miller (1945) noted 
that a dose level sufficient to produce liver necrosis 
seemed to be a prerequisite for hepatoma develop­
ment. Ilett. Reid. Sipes & Krishna (1973) demon­
strated covalent binding of chloroform metabolites to 
tissue proteins and associated this with the produc­
tion of necrosis. These authors also showed how the 
kidney is at risk in circumstances in which the bio­
transformation of chloroform in the liver may be 
incomplete. Depletion of glutathione in the liver may 
be a determining factor in this toxicity, as indicated 
by Docks & Krishna (1976).

In recent long-term studies, chloroform administra­
tion has been associated with the development of liver 
tumours in B6C3F1 mice of both sexes and of kidney 
tumours in male Osborne-Mendel rats (National 
Cancer Institute, 1976); in other studies, kidney 
tumours have developed in male ICI mice (Roe, 
Palmer, Worden & Van Abbé, 1979) but not in 
females of this strain or males of three other strains, 
nor in male or female Sprague -Dawley rats (Palmer, 
Street, Roe et al. 1979) or beagle dogs (Heywood, Sor- 
tell, Noel et al. 1979). The lowest dose level at which 
tumour development has been reported in any species 
is 60 mg chloroform/kg/day; this produced tumours 
in the kidneys of male ICI mice, but no excess of 
tumours occurred when chloroform was given at 
17 mg/kg/day to males or females of the same strain.

‘ Present address: Milk Marketing Board, Veterinary 
Laboratory. Cleeve House, Lower Wick, Worcester 
England.

Although it is now apparent that most known 
chemical carcinogens increase the numbers of rever- 
tant colonies in one or more of the standard test 
strains of Salmonella typhimurium on histidine-defi­
cient medium (Ames, McCann & Yamasaki, 1975), 
several workers (de Serres & Ashby, 1980; Simmon, 
Kauhanen & Tardiff, 1977; Uehleke, Werner, Greim 
& Krämer, 1977) have reported that chloroform does 
not give positive findings in this type of mutagenicity 
test. Such studies are usually conducted in the pres­
ence and absence of metabolizing enzymes provided 
by an S-9 microsome mix derived from the livers of 
rats that have been subjected to liver-enzyme induc­
tion by Aroclor 1254. In view of the findings in long­
term rodent experiments, however, it seemed of inter­
est to extend the range of bacterial mutagenicity test­
ing to include the use of mouse-liver enzymes as well 
as rat-liver enzymes and also to examine the effect, if 
any, of microsomal enzymes derived from the kidneys 
of both species rather than from the liver. To avoid 
the possibility o f ‘false negative’ results due to volatili­
zation of the chloroform, an additional experiment 
was carried out in which chloroform vapour was 
caused to impinge continuously on the bacterial cul­
ture plates; prolonged chloroform exposure on these 
lines would eventually prove lethal to the organisms, 
but mutagenic activity, if any, might be detectable in 
the earlier stages of exposure to the vapour.

EXPERIMENTAL

Indicator organisms. Salmonella typhimurium strains 
TA1535, TA100, TA1537, TA1538 and TA98 were 
used as the histidine-dependent indicator organisms. 
Strain TA100 was obtained from ICI Pharmaceuticals 
Ltd, Macclesfield, Cheshire, and the other four from

557
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Professor B. N. Ames. University of California. 
Berkeley. CA, USA. The TA100 strain used was 
characterized as ampicillin-resistant despite the rela­
tively low spontaneous level of revertants recorded. 
Stock suspensions in medium were stored frozen in 
liquid nitrogen and. before use, cultures prepared 
from the stocks were incubated in nutrient broth for 
17 hr at 37 C ; resulting suspensions contained ap­
proximately 2  x 1 0 9 organisms ml and are referred to 
as the 'standard bacterial suspension'.

Culture media. Standard liquid medium for all 
strains was nutrient broth (Oxoid No. 2). The basal 
layer in plate cultures was Vogel-Bonner muiimal 
agar medium (Difco poured plates); the uppe. layer, 
in which the bacteria were suspended, was a 0 -6 % 
solution of Difco bacto agar in 05% sodium chloride. 
Histidine-deficient medium was obtained by adding, 
to each 1 0 0  ml of this agar solution. 1 0  ml of a sol­
ution of 0-5 mM-histidine hydrochloride and 0 5 mM- 
biotin. For histidine-rich medium. 10 ml of a solution 
of 01 M-histidine hydrochloride and 50mM-biotin was 
added to each 1 0 0  ml of agar solution.

Chemicals. Chloroform (pharmaceutical grade) was 
obtained from ICI Pharmaceuticals Ltd. The known 
mutagens used as positive controls were /i-naphthyl- 
amine and 2-aminoanthracene (from Sigma London 
Chemical Co., Kingston, Surrey), neutral red (from 
Raymond A. Lamb Ltd. London) and 2-acetylamino- 
fluorene (from Aldrich Chemical Co., Milwaukee. WI, 
USA), all of which require oxidation by microsomal 
enzymes to produce mutagenic metabolites, and 
sodium azide (from Sigma London Chemical Co.) and
4- nitro-o-phenylenediamine (from Aldrich Chemical 
Co.), which do not require metabolic activation. All 
chemicals were dissolved in dimethylsulphoxide 
(DMSO), obtained from Sigma London Chemical Co.

Microsomal-enzyme fraction. Liver S-9 fractions 
were prepared from specific-pathogen-free rats of the 
CFY (Sprague-Dawley-derived) strain and mice of 
the ICI/CFLP strain. The animals were 8-10wk old 
and were obtained from Anglia Laboratory Animals, 
Alconbury. Cambridgeshire. For the kidney S-9 frac­
tions, specific-pathogen-free CD (Sprague-Dawley- 
derived) rats and CDI (ICR-derived) mice were 
obtained from Charles River (UK) Ltd. Margate. 
Kent. Following acclimatization for 1 wk. each ani­
mal was injected ip with Aroclor 1254 (200mg/ml) 
dissolved in arachis oil, at a dose level of 500 mg/kg 
body weight, to stimulate microsomal-enzyme ac­
tivity. Five days after injection, and following a 16-hr 
period of fasting, the animals were killed by cervical 
dislocation. Under sterile conditions, the kidneys or 
livers (as appropriate) were removed and minced in 
0T5 m-KCI (5 g tissue in 15 ml KC1) before transfer to 
a Potter homogenizer (Measuring and Scientific 
Equipment Ltd, Loughborough. Leics), for homogen­
ization at 4 C. Pooled homogenates were centrifuged 
at 9000 g for 15 min in a refrigerated centrifuge (MSE 
25). The supernatant fraction (‘S-9’) was stored in 3-ml 
lots at — 20°C for not more than 4wk and was 
thawed immediately before use for the preparation of
5- 9 mix following the procedure of Ames et al. (1975). 
0-3 ml S-9 per ml S-9 mix being used.

Test procedures

Preliminary toxicity test. The same procedure was

used for each strain. Minimal agar (15 ml) was poured 
into 90-mm Petri dishes and allowed to gel. The stan­
dard bacterial suspension (01 ml) was added to 3 ml 
histidine-deficient agar at 45 C and the resulting sus­
pension was overlaid on the minimal agar gel. When 
the upper layer had set. wells 1 0  mm in diameter were 
cut in the gel and into these were pipetted OT-ml 
aliquots of a series of DMSO solutions containing 
OTOmg chloroform ml. Dishes were incubated for 
24 hr at 37 C. after which time bacterial toxicity was 
assessed by measuring the zones of inhibition around 
each well.

Mutation study (standard procedure). For each indi­
cator strain. OT-ml aliquots of the chloroform dilu­
tions were pipetted into bijou bottles, three sets—each 
of three bottles - being used for each dilution. Similar 
sets received OT-ml aliquots of DMSO or solutions of 
graded concentrations of the positive control com­
pounds. The standard bacterial suspension (0T ml) 
was added to each bottle. Into each bottle of one of 
the sets was dispensed 0-5 ml of the rat S-9 mix. This 
was replaced in the second set by 0-5 ml of the mouse 
S-9 mix, and in the third by 05 ml of sterile 0-9% 
sodium chloride. The complete series was duplicated 
for the kidney mixes.

To each bottle. 2-8 ml of histidine-deficient agar 
was added at 45 C and after thorough mixing the 
resulting suspension was overlaid on to a previously 
prepared gel of 15 ml of minimal agar in a 90-mm 
Petri dish. Triplicate dishes were used to test each 
concentration of each chemical. After incubation at 
37 C for 48 hr. revertant bacterial colonies on each 
plate were counted with an electronic colony counter 
(Biotran Mk II. New Brunswick Scientific Co.. Inc., 
Edison, NJ. USA).

Vapour phase study. The procedure differed from 
the standard technique insofar as the bacterial inocu­
lum and (where appropriate) the microsomal extract 
(rat-liver S-9 mix) were spread over the surface but 
the co-factors were incorporated into the top agar. 
The plates were then placed in an anaerobic jar at 
37 C and a stream of chloroform vapour was passed 
through the jar using a Millipore miniature vacuum 
pressure pump (type XX6  122050: Millipore (UK) 
Ltd. London) to give a flow rate of 0-03 nr1 min. The 
vapour stream gave a mean passage of 32 ml chloro- 
form/hr in triplicate runs. ‘Negative’ control plates 
were treated with a stream of air for comparable 
periods. After the required exposure time, all plates 
were taken from the jars and further incubated to give 
a total 72-hr incubation. As positive controls, ethyl 
methanesulphonate (2-5%) and 2-acetylaminofluorene 
(50 /rg plate) were used (applied on discs, not as 
vapour).

RESULTS

In the preliminary toxicity test, chloroform was 
apparently non-toxic to all five S. typhimurium strains 
at a concentration of 10,000 /ig/well. However, in the 
bacterial mutagenicity study (Table 1) a concentration 
of 1 0 . 0 0 0  /ig/plate was toxic for all strains, as shown 
by the formation of an incomplete bacterial lawn. At 
and below 1 0 0 0 /ig chloroform plate the bacterial 
lawns were satisfactory but there was no significant 
increase in revertant colonies for any of the indicator
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Table 1. Mutagenicity testing of chloroform in five strains of Salmonella typhimurium with/witliout microsomal-enzyme
preparations (standard procedure)

No. of revenants plate*

S. typhimurium 
strain

Dose of 
CHC1-, 

(/ig, plate)
Without

activation

With liver S-9 mix
Without

activation

With kidney S-9 mix

From rat From mouse From rat From mouse

TA 1535 0 10 14 1 2 13 13 1 0

1 0 7 14 1 2 12 13 16
1 0 0 9 13 13 11 1 0 15

1 0 0 0 7 12 1 2 14 1 2 1 0

1 0 .0 0 0 IL IL IL IL IL IL
TA 1537 0 6 4 7 7 14 9

1 0 2 5 5 7 12 7
1 0 0 3 6 3 9 11 1 0

1 0 0 0 4 5 2 6 11 1 0

1 0 ,0 0 0 IL IL IL IL IL IL
TA 1538 0 9 14 1 2 12 2 0 18

1 0 9 1 2 15 13 2 2 18
1 0 0 9 14 15 12 18 19

1 0 0 0 7 14 14 12 2 0 15
1 0 .0 0 0 IL IL IL IL IL IL

TA98 0 32 45 53 31 30 31
1 0 36 42 36 32 30 33

1 0 0 40 45 39 29 33 30
1 0 0 0 27 43 45 34 36 30

1 0 .0 0 0 IL IL IL IL IL IL
TA 100 0 2 2 28 26 63 70 62

1 0 13 2 2 28 67 74 69
1 0 0 13 25 2 2 64 67 71

1 0 0 0 17 21 25 70 75 69
1 0 .0 0 0 IL IL IL IL IL IL

IL = Incomplete bacterial lawn
*Values are means for triplicate plates. Positive-control results are presented in Table 2.

strains, either in the absence of metabolic activators 
or in the presence of microsomal enzymes from rat or 
mouse S-9 mix derived from liver or kidney. By con­
trast, the known mutagens (positive controls) caused 
large increases in the mutation frequency of the five 
bacterial strains under these experimental conditions

in the presence or absence of metabolic activation, as 
appropriate (Table 2).

In the vapour phase study, the passage of chloro­
form vapour for 6 - 8  hr was highly toxic to strains 
TA1535 and TA1538. No significant increase in rever- 
tant colonies could be detected at any earlier stage,

Table 2. Mutagenicity of positive-control compounds in five strains of Salmonella typhimurium with microsomal-enzyme
activation where appropriate (standard procedure)

No. of revertants/plate* *

With liver S-9 mix With kidney S-9 mix

S. typhimurium 
strain Compound

Dose 
(/ig plate)

Without
activation

From
rat

From
mouse

From
rat

From
mouse

TA 1535 Sodium azide 5 977 — — — —
/l-Naphthylamine 1 0 — 136 169 — —
2 -Aminoanthracenc 2 — — — 246 151

TA1537 4-NPDA 500 136 — — — —
Neutral red 1 0 — 51 51 55 51

TA1538 4-NPDA 500 1559 — — — —
2-AAF 2 0 — 106 2 1 0 242 174

TA98 4-NPDA 500 1865 — — — —
2 -Aminoanthracene 2 — 318 369 1717 151

TA100 Sodium azide 5 1128 — — — —
2-Aminoanthracene 2 — 245 333 1146 429

- = Not tested 4-NPDA = 4-Nitro-o-■phenylenediamine 2-AAF = 2-Acetylaminofluorene
♦Values are means for triplicate plates.
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Table 3. Vupour-phase tests for mutagenicity of chloroform in Salmonella typhimurium 
strains TA1535 and TAI5S8 with ¡without rat-liver microsomal-enzyme preparations

Treatment

No. of revertants/plate*

TA1535 TA1538

Without 
S-9 mix

With 
S-9 mix

Without 
S-9 mix

With 
S-9 mix

None 2 2 26 33 45
EMS (2-5%) c. 2 0 0 — c. 2 0 0 —
2-AAF (50 ̂ ig/plate) — c. 500 — c. 500
CHC13 vapour—2 hr 27 24 31 42

4 hr 13 27 0 40
6  hr 5 27 0 2

8  hr 0 0 0 3

— = Not tested EMS = Ethyl methanesulphonate 2-AAF = 2-Acetylaminofluorene 
•Values are means for triplicate plates.

either in the absence of metabolic activation or in the 
presence of rat liver S-9 mix (Table 3).

DISCUSSION

The distinction between the apparent non-toxicity 
of chloroform at 1 0 , 0 0 0  /tg/well in the preliminary 
toxicity test and the incomplete bacterial lawn noted 
in the mutagenicity experiments at 1 0 ,0 0 0 /rg chloro- 
form/plate may have been related to volatilization of 
chloroform from the wells in the preliminary test. 
Growth of an incomplete lawn at the high dose level 
in the mutagenicity experiments, however, shows that 
under these conditions sufficient chloroform remained 
to exert an antibacterial effect. Table 3 shows that the 
findings for mutagenicity are identical even when care 
is taken to make sure that contact with chloroform is 
not impaired through volatilization. Hence it appears 
that the mutagenicity findings given in Table 1 cor­
rectly reflect the lack of mutagenic activity attribu­
table to chloroform under the various conditions of 
testing. Whilst confirming the negative findings 
already reported by other authors, it can now be seen 
that chloroform is not mutagenic to the five standard 
indicator strains of S. typhimurium in the presence of 
metabolizing enzymes from either the kidney or the 
liver, whether obtained from rats or mice.

These findings seem to be fully consistent with 
those of Diaz Gomez & Castro (1980), who were 
unable to detect covalent binding of chloroform 
metabolites to liver DNA or RNA of male Sprague- 
Dawley rats or of male A/J strain mice after multiple 
chloroform administration. The development of 
tumours in small rodents in the course of long-term 
studies involving repeated intragastric administration 
of chloroform is therefore unlikely to be a conse­
quence of any direct genotoxic action of the com­
pound. Relevant to the search for an alternative 
mechanism may be the conclusion reached much 
earlier by Eschenbrenner & Miller (1945) that chloro­
form needed to be given at a dose-level sufficient to 
cause necrosis of the liver in order to provoke the 
formation of liver tumours in mice.

Agustin & Lim-Sylianco (1978) recently reported 
that in mutagenicity tests against S. typhimurium 
TA1537 positive findings were obtained with urine

concentrates from male mice treated with chloroform 
at a dose level of 700 mg/kg. At and above a similar 
dose level, these authors also obtained positive results 
in a micronucleus test, but dose levels of chloroform 
up to 400 mg/kg were inactive. Although these find­
ings suggest that mutagenic metabolites are formed 
when chloroform is given to male mice at very high 
dose levels, they probably do not account for the 
enhanced renal-tumour risk encountered in earlier 
studies in response to chloroform at dose levels of 
only 60 mg/kg/day (Roe et al. 1979).

The mechanism by which chloroform may lead to 
the development of tumours in the liver or kidneys of 
mice or rats, when given repeatedly at dose levels 
insufficient for detectable mutagenic effect, remains to 
be elucidated. The dose levels at which excess 
tumours developed when chloroform was given re­
peatedly to rodents greatly exceeded the dose levels to 
which humans are exposed when they use products 
incorporating chloroform as a preservative or flavour­
ing agent. It seems likely that a non-genotoxic mech­
anism was involved under the experimental con­
ditions that gave rise to these tumours.
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Abstract—The primary cutaneous irritation of 56 chemicals was tested in the rabbit using three different 
procedures. The three protocols selected for the tests were the method published by the French authori­
ties for the testing of cosmetics and toiletries (Journal Officiel 21 April 1973, p. 3862; ibid 5 June 1973, 
p. 3953) and the methods proposed for the testing of chemicals by the Association Française de Normal­
isation (AFNOR) and, in 1979, by the Organisation for Economic Co-operation and Development. The 
results of the three sets of tests were compared and the effects of differences in procedure and numbers of 
animals were studied, together with the possible relation between irritancy and the pH of the test 
material. It was concluded that the AFNOR protocol best met the requirements for such tests and that 
gloves should be worn for the handling of all substances classified as moderately or severely irritant on 
that scale.

INTRODUCTION

Various protocols have been developed for 
determining in the rabbit the local effects of chemicals 
on the skin. In a comparative study carried out at 
IFT, 56 substances have been tested by three of the 
available methods. Those selected were the method 
published by the French authorities for the testing of 
cosmetics and toiletries (Journal Officiel de la Répub­
lique Française (1971 & 1973) and those proposed by 
AFNOR (Association Française de Normalisation,
1982) and by the OECD (Organisation for Economie 
Co-operation and Development, 1979), identified in 
this text as the Cosmetic, AFNOR and OECD proto­
cols, respectively. The study was designed to establish 
the validity of these protocols and to examine the 
possibilities of making practical recommendations on 
the handling of the test substances.

EXPERIMENTAL

Protocols. The principles of the three protocols 
chosen and the differences between them are outlined 
in Table 1. To facilitate the interpretation and com­
parison of the results, certain minor procedural differ­
ences between the methods were eliminated by the use 
of a standardized procedure for preparing the test

Abbreviations: AFNOR = Association Française de Nor­
malisation; PCI = primary cutaneous irritation index.

F.C.T. 20/5— F.

substances, preparing the skin and applying the test 
substances.

Animals. The tests were carried out on male albino 
rabbits of the New Zealand strain, weighing about
2-5 kg and supplied by Roucher SA, Couhe. Each test 
material was tested by the three (occlusive) protocols 
in a single group of six rabbits, so that comparison of 
the results was not confused by variations in individ­
ual reactions. The exception to this arrangement was 
the use of a separate group of six rabbits for each 
protocol for one test compound (no. 8 , dimethyl sul­
phate), the percutaneous toxicity of which following 
the triple application was sufficient to kill several of 
the animals. A fresh goup of six rabbits was also used 
for each substance tested by the semi-occlusive 
OECD protocol.

Test materials. Liquids, semi-liquids and powders 
were used without pretreatment; other solids were 
pulverized prior to application. Powdered test sub­
stances were not moistened, as specified by the 
OECD protocol, but were applied dry and the gauze 
patch covering the powder was moistened with 0-5 ml 
water. Where possible, the pH of the substance, of its 
saturated aqueous solution or of the organic phase of 
its 50/50 (v/v) aqueous solution was measured with a 
Tacussel pH meter.

Skin preparation. Each rabbit was clipped over the 
back and flanks with a fine-toothed electric clipper 
(Aesculap Type V 42 947), to give a precise cut (height 
0  05 mm) without causing mechanical irritation of the
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skin. The animals were left for 24 hr and then only 
those with healthy and glabrous skin were selected for 
the tests. The location of all the treatment sites on the 
dorsal region of the trunk ensured that all materials 
were applied to skin of identical histological structure. 
For the comparison of the three occlusive protocols, 
the clipped surface was divided into three parts, care 
being taken to leave sufficient space between the test 
areas to prevent interference between the applications. 
In both the anterior (Cosmetic protocol) area and the 
median (AFNOR) area, the right flank was scarified 
by three superficial parallel incisions, 2 0  cm long and 
0-5 cm apart, using a sterile vaccination lancet. The 
incisions were restricted to the epidermis; if the 
dermis was damaged and bleeding occurred the ani­
mal was discarded. The posterior part of the clipped 
area was used for the OECD (occlusive) test and the 
clipped skin was left intact on both flanks.

Application o f  test substances

Occlusive tests. For the application of liquids, two 
sterile four-layered hydrophilic-gauze pads ( 2  x 2  cm 
in area) were placed on the skin of each rabbit in each 
of the three test areas, one pad on the right flank 
(scarified for the Cosmetic and AFNOR protocols) 
and one on the left (intact) side. A dose of 05  ml of 
the test liquid was then applied to each gauze pad by 
means of a sterile 2-5-ml polypropylene syringe (from 
Becton Dickinson (UK) Ltd, Wembley, England). 
Semi-liquids in doses of 05  ml and pastes and 
powders in doses of 0-5 g (weighed on a Mettler 
balance, type PL 200 [d =  1 mg] and kept in a heparin- 
free haemolysis tube) were applied directly to the 
right and left flanks of the same three areas (scarified 
or intact as appropriate) and the treated skin was 
covered in each case with a four-layered sterile absor­
bent-gauze square ( 2  x 2  cm), which was moistened 
with 0-5 ml water if the test substance was a powder. 
The test material and gauze pads were kept in contact 
with the skin by a patch (Neodermotest Roc SA, 
Paris) consisting of an occlusive central disc (22 mm 
in diameter) surrounded by an adhesive hypoallerge­
nic perforated plaster (10 mm wide). Finally an adhe­
sive tape ( 6  cm wide) was wound round the animal, 
without restricting respiratory and abdominal move­
ments, to complete the holding of the patches, and the 
rabbit was placed in a restraining device for at least 
4 hr.

OECD semi-occlusive protocol. The same doses of 
test substances were applied as for the occlusive pro­
tocols, but the absorbent gauze pads (again moistened 
with 0 - 5  ml water for the application of powders) were 
approximately 6  cm 2 in area instead of 4 cm 2 as 
above. No patch was added, but the pads were held in 
place with adhesive tape, as before.

Readings and interpretation o f results
Readings. The pads were removed after 23 hr (for 

the Cosmetic protocol) or after 4 hr (AFNOR and 
both OECD procedures). Macroscopic observations 
were recorded at 1 and 48 hr after patch removal for 
the Cosmetic protocol, at 1, 24 and 48 hr for the 
AFNOR tests and at 1, 24, 48 and 72 hr for both 
types of OECD test. Further readings at day 7 and 
day 14 were added to the AFNOR and OECD obser­

vations in cases of pronounced irritation, to evaluate 
the possible reversibility of the lesions.

Histological examinations. Where the colour of a 
test substance made the macroscopic examination of 
erythema impossible, histological examination of 
cutaneous biopsies, stained with haematein-eosin, 
was undertaken (AFNOR, 1982). Since such examin­
ations could not distinguish between scarifications 
and irritant lesions, scarification of the right flanks 
was omitted in these cases, so the AFNOR and 
OECD tests differed only in the timing of the biop­
sies, which were taken at the same intervals as the 
reading times given above, up to a maximum of 72 hr.

Scoring. Each treated area was scored for erythema 
and oedema using a numerical system (0-4 in each 
case according to severity) based on that described by 
Draize, Woodard & Calvery (1948). For any one of 
the protocols, the scores obtained for erythema and 
oedema at both of the treated sites in all six animals 
at the two or more reading times were totalled. The 
sum obtained was then divided by the total number of 
readings to provide a mean score (never greater than 
8 ) termed the primary cutaneous irritation index (PCI). 
For this purpose, the total numbers of readings 
(erythema + oedema) for the Cosmetic. AFNOR and 
OECD protocols were 24, 36 and 48. respectively, 
corresponding to two application sites on six animals 
at 1 and 48 hr, at 1, 24 and 48 hr, and at 1, 24, 48 and 
72 hr, respectively, after removal of the patches.

Interpretation. The irritancy of each test substance 
was then defined on the basis of the PCI, using the 
scale appropriate for each protocol. The Cosmetic 
protocol provides for classification of irritancy on the 
following scale: PCI below 0-5. non-irritant; 0-5-2, 
slightly irritant; 2-5. moderately irritant; 5-8, severely 
irritant. This scale differs in one respect from that 
published earlier (Journal Officiel de la République 
Française, 1971), which classified as slightly irritant 
all compounds with a PCI above 0 and below 2. 
Numerous products in the pure undiluted state have a 
PCI below 2 and the newer classification of a sub­
stance as non-irritant if its PCI is below 0-5 enables a 
distinction to be made between a very slight reaction 
of unknown cause and a clearly visible irritation 
caused by the product. The slightly different AFNOR 
scale (PCI below 0-5. non-irritant; 0-5-3. slightly irri­
tant: 3-5. moderately irritant: 5-8. severely irritant) 
was used also to interpret the results of the OECD 
tests, since no scale is identified in the OECD proto­
col. It should be noted that the latter protocol defines 
cutaneous irritation as the production of reversible 
inflammatory changes in the skin and cutaneous cor­
rosion as the production of irreversible tissue damage 
in the skin, following application of a test substance. 
This aspect was investigated where appropriate by 
readings on days 7 and 14 after treatment.

RESULTS

The 56 substances tested and the results obtained 
using the three (or sometimes four) procedures de­
scribed are listed in Table 2.

Non-irritant test substances
Thirty of the test substances were classified as non­

irritant on the basis of all three occlusive tests. These
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14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Promethazine

10-(3'-Dimethylamino-2'-methyl-
r-propyl)-3-methoxyphenothiazine (RS)

Oxomemazine

Iminodibenzyl

Chloropropylmethylpiperazine 
(2 0 %, w/w, in toluene)

Tetraaminopyrimidine
(sulphate)

4-Chloro-5-sulphamoyl-
phthalimide

Mctformine (hydrochloride)

Tetraethylthiuram
disulphide

1 -Dimethylaminopropan-2-ol

1 -Chloro-2-methyl-3- 
dimethylaminopropane 
(50%, w/w, in toluene)

Dipotassium ethylenediaminetetraacetate

Potassium lactate (purified,
60% aqueous solution)

Sodium lactate (purified,
60% aqueous solution)

¡V-(4-Methylamino (benzoyl glutamic 
acid, sodium salt

White solid lump 
(pulverized for PCI)

White powder 

White powder 

Beige powder 

Colourless liquid

Yellow powder 

Brown powder 

Beige powder 

White powder 

Colourless liquid

Colourless liquid

White powder

Colourless liquid

Colourless liquid

Brown granules 
(pulverized for PCI)



87(b) Cosmetic 0-42 NI
AFNOR 0-14 NI
OECD 006 NI

8-3 (b) Cosmetic 0 NI
AFNOR 0 NI
OECD 0 NI

9-0 (b) Cosmetic 0 NI
AFNOR 0 NI
OECD 0 NI

7-5 (b) Cosmetic 0 NI
AFNOR 0-08 NI
OECD 0 NI

10-7 (c) Cosmetic 3-58 MI
AFNOR 3-33 MI
OECD 3-75 MI
OECD semi-occlusive 1-98 S1I

2-5 (b) Cosmetic 0-04 NI
AFNOR 0-08 NI
OECD 006 NI

3-6 (b) Cosmetic 1-71 SU
AFNOR 1T4 SU
OECD 004 NI

7-6 (b) Cosmetic 1-38 SU
AFNOR 0-89 SU
OECD 0-13 NI

5-1 (b) Cosmetic 0 NI
AFNOR 0-03 NI
OECD 0 NI

10-5 (a) Cosmetic 5-33 Svl
AFNOR 4-05 MI
OECD 4-42 MI
OECD semi-occlusive 4-23 MI

8-4 (a) Cosmetic 4-33 MI
AFNOR 4-11 MI
OECD 4-21 MI
OECD semi-occlusive 1-90 SU

5-2 (b) Cosmetic 0-79 SU
AFNOR 1T4 SU
OECD 0-40 NI

8 -1  (a) Cosmetic 0-17 NI
AFNOR 0-39 NI
OECD 0 NI

8 - 0  (a) Cosmetic 0-08 NI
AFNOR 0-28 NI
OECD 0-04 NI

7-6 (b) Cosmetic 0-38 NI
AFNOR 0-78 SU
OECD 0-29 NI

[contd]

Tests for cutaneous irritation



Table 2—<

Serial
no. Test material Appearance

29 />-Iodobenzoyl glutamic acid 
(pure)

Beige granules 
(pulverized for PCI)

30 Dibenzoyltartaric acid White powder

31 Embonic acid (technical) Yellow powder

32 2,4-Dichloro-5-sulphamoylbenzoic acid Beige powder

33 2.4-Dichloro-5-chlorosulphonylbenzoic acid Beige powder

34 Ammonium isethionate Small white crystals

35 1,6-Dibromohexane Colourless liquid

36 Caprylylcystinic acid White powder

37 1 - Pal mi toy 1-4-pal mitoyloxy proline Beige powder

38 Palmitoylcystinic acid White powder

39 u-Aminophenol Beige crystals 
(pulverized for PCI)

40 p-AminophenoI White powder

41 Sodium fluosilicate White powder



continued

Approx.
pH* Test procedure! PCIJ Classification

3-9 (b) Cosmetic 0-08 NI
AFNOR 0-05 NI
OECD 0 0 2 NI

26(b) Cosmetic 0 NI
AFNOR 0 NI
OECD 0 0 2 NI

6 -2  (b) Cosmetic 0-33 NI
AFNOR 0-36 NI
OECD 0-25 NI

2-7 (b) Cosmetic 0-25 NI
AFNOR 0-06 NI
OECD 0 NI

2 1 (b) Cosmetic 108 Sll
AFNOR 0-39 NI
OECD 0-19 NI

5-2 (b) Cosmetic 0 -2 1 NI
AFNOR 0-31 NI
OECD 0-04 NI

5-2 (a) Cosmetic 1-96 Sll
AFNOR 1-92 Sll
OECD 1-63 Sll

3-2 (b) Cosmetic 0-83 Sll
AFNOR 0-06 NI
OECD 0 - 0 2 NI

4-7 (b) Cosmetic 1-17 Sll
AFNOR 0-06 NI
OECD 0-06 NI

4-4 (b) Cosmetic 0-04 NI
AFNOR 0 NI
OECD 0 NI

7-1 (b) Cosmetic 0 NI
AFNOR 0 NI
OECD 0 NI

7-3 (b) Cosmetic 0 -2 1 NI
AFNOR 0-03 NI
OECD 0 NI

3-5 (b) Cosmetic 1-63 Sll
AFNOR 0 - 8 6 Sll
OECD 0-04 NI
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42

43

44

45

46

47

48

49

50

51

52

53

54

Copper nitrateCopper nitrate Blue crystals 
(pulverized for PCI)

Ammonium ferrioxalate Green crystals 
(pulverized for PCI)

Aluminium nitrate White crystals 
(pulverized for PCI)

Oxalic acid White powder

Cyclopentanone Colourless liquid

o-Diethoxybenzene Colourless liquid

Iminophenacyl thiazolidine 
bromhydrate

Light beige powder

p-Phenetidine Light brown liquid

Orthovanilline Yellow chips 
(pulverized for PCI)

Mepyramine Beige powder

Reticulable silica paste 
in polysiloxane

Greyish paste

Polysiloxane resin Light yellow viscous 
liquid

Polysiloxane resin 
(30% w/w, in toluene)

Colourless viscous liquid



1 2 (b) Cosmetic H (A)||
AFNOR H (A)||
OECD H(A)||
OECD semi-occlusive H (A)||

5-7 (b) Cosmetic 4-22 MI
AFNOR 306 MI
OECD 0-30 NI

0 - 8  (b) Cosmetic 0-54 SII
AFNOR 0-36 NI
OECD 0-35 NI

1 0 (b) Cosmetic 4-50 MI
AFNOR 403 MI
OECD 1-44 SII
OECD semi-occlusive 0-92 SII

5-0 (a) Cosmetic 2 -2 1 MI
AFNOR 2-75 SII
OECD 300 SII
OECD semi-occlusive 0-31 NI

— Cosmetic 0-42 NI
AFNOR 0-17 NI
OECD 0 -2 1 NI

3-5 (b) Cosmetic 0-17 NI
AFNOR 0-14 NI
OECD 0 NI

108(a) Cosmetic 0-58 SII
AFNOR 0-67 SII
OECD 0-04 NI

4-2 (b) Cosmetic H(B)||
AFNOR H (B) ||
OECD H (B) ||
OECD semi-occlusive H (C)||

9-2 (b) Cosmetic 0-04 NI
AFNOR 0-06 NI
OECD 0 - 0 2 NI

5-6 (b) Cosmetic 2-04 MI
AFNOR 1-78 SII
OECD 1-27 SII
OECD semi-occlusive 0-73 SII

4 -5(a) Cosmetic 0-33 NI
AFNOR 0-17 NI
OECD 0-04 NI

7-7-5 (a) Cosmetic 1-88 SII
AFNOR 2-69 SII
OECD 2-77 SII
OECD semi-occlusive 2-35 SII

[contd]

Tests for cutaneous irritation
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substances were mineral oil (no. I), anhydrous lanolin 
(no. 2), propylene glycol (no. 3) and ethanol (no. 5), 
together with nos 9-17, 19. 22. 26. 27, 29-32. 34. 
38^40. 47, 48. 51, 53 and 55.

Slightly irritant test substances
The substances considered under this heading are 

those for which at least one of the three protocols 
gave a slightly irritant (but no higher) classification. 
The variations in classification could be ascribed in 
some cases to the varying severity of the tests, in some 
to the different observation times and in others to 
differences in the interpretation scales.

Only two substances (nos 35 and 54) were classed 
as slightly irritant by all three protocols, five (nos 7. 
33. 36, 37 and 44) were slightly irritant by the Cos­
metic protocol and non-irritant by AFNOR and 
OECD, and six (nos 20, 21, 25, 41, 49 and 56) were 
deemed slightly irritant by the Cosmetic and AFNOR 
protocols and non-irritant by OECD. No. 28 was 
classified as slightly irritant by the AFNOR protocol 
(PCI 0-78) and as non-irritant by the Cosmetic (PCI 
0-38) and OECD protocols.

For four other slightly irritant compounds (nos 25. 
49. 54 and 56). the AFNOR-derived PCI was higher 
than the Cosmetic but the difference (which was very 
small for nos 49 and 56) was not reflected in a change 
in classification. This was due in the case of no. 54 
(Cosmetic PCI 1-88: AFNOR PCI 2-69) to the less 
"severe" classification scale provided by the AFNOR 
and OECD protocols, in which the top limit for the 
slightly irritant class is a PCI of 3. as opposed to 2 in 
the Cosmetic protocol. The AFNOR result on com­
pound no. 54 was confirmed in the OECD tests with 
PCI values of 2-77 (occlusive test) and 2-35 (semi­
occlusive).

Several samples (nos 20. 21. 25. 28. 41. 49 and 56). 
classed as slightly irritant by the AFNOR method 
(involving applications with and without scarifica­
tion). were non-irritant according to the OECD, 
which did not include application to scarified tissue.

Reversibility. With slightly irritant substances with 
a PCI below 2. the lesions were reversible by day 7 
and. in most cases, by 48 or 72 hr after removal of the 
patches. With compound no. 54 the only test sub­
stance in this group with a PCI above 2 (AFNOR and 
OECD), the lesions were not reversed by day 14 in 
the AFNOR and OECD occlusive tests, although 
they were reversed by day 7 in the semi-occlusive 
OECD test. Taking into account the slow reversibility 
of the lesions would put this compound in the moder­
ately irritant category.

Moderately to severely irritant test substances

Substances given these classifications according to 
at least one protocol included three (nos 6 . 46 and 52) 
with a Cosmetic PCI between 2 and 3 and conse­
quently a classification of moderate irritancy. Seven 
others were classified as moderately or severely irri­
tant. having a PCI above 3 by at least one protocol. 
For four of these ten substances (nos 6 . 23, 46 and 52). 
the irritancy classification was one category higher by 
the Cosmetic protocol than by AFNOR or OECD, 
while for no. 43. the Cosmetic PCI (4-22) was mark­
edly higher than the AFNOR value (3 06), although 
the classification was the same in both cases. In three
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cases (nos 4. 43 and 45) the AFNOR classification was 
moderately irritant, compared with slightly irritant or 
non-irritant by the OECD protocol.

H i s t o l o g i c a l  e x a m i n a t i o n s .  The colour of copper 
nitrate (no. 42) and of orthovanilline (no. 50) pre­
vented a macroscopic assessment of erythema (and 
therefore calculation of the PCI). Histological exam­
ination of biopsy samples of skin treated under occlu­
sion with these compounds showed a markedly irri­
tant (orthoergic) reaction. With semi-occlusive treat­
ment, no. 42 showed the same effect, but no patho­
logical reaction was seen with no. 50.

R e s u l t s  w i t h  O E C D  o c c l u s i v e  a m i  s e m i - o c c l u s i v e  p r o ­

t o c o l s .  In addition to nos 42 and 50, ten other 
materials were tested by the OECD semi-occlusive 
method as well as by the OECD occlusive protocol. 
For seven (nos 4, 6 , 8 , 23, 45, 52 and 54) both methods 
yielded the same classification, but compared with the 
occlusive test, the semi-occlusive test resulted in a 
classification one category lower with nos 18. 24 and 
46.

R e v e r s i b i l i t y .  The lesions caused by the compounds 
(nos 4, 46 and 52) with a PCI of less than 3 were 
generally reversible by day 14. However, when the 
PCI was above 3 the lesions showed only slight 
regression by day 14, when erythema was still clearly 
visible and oedema was occasionally recorded.

I n f l u e n c e  o f  g r o u p  s i z e

To assess the advantage, if any, of using six rabbits, 
the results from each group of six rabbits were ran­
domly divided into two sets of three and the calcu­
lations were repeated first on one set and then on the 
other. For 13 materials (nos 4, 6 , 14, 23, 26, 28, 31, 35, 
43, 44, 46, 52 and 53) the classification deduced from 
one set of three animals differed in at least one proto­
col from that obtained from the whole group. These 
differences occurred most frequently with the Cos­
metic protocol.

DISCUSSION

For 37 of the 56 test materials, all three occlusive 
protocols resulted in the same irritancy classification. 
In other cases, differences involved only neighbouring 
categories, except with ammonium ferrioxalate (no. 
43), which was classified as moderately irritant by the

Cosmetic and AFNOR protocols but as non-irritant 
by the OECD.

I n f l u e n c e  o f  p r o t o c o l  v a r i a t i o n s

The results of this study indicate that the AFNOR 
protocol, specifying application of the test substance 
to scarified and intact skin for only 4 hr under occlu­
sion, provides in most cases a fairly reliable evalu­
ation of irritation. When applied for 23 hr under 
occlusion (Cosmetic protocol), only nine samples 
caused a more severe irritation resulting in a higher 
classification than that obtained with the 4-hr ex­
posure (Table 3). Moreover, the 23-hr application 
seems the less relevant to normal conditions of ex­
posure.

The few cases in which the shorter (AFNOR) appli­
cation to scarified and intact skin resulted in a higher 
PCI (leading, in one case only, to a higher irritancy 
classification) may have been due to the absence of a 
24-hr observation in the Cosmetic protocol and par­
tial reversal of the lesions by the 48-hr reading.

The calculations carried out on the results of ran­
domly divided groups of three rabbits suggest that 
reducing the group size from six to three would 
reduce the reliability of these tests.

I n f l u e n c e  o f  p H

Comparison of the pH of the test materials with the 
results obtained showed that strongly acid substances 
were not necessarily corrosive. Thus while dimethyl 
sulphate (no. 8 : pH 1-0) was severely irritant and cop­
per nitrate (no. 42, pH 1 -2) caused a marked histologi­
cally detectable reaction, oxalic acid (no. 45; pH 1-0) 
was classified as only moderately irritant and alumin­
ium nitrate (no. 44; pH 0-8) as non-irritant (AFNOR 
protocol in each case). It seems unnecessary, there­
fore. to restrict all testing for primary cutaneous irri­
tancy to substances with a pH above 2 (as specified 
for example in the AFNOR protocol). Results on 
samples with a pH between 2 and 3 supported the 
lack of a consistent association between low pH and 
severe irritancy, samples no. 19 (pH 2-5), no. 30 
(pH 2-6), no. 32 (pH 2-7) and no. 33 (pH 21) all being 
in the non-irritant (AFNOR) category. However, of 
these eight materials only dimethyl sulphate was a 
liquid, the others being solids.

Similarly varying results were obtained with sub-

Table 3. Differences in irritancy classification following restint/ hy the Cosmetic anti AFNOR protocols

Test substance Grade of irritancy

No. Identity Cosmetic protocol AFNOR protocol

7 Scouring powder S1I NT
33 2,4-Dichloro-5-chlorosulphonylbenzoic acid S1I NI
36 Caprylylcystinic acid S1I NI
37 l-Palmitoyl-4-palmitoyloxyproline S1I NI
44 Aluminium nitrate S1I NI

6 White spirit MI S1I
46 Cyclopentanone MI S1I
52 Reticulable silica paste in polysiloxane MI S1I
23 1,1 -Dimethylaminopropan-2-ol SvI MI
28 iV-(4-Methylamino)benzoylglutamic acid, sodium salt NI S1I

NI = non-irritant S1I = Slightly irritant MI = Moderately irritant SvI = Severely irritant
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stances of high pH, but in these cases the physical 
state was perhaps less relevant. Thus according to the 
AFNOR protocol, the one solid giving a pH measure­
ment above 10 (scouring powder, no. 7, pH 10-7) was 
non-irritant, three liquids, nos 18 (pH 10-7), 23 
(pH 10 5) and 49 (pH 10-8) were moderately, moder­
ately and slightly irritant, respectively, and a fourth 
(no. 55, a pasty emulsion of pH 10T) was non-irritant.

Recommendations on handling precautions

We consider that appropriate protective measures 
should be compulsory for the handling of any sub­
stances determined by the AFNOR protocol to have 
a PCI above 3. Among the substances tested in this 
study, the wearing of gloves is recommended for the 
handling of the liquids numbered 4, 8 , 18. 23 and 24, 
and the solids numbered 43 and 45, as well as for two 
other solids (nos 42 and 50) shown by histological 
examination to induce irritant reactions.

When tested by the OECD protocol, cyclopenta- 
none (no. 46) provoked lesions that were not always 
reversible by day 14, although the PCI calculated was 
equal to 3. giving a classification of slightly irritant. 
On the other hand, when this substance was tested by 
the AFNOR protocol, the lesions were almost com­
pletely reversed by day 14 and a PCI of 2-75 again 
gave a slightly irritant classification. In such a case, in 
which a border-line effect is observed, it would seem 
prudent for handling precautions to be taken.

However, in most cases where the AFNOR and 
OECD protocols yielded different classifications, the 
latter method gave the less severe result. Thus in con­
trast to the conclusions drawn on the basis of the 
AFNOR protocol, special handling precautions 
would not be indicated by the OECD results on 
toluene (no. 4, PCI (occlusive) 2-94), ammonium ferri- 
oxalate (no. 43. PCI (occlusive) 0-30) and oxalic acid 
(no. 45, PCI (occlusive) 1-44 (semi-occlusive) 0-92), the 
PCI being below 3 in each case. Moreover, the semi­
occlusive test, which is specified in the OECD proto­
col as the first test to be used, always gave a lower 
PCI than was deduced from the occlusive test, which 
together with the possible extension of the application 
time in accordance with conditions of use, is merely 
offered as a possible additional test. The results of 
these comparative studies demonstrated, therefore, 
that the OECD protocol is insufficiently severe. Ex­
perience has shown, for example, that it is advisable 
for gloves to be worn when toluene is being used.

Conclusions
Because some of the instructions in the Cosmetic 

and/or OECD protocols are imprecise, it was necess­
ary to make a selection regarding procedures for fur 
removal, the application of dry substances and the 
interpretation of results. Our experience has shown 
that clipping is preferable to chemical depilation, as 
the latter is itself likely to irritate the skin and inter­
fere with results. Direct moistening of powders or 
other solids on application is considered inadvisable, 
since it may increase skin penetration and create a 
situation different from normal conditions of use. 
Loss of the substance during the experiment is pre­
vented by covering. Regarding interpretation of 
results, calculation of the PCI does not, in itself, seem 
to serve a useful purpose; it is preferable to define a

scale by which the index can be used to deduce the 
grade of irritancy.

This comparative study showed that it was necess­
ary to use groups of six rabbits in order to obtain 
reliable results and good reproducibility and demon­
strated that a 4-hr occlusive application on scarified 
and intact skin was an adequate exposure for 
determining irritancy. Moreover this procedure reflec­
ted the most severe conditions likely to be encoun­
tered in use, when a workman with scratched hands 
could be exposed to a compound encrusted under his 
gloves. It also became evident that for irritant com­
pounds it was necessary to determine the reversibility 
of the lesions.

We consider that these criteria are best met by the 
AFNOR protocol, which has the added advantages of 
being sufficiently precise to give a good prospect of 
interlaboratory agreement and of relating more 
closely than the other protocols to practical con­
ditions of exposure. Use of this protocol should help 
manufacturers to recommend appropriate handling 
precautions to users of their products.

Since the results of these protocols depend on the 
subjective reading of macroscopic reactions (Weil & 
Scala, 1971), controls are essential to ensure good 
reproducibility and reliability. In the IFT laboratory, 
technicians who are solely responsible for applying 
test substances and reading the reactions always con­
duct the examinations ‘blindly’ (i.e. without knowl­
edge of the scores obtained at previous readings). To 
ensure that all the technicians are reading the lesions 
in the same way. a monthly check is made in which 
they all examine the same group of animals and com­
pare their results.
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Abstract—The ocular irritancy of 56 chemicals was tested in the rabbit eye, with and without rinsing, 
using a procedure that complied with the main requirements of three protocols, namely those proposed 
by the Association Française de Normalisation (AFNOR) in 1982 and by the Organisation for Econ­
omic Co-operation and Development in 1979 for the testing of chemicals and that published by the 
French authorities (Journal Officiel 21 April 1971, p. 3862; ibid 5 June 1973, p. 3953) for the testing of 
cosmetics and toiletries. The results obtained were used to establish the extent to which the assessment 
of a chemical’s irritation potential was affected by the differences between the three protocols in respect 
of the observation times prescribed, the inclusion and timing of rinsing, the number of animals used and 
the interpretation procedure. Conclusions were also drawn about the influence of the physical state and 
pH of a material on its potential irritancy and about the level of irritancy that necessitates the use of eye 
protection.

INTRODUCTION

Various protocols have been established for 
determining the local effects of chemicals on the rab­
bit eye. This paper describes the results obtained on 
56 substances tested at IFT in a manner designed to 
permit a comparison between three of the available 
methods. Those selected were the official method 
approved by the French authorities for the testing of 
cosmetics and toiletries ( J o u r n a l  O f f i c ie l  d e  la  R é p u b l i ­

q u e  F r a n ç a i s e , 1971 & 1973), and the methods pro­
posed by AFNOR (Association Française de Normal­
isation, 1982) and by the OECD (Organisation for 
Economic Co-operation and Development, 1979). 
These three procedures are identified in this text as 
the Cosmetic. AFNOR and OECD protocols, respect­
ively. The aim was to establish the validity of these 
protocols and to make practical recommendations on 
the handling of the test substances.

EXPERIMENTAL

E x p e r i m e n t a l  p r o c e d u r e

P r o to c o l s . The principles of the three protocols 
studied and the essential differences between them are

Abbreviations: AFNOR = Association Française de Nor­
malisation: AOI = acute ocular irritation index;
IOI = individual ocular irritation index; MOI = mean 
ocular irritation index.

summarized in Table 1. To facilitate their compari­
son, a standardized procedure was used for all the 
substances, as indicated below, and the observations 
recorded were then interpreted in accordance with the 
various recommendations.

A n i m a l s . Male albino rabbits of the New Zealand 
strain, weighing about 2-5 kg and obtained from 
Roucher SA, Couhe, were tested in groups of six.

T e s t  m a te r ia l s . Liquids and semi-liquids required 
no preparation. Solid test substances were ground, if 
necessary, to produce a fine dust for instillation. This 
involved a deviation from the Cosmetic protocol, 
which specifies 2 0 O/o (w/v) aqueous dilution of 
powders. Where possible, the pH of the test sub­
stance, of its saturated aqueous solution or of the 
organic phase of its 50/50 (v/v) aqueous solution was 
determined.

R i n s i n g  s o lu t io n . Rinsing, when required, was gener­
ally carried out with Dacryoserum (from Chibret 
Laboratories, Paris), a solution of boric acid (1 -8  g). 
sodium borate (1-2 g), sodium chloride (0-3 g) and phe- 
nylmercury borate ( 0 0 0 2  g) in 1 0 0  ml rose distilled 
water QSP. An alternative, generally that rec­
ommended by the manufacturer, was used when the 
use of Dacryoserum was contra-indicated by the 
available information on the nature of the test 
material.

D o s i n g  a n d  o b s e r v a t io n . Test substances were 
instilled into the lower conjunctival cul-de-sac of one 
eye of each rabbit; the other eye constituted the con-
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T able 2. AFNOR scale for interpretation of ocular irritation evaluations

Values o f indices*

C onclusionAOI M O I Day-7 IO I

0-5 0 after 48 hr N on-irritan t (NI)
5-15 < 5  after 48 hr Slightly irritan t (S1I)
15-30 < 3  after 4 days Irritan t (I)
30-60 $ 2 0  after 7 days $ 3 0  in all 6 rabbits

$  15 in at least 4/6 Very irritan t (VI)
60 80 $ 4 0  after 7 days $ 6 0  in all 6 rabb its

$ 3 0  in at least 4/6 Severely irritan t (SvI)
80-110+ Extrem ely irritan t (El)

*If the requirem ents for the value o f an index are not met, the conclusion from the line 
below is chosen.

tT heore tica l m axim um  score, from  to tal of 80 (cornea) +  10 (iris) +  20 (conjunctiva).

trol. For liquids and semi-liquids a dose of 01 ml was 
instilled by means of a 1 -ml sterile polypropylene 
syringe (from Becton Dickinson (UK) Ltd, Wembley, 
England). Pastes, powders and solids (ground if 
necessary) were instilled in a dose of 1 0 0  mg, weighed 
on a Mettler balance, type PL 200 (d = 1 mg), the 
powders being kept in a heparin-free haemolysis tube. 
Observations were recorded at 1 hr and 1. 2. 3. 4 and 
7 days after instillation and, in cases where lesions 
persisted, also at later stages.

Test materials showing any degree of irritancy 
more severe than that classified as slightly irritant (see 
below) in this first test were similarly instilled into 
another group of six rabbits, and the eyeball and 
related structures were rinsed 30 sec after the instilla­
tion. If the material was still found to be irritant, a 
third test was run with rinsing after 4 sec. Approxi­
mately 20 ml of the rinsing solution, at about 20°C, 
was applied to the test eye and to the control, using a 
plastic wash-bottle. Excess liquid was removed with 
sterile gauze.

Scoring and classification of findings

Since the Cosmetic and OECD protocols specify no 
numerical system for the scoring and interpretation of 
results, a scoring system based on the AFNOR rec­
ommendations was used throughout, with modifica­
tions w'here appropriate to enable direct comparisons 
between the protocols to be made.

At each observation time, lesions of the conjunc­
tiva, iris and cornea were scored separately using a 
numerical system based on that of Kay & Calandra 
(1962), the sum of these scores being the individual 
ocular irritation index (IOI) for each animal. Calcu­
lation of the mean (and standard deviation) of the IOI 
values obtained at any one time gave the mean ocular 
irritation index (MOI). The greatest MOI obtained 
over the range of observation times was identified as 
the acute ocular irritation index (AOI), which was used 
for the preliminary classification of a substance in one 
of six categories between ‘non-irritant’ and ‘extremely 
irritant’ (Table 2). In the AFNOR interpretation, 
which takes into account not only the maximum 
intensity of the lesion but also its reversibility, the 
preliminary classification is modified if recovery is not 
virtually complete within 4 days, by evaluating the fall 
in MOI with time and, after 7 days, the frequency of 
the persisting lesions (Table 2, columns 2 and 3, re­

spectively). The classification resulting from the use of 
this procedure was therefore compared with that 
obtained directly from the AOI (corresponding to the 
OECD approach).

RESULTS

The list of substances tested, their appearance and 
pH and the degree of irritation demonstrated are 
presented in Table 3, together with the irritancy 
classification derived in accordance with the AFNOR 
protocol. By this method, 18 of the 56 test substances 
were found to be non-irritant or slightly irritant, 23 
irritant or very irritant and 15 severely or extremely 
irritant when applied without subsequent rinsing.

Non-irritant and slightly irritant test substances

In this group, anhydrous lanolin (no. 2) was desig­
nated non-irritant following instillation of OT ml 
without subsequent rinsing. Eleven materials—nos 1 
(mineral oil), 3 (propylene glycol), 10, 12, 17, 27, 38, 40, 
51, 53 and 56—were slightly irritant but caused no 
corneal opacity. However, slight corneal opacity was 
seen 1 hr and sometimes 24 hr after treatment in some 
rabbits treated with one of the other six slightly irri­
tant substances (nos 9, 11, 22, 26, 34 and 39). All the 
lesions generally disappeared within 2  days of the 
instillation, and because of this reversibility and the 
absence of corrosion, tests with rinsing were not car­
ried out.

Irritant and very irritant test substances

Tests without rinsing. In the irritant/very irritant 
group, the 14 substances designated irritant included 
toluene (no. 4). white spirit (no. 6 ) and dibromo-1,6- 
hexane (no. 35). The two latter solvents caused no 
detectable corneal opacity. White spirit and silica 
paste in polysiloxane (no. 55) were classed as irritants 
because the MOI exceeded 5 after 48 hr, but the AOI 
(i.e. the maximum MOI) for each of these materials 
was below 15. The nine very irritant substances in­
cluded scouring powder (no. 7) and a 30% (w/w) sol­
ution of polysiloxane resin in toluene (no. 54). The 
latter, with an AOI of 35-67, is notable because 
toluene (AOI 22-67) was classed as irritant and polysi­
loxane resin alone (no. 53) as only slightly irritant 
(AOI 7-50). While the maximum MOI for most test 
compounds classed as irritant or very irritant was
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19

20

21

22
23

24

25

26

27

28

29

30

31

32

33

Chloropropylmethylpiperazine 
(2 0 %. w/w, in toluene)

Colourless liquid

Tetraaminopyrimidine
(sulphate)

Yellow powder

4-Chloro-5-sulphamoylphthalimide Brown powder

Metformin (hydrochloride) Beige powder

Tetraethylthiuram disulphide 
1, 1-Dimethylaminopropan- 

2 -ol

White powder 
Colourless liquid

1 -Chloro-2-methyl-3- 
dimethylaminopropane 
(50%, w/w, in toluene)

Colourless liquid

Dipotassium ethylenedi- 
aminetetraacetate

White powder

Potassium lactate (purified, 
60% aqueous solution)

Colourless liquid

Sodium lactate (purified, 
60% aqueous solution)

Colourless liquid

iV-(4-Methylamino) benzoyl 
glutamic acid, sodium 
salt

Brown granules 
(pulverized for test)

p-Iodobcnzoyglutamic 
acid (pure)

Beige granules 
(pulverized for test)

Dibenzoyltartaric acid White powder

Embonic acid (technical) Yellow powder

2,4-Dichloro-5-sulphamoyl- 
benzoic acid

Beige powder

2,4-Dichloro-5-chloro- 
sulphonylbenzoic acid

Beige powder
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Table 3— c o n t i n u e d

Serial
no. Test material Appearance

Approx.
pH*

34 Ammonium isethionate Small white crystals 5-2 (b)
35 1,6 -Dibromohexane Colourless liquid 5-2 (a)

36 Caprylyl cystinic add White powder 3-2 (b)

37 l-Palmitoyl-4-palmitoyl
oxyproline

Beige powder 4-7 (b)

38 Palmltoylcystinic acid White powder 4-4 (b)
39 o-Aminophenol Beige crystals 

(pulverized for tests) 7-1 (b)
40 p-Aminophenol White powder 7-3 (b)
41 Sodium fluosilicate White powder 3-5 (b)

42 Copper nitrate Blue crystals 
(pulverized for test)

1 -2  (b)

43 Ammonium ferrioxalate Green crystals
(pulverized for test)

5-7 (b)

44 Aluminium nitrate White crystals 
(pulverized for test) 0 - 8  (b)

45 Oxalic acid White powder 1 0  (b)
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reached at 1 hr, those for nos 18, 43 and 54 occurred 
at 24 hr. For these materials the 1-hr MOIs were 
24-50, 27-17 and 26-00 compared with the AOIs (Table 
3) of 26-33, 30-00 and 35-67, respectively. The AOI for 
four materials classed as very irritant (nos 18. 24, 30 
and 43) did not exceed 30 00 but the MOI at day 4 
was too high for a classification of irritant. With most 
of the 23 irritant/very irritant substances the lesions 
were reversible by day 7, giving an MOI below 5 at 
that time, and with all the rest, except ammonium 
ferrioxalate (no. 43). the lesions were reversible by day 
14.

Tests with rinsing. These 23 substances were 
retested with rinsing 30 sec after instillation, and on 
the 16 samples that still proved irritant, a third test 
was conducted involving rinsing after 4 sec. Rinsing at 
30 sec reduced the degree of irritation for only about 
half of the compounds—often those with an irritation 
index near the upper or lower limit of the range for 
their classification—and only prevented the develop­
ment of corneal opacity with two compounds (nos 28 
and 47). For eight of the 11 samples that did not 
change their classification group when rinsed out after 
30 sec, rinsing at 4 sec proved useful. Of these eight 
(nos 13. 16. 21. 24, 48. 49. 54 and 55), three caused no 
corneal opacity. However, rinsing at 4 sec entailed no 
further change of classification for substances for 
which rinsing at 30 sec had been effective.

Severely irritant and extremely irritant test substances

Tests without rinsing. Of the 15 tests substances fall­
ing into this category, six (nos 20, 32, 36, 46, 50 and 
52) in addition to ethanol (no. 5), the reference 
material, were classified as severely irritant. These 
substances had an AOI below 60 but did not meet the 
7-day MOI and AOI limitations (and therefore the 
reversibility requirements) prescribed for the very irri­
tant category. In contrast to the irritant and very irri­
tant substances (see above), the AOI for these sub­
stances was the 24-hr MOI except for dichloro-2,4- 
sulphamoyl-5-benzoic acid (no. 32), which attained 
the AOI at 1 hr (34-67 v. the 24-hr MOI of 28-00) and 
orthovanillin (no. 50) with MOI values of 40-33, 
37-00 and 42-33 (the AOI) at 1, 24 and 48 hr, respect­
ively.

The lesions caused by the severely irritant sub­
stances were less readily reversible than those in the 
very irritant category. The MOI at day 14 or day 21 
was below 1 0  for only three of the seven samples (nos 
32, 50 and 52, the latter a silica paste in polysiloxane); 
isolated areas of corneal opacity persisted at both of 
these times after treatment with these three substances 
and to a greater degree after application of the other 
four.

Of the eight substances classified as extremely irri­
tant (nos 8 , 14, 23, 33, 41, 42, 44 and 45), three (nos 14, 
41 and 44) had an AOI below 80 but failed to meet 
the day-7 criteria for severely irritant substances. 
With most of these substances, the lesions in the eye 
and related structures were so severe that correct 
reading was sometimes impossible. In these cases, two 
calculations were made to give a minimum value, 
based on the assumption that all the impossible read­
ings were negative (=  0 ), and a maximum value, de­
rived from assuming the highest possible score for

each of these readings. Of course the irritation classifi­
cation was determined from the second value.

The animals treated with six of the substances in 
this group were killed after day 7. because of the 
severity of the lesions. Promethazine (no. 14) and 
aluminium nitrate (no. 44) produced relatively less 
severe lesions, however, and in these cases examin­
ations on day 14 and day 21 demonstrated that the 
effects were slightly reversible with promethazine but 
not with aluminium nitrate.

Tests with rinsing. Rinsing at 30 sec changed the 
classification for only seven (nos 5, 14, 32. 41. 44. 50 
and 52) of the 15 substances. Only three of these (nos 
14, 41 and 44) were in the extremely irritant category 
when instilled without rinsing. In these cases the irri­
tation remained relatively significant, with corneal 
opacity persisting for at least the first few days follow­
ing instillation. However, with some substances (nos 
5, 32, 50, 52, 14, 44, 36 and 46) rinsing reduced the 
severity of the eye lesions and even effected a signifi­
cant reversibility by day 14 or 21, although for nos 36 
and 46 rinsing at 30 sec did not change the classifi­
cation (nor for the latter did rinsing at 4 sec).

Rinsing 4 sec after instillation promoted a clearer 
regression of the lesions and resulted in a change or 
further change in the classification of seven substances 
(nos 14, 33. 36, 44. 45. 50 and 52). In contrast to some 
observations on the irritant/very irritant groups, 
rinsing did not eliminate the risk of corneal opacity. 
However it did lead to a significant reduction in the 
severity of the eye lesions, except in three (nos 8 . 23 
and 42) of the eight substances that were considered 
to be extremely irritant when instilled without rinsing.

Influence of pH

All four test samples (one liquid and three solids) 
with a pH below 2 were classified as extremely irritant 
(Table 3). However the results were more variable for 
the four solids with a pH between 2 and 3 (nos 19, 30. 
32 and 33, which were classified, respectively, as irri­
tant and very, severely and extremely irritant without 
rinsing). Three of the test substances with a pH in the 
1 0 - 1 1  range were very irritant, sometimes even after 
rinsing, and one was extremely irritant. The fifth, a 
silica emulsion at pH 10-1 (no. 55) was classed as irri­
tant. Samples with a pH of about 7 were generally 
among the least irritant, although numbers 31 and 54 
(pH 6-2 and 7—7-5, respectively) were both very irri­
tant.

Effect of alternative {OECD) procedure

Recalculation of the AOI values for the 56 test sub­
stances on the basis of the readings taken (without 
rinsing) at the observation times specified in the 
OECD protocol (only 1, 24 and 72 hr after instilla­
tions) gave, in 16 cases, a less severe classification 
than was obtained using the AFNOR protocol, 
although the same scale was used for both assess­
ments. Thus, nos 6  and 55 were classed as irritant by 
the AFNOR method but slightly irritant by the 
OECD method, 18, 24, 30 and 43 as very irritant by 
AFNOR and as irritant by OECD. 5, 20, 32, 36. 46, 
50 and 52 as severely irritant by AFNOR and as very 
irritant by OECD and 14, 41 and 44 as extremely 
irritant by AFNOR and as severely irritant by 
OECD.
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Similarly when the groups were randomly divided 
and the MOI derived from the scores for all the ob­
servation times was calculated first for three rabbits 
and then for the other three, the classification for 25 
of the test materials differed from that deduced from 
the whole group of six animals. These 26 materials 
were numbers 5, 6 , 10, 15, 16, 19, 21, 24, 26, 31, 32, 
35-38, 41, 43-46 and 48-52.

DISCUSSION

Influence of lesion reversibility on assessment of 
irritancy

The major difference between the AFNOR and the 
other two protocols is concerned with the expression 
and interpretation of results, since only the AFNOR 
protocol gives guidance on the scale for interpreting 
results (Table 1). Another important difference 
between the AFNOR, Cosmetics and OECD proto­
cols lies in the observation times specified.

The Kay & Calandra (1962) method, modified by 
Guillot (1978 & 1979) to facilitate interpretation, takes 
into account not only the intensity of the reaction at a 
given time but also the reversibility and the frequency 
of the visible lesions. Adapting this scale to the 
OECD protocol by discounting the limitations con­
cerned with the reversibility of the lesions led to 
nearly a third of the samples being classified in a less 
severe category than that indicated by the AFNOR 
procedure.

Influence of rinsing

Although the situation likely to be encountered in 
accidents involving the human eye may be reflected 
more realistically by rinsing 60 sec after instillation 
(AFNOR protocol) than by the shorter intervals (30 
and 4 sec) recommended in the OECD protocol 
(Table 1), we chose to rinse 30 sec after instillation 
and, where appropriate, also after an interval of only 
4 sec. Our own experience, confirmed by the work of 
Davies, Kynoch & Liggett (1976) on sodium lauryl 
sulphate, has shown that rinsing 1 0  sec after instilla­
tion is the most effective procedure and that, on the 
whole, there is little difference between the effects of 
rinsing 30 sec or several minutes after instillation of 
the test substance.

The studies reported here confirmed that rinsing 
was often more effective at 4 sec than at 30 sec after 
the instillation. Elowever, the irritancy classification 
assigned tc a substance was not necessarily altered 
when reactions were noticeably less severe or even 
when a lesion such as corneal opacity was eliminated 
altogether. Moreover, while rinsing was generally fol­
lowed by a rapid reduction or even reversal of the 
injuries, it was found in another study on a product in 
the slightly irritant category that rinsing appeared to 
promote a slight increase in the irritation, especially 
the conjunctival enanthema (Guillot, 1978).

Advantage of using six rabbits

The considerable number of test substances (25 out 
of 56) that appeared in a different irritancy category 
when the MOI was calculated on the readings from 
three rather than six animals or from one set of three 
animals rather than the other indicated that it is 
essential to carry out ocular irritation tests in groups

of six rabbits, if reliable results and good reproducibi­
lity are to be attained.

Influence of pH

The high degrees of irritancy associated with sub­
stances with a pH below 2 or above 10 confirmed the 
recommendation in the AFNOR and OECD proto­
cols that acidic (pH <2) substances should not be 
tested and, although no material with a pH as high as 
1T5 was tested, indicated some support for the similar 
recommendation on strongly alkaline (pH >11-5) 
substances (Table 1 ).

Influence of physical state

No consistent or significant differences were noted 
between the results obtained with powders, granules 
or pulverized crystals and those obtained with liquids, 
semi-liquids or pastes. However, when powders were 
tested, a slight corneal opacity was sometimes caused 
by mechanical irritation of the eyeball. We considered 
that this development depended on the hardness of 
the test material. This observation has been made 
with other slightly irritant products, including certain 
cosmetics (Guillot, Giauffret & Martini, 1979; Guil­
lot. Giauffret, Martini et al. 1979, 1980 & 1982; Guil­
lot, Martini & Giauffret, 1977).

Handling precautions

We consider that precise rules for protective 
measures, such as the wearing of glasses, should be 
recommended for the handling of any substance that 
is classified as extremely irritant in the ocular irrita­
tion test in the rabbit and also for substances that 
remain in the severely irritant category in tests involv­
ing rinsing 30-60 sec after the instillation. On this 
basis, such recommendations would apply to 1 1  of the 
56 materials studied, eight (nos 8 , 14, 23, 33. 41, 42, 44 
and 45) in the former category and three (nos 20, 36 
and 46) in the latter.

Conclusions
This comparative study has established (a) that 

groups of six rabbits are necessary for obtaining re­
liable results and good reproducibility, (b) that 60 sec 
appears to be a realistic choice for the time between 
instillation of the test material and rinsing, bearing in 
mind the time required to reach a water supply point 
in the event of accidental contamination of the eye 
and the need for an adequate margin of safety, and (c) 
that for an irritant test substance, observation of the 
reversibility of the lesions over 2-3 wk is required for 
the assessment of its corrosive potential. Moreover, 
our experience has shown that the various ocular irri­
tation indices are not a particularly helpful guide in 
themselves; a graduated scale of irritancy taking into 
account both these indices and the reversibility of the 
lesions seems a preferable basis for the interpretation 
of results.

We consider that the AFNOR protocol best meets 
these criteria and is sufficiently precise to justify the 
expectation that different laboratories testing the 
same compound would draw identical conclusions. 
Moreover this protocol reflects more closely than the 
others the common practical conditions of handling. 
We anticipate that adoption of this protocol would
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assist manufacturers in recommending appropriate 
precautions in the use of their products.

All three protocols depend on subjective readings 
(Weil & Scala. 1971) of macroscopic changes. The 
laboratory carrying out the trials must therefore exer­
cise additional controls to ensure the reproducibility 
and reliability of its assessments. At IFT. technicians 
who are solely responsible for applying the test sub­
stances and reading the irritation (or allergy) studies 
always conduct the examinations ‘blindly’, scores 
obtained at preceding observations being unknown to 
them. The best qualified staff undertake the most im­
portant readings (such as those at 1 and 24 hr). To 
check that all the technicians are reading the lesions 
in the same way, a control is arranged monthly; they 
all examine the same animals and compare their 
results.
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Abstract—Eleven household dishwashing liquids and four household surface cleaners were analysed for 
N-nitroso-N-methyldodecylamine and /V-nitroso-ZV-methyltetradecylamine by gas chromatography with 
detection using a Thermal Energy Analyzer. Both nitrosamines were found in three of the dishwashing 
detergents and one of the surface cleaners. [ l-14C]-N-Nitroso-/V-methyldodecylamine was used to deter­
mine recoveries, which were between 65 and 88%. Levels of A'-nitroso-N-methyldodecyl- 
amine ranged from 112 to 661 ppb and those of N-nitroso-lV-methyltetradecylamine from 46 to 
151 ppb. A simple method was developed to screen the products for A'.N-dimethyldodecylamine-iV- 
oxide, a surfactant ingredient suspected of being the source of these nitrosamines. By application of this 
method it was established that all of the products formulated with this amine oxide contained these two 
nitrosamines, whereas in products that did not contain this ingredient, these nitrosamines were not 
detected.

INTRODUCTION

The methylalkylnitrosamines N-nitroso-IV-methyl- 
dodecylamine (NMDDA) and IV-nitroso-N-methyl- 
tetradecylamine (NMTDA) have been detected in 
hair-care products formulated with the ingredient N,N- 
dimethyldodecylamine-A-oxide (lauramine oxide) 
(Hecht, Morrison & Wenninger, 1982). Lauramine 
oxide and related alkylamine oxides also find wide­
spread use in light-duty liquid dishwashing detergents 
and surface cleaners (Strauss, Waddams & Kamatari, 
1980) and might therefore be a source of nitrosamine 
contamination of these products. Since NMDDA and 
NMTDA are both carcinogenic in laboratory animals 
(Althoff & Lijinsky, 1977; Cardy & Lijinsky, 1980; 
Ketkar, Althoff & Lijinsky, 1981; Lijinsky, Saavedra 
& Reuber, 1981; Lijinsky & Taylor, 1975 & 1978) it is 
important to establish whether household cleaning 
products constitute a source of human exposure to 
these nitrosamines. In this study we have analysed 
several popular dishwashing liquids and liquid 
cleaners for household use and have demonstrated 
that NMDDA and NMTDA are present in some of 
these products.

Many of the products analysed contained no de­
tectable NMDDA or NMTDA. Since in most cases 
the products did not list their ingredients, we did not 
know which products were formulated with laur­
amine oxide and which were not. To test our hypoth­

*This publication is dedicated to the founder of the 
American Health Foundation. Dr Ernst L. Wynder, on 
the occasion of the 10th anniversary of the Naylor Dana 
Institute for Disease Prevention.

Abbreviations: GC = Gas chromatography; MS = mass 
spectrometry; NMDDA = N-nitroso-N-methyldodecyl- 
amine; NMTDA = N-nitroso-A’-methyltetradecyl- 
amine; TEA = Thermal Energy Analyzer.

esis that only those products formulated with laur­
amine oxide would contain the nitrosamines we de­
veloped a simple method to screen for the presence of 
lauramine oxide.

EXPERIMENTAL

Apparatus. Gas chromatography (GC) with nitros- 
amine-selective detection was performed at an oven 
temperature of 210°C using a Hewlett-Packard Model 
700 gas chromatograph connected by means of the 
Brunnemann modification to a Model 543 Thermal 
Energy Analyzer (TEA, Thermo Electron Corp., Wal­
tham, MA; Brunnemann & Hoffmann, 1981). The GC 
column was a 12 ft x 2 mm ID glass tube filled with 
10% UCW-982 on Gas-Chrom Q 80/100 from 
Applied Science Laboratories, Inc. (State College, 
PA). GC for the lauramine oxide test was done with a 
Hewlett-Packard Model 5710A gas chromatograph 
equipped with a flame-ionization detector and a 
10 ft x 2 mm ID glass chromatography column 
packed with 3% OV-101 on Gas-Chrom Q 100/120, 
also from Applied Science Laboratories, Inc. The 
oven was temperature programmed to hold at the 
initial temperature of 85‘C for 4 min and then in­
crease by 4°C/min until it reached 150=C. The injec­
tion port and detector were both at 250CC. Gas chro­
matography-mass spectrometry (GC-MS) was ac­
complished with a Hewlett-Packard Model 5982A 
mass spectrometer using this same GC column. For 
photolysis of nitrosamines, a Model UVSL-25 Miner- 
alight Lamp from Ultraviolet Products, Inc. (San 
Gabriel, CA) was operated at 366 nm. A Beckman 
LS-9000 Liquid Scintillation System (Beckman 
Instruments, Inc., Irvine, CA) was used for the liquid 
scintillation counting.
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Materials. C le a n in g  p r o d u c ts  w e r e  p u r c h a se d  in  
re ta il s to r e s  a n d  a re  r e p r e s e n ta tiv e  o f  p o p u la r  b r a n d s  
n o w  a v a ila b le . iV -M e th v ld o d e c y la m in e  w a s  o b ta in e d  
fro m  P fa ltz  a n d  B au er . In c . (S ta m fo r d . C T ) a n d  N.N- 
d im e th y ld o d e c y la m in e  fro m  A lfa  P r o d u c ts  (D a n v e r s .  
M A ) a n d  w e r e  u se d  w ith o u t  p u r if ic a t io n . A G 1 -X 8  
2 0 -5 0  M e s h  a n a ly tic a l g ra d e  a n io n  e x c h a n g e  resin , 
fro m  B io -R a d  L a b o r a to r ie s  (R ic h m o n d . C A ). w a s  
u se d  in  th e  h y d r o x id e  form . T h e  sy n th e s e s  o f  N - n it r o s o -  
N -m e th y ld o d e c y la m in e . iV -n itr o s o -N -m e th y lte tr a d e -  
c y la m in e  a n d  [ l - 14C ] -N - n it r o s o - N -m e t h y ld o d e c y l-  
a m in e )  [ 1 - 14C ] N M D D A )  h a v e  b e e n  d e sc r ib e d  (H e c h t  
et al. 1982). 1 - D o d e c e n e  w a s  k in d ly  p r o v id e d  b y  D r  J. 
M o r r is o n  o f  th e  A m e r ic a n  C y a n a m id  C o m p a n y . S ilic a -  
g e l w a s B a k er  A n a ly z e d  g ra d e . 4 0  140 m esh , from  
B a k er  C h e m ic a l C o . (P h ill ip s b u r g . N J). a n d  th in -la y er  
c h r o m a to g r a p h y  (T L C ) p la te s  w ere  0  25  m m  s ilic a -g e l  
6 0  F -2 5 4  fro m  E M  L a b o r a to r ie s  (E lm sfo rd , N Y ). 
S c in t i-P r e p  2 for  L S C  a n d  a s c o r b ic  a c id  w ere  from  
F ish er  S c ie n t if ic  C o m p a n y  (F a ir  L a w n . N J). A ll s o l­
v e n ts  w e r e  o f  sp e c tr a l p u rity .

Quantitatin’ analysis for NMDDA and NM T DA  in 
household cleaning products. T h e  a n a ly t ic a l p r o ced u re ,  
w h ic h  in v o lv e s  th e  u se  o f  a s c o r b ic  a c id  to  in h ib it  a rte-  
fa c tu a l fo r m a t io n  a n d  [ 1 - 14C ] N M D D A  a s  in tern a l 
s ta n d a r d , w a s  id e n tic a l to  th a t  d e sc r ib e d  for a n a ly s is  
o f  h a ir -ca re  p r o d u c ts  (H e c h t  et al. 1982). N M D D A  
a n d  N M T D A  w ere  d e te r m in e d  u s in g  th e  G C - T E A .  
c o r r e c tin g  for r e c o v e r ie s  o f  [ 1 - ' 4C ] N M D D A .

Photolysis experiments. T h e  p r o c e d u r e  for  p e r fo r m ­
in g  p h o to ly s is  o f  th e se  sa m p le s  is  a ls o  d e sc r ib e d  in  
H e c h t  et al. 1982.

Analysis by GC-MS. T w o  1 0 -g  b a tc h e s  o f  o n e  
p r o d u c t  (P r o d u c t  A ) w ere  p rep a red  a s  for th e  q u a n ti­
ta tiv e  a n a ly s is . T h e  r e su ltin g  s o lu t io n s  w ere  c o m b in e d  
a n d  a p p lie d  to  fo u r  2 0  x  2 0  c m  T L C  p la te s  a n d  
d e v e lo p e d  in  c h lo r o fo r m  r. N M D D A  sta n d a rd . T h e  
b a n d s  c o r r e s p o n d in g  to  N M D D A  w ere  sc ra p ed , c o m ­
b in ed  a n d  e x tra c ted  b y s o n ic a t io n  in m e th a n o l. T h is  
ex tr a c t  w a s  filtered  a n d  e v a p o r a te d  to  d r y n e ss  w ith  a 
ro tary  e v a p o r a to r  a t 4 5 ‘C . T h e  r e s id u e  w a s  re d is ­
s o lv e d  in  c h lo r o fo r m  a n d  a n a ly se d  b y G C - M S .  T h e  
G C  o v e n  te m p e r a tu r e  w a s  p r o g r a m m e d  fro m  120  to  
2 5 0  C  at 1 m in .

Lauramine oxide test. A  5 -g  sa m p le  o f  p r o d u c t  w a s  
st ir red  for 3 m in  w ith  100 m l 70%  a q u e o u s  e th a n o l  
a d ju s te d  to  p H  9 - 1 0  w ith  1 0 N - N a O H . A  2 5 -g  p o r ­
t io n  o f  A G 1 -X 8  a n io n  e x c h a n g e  res in  in  h y d r o x id e  
form , d a m p  w ith  m e th a n o l, w a s  w e ig h e d  o u t  a n d  
a d d e d  to  th e  m ix tu re . A fter  s t ir r in g  for  3 0  m in , th e  
m ix tu re  w a s  f iltered  a n d  c o n c e n tr a te d  to  d r y n e ss  b y  
ro tary  e v a p o r a t io n  at 5 5  C . T h e  re s id u e  w a s  d is s o lv e d  
in  0 -5 -2  0  m l o f  M e O H . A liq u o ts  o f  th e se  s o lu t io n s  
w ere  th en  a n a ly se d  b y  G C .

RESULTS

F ig u r e  1 s h o w s  a  G C - T E A  c h r o m a to g r a m  ty p ic a l  
o f  a  p r o d u c t  c o n ta in in g  N M D D A  a n d  N M T D A . In 
e a c h  c a s e  w h e r e  p o s it iv e  v a lu e s  are  r e p o r te d , th e  in d i­
c a te d  c o m p o n e n t s  c o e lu te d  w ith  s ta n d a r d  N M D D A  
a n d  N M T D A  w h e n  c o in je c te d . F u r th e r m o r e , e a c h  o f  
th e  ‘p o s it iv e '  sa m p le s  e x h ib ite d  a  lo s s  o f  T E A  re­
s p o n s e  for N M D D A  a n d  for N M T D A  w h e n  re in ­
je c te d  fo llo w in g  ir r a d ia t io n  w ith  u ltr a v io le t  lig h t, a  
c h a r a c te r is t ic  r e a c t io n  o f  /V -n itro so  c o m p o u n d s

Time , min
Fig. 1. GC-TEA chromatogram of NMDDA and 
NMTDA in a household dishwashing liquid.

(K ru ll, G o ff , H o ffm a n  &  F in e . 1979). O n e  sa m p le  
(p r o d u c t  A , sa m p le  2 ) w a s  p rep a red  o n  a  larg er  sc a le  
for a n a ly s is  b y  G C - M S .  a n d  th e  id e n t it ie s  o f  
N M D D A  a n d  N M T D A  w ere  co n f ir m e d  by c o m p a r i­
so n  to  s ta n d a r d  sp e c tr a  (H e c h t  et al. 1982).

T o  te st  th e  r e p r o d u c ib il ity  o f  th is  a n a ly t ic a l p r o ­
ced u r e , a  r e p lic a te  a n a ly s is  o f  o n e  sa m p le  (p r o d u c t  A , 
sa m p le  1 ) w a s  p er fo r m e d :  th e  re su lts  a re  s h o w n  in  
T a b le  1. T o  te st  for p o s s ib le  a r te fa c t  fo r m a t io n  in  th e  
a n a ly tic a l p r o c e d u r e  d e sp ite  th e  u se  o f  a s c o r b ic  a c id  
to  in h ib it  n itr o s a t io n , o n e  p r o d u c t  (p r o d u c t  A , sa m p le  
I) w a s  a n a ly se d  after  th e  a d d it io n  o f  1 m g  e a c h  o f  
N - m e th y ld o d e c y la m in e  a n d  s o d iu m  n itr ite . T h e  
a m o u n ts  o f  N M D D A  a n d  N M T D A  fo u n d  w ere  
w ith in  th e  l im its  o f  e x p e r im e n ta l erro r  s h o w n  in  T a b le
1. T h u s , th e  le v e ls  o f  N M D D A  a n d  N M T D A  
re p o r te d  h ere  c a n n o t  b e  e x p la in e d  b y  a r te fa c tu a i fo r ­
m a tio n  o f  th e  c o m p o u n d s .

P r o d u c ts  w e r e  a ls o  a n a ly se d  to  e s ta b lis h  w h e th er  
th e y  w e r e  fo r m u la te d  w ith  la u r a m in e  o x id e . T h e  lau r-  
a m in e  o x id e  test w a s  c o n s id e r e d  p o s it iv e  w h e n  th e  
c h r o m a to g r a m  in d ic a te d  th e  p r e se n c e  o f  b o th  1- d o d e -  
ce n e , a p y r o ly s is  p r o d u c t  o f  la u r a m in e  o x id e , a n d

Table 1. Reproducibility of analyses for NMDDA and 
NMTDA in household dishwashing liquids

Analysis no.

Recovery of 
[ 1 4 C]NMDDA 

(°„1

NMDDA NMTDA 
(ppb) (ppb)

1 8 6 269 93
2 96 292 1 0 1

3 82 307 117
4 8 6 274 6 6

5 83 302 6 6

Mean
Standard

87 289 89

deviation 6 17 2 2
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Table 2. NMDDA and NMTDA in household cleaning products

Product code Type

Concentration (ppb)*
Lauramine 
oxide testNMDDA NMTDA

A lt LDWD 289 89 +
A2+ LDWD 661 151 +
B LDWD 254 67 +
C LDWD 471 108 +
D LDWD ND ND -

E LDWD ND ND -

F LDWD ND ND —

G LDWD ND ND —

H LDWD ND ND —

J LDWD ND ND —

K LDWD ND ND —

L LDWD ND ND —

M SC 1 1 2 46 +
N SC ND ND —

P SC ND ND —

Q SC ND ND -

LDWD = Liquid dishwashing detergent SC = Surface cleaner with 
mild abrasive

ND = Not detected (detection limits; NMDDA, 15 ppb; NMTDA, 
2 0  ppb

*[1-14C]NMDDA was used as internal standard. 
tTwo different bottles of product A.

lV ,./V -d im eth y ld o d ec y la m in e  ( D M D D A ) ,  th e  p recu rso r  
in  th e  in d u s tr ia l s y n th e s is  o f  la u r a m in e  o x id e , a t  le v e ls  
g rea ter  th a n  10 0  p p m  (L ew , 1 9 6 4 ; S tr a u ss  e t  a l. 1980). 
U n d e r  th e se  G C  c o n d it io n s , th e  r e te n t io n  t im e s  o f
1 -d o d e c e n e  a n d  D M D D A  w e r e  13-9 a n d  45  0  m in . 
O n e  s a m p le  w a s  a n a ly s e d  u n d e r  th e se  G C  c o n d it io n s  
b y  G C - M S . T h e  m a s s  sp e c tr a  o f  th e  c o m p o u n d s  e lu t ­
in g  a t th e  r e te n t io n  t im e s  o t 1-d o d e c e n e  a n d  
D M D D A  w e r e  id e n tic a l to  th o s e  o f  th e  sta n d a rd s.

T a b le  2  l is t s  th e  r e s u lts  o f  th e  a n a ly s e s  o f  e le v e n  
l iq u id  d is h w a s h in g  d e te r g e n ts  a n d  fo u r  h o u s e h o ld  
su rfa ce  c le a n e r s . V a lu e s  for c o n c e n tr a t io n s  o f  
N M D D A  a n d  N M T D A  a re  c o r r e c te d  for r e c o v e r ie s  
o f  [ 1 - 14C ] N M D D A ,  w h ic h  ra n g e d  fro m  65  t o  8 8 %. 
T a b le  2 a ls o  in d ic a te s  w h ic h  p r o d u c ts  w ere  fo u n d  to  
b e  fo r m u la te d  w ith  la u r a m in e  o x id e . A ll th r ee  d is h ­
w a s h in g  l iq u id s  a n d  th e  su r fa ce  c le a n e r  th a t  w ere  
f o u n d  to  b e  fo r m u la te d  w ith  la u r a m in e  o x id e  w ere  
a ls o  fo u n d  to  c o n ta in  N M D D A  a n d  N M T D A . L e v e ls  
o f  N M D D A  ra n g e d  fro m  112  t o  66 1  p p b  a n d  th o s e  o f  
N M T D A  fro m  4 6  to  151 p p b . N o n e  o f  th e  p r o d u c ts  
w ith o u t  la u r a m in e  o x id e  c o n ta in e d  d e te c ta b le  le v e ls  
o f  N M D D A  o r  N M T D A .

DISCUSSION

T h e  r e s u lts  o f  th is  s tu d y  d e m o n s tr a te  th a t  c er ta in  
h o u s e h o ld  c le a n in g  p r o d u c ts  are  c o n ta m in a te d  w ith  
th e  m e th y la lk y ln itr o s a m in e s  N M D D A  a n d  N M T D A .  
F u r th e r m o r e , th is  s tu d y  s h o w s  th a t in  ev ery  c a s e  
w h e r e  la u r a m in e  o x id e  w a s  a n  in g r e d ie n t, th e  p r o d u c t  
c o n ta in e d  N M D D A  a n d  N M T D A  a n d  in  e v e r y  ca se  
w h e r e  la u r a m in e  o x id e  w a s  n o t  a n  in g r e d ie n t  th e  
n itr o s a m in e s  w e r e  n o t  d e te c ta b le . O n e  h o u s e h o ld  su r ­
fa ce  c le a n e r  a n d  th r ee  d is h w a s h in g  l iq u id s , th e  o n ly  
p r o d u c ts  fo r m u la te d  w ith  la u r a m in e  o x id e , w ere  
fo u n d  to  c o n ta in  N M D D A  a n d  N M T D A . M a s s  sp e c ­
tra l c o n f ir m a t io n  o f  th e  id e n t it ie s  o f  th e  n itr o s a m in e s

w a s  o b ta in e d  fro m  o n e  sa m p le , b u t  a ll fo u r  p r o d u c ts  
g a v e  G C - T E A  tra ces  s im ila r  t o  F ig . 1, w ith  p o s it iv e  
r e s p o n s e s  for b o th  N M D D A  a n d  N M T D A . T h e s e  
p e a k s  in c r e a s e d  o n  c o in je c t io n  w ith  th e  s ta n d a r d  c o m ­
p o u n d s  a n d  d e c r e a s e d  after  p h o to ly s is .  E le v e n  o th e r  
p r o d u c ts , n o t  fo r m u la te d  w ith  la u r a m in e  o x id e , g a v e  
n o  T E A  r e s p o n s e s  for  e ith e r  N M D D A  o r  N M T D A .

L a u r a m in e  o x id e  is  o n e  o f  a  c la s s  o f  c o m p o u n d s  
k n o w n  a s  fa tty  a m in e  o x id e s , th a t  a re  c o m m e r c ia lly  
u se fu l d u e  to  th e ir  su r fa c ta n t p r o p e r t ie s . N M D D A  
a n d  N M T D A  h a v e  p r e v io u s ly  b e e n  d e te c te d  a s  im ­
p u r it ie s  in  s o m e  h a ir -ca re  p r o d u c ts  fo r m u la te d  w ith  
la u r a m in e  o x id e  (H e c h t  e t  a l. 1982 ). H o w e v e r , b y  far 
th e  g r e a te s t  u se  o f  fa tty  a m in e  o x id e s  is  in  l ig h t-d u ty  
l iq u id  d is h w a s h in g  d e te r g e n ts . O n e  so u r c e  e s t im a te s  
th a t  3 0  m ill io n  p o u n d s  o f  a lk y ld im e th y la m in e  o x id e  
w a s  c o n s u m e d  in  th e  U n ite d  S ta te s  in  1977 , 77%  o f  
w h ic h  w a s  in c o r p o r a te d  in to  l ig h t-d u ty  l iq u id  d is h ­
w a s h in g  d e te r g e n ts  (B ra d ley , 1978). A lth o u g h  c o m ­
m er c ia l p r e p a r a t io n s  o f  a m in e  o x id e s  are  g e n e r a lly  
m ix tu r e s  o f  d ifferen t a lk y l c h a in - le n g th s , la u r a m in e  
o x id e  ty p ic a lly  p r e d o m in a te s , u s u a lly  a c c o u n t in g  for  
a t le a s t  h a lf  o f  th e  a m in e  o x id e  o n  a  m a s s  b a s is  
(T u ra n  &  G ib s o n , 1981). In  th e  lig h t  o f  th is  w id e ­
sp re a d  u se  o f  la u r a m in e  o x id e , th is  s tu d y  in d ic a te s  
th a t  h o u s e h o ld  d is h w a s h in g  l iq u id s , in  a d d it io n  to  
h a ir -ca re  p r o d u c ts , m u st  b e  c o n s id e r e d  a s  a  so u r c e  o f  
h u m a n  e x p o s u r e  to  N M D D A  a n d  N M T D A .

T h e  so u r c e  o f  th is  n itr o s a m in e  c o n t a m in a t io n  is n o t  
y e t  cer ta in . A m in e  o x id e s  h a v e  p r e v io u s ly  b een  sh o w n  
to  y ie ld  n itr o s a m in e s  w h en  tr ea ted  w ith  a su ita b le  
n itr o s a t in g  a g en t. S m ith  &  L o e p p k y  (1 9 6 7 ) fo u n d  th a t  
N -n itr o s o d ib e n z y la m in e  w a s  fo r m e d  fro m  tr ib en zy l-  
a m in e -/V -o x id e  a n d  n itr o u s  a c id . T h e  r e a c t io n  o f  tri- 
m e th y la m in e -N -o x id e  a n d  s o d iu m  n itr ite  in  a q u e o u s  
a c id  g iv e s  J V -n itr o so d im e th y la m in e  (L ij in sk y , K eefer , 
C o n r a d  &  V a n  d e  B o g a r t , 1 972 ; L ij in sk y  &  S in g er ,
1973). A ls o , in  m o d e l s tu d ie s , w e  fo u n d  N M D D A
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w h e n  s o d iu m  n itr ite  w a s  rea c te d  w ith  a  c o m m e r c ia l  
p r e p a r a t io n  o f  la u r a m in e  o x id e  (H e c h t  &  M o r r is o n ,  
u n p u b lis h e d  d a ta , 1980). T h u s , it is  p o s s ib le  th a t  la u r­
a m in e  o x id e  in  th e se  d e te r g e n t  p r o d u c ts  r ea c ts  w ith  
s o m e  n itr o s a t in g  a g e n t  to  y ie ld  N M D D A . H o w e v e r , it 
is  a ls o  p o s s ib le  th a t  o th e r  sp e c ie s  are th e  p r e c u r so r s  o f  
th e  n itr o sa m in e s .

A m in e  o x id e s  a re  p r o d u c e d  in d u s tr ia lly  b y  th e  o x i ­
d a t io n  o f  d im e th y la lk y la m in e s  w ith  h y d r o g e n  p er ­
o x id e . T h u s , th e se  ter t ia r y  a m in e s , or  se c o n d a r y  
a m in e  im p u r it ie s , m ig h t  u n d e r g o  n itr o s a t io n . T h is  is  
p a r t ic u la r ly  in te r e st in g  in  th e  l ig h t  o f  a  r ece n t s tu d y  
s h o w in g  th e  fo r m a t io n  o f  A - n it r o s o d ie th a n o la m in e  
fro m  h y d r o g e n  p e r o x id e  a n d  d ie th a n o la m in e  (O n g , 
R u th e r fo rd  &  W ic h , 1981).

W h e n  a d m in is te r e d  b y  g a v a g e  to  S p r a g u e -D a w le y  
o r  F is c h e r  ra ts, N M D D A  g a v e  100%  in c id e n c e  o f  
b la d d e r  tu m o u r s  (L ij in sk y  &  T a y lo r , 1 9 7 5 ; L ij in sk y  &  
T a y lo r , 1978). T h is  c o m p o u n d  a ls o  in d u c e d  p r im a r ily  
b la d d e r  tu m o u r s  in  S y r ia n  h a m s te r s  a n d  liver  
tu m o u r s  in  g u in e a -p ig s  (A lth o ff  &  L ij in sk y , 1 977;  
C a rd y  &  L ijin sk y , 1980). S u b c u ta n e o u s  a d m in is tr a ­
t io n  o f  N M D D A  in  E u r o p e a n  h a m s te r s  in d u c e d  n e o ­
p la s m s  o f  th e  lu n g  a n d  b la d d e r  (K e tk a r  et al. 1981). 
N M T D A  a ls o  in d u c e s  b la d d e r  tu m o u r s  in  F isch er  
rats, b u t  a p p a r e n tly  is  n o t  a s  p o te n t  a c a r c in o g e n  as  
N M D D A  in th is  sp e c ie s  (L ij in sk y  et al. 1981). T h e  
sk in  p e n e tr a b ility  o f  th e se  c o m p o u n d s  h a s  n o t  b een  
stu d ied .
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Abstract—A method was developed for the quantitative analysis of catechol and 4-methylcatechol in 
human urine. [U-14C] Catechol was used as an internal standard. Urine was treated with /i-glucuroni- 
dase and sulphatase, acidified and extracted with ether. The ether extract was silylated and analysed by 
glass capillary gas chromatography. Catechol and 4-methylcatechol occurred in urine primarily as 
conjugates. Levels of catechol and 4-methylcatechol in the urine of nonsmokers on unrestricted diets 
were 10 ± 7-3 (mean ± 1 SD) and 3-4 ± 2-3 mg/24hr, respectively. Nonsmokers on uniform restricted 
diets, in which the intake of plant-derived products was limited, excreted 4-4 ± 1-2 mg catechol and 
81 ± T7 mg 4-methylcatechol/24 hr. Smokers on the same restricted diet excreted 6 - 8  + 3-0 mg catechol 
and 6  1 ± 2-6 mg 4-methylcatechol/24 hr. These results indicate that diet is a major factor in determining 
urinary catechol levels and that the contribution of smoking is comparatively small. Catechol and
4-methylcatechol appear to have different dietary precursors.

INTRODUCTION

C a te c h o l (1 ,2 -b e n z e n e d io l)  is  a n  im p o r ta n t  c o n s t itu ­
en t  o f  c ig a r e tte  sm o k e . I t  o c c u r s  a t  r e la t iv e ly  h ig h  
le v e ls  in  th e  p a r t ic u la te  m a tter  o f  s m o k e  a n d  is  c o -  
c a r c in o g e n ic  w ith  b e n z o [ u ] p y r e n e  o n  m o u s e  sk in  
(B r u n n e m a n n , L e e  &  H o ffm a n n , 1 9 7 6 ; H e c h t , C a r ­
m ella , M o r i  &  H o ffm a n n , 1 9 8 1 ; V a n  D u u r e n  &  
G o ld s c h m id t , 1976). C a te c h o l m a y  th e re fo re  b e  
in v o lv e d  in  th e  t o b a c c o -r e la te d  ca n c e r s , w h ic h  in c lu d e  
c a n c e r  o f  th e  lu n g , o ra l c a v ity , o e s o p h a g u s , p a n c r e a s  
a n d  b la d d e r  ( U S  D e p a r tm e n t  o f  H e a lth  a n d  H u m a n  
S erv ices , 1979). C o m p o u n d s  r e la te d  to  c a te c h o l  a lso  
o c c u r  w id e ly  a s  d ie ta r y  c o n s t itu e n t s .  T h e  w id e sp r e a d  
o c c u r r e n c e  o f  c a te c h o l a s  w e ll  a s  its  c o - c a r c in o g e n ic  
a c t iv ity  p r o m p te d  u s  to  d e v e lo p  a m e th o d  fo r  th e  
a n a ly s is  o f  c a te c h o l  in  h u m a n  u r in e . T h e  p r e s e n c e  o f  
c a te c h o l a s  a  c o n s t itu e n t  o f  h u m a n  u r in e  h a s  b e e n  
r e p o r te d  p r e v io u s ly , b u t  w e  are  n o t  a w a re  o f  a n y  
q u a n tita t iv e  d a ta  (D ir m ik is  &  D a r b r e , 1 9 7 4 ; L e w is , 
K e n y o n , M e ili  &  B u r lin g a m e , 1 9 7 9 ; v o n  E u ler  &  
L is h a jk o , 1959). In  th e  p r e s e n t  r e p o r t , w e  d e sc r ib e  a  
s im p le  g a s -c h r o m a to g r a p h ic  m e th o d  for th e  q u a n ti­
ta tiv e  a n a ly s is  o f  c a te c h o l in  h u m a n  u rin e . T h e  
m e th o d  w a s  u se d  to  a n a ly se  th e  u r in e  o f  sm o k e r s  a n d  
o f  n o n s m o k e r s  o n  re s tr ic te d  a n d  u n restr ic te d  d ie ts . 
T h e  re su lts  in d ic a te  th a t  d ie t  is  th e  m a jo r  fa c to r  in  
d e te r m in in g  u r in a ry  le v e ls  o f  c a te c h o l.

EXPERIMENTAL

A p p a r a tu s .  G a s - l iq u id  c h r o m a to g r a p h y  (G L C ) w a s  
ca rr ied  o u t  w ith  a  H e w le t t -P a c k a r d  m o d e l  5 8 3 0 A  g a s

*This publication is dedicated to the founder of the 
American Health Foundation, Dr Ernst L. Wynder, on 
the occasion of the 10th anniversary of the Naylor Dana 
Institute for Disease Prevention.

Abbreviations: GLC = Gas-liquid chromatography;
GLC-MS = gas-liquid chromatography-mass spectro­
metry.

c h r o m a to g r a p h  e q u ip p e d  w ith  a  m o d e l 1 8 8 3 5 B  c a p il­
la ry  in le t  sy s tem , a  3 0 -m  S P  2 1 0 0  g la s s  c a p illa r y  
c o lu m n  (S u p e lc o  In c., B e lle fo n te , P A ), a n d  a  f la m e  
io n iz a t io n  d e te c to r . T h e  g a s  c h r o m a to g r a p h  w a s  
o p e r a te d  in  th e  sp lit  m o d e  w ith  a sp lit  r a t io  o f  4 0 :1 .  
T h e  o v e n  w a s  h e a te d  w ith  a  te m p e r a tu r e  p r o g r a m m e  
o f  8 0 - 2 3 0 ° C  a t  2 ° /m in . T h e  f lo w  ra te  o f  H e  w a s  
1 m l/m in . G a s - l iq u id  c h r o m a to g r a p h y - m a s s  sp e c tr o ­
m etr y  ( G L C - M S )  w a s  p e r fo r m e d  w ith  a  H e w le t t -  
P a c k a r d  M o d e l  5 9 8 2 A  in s tr u m e n t  u s in g  th e  sa m e  
c o lu m n  a n d  c o n d it io n s . I n c u b a t io n s  w e r e  ca rr ied  o u t  
u s in g  a L a b -L in e  o r b ita l  sh a k er  (1 5 0  r p m ; L a b -L in e  
In s tr u m e n ts  Inc., M e lr o s e  P a rk , IL ) w h ic h  w a s  
e n c lo s e d  in  a  L a b -L in e  Im p er ia l II in c u b a to r . S c in til­
la t io n  c o u n t in g  w a s  ca rr ied  o u t  u s in g  a  N u c le a r  
C h ic a g o  C o rp . (D e s  P la in e s , IL ) I s o c a p  3 0 0  sy s te m .

R e a g e n ts .  E th er  p r eserv ed  w ith  b u ty la te d  h y d r o x y -  
to lu e n e  w a s  o b ta in e d  fro m  S c ie n t if ic  P r o d u c ts  
(M c G a w  P a rk , IL ). C a te c h o l a n d  4 - m e th y lc a te c h o l  
w e r e  o b ta in e d  fro m  A ld r ic h  C h e m ic a l C o . (M il­
w a u k e e , W I). R e g is il  R C -2  [b is (tr im e th y ls ily l) tr if lu o r o -  
a c e ta m id e  p lu s  1% t r im e th y lc h lo r o s i la n e ]  w a s  
o b ta in e d  fro m  R e g is  C h e m ic a l C o m p a n y  (M o r to n  
G r o v e , IL). /I -G lu c u r o n id a s e  ty p e  H - l  w a s  p u r c h a se d  
fro m  S ig m a  C h e m ic a l C o . (St. L o u is , M O ). [ U - 14C ] -  
C a te c h o l (2-5 m C i/'m m o l) w a s  o b ta in e d  fro m  N e w  
E n g la n d  N u c le a r  (B o s to n , M A ).

S e p a ra tio n  o f  p h en o l co m p o u n d s. P h e n o l ,  c a te c h o l ,  
r e s o r c in o l a n d  h y d r o q u in o n e  w ere  o b ta in e d  fro m  
F is h e r  S c ie n t if ic  C o m p a n y , S p r in g fie ld , N J  a n d  o-, m- 
a n d  p -c r e so l, 2 ,3 - a n d  2 ,6 -d im e th y lp h e n o l,  m - a n d  
p -e th y lp h e n o l, p -h y d r o x y a n is o le  a n d  3- a n d  4 -m e th y l­
c a te c h o l w e r e  o b ta in e d  fro m  A ld r ic h  C h e m ic a l C o ., 
In c , M ilw a u k e e , W I. P y r o g a llo l  w a s  p u r c h a se d  from  
I C N /K  a n d  K , L ife  S c ie n c e s  G r o u p , P la in v ie w , N Y .  
A liq u o ts  (1 0 0 -3 0 0  n g ) o f  th e se  c o m p o u n d s , a s  th e ir  
tr im e th y ls ily l  d e r iv a t iv e s , w e r e  se p a r a te d  b y  g la ss  c a ­
p illa r y  g a s  c h r o m a to g r a p h y  u n d er  th e  c o n d it io n s  

d e ta ile d  a b o v e .
U r in e  sa m p le s . T w e n ty - fo u r -h o u r  u r in e  sa m p le s
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Time, min
Fig. 1. Separation of some phenolic compounds, as their 
trimethylsilyl derivatives, by glass capillary gas chroma­
tography (for conditions see Experimental section). The 
peaks identified were as follows: (1) phenol, (2) o-cresol, (3) 
m-cresol, (4) p-cresol, (5) 2.6-dimethylphenol, (6 ) p-hydroxy- 
anisole, (7) m-ethylphenol, (8 ) p-ethylphenol, (9) 2,3-di- 
methylphenol, (10) catechol, (11) resorcinol, (12) 4-methyl- 
catechol, (13) 3-methylcatechol, (14) hydroquinone, (15) 
pyrogallol.

were obtained from 17 healthy male volunteers, who 
ranged in age from 20 to 56 yr and in weight from 55 
to 77 kg.

Urine samples were collected from 11 of the volun­
teers (all nonsmokers) who ate an unrestricted diet. 
Seven volunteers who were nonsmokers were given 
restricted diets for 2 days prior to and during a 24-hr 
urine collection. Breakfast and lunch were served in 
the cafeteria of the Naylor Dana Institute for Disease 
Prevention. Breakfast consisted of a ham and egg 
sandwich and milk or water. Lunch was a tuna-fish 
sandwich on the first day, a turkey sandwich on day 
2, and a roast beef sandwich on day 3 with milk, 
water or a non-fruit soft drink. The dinners consisted 
of broiled chicken with rice, a roll and coffee cake 
(day 1 ), spaghetti with tomato sauce and cheese, and 
chocolate ice cream (day 2 ), and steak with rice, 
bread, and cheesecake (day 3). Beverages taken with 
dinner were restricted to beer, milk, water or a non­
fruit soft drink. There was no consumption of fresh 
fruits, vegetables, coffee, tea, wine or fruit juices. Five 
of the volunteers who were smokers followed the 
same restricted diet and smoked a recorded number

Time, min
Fig. 2. Gas chromatogram of the catechol fraction of 
human urine. The peaks were identified by combined 
GLC-MS as (1) phenol, (2) p-cresol, (3) catechol. (4) 
4-methylcatechol. (5) hydroquinone, (6 ) p-hydroxyphenyl- 
acetic acid.

Table 1. Replicate analysis of catechols in human urine

Replicate

Urinary catechols (mg/24 hr)

Catechol 4-Methylcatechol

1 16-3 3-4
2 15-8 4-5
3 14-8 3-7
Mean + 1 SD ... 15-6 + 08 3-9 ± 06

Urine was obtained from a smoker on an unrestricted diet. 
The urinary catechols were present predominantly as con­
jugates, and levels were determined by the isotope dilution 
method.

of typical US 85-mm non-filter cigarettes for the 2 
days prior to and during the day of the 24-hr urine 
collection.

Analysis of human urine for conjugated and free 
catechols. Urine was collected in 1-litre polyethylene 
bottles containing 05 g ascorbic acid and 10 ml 1 n- 
HC1. Samples were processed immediately after the 
collection. For the analysis for conjugated catechols a 
50-ml aliquot was removed, placed in a 125-ml Erlen- 
meyer flask, and adjusted to pH 5 with 2% aqueous 
N aH C 0 3 ,o r3  n-HCI. [U -1 4 C]Catechol(l x 105 dpm) 
in 1 ml ether (as an internal standard) and 160,000 U 
/I-glucuronidase (type H-l containing 7400 U sulpha­
tase activity) were added. The mixture was incubated 
and continuously shaken overnight at 37°C, and then 
adjusted to pH 2 with 3 n-HCI and extracted three 
times with equal volumes of ether. The ether layers 
were combined, swirled with 15 g N a 2 S 0 4, decanted, 
and then dried further with N a 2 S 0 4. The mixture 
was filtered through a Buchner funnel and brought to 
near dryness under reduced pressure at 25°C. The 
residue was redissolved in CH 3CN and the volume 
adjusted to 2-0 ml. A OT-ml aliquot was used to deter­
mine recovery of 1 4 C-activity. A second OT-ml aliquot 
was silylated by heating with 0-2 ml Regisil RC-2 and 
0T ml CH 3CN in a 1-ml Reach vial (Pierce Chemical 
Co., Rockford, IL) at 80°C for 1 hr. A 3-pl aliquot of 
this silylation mixture was analysed by GLC. Peaks 
were quantified by comparison with standard curves 
for silylated catechol and 4-methylcatechol, and levels 
of catechol and 4-methylcatechol in urine were calcu­
lated by the isotope dilution method.

For the analysis of urine for free catechols the pro­
cedure was identical to that described above except 
that a 1 0 0 -ml aliquot of urine was used and the enzy­
matic hydrolysis was omitted.

RESULTS

An excellent separation of several phenolic com­
pounds, as their trimethylsilyl ethers, was obtained on 
a glass capillary column as shown in Fig. 1 . Of 
particular interest in relation to this study were the 
separations of three benzenediol isomers—catechol, 
resorcinol and hydroquinone—and of 3 - and 4 - 
methylcatechol. A typical gas chromatogram of the 
catechol fraction of human urine is illustrated in 
Fig. 2. The numbered peaks were identified by their 
retention times and by GLC-MS as phenol (peak 1), 
p-cresol (2), catechol (3), 4-methylcatechol (4), hydro­
quinone (5) and p-hydroxyphenylacetic acid (6 ).
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Data from a triplicate analysis for catechol and
4-methylcatechol in a 24-hr sample collected from a 
smoker who was consuming an unrestricted diet are 
presented in Table 1. Recovery of [U -1 4 C]catechol 
was in the range 60-80%. The limit of detection was 
approximately 0-5 ppm, or 0-5 mg of either catechol or
4-methylcatechol per 24-hr urine collection. Analysis 
of urine that had not been treated with /5-glucuroni- 
dase and sulphatase revealed that the levels of free 
catechol represented 1-5% of the total.

Levels of catechol and 4-methylcatechol in the 
urine of the nonsmoking volunteers on restricted and 
unrestricted diets are presented in Table 2. Amongst 
those given the unrestricted diet a wide variation was 
observed. Catechol levels ranged from 1-2 to 30 mg/ 
24 hr (1-6-32 ppm) and 4-methylcatechol levels ranged 
from undetectable to 7-2 mg/24 hr (up to 8-7 ppm). In 
contrast, narrower ranges of values were observed for 
both catechol and 4-methylcatechol when the diets 
were restricted and uniform (2-5—5-9 mg catechol/ 
24 hr, 6-6-11 mg 4-methylcatechol/24 hr). Among these 
nonsmokers the ratio of catechol to 4-methylcatechol 
was > 1 in every sample from donors on the unre­
stricted diet but was <  1 in every sample from donors 
on restricted diets.

Table 3 presents levels of catechols in the urine of 
smokers on the same restricted diet as the donors in 
Table 2. The mean level of catechol (6 - 8  mg/24 hr) was 
somewhat higher than that for the nonsmokers on the 
restricted diet (4-4 mg/24 hr) and the catechol levels 
for donors 16 and 17 who were heavy smokers were 
higher than those of any of the other donors on the 
restricted diet. The mean level of 4-methylcatechol in 
the urine of the smokers (6-1 mg/24 hr) was slightly 
lower than that of the nonsmokers on the restricted 
diet (8-1 mg/24 hr).

DISCUSSION

The present method was designed to avoid alkaline 
conditions, under which catechol is unstable. Urine 
was collected in acid, and ascorbic acid was added as 
an antioxidant. The combination of capillary GLC 
and silylation produced excellent resolution of the 
phenolic compounds found in urine.

Our choice of the type and amount of enzyme to 
use in the enzymatic hydrolysis step was based on a 
previous study in which /5-glucuronidase type H-l, 
which has sulphatase activity, was shown to be effi-

Table 2. Catechols in the urine of nonsmokers consuming 
unrestricted and restricted diets

Urinary catechols 
(mg/24 hr)

Urine volume 4-Methyl-
Volunteer no. (litres/24 hr) Catechol catechol

Unrestricted diet
1 1-80 1 2 2-7
2 1-25 12 1-5
3 0-74 1-2 ND
4 2-23 4-5 NC
5 0 - 8 8 1 0 3-6
6 2-62 6-3 NC
7 1-48 2 - 6 ND
8 0-71 9-7 4-1
9 1 - 0 2 13 5-8

1 0 0-93 30 7-2
11 0-52 9-6 4-5
Mean ± 1 SD..1-29 ± 0-64 10 ± 7-3 3-4 ± 2-3

Restricted diet
1 0-96 5-9 9-8
2 1-46 4-4 11

3 0-74 2-5 8 - 0

8 0-67 5-0 6 - 6

9 1-09 3-6 7-3
10 1-01 5-8 7-7
12 0-53 3-6 6 - 6

Mean ± 1 SD..0-92 ± 0-31 4-4 ± 1-2 8-1 ± 1-7

ND = Not detected
NC = Not determined due to interfering peak 

Catechols were present predominantly as conjugates and 
levels were determined by the isotope dilution method.

cient in deconjugating catechol in urine samples from 
people who had voluntarily ingested several milli­
grams of catechol (Bakke & Scheline, 1969). When we 
increased the levels of //-glucuronidase type H-l used 
in the hydrolysis step, we did not observe any change 
in catechol levels. Since //-glucuronidase type B-l, 
without sulphatase, was not efficient in deconjugating 
catechol, the major conjugate in human urine would 
appear to be the sulphate (Bakke & Scheline, 1969). 
However, in the rabbit the major conjugate of cate­
chol is apparently the monoglucuronide (Garton & 
Williams, 1948).

The results of this study on a limited number of 
donors indicate that diet is the major factor contri­
buting to catechol levels in human urine. Catechol

Table 3. Catechols in the urine of smokers on restricted diets

Volunteer
no.

No. of 
cigarettes* 

smoked/24 hr

Catechols inhaled (mg/24 hr)+
Urine volume 
(litres/24 hr)

Urinary catechols (mg/24 hr)f

Catechol 4-Methyicatechol Catechol 4-Methylcatechol

13 6 1-6 0-1 1 69 4-4 4-7
14 7 1-9 0-1 1-15 4-1 2-1

15 15 4-0 0-3 1-25 5-1 8 - 0

16 27 73 0 - 6 1-15 11 8 - 2

17 30 8-1 0 - 6 1-44 9-4 7-5
Mean ± 1 SD ... 4-6 + 3-0 0-3 ± 0-3 1-34 ± 0-23 6 - 8  + 3-0 6 -1  + 2 - 6

*Typical 85-mm non-filter US cigarette, containing 272 g% catechol and 21 gg 4-methylcatechol/cigarette in the main­
stream smoke (Brunnemann, Lee & Hoffmann, 1976). 

tBased on standard machine smoking conditions and assuming uniform inhalation among donors.
JUrinary catechols were present predominantly as conjugates and levels were determined by the isotope dilution method.
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levels in the urine of donors who consumed a uniform 
restricted diet were lower than those of donors whose 
diet was not restricted and showed markedly less 
variation between subjects. The restricted diet was 
composed primarily of meat, poultry and carbo­
hydrates. Coffee and tea were not allowed and con­
sumption of fruit and vegetable products was ex­
tremely limited. Thus, these products would appear to 
contain precursors to urinary catechol. This obser­
vation is in agreement with a previous study that 
demonstrated that excretion of catechols in rat urine 
was reduced or eliminated when the rats consumed 
diets free of plant-derived material (Bakke. 1969). 
Several compounds that occur in plants, including 
quinic ac:d, shikimic acid, vanillin and various phe­
nolic acids have been shown to be metabolic precur­
sors of catechol in experimental animals (Booth. Rob­
bins, Masri & DeEds. 1960: Indahl & Scheline. 1973: 
Scheline. 1968; Strand & Scheline. 1975).

The influence of diet on urinary levels of 4-methyl- 
catechol appeared to be opposite to that observed for 
catechol. Dietary restriction resulted in an increase in 
urinary 4-methylcatechol. Apparently, catechol and
4-methylcatechol have different dietary precursors. 
Because of the relatively low levels of 4-methylcate- 
chol in cigarette smoke, the contribution of smoking 
to urinary 4-methylcatechol is negligible.

The levels of urinary catechol among smokers on 
the restricted diet appeared to increase in proportion 
to the amount of catechol inhaled. However, the 
amounts of urinary catechol that can be attributed to 
smoking are insignificant when compared to those 
found among nonsmokers on normal, unrestricted 
diets. Thus, catechol derived from tobacco smoke is 
not likely to be a causative factor in bladder cancer 
induced by smoking.

Catechol is a potent co-carcinogen with benzo[a]- 
pyrene on mouse skin (Hecht et al. 1981; Van 
Duuren & Goldschmidt. 1976). The co-carcinogenic 
potential of catechol sulphate or glucuronide to the 
urinary bladder has not been investigated. Assays to 
determine whether catechol and its conjugates are 
co-carcinogenic with urinary bladder carcinogens such 
as jV-nitroso-/i-butyl-jV-(4-hydroxybutyl)amine and 2- 
naphthylamine would be appropriate. These studies 
are necessary in order to assess the potential roles of 
urinary catechol and 4-methylcatechol as causative 
factors in human bladder cancer.
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Abstract--Following oral administration of l4 C-labelled octyl gallate in a single dose of 15mg/kg to 
female rats, only 20-30% of the radioactivity administered was detected in the tissues, while 60-80% of 
the dose was found in the contents of the gastro-intestinal tract up to 12 hr after administration. Isotope 
dilution analysis demonstrated the presence of the unchanged ester in the tissues. In the liver, the highest 
concentration of the ester demonstrated was 1-6 pg/g. in a rat killed 10 min after treatment. In the 24 hr 
following ip administration of labelled octyl gallate. about 91% of the administered radioactivity was 
recovered. Most of this was in the form of metabolites, only 9% being accounted for as unchanged ester.

In trod u ction

Octyl gallate (the /¡-octyl ester of 3,4.5-trihydroxy- 
benzoic acid) is a synthetic antioxidant which is 
added to human food to inhibit the autoxidation of 
lipids. Although it has been used in this way for a 
number of years (Council of the European Com­
munities, 1970; Joint FAO/WHO Expert Committee 
on Food Additives, 1962) there is little information on 
its fate in mammals. Only van Esch (1955) has de­
scribed an experiment in which octyl gallate was 
given to rats. Gallic acid and some unidentified phe­
nolic substances were detected in the animals' excreta 
but quantitative data on the extent of the absorption 
and biotransformation were not reported.

To contribute to an evaluation of the safety of octyl 
gallate as a food additive, we considered it important 
to study its enteral absorption, distribution and bio­
transformation.

E x p er im en ta l

Preparation of test material. [1-1 4 C]Octyl gallate 
(mol wt 282) was prepared by re-esterification of 
1 mmol )(-[l-, 4 C]octanol with a specific activity of
4-32 mCi/m nol with 2 mmol methyl gallate in the 
presence of 05 mmol hydrochloric acid ( =  50 p\ cone, 
hydrochloric acid) at 166 C. The labelled /¡-octanol 
was kindly provided by Dr P. E. Schulze (Schering 
AG, Berlin). The melting point of the synthesized 
ester after recrystallization from diethyl ether was 
93-95°C (cf. 94-95°C, Morris & Riemenschneider, 
1946); GLC and TLC analyses demonstrated >99-9% 
chemical and radiochemical purity, respectively. Prior 
to administration to the rats, the labelled compound 
was diluted with appropriate amounts of non-labelled 
octyl gallate to yield a specific activity of 4T mCi/

Abbreviations: GLC = Gas-liquid chromatography; TLC = 
thin-layer chromatography.

mmol (14-5 /¡Ci/mg) for oral administration and of
3-4 mCi mmol (12/iCi/mg) for ip administration. For 
administration, the ester was dissolved in Tween 80 
(Serva-Technik GmbH, Heidelberg) in a ratio of 1:5 
(w/w) and this solution was mixed with physiological 
saline to yield a final concentration of 1 mg [ l4 C]oc- 
tyl gallate/100 p\ solution. The labelled dose adminis­
tered orally by means of a stomach tube or injected 
amounted to 15mg/kg.

Animals and treatment. Female Wistar rats (from 
the Zentralinstitut fur Versuchstierzucht, Hannover, 
and weighing 130-160 g) were housed in cages fitted 
for the collection of faeces, urine and expired air. 
Urine was collected in a reservoir maintained at 
— 6  C. The rats had unrestricted access to Altromin 
R-10 diet (Altromin GmbH, Lippe) and tap-water. 
Doses of 15 mg [ 1 4 C]octyl gallate were administered 
orally, by stomach tube, or by ip injection. The rats 
were killed by decapitation at various times after 
treatment.

Sampling procedure and isotope measurements. 
Radioactivity in the tissues was determined after dis­
solving 40-70-mg tissue samples in Soluene 350 
(Packard Instrument Co. Ltd. Downers Grove. IL, 
USA). Faeces were homogenized in 2-3 vols 0-5 
N-perchloric acid and the homogenates were extracted 
once with an equal volume of diethyl ether and centri­
fuged. The radioactivity was determined in the or­
ganic and in the aqueous layer, and also in the sedi­
ment after it had been dissolved in Soluene. Gut con­
tents were obtained by washing out the stomach, 
small intestine, caecum and colon with diethyl ether. 
They were processed and assayed for carbon-14 in the 
same manner as were the faeces. Coloured samples 
were bleached with hydrogen peroxide prior to the 
counting of carbon-14.

The content of the unchanged drug in the tissues, 
gut contents, faeces and urine was determined by iso­
tope dilution analysis. To each of the samples, an 
appropriate amount of unlabelled octyl gallate was 
added. Following homogenization in 05  N-perchloric
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Table 1. Recovery of radioactivity in the rat carcass, gut. expired air and 
excreta after administration of [,4C]octyl gallate in a single oral dose of 

15 mg/kg (0-22 mCi/kg)

Sample

Recovery of radioactivity (% of dose) at

1 0  min* 30 min* 6  hr* 1 2  hr*

Carcasst 12-7 9-7 7-0 6-4
Gut wall 13-7 12-4 4-0 2 - 0

Gut contents 740 81-0 65-2 61-0
Expired airJ 0-4 1-8 17-3 19-6
Urinef 0 1 1-1 5-3 6 - 0

FaecesJ RND RND RND RND
Total... 100-9 106-0 98-0 95-1

RND = Radioactivity not detected 
♦Time after treatment; one rat was killed at each time. 
tWhole body minus gastro-intestinal tract and its contents. 
JCollected from treatment until death.

acid the samples were extracted exhaustively with 
diethyl ether and the extracts were evaporated. The 
extracted [ 1 4 C]OG was purified by recrystallization 
in a diethyl ether-/i-pentane ( 1 : 1 , v/v) mixture until 
more than three consecutive samples possessed the 
same specific activity.

The radioactivity eliminated via the lungs was col­
lected by drawing the expired air through 2 N-metha- 
nolic ethanolamine (Kalberer & Rutschmann, 1961). 
To confirm that the expired radioactivity was 
[ 1 4 C ]C 0 2. the collected label was liberated from the 
methanolic ethanolamine solution by hydrochloric 
acid at room temperature and passed in a constant 
nitrogen stream through three flasks containing 
«-hexane, ethanolamine and aqueous barium hydrox­
ide, respectively.

For the determination of retained carbon-14 the 
carcass was dissolved in 2 N-methanolic potassium 
hydroxide (Petroff, Patt & Nair, 1965).

Liquid scintillation counting was performed with a 
Packard Tri-Carb Model 3380. The radioactivity was 
determined after addition of a Triton X-100-scintilla­
tor toluene (1:2, v/v) mixture (Patterson & Greene, 
1965) to the Soluene solutions, to aliquots of the or­
ganic and aqueous layers from homogenate extrac­
tions or to urine. Counting efficiency was determined 
by adding [ 1 4 C]hexadecane (Amersham Buchler 
GmbH & Co. KG, Braunschweig) as an internal stan­
dard.

R esu lts

In order to find out whether octyl gallate was ab­
sorbed enterally, rats were given a single oral dose of 
the 1 4 C-labelled ester. Analyses showed the tissues, 
gastro-intestinal tract, faeces, urine and expired air of 
the animals to contain carbon-14 (Table 1). Expired 
radioactivity was not trapped in n-hexane but was 
trapped quantitatively in both ethanolamine and bar­
ium hydroxide, confirming that all the label was 
present as 1 4 C 0 2. Since this indicated metabolic 
alteration of the ester, isotope dilution analyses were 
performed to distinguish between the parent com­
pound and its breakdown products. Repeated recrys­
tallization of unlabelled octyl gallate added to the 
liver and extracted after homogenization of the tissue

led to nearly constant specific activity values (Table 
2 ), indicating the presence of unchanged labelled ester 
in this organ. From the figures in Table 2 it was cal­
culated that the liver content of [ l4 C]octyl gallate 
determined 1 0  min after administration amounted to
1-6 /zg/g wet tissue. Unchanged [ 1 4 C]octyl gallate was 
also detected in adipose tissue, blood and the wall of 
the gastro-intestinal tract (Table 3). The label not 
attributable to the unchanged compound was inter­
preted as representing metabolites of the ester.

Since octyl gallate had been shown to be absorbed 
from the gut, it was of interest to estimate the extent 
of its biotransformation. Rats were given 15 mg 
[ 1 4 C]octyl gallate/kg ip and were killed after 24 hr. 
Radioactivity and unchanged ester were determined 
in the 24-hr excreta and expired air and in the carcass, 
and about 91% of the administered carbon-14 was 
recovered (Table 4). Isotope dilution analysis showed 
that unchanged ester accounted for the following per­
centages of administered radioactivity: 0 1 % in the 
tissues analysed (blood, liver and adipose tissue), 1% 
in the contents of the gastro-intestinal tract, 1 % in the 
urine and 7% in the faeces. These data suggest that, in 
the 24 hr after treatment, about 9% of the adminis­
tered substance was recovered in its unchanged form

Table 2. Identification and determination of unchanged 
[ ,4C]octyl gallate in the rat liver, by isotope dilution analy­
sis, 10min after oral administration of [ ,4C]octyl gallate 

(15 mg/kg,- 022 mCi/kg)

No. of
recrystallizations

Specific activity 
of [ 14C]OG (dpm/mg)

1 14,400
2 14,200
3 5500
4 3800
5 2 1 2 0

6 1970
7 1960
8 1980
9 2 0 2 0

10-15 1990 + 10t

♦With addition of 100 mg unlabelled octyl gallate to 3 75 g 
liver tissue (wet weight). 

tMean ± 1 SD for six recrystallizations.
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Table 3. Content of unchanged [ MC]octv/ gallate in liter, adipose 
tissue and blood of rats treated orally with [ MC]ocf}7 gallate in a dose 

of 15 mg/kg (022 mCi/kg)

Tissue, fluid

Content of unchanged [ 14C]OG at:

1 0  min* 30 min* 6  hr*

Liver—gg/g 1-6 005 004
—° / f/o' 8 1 1

Adipose tissue—p g /g 0 - 0 2 0-3 005
-% + 8 2 2 7

Blood—p g /m \ ND 0 1 ND
—% t — 5 —

Gut wall—pg /g 107 71 ND
—%t 53 38 —

ND = Not determined
’Time after treatment; one rat was killed at each time. 
tRadioactivity present as the unchanged ester expressed as a percent­

age of the total radioactivity in the sample.

and that by far the major portion of the dose was 
metabolically altered.

Discussion

The fate of octyl gallate in the animal was found to 
be characterized by limited enteral absorption and 
rapid biotransformation. Tissue analyses indicated 
absorption of about 1 0 % of the administered ester, 
but this figure may be more than twice as high if one 
considers the high rate of metabolism. The half-life of 
the ester calculated from the decline in the content of 
octyl gallate in the liver and in the wall of the gastro­
intestinal tract during the 30-min interval after ad­
ministration is estimated to be less than 10 min. We 
presume that the ester undergoes hydrolysis, as 
reported for propyl and lauryl gallate (Booth. Masri, 
Robbins et al. 1959; Dacre, 1960). Support for this 
hypothesis is seen in the expiration of labelled carbon 
dioxide by the [ 1 4 C]octyl gallate-treated rat. It very 
probably indicates cleavage of the ester linkage of 
octyl gallate, followed by biodegradation of octyl

Table 4. Recovery of radioactivity in the rat car­
cass. gut contents, expired air and excreta 24 hr 
after a single ip dose of 15 mg [ MC]ocn7 

yullute/kg (0 18 mCi/kg)

Sample
Recovery of radioactivity 

(% of dose)

Carcass 8-4 + 0-4
Gut contents 5-3 ± 3-8
Expired air* 27-8 + 4-8
Urine* 13-6 + 30
Faeces* 36-3 ± 3-9

Total... 91-4

♦Collected over 24 hr.
Values are means ± 1 SD for groups of three 

rats.

alcohol with rapid formation of labelled CO , from 
the C,-position of the octanol. Additional support for 
this hypothesis was derived from in vitro experiments 
in which OG was found to be hydrolysed enzymati­
cally by homogenates of liver and of small intestine 
(Koss, unpublished observations, 1981). It remains an 
open question, however, whether the micro-organisms 
in the lumen of the gastro-intestinal tract play a role 
in the biotransformation of this ester.

On the basis of the results presented in this study, 
the conclusion can be drawn that the intake of octyl 
gallate used as a food additive should not give rise to 
great toxicological concern. There is no doubt that a 
certain amount of the ester is absorbed from the gut, 
but its biodegradation, which was found to be a rapid 
process, very probably leads to the formation of 
/i-octyl alcohol and gallic acid. These two substances 
are constituents of human food (Acker, Bergner, Die- 
mair et al. 1965) and may have a low toxicity.
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Abstract—The nitrosation of amino acids (sarcosine, proline and 4-hydroxyproline) was investigated in 
model experiments. The compounds were exposed in crystalline form and as aqueous solutions to 
defined concentrations of nitrogen oxides (in the range of 1 - 1 0 0  ppm) in the atmosphere of a reaction 
chamber. Nitrosated amino acids were analysed by GC/TEA after silylation. Generally the extent of 
nitrosation increased with NO, concentration, reaction time and air humidity. Nitrosation of aqueous 
amino acid solutions decreased markedly with increasing pH.

Introduction

Many compounds with secondary amino groups 
are known to form the corresponding N-nitroso com­
pounds by interaction with nitrite in acidic solution. 
While this kind of nitrosation has been investigated 
extensively with respect to exogenous and endogen­
ous formation of carcinogenic N-nitroso compounds, 
relatively few studies on nitrosation by nitrogen 
oxides have been reported. The formation of dialkyl- 
nitrosamines by reaction of amines and nitrogen 
oxides in the gas phase was studied under various 
experimental conditions (Pitts, Grosjean, van Cauw- 
enbergh e t  a l. 1978; Rolle, Gellert & Renner, 1978) 
and the mechanism of nitrosation of amines in sol­
ution by gaseous nitrogen oxides has been investi­
gated (Challis & Kyrtopoulos, 1978 & 1979). Solid 
substances (e.g. amidopyrine) were also found to be 
easily nitrosated in the presence of nitrogen oxides 
(Eisenbrand, Spiegelhalder, Kann e t  a l. 1979). The 
nitrosation of pesticides was studied by exposing 
them as dry powders or as aqueous suspensions to 
N O x in a reaction chamber (Janzowski, Klein & 
Preussmann, 1980). In these model experiments the 
effects of various parameters on the nitrosation yields 
of this group of compounds was investigated.

The study described here was performed to obtain 
more general information on the nitrosation of solid 
substances with N O x. Water-soluble amino acids were 
selected for study because their physico-chemical 
properties differ markedly from those of the almost 
water-insoluble pesticides and because this model 
might, at least to some extent, simulate the situation 
in foods coming into contact with gaseous nitrosating 
agents, for example during direct drying (Spie­
gelhalder, Eisenbrand & Preussmann, 1980). After ex­
posure of the amino acids, sarcosine, proline and
4-hydroxyproline, to N O x, the samples were analysed 
for the N-r.itrosamino acids formed.

Experimental

M a te r ia ls .  Proline. 4-hydroxyproline and sarcosine 
were obtained from Merck AG, Darmstadt. The cor­
responding nitrosated amino acids were available in 
our laboratory; their synthesis and properties have 
been described elsewhere (Lijinsky, Keefer & Loo,
1970). Solvents were of analytical grade. Extrelut was 
obtained from Merck AG, N-methyl-N-trimethylsilyl- 
trifluoroacetamide (MSTFA) from Macherey-Nagel 
Co., Düren, and nitric oxide (NO, 99-8% purity) from 
Messer Griesheim GmbH. Düsseldorf.

R e a c t io n  o f  am in o  a c id s  w ith  n itro g e n  o x id e s .  Dry 
powdered amino acids (01 g) were put in a Petri dish 
and exposed to nitrogen oxides (1 - 1 0 0  ppm) in a reac­
tion chamber described previously (Janzowski e t  al. 
1980), under varying conditions of humidity, time and 
pH. Before exposure aqueous solutions (0T g amino 
acid/2 ml) were adjusted to the desired pH values with 
a citrate buffer (01 M-sodium citrate-01 n-HCI. 4:6 
v/v) for pH 3 and with phosphate buffers containing 
0067 M-Na2 H P 0 4-0067 m-KH 2 P 0 4  in v/v ratios of 
1:99 for pH 5, 61:39 for pH 7 and 96:4 for pH 8 . At 
the selected air flow, a ratio of 2:1 (v/v) for N O /N 0 2 

was established in the reaction chamber and con­
trolled by measuring the actual N 0 2 concentration in 
the chamber using an electrolytic analyser (InterScan, 
Dallas, TX, USA/

I s o la t io n  a n d  d e te r m in a tio n  o f  N -n itr o s a m in o  a c id s  
in th e  r e a c tio n  m ix tu re . A Thermal Energy Analyzer 
(TEA; Thermo Electron Corp., Waltham, MA, USA) 
was used for detection of the nitroso products. Dry 
samples were dissolved in 3 ml 10% sodium ascorbate 
solution (pH 6 ), adjusted to pH 1. saturated with 
sodium chloride and placed on an Extrelut column 
(length 11 cm, ID 2 cm). After addition of 6  ml sodium 
ascorbate solution, the column was eluted with 
30-40 ml ethyl acetate-methanol (9:1, v/v). A
measured aliquot of the organic phase was evapor-

F.C.T. 20/5—G
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Fig. 1. Effect of air humidity on the nitrosation of (a) sarcosine. (b) proline and (c) 4-hydroxyproline 
exposed in powdered form to 100 ppm NO, for 16 hr.

ated to dryness, and then MSTFA (0-2 ml) was added 
for silylation and allowed to react at room tempera­
ture for about 30 min (Eisenbrand, Janzowski & 
Preussmann, 1975). Trimethylsilyl derivatives of the 
nitrosamino acids were analysed by gas chroma­
tography using a TEA detector. Separations were car­
ried out on a glass column (1 - 2  m x 2 - 0  mm) packed 
with 6 % OV-17 on Gas Chrom Q. The oven tempera­
ture was 95°C isothermal for 10 sec. and was then 
programmed to rise by 10;C/min to 200'C; the gas 
flow (argon) was 30 ml/min.

Recoveries were in the range of 90-100% for 
A-nitrososarcosine and A-nitrosoproline and 50-70% 
for A-nitroso-4-hydroxyproline.

Assessment of grain sizes. Mean grain sizes were 
estimated roughly by means of a calibrated ocular 
micrometer according to Batel (1971).

Calculation of results. Nitrosation yields are 
expressed in parts per million of the theoretical yield 
calculated on the amine concentration.

Results and Discussion

At constant humidity, the yields of nitrosamino 
acids from powdered sarcosine, proline and 4- 
hydroxyproline were found to be directly related to 
the N O x concentration. The influence of air humidity 
on the nitrosation of solid amino acids is shown in 
Fig. 1. Nitrosation rates were strongly enhanced by 
an increase in moisture. In contrast, the nitrosation of 
several poorly water-soluble pesticides investigated 
earlier was inversely related to air humidity (Jan­
zowski et al. 1980). Evidently, the effect of air humid­
ity depends on the physico-chemical properties of the 
compounds to be nitrosated. In the case of the only 
slightly water-soluble pesticides a thin layer of water, 
adsorbed onto the surface of the crystals, impairs

gas-solid nitrosation by reducing the direct contact 
with N O x. The hygroscopic amino acids, on the other 
hand, partially dissolve in the absorbed water, and 
therefore are more easily nitrosated as air moisture 
increases. In this situation, nitrogen oxides, which 
also dissolve and hydrolyse in the absorbed water, 
generate nitrosation conditions similar to those in 
aqueous acid.

The dependence of the reaction on time was investi­
gated at N O x concentrations of 100, 20, 10 and 2 ppm. 
The time course of nitrosations with 100 ppm N O x is 
shown in Fig. 2. Solid 4-hydroxyproline was nitro­
sated to a very small extent, compared with sarcosine 
and proline, one possible reason being its larger grain 
size (mean 0 - 8  mm) compared with that of proline 
(0-1 mm) and sarcosine (0-25 mm). It may. however, 
also be speculated that the 4-hydroxy group of 4- 
hydroxyproline could react preferentially with N O x. 
preventing extensive A-nitrosation or leading to an 
O-nitroso-A-nitroso- derivative, which would escape 
the analytical determination. The shape of the graphs 
in Fig. 2 shows that nitrosation of all these amino 
acids increased overproportionally with respect to the 
reaction time. In this respect nitrosation of the amino 
acids differs from that of the previously tested pesti­
cides, which approached saturation after certain times 
of exposure (Janzowski et al. 1980). This difference 
between the two groups of compounds also suggests a 
differential effect of surface water. During the time of 
exposure, hygroscopic amino acids and nitrogen 
oxides partially dissolve in the absorbed water and 
react to form A-nitrosamino acids. This might favour 
further nitrosation by decreasing the pH. With pesti­
cides, however, the absorption of water counteracts 
the nitrosation, as already discussed.

Nitrosation of aqueous amino acid solutions 
exposed to an atmospheric N O x concentration of 
100 ppm is shown in Fig. 3. In contrast to the nitrosa-

o 30 60

Reac t i on  t ime,  hr React i on t ime ,  hr

Fig. 2. Effect of reaction time on the nitrosation of (a) sarcosine, (b) proline and (c) 4-hydroxyproline 
exposed as dry powder to 100 ppm NOx.
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Fig. 3. Effect of pH on the nitrosation of (a) sarcosine, (b) proline and (c) 4-hydroxyproline exposed in 
aqueous solution to 100 ppm NO, for 4 hr.

tion of undissclved amino acids, the nitrosation rates 
obtained in aqueous solution were similar for sarco­
sine, proline and 4-hydroxyproline. Nitrosation in­
creased markedly with decreasing pH, suggesting that 
the nitrosation species is nitrous acid rather than 
nitrogen oxides.

The results of our studies permit a rough esti­
mation to be made of the possible formation of non­
volatile N-nitroso compounds by N O x. Exposure to 
N O x concentrations of 0T-1 ppm, which is the range 
found in the atmosphere (Kellner, 1975), is likely to 
generate N-nkroso compounds in concentrations that 
are at most a few ppm of the quantity of the amine 
itself. Under specific conditions, however, higher N O x 
concentrations will give rise to higher yields of nitroso 
derivatives. The possibility should be taken into con­
sideration when food-drying processes utilizing direct- 
firing techniques are to be used.
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Abstract—Mycoplasma arginini was eliminated from a rat hepatoma cell line (H-4-II-E) by plating at low 
cell density and treatment with Chlortetracycline (250 ¿ig/ml), kanamycin (250 /ig/ml), tylosin (100 /rg/ml), 
3% M. arginini antiserum and 5% fresh guinea-pig serum. The induction of AHH activity in the cell 
culture was measured in response to increasing concentrations of 2,3,7,8-tetrachlorodibenzo-p-dioxin 
(TCDD). The ED50  values (estimated doses that produce 50% maximum enzyme induction) were calcu­
lated to be 0-256, 0-452 and 0-344 pmol TCDD/plate for original, mycoplasma-free and reinfected cells, 
respectively. Although the absence of M. arginini in the rat hepatoma cell line makes the cells slightly 
less responsive to AHH induction by TCDD, this decrease does not detract from the use of the method 
to screen food extracts and environmental samples for the presence of certain toxic planar organic 
compounds.

Introduction
Inadvertent infection of mammalian cell cultures by 

mycoplasmas is a well-known problem which can 
complicate biochemical and genetic studies. Van Dig- 
gelen, McGarrity & Shin (1978) demonstrated that 
the five most frequently encountered species of 
mycoplasma, including Mycoplasma arginini, contrib­
ute significant levels to hypoxanthine phosphoribosyl 
transferase (HPRT) activity in mouse cell lines. Other 
biochemical consequences of mycoplasma contami­
nation of cell cultures have been reviewed by Stan- 
bridge (1971). Barile & Kern (1971) and Barile, 
Hopps, Grabowski et al. (1973) reported that the 
major source of M. arginini contamination is bovine 
serum.

The induction of aryl hydrocarbon hydroxylase 
(AHH) activity in a rat hepatoma cell line (H-4-II-E) 
provides a sensitive and reproducible method of 
detecting picogram amounts of certain toxic planar 
organic compounds including many dibenzo-p- 
dioxins, dibenzofurans and biphenyls (Bradlaw & 
Casterline, 1979; Bradlaw, Garthoff, Hurley & Fire­
stone, 1980). This method is useful for screening food 
extracts that are suspected of containing these toxic 
substances prior to chemical identification. Response 
to the most reactive compound, 2,3,7,8-tetrachlorodi- 
benzo-p-dioxin (TCDD), is used as a standard curve 
and AHH activity induced by TCDD is reported as 
the E D 5 0  (estimated dose that produces 50% maxi­
mum enzyme induction). The presence of M. arginini 
in this rat hepatoma cell line raised the question of

Abbreviations: AHH = Aryl hydrocarbon hydroxylase; 
FDA = Food and Drug Administration; HPRT = hypox­
anthine phosphoribosyl transferase; TCDD = 2,3,7,8 - 
tetrachlorodibenzo-p-dioxin.

the influence of contaminating mycoplasma on AHH 
induction.

Rescue of a critical cell line from a mycoplasma- 
contaminated culture has been attempted by injecting 
the cells into a nude mouse and culturing cells from 
the resultant tumour (Van Diggelen, Shin & Phillips, 
1977), and by treatment of cell cultures with anti­
biotics (Buskirk, 1967) or specific antiserum (Pollock 
& Kenny, 1963) or by combinations of these treat­
ments (Barile, 1979). However, such procedures can 
induce selection and the cells may not retain the orig­
inal properties of the culture (Barile, 1979; Pollock & 
Kenny, 1963).

Knutson & Poland (1980) screened 23 different cell 
lines for AHH induction in response to TCDD and 
found that the H-4-II-E-C3 subline V was the only 
cell line that elicited the desired properties of low 
basal activity and high AHH activity induced by 
TCDD. Although increased AHH activity could be 
induced by TCDD in several of the cell lines, the 
basal AHH activity was also high and would compli­
cate measurements in a standard curve response. 
Therefore, for our purposes it was necessary to 
attempt to decontaminate the cell line rather than to 
look for a substitute.

In this communication, we describe the successful 
elimination of M. arginini from the H-4-II-E rat hepa­
toma cell line by the combined treatments of plating 
at low cell number, applying several antibiotics at the 
maximum tolerated doses and applying M. arginini 
specific antiserum. In addition, we demonstate that 
these treated cells retain their ability to respond to 
TCDD by induction of AHH activity in the standard 
assay. For the purpose of screening food extracts, 
however, it may not be important that the cell line is 
contaminated with mycoplasma, as long as the re­

599



600 J. A. Bradlaw, J. L. Casterline, Jr., E. Reynaldo and W. Scott

sponse to the standard chemical remains relatively 
constant.

Experimental
Cells were maintained in minimal essential medium 

with Earle’s salts (Flow Laboratories, McLean, VA), 
supplemented with 1 0 % heat-inactivated calf serum, 
10% foetal bovine serum (Reheis Biochemicals, Kan­
kakee, IL), 100 units penicillin/ml and 100 g g  strepto- 
mycin/ml, and were incubated at 37CC in 5% C 0 2 in 
air. A description of the rat hepatoma cell line EM-
II-E, the procedure for the cell culture-AHH induc­
tion method and discussions of detection and quanti­
tation limits have been published elsewhere (Bradlaw
6  Casterline, 1979; Bradlaw e t  a l. 1980). The standard 
TCDD (99-5% pure) stock solution contained 1-6 /tg 
TCDD/ml isooctane and was provided by D. Fire­
stone, Bureau of Foods, Food and Drug Administra­
tion (FDA), Washington, DC.

The presence of M. a rg in in i  in the cell line was 
detected by routine mycoplasma isolation and species 
identification procedures at M. A. Bioproducts, Beth- 
esda, MD, and confirmed by R. DelGiudice, Freder­
ick Cancer Research Center, Frederick, MD, using 
standard methods (Barile, 1974 & 1980; McGarrity, 
1975a.b). The procedures to obtain mycoplasma-free 
cells were suggested by M. Barile (Bureau of Bio­
logies. FDA, Bethesda, MD), who also supplied the 
M. arginini antiserum (lot MB 732-501-071).

Preliminary experiments were performed to deter­
mine the maximum tolerated dose of several anti­
biotic combinations. Cells were seeded in 
60 x 15-mm petri plates at concentrations of 100 or 
500 cells/5 ml medium. To the medium were added 
various combinations of chlortetracycline at 100, 250 
or 500/ig/ml, kanamycin at 100, 250 or 500/rg/ml, 
and tylosin at 1 0 0  or 2 0 0 //g/ml; these antibiotics were 
purchased from Grand Island Biochemical Co., 
Grand Island, NY. Colonies were allowed to grow for
7 days, and were then fixed and stained with 2% 
methylene blue. The combinations of antibiotics at 
various concentrations that permitted the develop­
ment of colonies containing 1 0 0  or more cells were 
determined and these dose levels were used in the 
following experiments.

Cells, beginning with 260 cells/plate, were passaged 
three times in 5 ml minimal essential medium con­
taining penicillin and streptomycin plus chlortetra­
cycline (250/tg/mI), kanamycin (250/tg/mI), tylosin 
(100/ig/ml), 3% M. arginini antiserum and 5% fresh 
guinea-pig serum (GIBCO. Grand Island, NY) to pro­
vide complement. Two additional passages were made 
in medium that contained no antiserum but to which 
the antibiotics were added and a final passage was made 
in medium without antibiotics. It took 6  wk to carry 
out this procedure because the cells grew slowly in the 
antibiotic-supplemented medium. The cells were then 
frozen and stored at the temperature of liquid nitro­
gen. An ampule of cells was thawed, reseeded and 
passaged six times in medium without antibiotics. M. 
arginini was not detected in any of the six cultures or 
in the frozen cell stock in tests at M. A. Bioproducts. 
However, the original cell line remained positive for 
induction of AHH activity by TCDD. This obser­
vation was subsequently confirmed at the American 
Type Culture Collection. Rockville. MD.

Cultures of the original cells and mycoplasma-free 
cells were grown to confluence in the basic medium. 
Several of the mycoplasma-free cells were reinfected 
by the addition of 1 0 % spent medium from cultures of 
the original cells. After 3 days incubation, confluent 
cultures of original cells, mycoplasma-free cells and 
reinfected cells were collected by trypsinization. Repli­
cate samples (0-5 ml) of each culture (106  cells) were 
added to a 2 -ml suspension of spent medium plus 
loose cells from the respective cultures and myco- 
plasmas were isolated and titrated by standard 
methods (Barile. 1974 & 1980; McGarrity, 1975a,b) at 
M. A. Bioproducts.

At the same time, 0-5 x 106 cells from each group 
(contained in 4 ml of basic medium) were added to 
each of 33 60 x 15-mm plates. After 24 hr incubation, 
the medium was replaced with fresh medium and 
various concentrations of TCDD in isooctane were 
added to each plate (0T ml/plate). Three plates were 
treated per TCDD concentration. Solvent control 
plates were treated with 0-1 ml isooctane. After 72 hr 
incubation, the cells were washed with and scraped 
into phosphate-buffered saline, centrifuged at 500 g 
and stored frozen at -120°C. Samples for enzyme 
determination (1 0 0 /il) and protein analysis (2 0 /d) 
were taken after homogenization in Tris-sucrose 
buffer (pH 8  0). AHH activity was determined by a 
method described by Nebert & Gelboin (1968) which 
measures the conversion of benzo[a]pyrene to 3-hyd- 
roxybenzo[a]pyrene. One unit of AHH specific ac­
tivity is defined as the amount of enzyme catalysing 
per minute at 37°C the formation of hydroxylated 
product causing fluorescence equivalent to that of 
1 pmol of the 3-hydroxybenzo[a]pyrene standard. 
The specific activity was expressed in units/mg cellu­
lar protein.

Results and Discussion
Ai. arginini was identified in both the original and 

reinfected cells; the results of the mycoplasma titra­
tions are summarized in Table 1. The cells for experi­
ment 1 were passaged from the frozen state four times 
before their use in the assay procedure and the cells 
for experiment 2  were passaged only once before they 
were used. The higher level of mycoplasma in the first 
group can therefore be explained by the increased 
time in culture. No mycoplasma infection was 
detected in the “cured” cells.

The absolute maximum enzyme specific activity in 
experiments 1 and 2 was 95 and 113 units/mg protein/ 
min, respectively. The response as a fraction of the 
maximum was used to normalize the data with regard 
to induction of AHH activity and to provide a uni­
form comparison between the cell types. The data 
from the two experiments have been combined and 
AHH induction (as the mean fractional response) in 
the three types of cells at increasing doses of TCDD is 
shown in Table 2. The AHH activity in the solvent- 
control cells was less than 1 - 0  unit/mg protein/min. 
and was often too low to measure accurately. The 
means were compared pairwise at each concentration 
using a t test technique, and the statistically signifi­
cant differences are shown in Table 2. AHH activity 
induced by TCDD in mycoplasma-free cells differed 
from that in original cells at only the low doses of 
TCDD ((0 032—0-24 pmol/plate). At 032 pmol/plate
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Table 1. Mycoplasma isolation and identification

Experiment 1 Experiment 2

Cell sample

Mycoplasma
detection Titration 

(colony 
forming 
units/ 

0 - 2  ml)* *

Mycoplasma
detection Titration 

(colony 
forming 
units/ 

0 - 2  ml) Species

Culture
on

agar
DNA

staining

Culture
on

agar
DNA

staining

Original + NT 23 x 103 + NT 1 0 3 M. arginini
Mycoplasma-free ND ND ND ND ND ND ND
Reinfected + NT 1 0 3 + NT 1 0 3 M. arginini

NT = Not tested ND = Not detected
*Samples had been frozen and thawed twice when titrations in soft agar were performed.
Tests for mycoplasma contamination were carried out by culture on agar media and, for the mycoplasma- 

free cell culture, by DNA staining using a fluorescent bisbenzimidazole compound (Hoechst 33258). 
Titration was carried out by standard methods. For further details see Barile (1974 & 1980) and McGar- 
rity (1975a,b).

and above, there were no significant differences 
between the two cell types. AHH activity induced by 
TCDD in reinfected cells differed from that in the 
original cells at TCDD levels of 0128, 0T6 and 
0-24 pmol/plate, and from activity in the mycoplasma- 
free cells at 0-08, 0 128 and 0T6 pmol/plate. The ED 5 0  

values were determined by probit analysis of data for 
dose levels between 0 032 and 3-2 pmol TCDD/plate. 
The ED 5 0  values for the original cells, mycoplasma- 
free cells and reinfected cells were 0-256, 0-452 and 
0-344 pmol/plate, respectively. The absence of M. argi- 
nini in the culture makes the cells slightly less respon­
sive to AHH induction by TCDD and places the limit 
of detection at 0-08 pmol TCDD/plate (25 pg TCDD) 
in comparison with 0-032 pmol/plate (10 pg TCDD) 
determined for the original cells (Bradlaw & Caster­
line, 1979).

The contribution of M. arginini to the AHH ac­
tivity associated with the cellular response to TCDD 
is not evident from this study, as the observed differ­

ences in AHH activity could also be a consequence of 
the antibiotic treatment regime. The low titre of M. 
arginini in the reinfected cell sample does not allow a 
direct comparison with the original cell sample in 
terms of number of mycoplasma. If strains of M. argi­
nini express HPRT activity (Van Diggelen et al. 1978), 
they may also express basal and inducible AHH ac­
tivity. The most encouraging findings were the suc­
cessful elimination of M. arginini from the cells and 
the ability to induce with TCDD a maximum enzyme 
activity in the mycoplasma-free cells that was equival­
ent to that of the original cells.

Quality control practices are the best means of 
avoiding mycoplasma contamination and should be 
used at all times (McGarrity, 1975a,b & 1976; 
McGarrity & Coriell, 1971). Our objective of elimin­
ating M. arginini from the rat hepatoma cell line H-4-
II-E was achieved, in part, because the species of 
mycoplasma had been identified and the specific anti­
serum to M. arginini was available. In addition, M.

Table 2. Mean fractional responses of AHH induction for original cells, mycoplasma-free cells and
reinfected cells from two experiments

Fractional response of AHH induction in

TCDD
(pmol/plate) Original cells

Mycoplasma-free
cells Reinfected cells

0  (solvent control) 0-015 ± 0-010 0-017 ± 0-004 0-013 ± 0-006
0-032 0-059 + 0-017 0-017 + 0-005* 0-036 + 0-011
0-08 0-192 ± 0-024 0-065 + 0-011* 0-170 + 0-013t
0-128 0-342 + 0-031 0-162 + 0-019* 0-240 + 0-030*t
0-16 0-430 ± 0-055 0-173 + 0-008* 0-276 + 0-024* t
0-24 0-546 ± 0-033 0-331 ± 0-023* 0-360 + 0-039*t
0-32 0-551 + 0-044 0-476 + 0-033 0-527 + 0-031
0-64 0-751 ± 0-053 0-642 + 0-066 0-677 ± 0-029
1- 6 0-839 ± 0-022 0-819 ± 0-029 0-922 ± 0-045
3-2 0-977 ± 0-071 0-948 ± 0-034 0-991 ± 0-064
32-2 0-995 + 0-064 1-020 ± 0-040 0-917 ± 0-018

ED5 0 i . ..0-256 (0-297, 0-223) 0-452 (0-521, 0-397) 0-344 (0-401, 0-299)

AHH = Aryl hydrocarbon hydroxylase TCDD = 2,3,7,8-Tetrachlorodibenzo-p-dioxin 
|The upper and lower fiducial limits are given in brackets. ED50  values and the fiducial limits were 

derived by probit analysis of the data for the dose levels between 0-032 and 3-2 pmol TCDD/plate. 
Values are means ± SEM for three plates/experiment from two experiments. Those marked with an 

asterisk or dagger are significantly different (t test) from the values for the original cells (*P < 0 05) or 
the mycoplasma-free cells (fP < 0-05), respectively.
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arginini is found predominantly in the extracellular 
environment bound to the cell membrane (Stanbridge,
1971). Our treatment regime would probably not have 
been successful for a species of mycoplasma that 
resides intracellularly.

The absence of M. arginini in the rat hepatoma cell 
line makes these cells less responsive to AHH induc­
tion by TCDD, since it is necessary to approximately 
double the TCDD dose to achieve half-maximal 
enzyme induction. However, this decrease in no way 
detracts from the effectiveness of the method as a 
screen for the presence of certain toxic organic com­
pounds, such as polyhalogenated biphenyls, dibenzo- 
p-dioxins and dibenzofurans in food extracts and en­
vironmental samples. TCDD is at least tenfold more 
potent than other chemicals tested to date. The 
advantages of distributing a mycoplasma-free cell line 
to laboratories who wish to use the method may 
outweigh the disadvantage of a slight decrease in sen­
sitivity of the method. These cells are available and 
distributed through the American Type Culture Col­
lection as ATCC.CRL-1548.
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Abstract—In the spring of 1978 and the autumn of 1979, two collaborative investigations were carried 
out with the aim of determining the variability of measurements of the vinyl chloride (VC) content of 
foodstuffs. The first investigation was a preliminary test on VC standards in V,lV-dimethylacetamide. 
The results of this test were considered to be satisfactory. In a second test, lemonade and oil samples 
spiked with VC were investigated. The methods used were based on the headspace gas-chromatographic 
technique. The amount of VC added was 3 /ig/kg for the lemonade sample and 20 /ig/kg for the oil 
sample. The external standard method yielded a reproducibility of 53 and 39% and a repeatability of 18 
and 17% for the lemonade and oil, respectively. The corresponding findings with the addition method 
were a reproducibility of 119 and 40% and repeatability of 33 and 9%.

Introduction

On 30 January 1978, the Council of the European 
Communities (1978) adopted a Directive setting at 
1 mg/kg the maximum vinyl chloride monomer level 
for materials and articles of PVC. In order to estab­
lish the analytical methodology necessary to check 
compliance with this limit and in order to determine 
the variability of the method, two collaborative 
studies were carried out in a number of experienced 
laboratories under the supervision of the Commission 
of the European Communities. The results of these 
two collaborative studies were described in a previous 
publication (Rossi, Waibel & vom Bruck. 1980).

However, the 1978 Directive was not concerned 
solely with levels of residual monomer in the PVC 
materials. Article 2,2 of the Directive stated that 
“Materials and articles must not pass on to foodstuffs 
which are in or have been brought into contact with 
such materials and articles any vinyl chloride detect­
able by the method which complies with the criteria 
laid down in Annex II”, those criteria being the use of 
the headspace gas-chromatographic technique and a 
detection limit of 001 mg VC/kg foodstuff. In the 
light of this requirement, the need arose to carry out 
at Community level other collaborative studies to 
establish a method of analysis for determining VC in 
foodstuffs and to check the variability of this method.

‘Chairman of the Commission of the European Com­
munities Working Party on “Materials and articles 
intended to come into contact with foodstuffs".

Abbreviations: DMA = N,/V-Dimethylacetamide; GC = 
gas chromatography; IS = internal standard; PVC = 
polyvinyl chloride: VC = vinyl chloride monomer.

The variability is expressed as repeatability (r) and as 
reproducibility (R), defined as follows in accordance 
with ISO/DIS 5725 (International Organisation for 
Standardisation, 1977):

Reproducibility is “the value below which the ab­
solute difference between two single test results 
obtained with the same method on identical test 
material, under the same conditions (same opera­
tor, same apparatus, same laboratory, and a short 
interval of time), may be expected to lie with a 
specified probability; in the absence of other indi­
cations the probability is 95%”.
Reproducibility is “the value below which the ab­
solute difference between two single test results 
obtained with the same method on identical test 
material, under different conditions (different oper­
ators, different apparatus, different laboratories 
and/or different time), may be expected to lie with 
a specified probability; in the absence of other 
indications the probability is 95%”.

This paper reports the results of two collaborative 
studies and includes a description of the analytical 
method used.

First EEC collaborative study (1978)

In the spring of 1978 the Commission of the Euro­
pean Communities, in collaboration with the Food 
Inspection Service (Utrecht, The Netherlands), organ­
ized a collaborative study in which 16 of the EEC 
laboratories listed in Appendix I participated.

The study involved determining unknown levels of 
VC in A%V-dimethylacetamide (DMA) solutions. 
Each laboratory was required to send its own empty
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Table 1. Results of first (1978) collaborative study on the determination of 
vinyl chloride in dimethylacetamide solutions

Mean VC concn 
estimated Repeatability Reproducibility No. of

Sample (mg/kg)* (mg/kg) (mg/kg) participants

A 0-052 0-005 0-009 12

B 0-138 0 - 0 1 0 0-017 13

These mean figures coincided with the concentrations of the solutions as 
prepared.

headspace vials to Utrecht, where they were filled 
with VC solutions in DMA (0-05-0-20 mg VC/kg). 
The exact concentrations were not known to the ana­
lysts. To meet the requirements of the participants 
intending to use an internal standard (IS), diethyl 
ether was added in a stated concentration of
1-963 mg/kg. Preparation of samples was carried out 
according to the method described in Appendix II 
(5.1). The vials were sealed and sent to the labora­
tories, precautions being taken to avoid the loss of 
VC, through volatilization, during dispatch.

The vials were then used directly for the determi­
nation carried out according to the external standard 
(calibration) method described in principle by Rossi et 
al. (1980). The liquid sample of VC in DMA was 
allowed to reach equilibrium with the vapour phase, 
which was then sampled by the GC headspace tech­
nique for the VC determination. The method is not 
exhaustively described and therefore the participants 
were free to choose the GC column, the amount of 
sample, the eventual IS and the type of apparatus 
(automatic or manual) for sample injection.

Two samples of each concentration were prepared 
and designated A, and A2 and B, and B2. It was not 
revealed to the participants that A, and A2 (and simi­
larly Bj and B2) contained the same concentration of 
VC. Results were calculated by every laboratory and 
the statistical evaluation was carried out in Utrecht 
according to ISO/DIS 5725. The results are summar­
ized in Table 1. The actual concentrations of VC were 
0-052 and 0138 mg/kg in the A and B samples, re­
spectively. These values were the same as the means 
of the participants’ findings. The means of the values 
for variability obtained at the two test levels were 8  

and 15% of the actual concentration for repeatability 
and reproducibility, respectively. These results were 
considered very satisfactory by all the participants, 
taking into account the fact that not all the details of 
the method were standardized.

Second EEC collaborative study (1979)

The second EEC collaborative study was intended 
to ascertain the variability of the measurements of VC 
in two major foodstuffs as well as the differences in 
the repeatability and reproducibility values obtained 
with the external standard method (Rossi et al. 1980) 
and with the addition method (see Appendix II).

Preparation of the samples

Standard solution of VC in DMA. To 96-9368 g 
DMA was added 0 9182 g VC. and then 0-6894 g of 
this solution was diluted by addition of 96-7895 g 
DMA.

Lemonade. To 1 litre of lemonade, made from 
orange lemonade syrup (van Welie, Zeist) by dilution 
with tap-water, was added 0-9570 g of the standard 
solution of VC in DMA. This was then diluted in an 
appropriate flask to 10 litres to give a VC concen­
tration of 6-46 pg/litre.

Salad oil. To 1 litre of salad oil (a mixture of veg­
etable oils, such as arachis oil and soya oil, supplied 
by Remia Holland, Den Dolder, The Netherlands) 
was added 2-9035 g of the standard solution of VC in 
DMA. This was then diluted in an appropriate flask 
to 10 litres to give a VC concentration of 19-59 pg/ 
litre.

Distribution of test solutions. Using a siphon. 250-ml 
flasks were filled from these 1 0 -litre flasks and were 
immediately closed with a rubber septum with teflon 
insert and an aluminium screw-cap. The filling 
sequence corresponded to the participant number.

Results and statistical analysis

External standard method. The statistical evaluation 
of the results was carried out before the Directive 
(Commission of the European Communities, 1981; 
see Appendix II) was available. In contrast to section
5.1.3 of the Directive, the response curve was calcu­
lated by means of linear regression through the origin. 
If the response curve had not been forced through the 
origin the repeatabilities and reproducibilities would 
be slightly smaller than those reported here.

Tables 2 and 3 present the individual values for the 
VC concentrations in the two samples, calculated by 
means of the estimated response curve. Because for 
any one participant the concentrations were estimated 
using the same calibration line, they will not be 
uncorrelated. However, it can be shown that the cor­
relation between measurements by the same partici­
pant can be neglected. The statistical evaluation of the 
results was made according to ISO/DIS 5725.

Tables 2 and 3 show that some participants sup­
plied doubtful results. In some of these cases an expla­
nation was offered by the participant, while in others, 
the cause (such as the wrong sample or changes in 
peak heights) was found by studying the submitted 
sheets, which described details of the procedure. For 
these reasons, the results of the following participants 
were excluded from the calculations: for the salad oil 
determinations, participants 19 (with and without IS) 
and 32 (Table 2); for the lemonade determinations, 
participants 19 (with and without IS), 26 and 32 
(Table 3). Then the repeatability and reproducibility 
were calculated according to ISO/DIS 5725 (Table 4).

On the basis of statistical tests for outliers (Inter­
national Organisation for Standardisation, 1977), the
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Table 2. Results of the collaborative study on the determi­
nation of vinyl chloride in salad oil, according to the external 

standard method

Concn of VC in sample (pg/kg)
Participant ----------------------------------------------------

no. Individual determinations Mean

1 2 0 - 6 2 0 - 6 — — — 2 0 - 6
7 23-2 23-0 23-6 2 2 - 0 2 1 - 0 2 2 - 8

7 (IS) 2 1 - 2 2 1 -1 2 0 - 2 20-3 19-5 20-5
8 21-3 2 1 0 2 1 - 8 2 2 - 0 2 1 - 8 2 1 - 6
9 2 2 - 2 23-0 23-5 17-0* — 21-4
9 (IS) 24-2 24-0 23-5 22-7 — 23-6
11 21-3 21-3 21-3 — — 21-3
14 2 0 - 0 19-6 19-6 2 0 - 0 20-5 19 9
16 14-7 15-3 16-6 19-0 19-0 16-9
16 (IS) 14-1 15-4 17-5 17-6 18-1 16-6
19t 29-2 41-2 41-4 — — 37-3
19t(IS) 29-5 46-0 60-2 — — 45-2
2 0 16-4 19 3 19 3 16-4 19-3 181
21 27-7 2 2 - 6 21-9 20-4 21-7 21-7
2 2 19-1 21-4 20-9 21-4 2 0 - 6 20-7
25 24-1 2 0 - 8 2 0 - 6 23-7 2 1 - 0 2 2 - 0

26 18-2 18-2 16-1 13-9 16-1 16-5
29 16-4 15-8 16-0 15-4 16-3 16-0
30 19-2 17-1 15-1 17-0 15-4 16-7
31 22-3 22-5 22-5 2 1 - 8 22-5 22-3
32t 15-2 28-3 61-7 62-7 70-4 47-6

IS = Determinations with internal standard 
‘ Result discarded prior to calculation of repeatability and 

reproducibility.
+All three or five determinations discarded prior to calcu­

lation of repeatability and reproducibility.

fou rth  m e a su r e m e n t  o f  p a r t ic ip a n t  9 in  T a b le  2 
( D ix o n ’s te st)  a n d  a ll m e a su r e m e n ts  o f  p a r t ic ip a n ts  18 
a n d  2 6  in  T a b le  3 (C o c h r a n ’s te s t)  w e r e  e x c lu d e d .  
W h e n  c a lc u la t io n s  w e r e  m a d e  w ith  a n d  w ith o u t  o u t ­
liers, th ere  w a s  a lm o s t  n o  d ifferen ce  in  th e  re lev a n t  
s ta t is t ic s . W e  r ep o r t  h ere o n ly  th e  re su lts  w ith o u t  o u t ­
liers.

C a lc u la t io n s  fo r  th e  r e p e a ta b ility  a n d  r e p r o d u c ib i­
lity  w h ere  a n  IS  w a s  u se d  a re  b a se d  o n  th e  r e s u lts  o f  
o n ly  a few  p a r t ic ip a n ts  a n d  s h o u ld  b e  in te rp re te d  w ith  
c a u tio n .

A d d itio n  m e th o d . T a b le s  5 a n d  6  su m m a r iz e  th e  
re su lts  o b ta in e d  b y  a p p lic a t io n  o f  th e  a d d it io n  
m e th o d . A p p ly in g  th e  sa m e  p r o c e d u r e  a s  w a s  u sed  in  
th e  c a lc u la t io n  o f  th e  re su lts  b y  th e  ex tern a l m e th o d ,

Table 3. Results of the collaborative study on the determi­
nation of vinyl chloride in lemonade, according to the exter­

nal standard method

Concn of VC in sample (pg/kg)
Participant ----------------------------------------------------

no. Individual determinations Mean

1 2-4 2-7 _ _ _ 2-5
7 3-7 4-1 3-4 3-7 3-7 3-7
7 (IS) 2-5 2 - 8 2-5 2 - 6 2-5 2 - 6

8 3-8 3-8 3-8 3-7 3-9 3-8
9 4-3 3-6 3-6 3-7 4-2 3-9
9 (IS) 3-4 3-5 3-5 3-5 4-2 3-6
10 3-2 3-6 3-6 4-1 4-1 3-7
11 4-6 5-1 4-9 — — 4-9
14 2-1 2-1 2 - 0 1-9 2-1 2 - 0

16 3-2 3-4 3-1 3-2 3-0 3-2
16 (IS) 3-2 3-2 3-1 2-9 2-9 3-0
18* 3-2 3-2 4-2 4-2 3-2 3-6
19* 25-4 38-5 53-0 70-4 — 46-8
19*(IS) 29-0 42-4 56-2 76-2 — 51-0
2 0 3-7 4-0 3-4 3-7 3-7 3-7
21 3-4 3-6 3-3 3-7 3-1 3-4
2 2 3-3 — 3-3 3-0 3-2 3-2
25 4-0 4-0 3-9 3-8 4-5 4-1
26* 0 - 2 0 - 2 0-5 0 - 8 0 - 8 0-5
29 3-2 3-2 2-4 2-4 3-3 2-9
30 3-1 3-0 3-0 3-2 3-3 3-1
31 4-0 3-9 4-0 3-9 3-9 4-0
32* 14-2 23-9 31-6 36-1 50-9 31-3

IS = Determinations with internal standard 
* All four or five determinations discarded prior to calcu­

lation of repeatability and reproducibility.

s o m e  d o u b tfu l r e su lts  w ere  e x c lu d e d , n a m e ly  th e  
re su lts  o f  p a r t ic ip a n ts  7, 10, 19 (w ith  a n d  w ith o u t  IS), 
3 0  a n d  3 2  in  T a b le  5 a n d  th o s e  o f  p a r t ic ip a n ts  19 
(w ith  a n d  w ith o u t  IS), 2 6  a n d  32  in  T a b le  6 .

A fter  r e jec tio n  o f  th e se  re su lts , th o s e  o f  p a r t ic ip a n ts  
9 a n d  11 in  T a b le  5 a s  w e ll a s  th e  re su lts  o f  p a r t ic i­
p a n ts  7, 9 a n d  11 in  T a b le  6  b e c a m e  “ s ta t is t ic a l o u t ­
lie r s” a c c o r d in g  to  C o c h r a n ’s te st. A fter  th a t  th e  
r e p e a ta b ility  a n d  r e p r o d u c ib il ity  w e r e  c a lc u la te d  
(T a b le  7).

T h e  r e p e a ta b ilit ie s  c a lc u la te d  w ith o u t  o u t lie r s  w ere  
m u c h  b e tter  th a n  th o s e  c a lc u la te d  w ith  o u tlie r s , 9  a n d  
27%  r e sp e c t iv e ly , for  sa la d  o i l  a n d  33  a n d  94%  for  
le m o n a d e  (a ll re su lts  w ith o u t  IS  a n d  e x p r e s se d  a s  a 
p e r c e n ta g e  o f  th e  e s t im a te d  c o n c e n tr a t io n ) . C a lc u -

Table 4. Statistical evaluation of results of the second collaborative study (external standard
method)

No. of laboratories
Repeatability

(/rg/kg*)
Reproducibility

(/ig/kg*)Sample Included Rejected content (/ig/kg)

Oil 14
Without internal standard

3 19-86 3-31 (17) 7-71 (39)
Lemonade 14 5 3-50 0-62(18) 1-85(53)

Oil 3
With internal standard

1 19-16 3-31 (17) 10-30(54)
Lemonade 3 1 3-09 0-63 (2 0 ) 1-57(51)

‘ Values in brackets are the repeatability or reproducibility expressed as a percentage of the
estimated VC content of the sample.
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Table 5. Results of the collaborative study on the determi­
nation of vinyl chloride in salad oil usini/ the addition method

Participant
no.

Concn of VC in sample (/tg kg)

Individual determinations Mean

i 2 0 - 2 21-4 2 0 - 8

7* 35-4 44-3 39-8
7 (IS) 2 2 - 2 24-2 23-2
8 20-7 20-7 20-7
9* 19-6 12-7 16-2
9 (IS) 2 1 - 2 2 0 - 6 20-9
1 0 ’ 6 6 - 8 36-1 51-4
1 1 * 12-5 18-6 15-6
14 20-4 2 0 - 1 2 0 - 2

16 2 0 - 2 19-2 19-7
16 (IS) 16-0 20-5 18-2
17 21-9 21-3 2 1 - 6

17 (IS) 2 2 - 8 2 2 - 6 22-7
19* 30-6 29-3 30-0
19 (IS)* 20-7 16-0 18-4
2 0 17-3 16-3 16-8
21 21-9 23-7 2 2 - 8

2 2 25-0 23-7 24-4
25 15-3 15-3 15-3
26 18-0 18 0 18-0
29 17-6 17 6 17-6
30* 3-9 0-3 1-8

31 20-3 20-9 2 0 - 6

32* 9-7 14-2 1 2 - 0

IS = Determinations with internal standard 
’ Both determinations discarded prior to calculation of 

repeatability and reproducibility.

la t io n s  for th e  r e p r o d u c ib il ity  w h e n  a n  IS  w a s  u sed  
are  b a sed  o n  th e  resu lts  o f  o n ly  a few  p a r t ic ip a n ts  a n d  
s h o u ld  b e  in te rp re te d  w ith  c a u t io n .

Conclusions

T a b le  7 sh o w s  th a t th e  m ea n  V C  c o n c e n tr a t io n s  
fo u n d  in o il  (19-81 —21 -26 ¿tig/kg) d iffer l it t le  from  th e  
q u a n tity  a d d e d  ( 19-59 /rg /litre). In c o n tr a s t , th e  v a lu es  
fo u n d  in  le m o n a d e  (3-09  3-50 /tg /k g )  r ep resen ted  
a b o u t  h a lf  o f  th e  a d d e d  a m o u n t  (6-46  jig, litre). T h e  
d ifferen ce  m a y  b e  te n ta t iv e ly  a ttr ib u te d , in  th e  
a b se n c e  o f  o th e r  e x p la n a t io n s , to  a h ig h er  v o la t il i ty  o f  
V C  in le m o n a d e  th a n  in  o il. T h e  r e p e a ta b ility  a n d

Tabic 6 . Results of the collaborative study on the determi­
nation of vinyl chloride in lemonade usini/ the addition 

method

Participant -
no.

Concn of VC in sample (/tg kg)

Individual determinations Mean

i 2-9 3-2 3-0
7* 6 - 8 1-7 4-2
7 (IS) 1-4 3-2 2-3
8 3-3 3-5 3-4
9* 1-8 4-1 3-0
9 (IS) 3-8 3-8 3-8
10 2-9 2-4 2 - 6

1 1 * 0-7 1-6 1-2

14 4-8 4-1 4-4
16 3-2 3-4 3-3
16 (IS) 3-3 2 - 6 3-0
17 3-4 4-4 3-9
17(IS) 3-3 3-9 3-6
19* 8-5 8 - 6 8 - 6

19 (IS)* 1-4 1-3 1-4
2 0 3-2 2 - 8 3-0
21 3-8 3-8 3-8
2 2 4-4 4-5 4-4
25 3-6 6-9 5-2
26* -0-3 -0-4 -0-4
29 6-4 5-7 6 - 0

30 0-3 1-0 0 - 6

31 4-0 3-5 3-8
32* 14-1 13-5 13-8

IS = Determinations with internal standard 
*Both determinations discarded prior to calculation of 

repeatability and reproducibility.

r e p r o d u c ib il ity  o f  th e  resu lts  a re  fa ir ly  sa t is fa c to r y , 
c o n s id e r in g  th a t th e  m e th o d  is n o t  s ta n d a r d iz e d  in  a ll 
its  d e ta ils  for  p ra c tica l r e a s o n s  a n d  th a t th e  a m o u n ts  
o f  V C  d e te r m in e d  are  e x trem e ly  lo w . i.e . c lo s e  t o  th e  
d e te c t io n  lim it.

A s  a lr e a d y  d e m o n s tr a te d  in  th e  c o l la b o r a t iv e  s tu d y  
o n  th e  d e te r m in a t io n  o f  V C  in  P V C  (R o s s i  e t  al. 
1980). c o m p a r is o n  o f  T a b le s  4  a n d  7 s h o w s  th a t th e  
m o r e  r e p r o d u c ib le  r e su lts  a re  o b ta in e d  w ith  th e  e x te r ­
n a l s ta n d a r d  (c a lib r a tio n )  m e th o d . H o w e v e r  at C o m ­
m u n ity  lev e l, th e  a d d it io n  m e th o d , r e p o r ted  fu lly  in 
A n n ex  II, h a s  b een  c h o s e n  as th e  o ffic ia l m e th o d ,  
b e c a u se  fo o d s tu f f  b la n k s  (a b la n k  b e in g  th e  sa m e  
fo o d s tu f f  n o t  p a c k e d  in  P V C ) are o fte n  n o t  a v a ila b le ,  
e s p e c ia lly  in  th e  c a s e  o f  im p o r te d  p ro d u c ts .

Table 7. Statistical evaluation of results of the second collaborative study (addition methodI

No. of laboratories
----------------------------  Estimated VC Repeatability Reproducibility

Sample Included Rejected content (/tg kg) (/tg kg*) (/tg kg*)

Without internal standard
Oil 12 7 19-81 1-86(9) 7-95(40)
Lemonade 13 6  3-36 1-12(33) 4-00(119)

With internal standard
Oil 4 1 21-26 4-93(23) 7-26(34)
Lemonade 4 1 3-17 1-00(32) 1-00(31)

‘ Values in brackets are the repeatability or reproducibility expressed as a percentage of the
estimated VC content of the sample.
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Table 8 . GLC columns found satisfactory in the collaborative test

607

Column

Length Diameter Oven temp.
Material (m) (mm) Stationary phase and loading Support mesh* (°C) Detector

Glass 60 2 - 0 15% SE-30 Chromosorb WHP
(60-80) 25 FID

Glass 1-8 2 - 0 Chromosorb 101
(80-100) 30 and 70 MS

SS 40 2 0 15% Ukon LB 550x Chromosorb WHP
(1 0 0 - 1 2 0 ) 60 FID

SS 3 + 3 2 - 0 3 m 5% Polypropylene glycol Chromosorb
3 m 5% Polyglycol B11/700 (80-100) 40 FID

SS 60 3-2 10% Ukon LB 500x Chromosorb 50 FID
SS L5 2 - 0 0-2% Carbowax 1500 Carbopack C

(80-100) 50 MS

SS = Stainless steel FID = Flame ionization detector MS = Mass spectrometer with multiple ion
detection

’ Figures in brackets indicate mesh size.

T h e  v ery  few  d a ta  o b ta in e d  u s in g  an  IS  d o  n o t  
p erm it  a n y  c o m p a r is o n  b e tw e e n  th e  re su lts  o b ta in e d  
w ith  a n d  w ith o u t  su ch  u se. T a b le  8 l is ts  th e  c o lu m n s  
a n d  o v e n  te m p e r a tu r e s  u sed  su c c e ss fu lly  b y th e  p a r ­
t ic ip a n ts  in  th e  stu d y . It is n o ta b le  th a t th e  tw o  p a r ­
t ic ip a n ts  u s in g  m a ss  sp e c tr o m e tr y  a s a d e te c t io n  
m e th o d  u tiliz e d  sh o r te r  c o lu m n s  th a n  w ere  u sed  by  
th e  o th e r  p a r t ic ip a n ts .
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APPENDIX II

Determination of vinyl chloride released by materials and 
articles into foodstuffs*

1. Scope and field of application
The method determines the level of vinyl chloride in 
foodstuffs.

2. Principle
The level of vinyl chloride (VC) in foodstuffs is deter­
mined by means of gas-chromatography using the 
‘headspace’ method.

3. Reagents
3.1 Vinyl chloride (VC), of purity greater than 99-5% 

(v/v).
3.2 (V.iV-Dimethylacetamide (DMA), free from any im­

purity with the same retention time as VC or as the 
internal standard (3.3) under the conditions of the 
test.

3.3 Diethyl ether or c/s-2-butene, in DMA (3.2) as the 
internal standard solution. These internal standards 
must not contain any impurity with the same reten­
tion time as VC. under the conditions of the test.

3.4 Distilled water or demineralized water of equivalent 
purity.

4. Apparatus
N.B. An instrument or piece of apparatus is mentioned 

only if it is special, or made to particular specifica­
tions. Usual laboratory apparatus is assumed to be 
available.

4.1 Gas-chromatograph fitted with automatic headspace 
sampler or with facilities for manual sample injec­
tion.

4.2 Flame ionization detector or other detectors men­
tioned in point 7.

4.3 Gas-chromatographic column.
The column must permit the separation of the peaks 
of air, of VC and of the internal standard, if used. 
Furthermore, the combined 4.2 and 4.3 system must 
allow the signal obtained with a solution containing 
0-005 mg VC/litre DMA or 0 005 mg VC/kg DMA to 
be equal to at least five times the background noise.

4.4 Sample phials of flasks fitted with silicon or butyl 
rubber septa. When using manual sampling tech­
niques, the taking of a sample from the headspace 
with a syringe may cause a partial vacuum to form 
inside the phial or flask. Hence, for manual tech­
niques where the phials are not pressurized before 
the sample is taken, the use of large phials is rec­
ommended.

4.5 Micro-syringes.
4.6 Gas-tight syringes for manual headspace sampling.
4.7 Analytical balance accurate to 0-1 mg.

5. Procedure
CAUTION: VC is a hazardous substance and a gas at 
ambient temperature; therefore, the preparation of sol­
utions should be carried out in a well-ventilated fume 
cupboard.
N.B.—Take all the necessary precautions to ensure that 

no VC or DMA is lost;
—When employing manual sampling techniques, an 
internal standard (3.3) should be used;
—When using an internal standard, the same sol­
ution must be utilised throughout the procedure.

5.1 Preparation of standard VC solution (solution A)
5.1.1 Concentrated standard VC solution at approxi­

mately 2000mg/kg
Accurately weigh to the nearest 0-1 mg a suit­

able glass vessel and place in it a quantity (e.g. 
50 ml) of DMA (3.2). Reweigh. Add to the 
DMA a quantity (e.g. 01 g) of VC (3.1) in liquid 
or gas form, injecting it slowly onto the DMA. 
The VC may also be added by bubbling it into 
the DMA, provided that a device is used which 
will prevent loss of DMA. Reweigh to the near­
est 01 mg. Wait 2 hours to allow equilibrium to 
be attained. If an internal standard is to be 
employed, add internal standard so that the 
concentration of the internal standard in the 
concentrated standard VC solution is the same 
as in the internal standard solution prepared 
under point 3.3. Keep the standard solution in 
a refrigerator.

5.1.2 Preparation of dilute standard VC solution 
Take a weighed amount of concentrated stan­
dard solution of VC (5.1.1) and dilute, to a 
known volume or a known weight, with DMA 
(3.2) or with internal standard solution (3.3). 
The concentration of the resultant dilute stan­
dard solution (solution A) is expressed as mg 
litre or mg/kg respectively.

5.1.3 Preparation of the response curve with solution 
A

N.B.—the curve must comprise at least seven pairs of 
points:
—the repeatability of the responsest must be 
lower than 0002 mg VC/litre or kg of DMA:
—the curve must be calculated from these points 
by the least squares technique, i.e. the regression 
line must be calculated using the following equa­
tion:

y = a,x + a0

where

and

nXxy -  (Xx).(Xy) 
nXx2 — (Xx) 2 

(Xy)(Xx2) -  (Xx)(Xxy) 
nXx2 -  (Xx) 2

where
y = the height or area of peaks in any single 

determination;
x = the corresponding concentration on the 

regression line;
n = number of determinations carried out 

(n > 14);
—the curve must be linear, i.e. the standard devi- 
ation(s) of the differences between the measured 
responses (y,) and the corresponding value of the 
responses calculated from the regression line (z;) 
divided by the mean value (y) of all the measured 
responses shall not exceed 0-07.

This shall be calculated from:

~ s: 007
y

where n _ j

-  1 ¿and y n X y¡
11 i = 1

where

*Annex to Commission Directive of 29 April 1981 
(81/432/EEC; Off. J. Europ. Commun. 1981, 24 (L167),
6).

tSee recommendation ISO DIS 5725: 1977.

yi = each individual measured response; 
z, = the corresponding value of the response 

(yd on the calculated regression line: 
n = >14;
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Prepare two series of at least seven phials (4.4). 
Add to each phial volumes of dilute standard VC 
solution (5.1.2) and DMA (3.2) or internal stan­
dard solution in DMA (3.3) such that the final VC 
concentration of the duplicate solutions will be 
approximately equal to 0. 0005, 0-010, 0020, 
0 030, 0 040, 0-050, etc. mg/litre or mg/kg of DMA 
and that each phial contains the same total 
volume of solution. The quantity of dilute stan­
dard VC solution (5.1.2) must be such that the 
ratio between the total volume (/¡I) of added VC 
solution and quantity (g or ml) of DMA. or inter­
nal standard solution (3.3) does not exceed 5. Seal 
the phials and proceed as described under points 
5.4.2. 5.4.3 and 5.4.5. Construct a graph in which 
the ordinate values show the areas (or heights) of 
the VC peaks of the duplicate solutions, or the 
ratio of these areas (or heights) to those of the 
relevant internal standard peaks, and the abscissa 
values show the VC concentrations of the dupli­
cate solutions.

5.2 Validation of preparation of standard solutions 
obtained in point 5.1
5.2.1 Preparation of a second standard VC solution 

(solution B)
Repeat the procedure described under points
5.1.1 and 5.1.2 to obtain a second dilute stan­
dard solution with, in this case, a concentration 
approximately equal to 0 02 mg VC/litre or 
0-02 mg VC/kg of DMA or internal standard 
solution. Add this solution to two phials (4.4). 
Seal the phials and proceed as described under 
points 5.4.2. 5.4.3 and 5.4.5.

5.2.2 Validation of solution A
If the average of two gas-chromatographic de­
terminations relating to the solution B (see 
under point 5.2.1) does not differ by more than 
5% from the corresponding point of the re­
sponse curve obtained in point 5.1.3, the sol­
ution A is validated. If the difference is greater 
than 5°-„, reject all the solutions obtained in 
points 5.1 and 5.2 and repeat the procedure 
from the beginning.

5.3 Preparation of the 'addition' curve
N.B.—the curve must comprise at least seven pairs of 

points;
—the curve must be calculated from these points by 
the least squares technique (see point 5.1.3, third 
indent);
—the curve must be linear, i.e. the standard deviation 
(s) of the differences between the measured responses 
(y¡) and the corresponding value of the responses cal­
culated from the regression line (Zj) divided by the 
mean value (y) of all the measured responses shall 
not exceed 0-07 (see point 5.1.3, fourth indent).
5.3.1 Preparation of sample

The sample of foodstuff to be analysed must be 
representative of the foodstuff presented for 
analysis. The foodstuff must, therefore, be 
mixed, or reduced to small pieces and mixed, 
before the sample is taken.

5.3.2 Procedure
Prepare two series of at least seven phials (4.4). 
Add to each phial a quantity, not less than 5 g, 
of sample obtained from the foodstuff under 
investigation (see point 5.3.1). Ensure that an 
equal quantity is added to each phial. Close the 
phial immediately. Add to each phial for each 
gram of sample 1 ml of distilled water (prefer­
ably) or demineralized water of at least equival­

*See Journal of Chromatographic Science (volume 12), 
March 1974. page 152.

ent purity, or an appropriate solvent if necess­
ary. (Note: for homogeneous foodstuffs, ad­
dition of distilled or demineralized water is not 
necessary.) Add to each phial volumes of dilute 
standard VC solution (5.1.2), containing the 
internal standard (3.3), if considered useful, 
such that concentrations of VC added to the 
phials equal to 0, 0-005, 0-010, 0-020, 0-030, 
0-040 and 0-050, etc., mg/kg of foodstuffs. 
Ensure that the total volume of DMA or DMA 
containing internal standard (3.3) in each phial 
is the same. The quantity of dilute standard VC 
solution (5.1.2) and additional DMA where 
used, must be such that the ratio between the 
total volume (/al) of these solutions and the 
quantity (g) of foodstuff contained in the phial 
is as low as possible but not more than 5 and is 
the same in all phials. Seal the phials and pro­
ceed as described under point 5.4.

5.4 Gas-chromatographic determinations
5.4.1 Agitate the phials avoiding contact between the 

contained liquid and the septum (4.4) to obtain 
a solution or a suspension of the samples of 
foodstuff as homogeneous as possible.

5.4.2 Put all the sealed phials (5.2 and 5.3) in a 
waterbath for 2 hours at 60 ± 1°C to allow 
equilibrium to be attained. Agitate again, if 
necessary.

5.4.3 Take a sample from the headspace in the phial. 
When utilizing manual sampling techniques 
care must be exercised in obtaining a reproduc­
ible sample (4.4), in particular the syringe must 
be pre-warmed to the temperature of the 
sample. Measure the area (or height) of the 
peaks relating to the VC and internal standard, 
if used.

5.4.4 Construct a graph in which the ordinate value 
shows the areas (or heights) of the VC peaks or 
the ratio of the areas (or heights) of VC peaks 
to the areas (or heights) of the internal standard 
peaks and the abscissa values show the quanti­
ties of VC added (mg) relating to the quantities 
of the sample of foodstuff weighed in each phial 
(kg). Measure the abscissa intercept from the 
graph. The value so obtained is the concen­
tration of VC in the sample of the foodstuff 
under investigation.

5.4.5 Remove from the column (4.3) excess DMA 
using an appropriate method as soon as peaks 
of DMA appear on the chromatogram.

6 . Results
The VC released by materials and articles into the food­
stuff under investigation expressed in mg/kg shall be 
defined as the average of the two determinations (5.4) 
provided that the repeatability criterion in point 8  is 
satisfied.

7. Confirmation of the VC
In cases where the VC released by materials and articles 
into the foodstuffs as calculated under point 6 . exceeds 
the criterion in Article 2, paragraph 2 of the Council 
Directive 78/142/EEC of 30 January 1978, the values 
obtained in each of the two determinations (5.4) must be 
confirmed in one of three ways:

(i) by using at least one other column (4.3) having a 
stationary phase of different polarity. This pro­
cedure should continue until a chromatogram is 
obtained with no evidence of overlap of the VC 
and/or internal standard peaks with constituents of 
the sample of foodstuff;

(ii) by using other detectors, e.g. the micro-electrolytic 
conductivity detector*;



610 L. Rossi and J. B. H. v a n  Lierop

(iii) by using mass spectrometry; in this case, if molecu­
lar ions with parent masses (m/e) of 62 and 64 are 
found in the ratio of 3 : 1  it may be regarded with 
high probability as confirming the presence of VC. 
In case of doubt the total mass spectrum must be 
checked.

8 . Repeatability
The difference between the results of two determinations 
(5.4) carried out simultaneously or in rapid succession on 
the same sample, by the same analyst, under the same 
conditions, must not exceed 0 003 mg VC/kg of food­
stuff.
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REVIEW S OF RECEN T PU BLICA TIO N S

Food Safety. E d ite d  b y  H . R . R o b e r ts . W ile y -In te r -  
sc ie n c e . N e w  Y o r k . 1981 . p p . x iii +  3 3 9 . £ 2 5 .0 5 .

T h is  b o o k  d e a ls  w ith  th e  b a s ic  q u e s t io n  o f  th e  
sa fety  o f  th e  fo o d  su p p ly . W h ile  a b s o lu te  fo o d  sa fe ty  
is an  im p o s s ib il ity , s in c e  v ir tu a lly  a ll fo o d  c o m ­
p o n e n ts  r ep resen t s o m e  risk  to  s o m e  part o f  th e  
p o p u la t io n , th e  E d ito r , in  h is  in tr o d u c to r y  ch a p te r , 
a t te m p ts  to  p u t th e  p r o b le m  in  p ersp e c tiv e . D r  
R o b e r ts , w h o  w a s  D ir e c to r  o f  th e  F D A  B u rea u  o f  
F o o d s  b e fo r e  b e c o m in g  V ic e -P r e s id e n t . S c ie n c e  a n d  
T e c h n o lo g y , for  th e  N a t io n a l  S o ft  D r in k  A s s o c ia t io n ,  
r a n k s  five  c la s s e s  o f  f o o d  h a z a r d s  fro m  g r e a te s t  to  
lea s t  r isk  a s: (a) fo o d b o r n e  h a z a r d s  o f  m ic r o b ia l o r i­
g in , (b) n u tr it io n a l h a za rd s , (c) e n v ir o n m e n ta l c o n ­
ta m in a n t  h a za rd s, (d ) f o o d  h a z a r d s  o f  n a tu r a l o r ig in  
a n d  (e) fo o d  a n d  c o lo u r  a d d it iv e  h a za rd s . Efe p o in ts  
o u t  th a t  th e  p u b lic  c o n c e p t io n  o f  th e  re la tiv e  r isk s  is 
g e n e r a lly  in  th e  rev er se  ord er , a n d  h e  p u ts  m u c h  o f  
th e  b la m e  for th is  o n  th e  te n d e n c y  o f  s o m e  s c ie n tis ts  
to  se ek  p o p u la r  a t te n t io n , th r o u g h  th e  m ed ia , for  
u n s u b s ta n t ia te d  c o n c lu s io n s , p r io r  to  p eer  rev iew  a n d  
c o n fir m a to r y  re sea rch . H e  m a y  w e ll b e  m iss in g  th e  
p o in t  h ere :  m a n y  c o n s u m e r s  a c c e p t  th a t  th e  re g u ­
la to r s  r e c o g n iz e  h a z a r d s  a - d  a n d  y e t  m istru st  o ffic ia l  
a tt itu d e s  o n  f o o d  a n d  c o lo u r  a d d it iv e s . T h ey  a re  c o n ­
c ern ed  th a t  s tu d ie s  o n  th e se  a d d it iv e s  o fte n  fa il to  
y ie ld  u n e q u iv o c a l r e su lts  b u t fo rg et th a t c o n s u m e r  
e x p e c ta t io n  a n d  d e m a n d s  in  re la t io n  to  fo o d  a p p e a l  
a re  a m a jo r  r e a s o n  for  th e  u se  o f  c o lo u r in g s  a n d  m a n y  
o th e r  fo o d  a d d it iv e s .

T h is  c o n tr ib u t io n , w h ic h  a ls o  c o m m e n ts  b r ie f ly  o n  
th e  h is to r y  o f  f o o d  sa fe ty , e s p e c ia l ly  in th e  U S A ,  
in tr o d u c e s  a  s y s te m a t ic  c o n s id e r a t io n  o f  th e  in d iv id ­
u a l h a za rd s  in  r e la t io n  to  th e  o v e r a ll  p ic tu r e  o f  fo o d -  
su p p ly  h a za rd s. S u b se q u e n t  c h a p te r s  w r itte n  b y  
v a r io u s  t o x ic o lo g is t s  d ea l se p a r a te ly  w ith  th e  five  
c la s s e s  o f  fo o d  h a z a r d s  d e fin e d  a b o v e . E a c h  ch a p te r  
d is c u s s e s  in  s o m e  d e p th  th e  so u r c e s  a n d  ty p e s  o f  
h a za rd , g iv e s  e x a m p le s , o u t l in e s  U S  r e g u la to r y  c o n ­
tr o ls  w h e r e  a p p lic a b le  a n d  s u g g e s ts  m e th o d s  o f  m in i­
m iz in g  th e  p r o b le m s . T h e  ch a p te r  o n  ‘N u tr ito n a l  
h a z a r d s ’, w r itte n  b y  V . J. S tu b s , p r o v id e s  an  e x c e lle n t  
in tr o d u c t io n  to  th e  c o n c e p t  o f  fo o d - c o m p o n e n t  in te r ­
a c t io n .

A  f in a l c h a p te r , b y  J. D o u l l ,  is  e n t it le d  ‘F o o d  sa fe ty  
a n d  t o x ic o lo g y '.  T h is  d is c u s s e s  th e  ir .crea s in g  stra in  
o n  th e  s c ie n c e  o f  t o x ic o lo g y  r e su ltin g  n o t o n ly  from  
d e m a n d s  o n  m a n p o w e r  a n d  fa c ilit ie s  b u t a ls o  from  
ex te r n a l a n d  in te r n a l c r it ic ism  o f  th e  c r e d ib il ity  o f  a n i-  
m a l-to -h u m a n  e x tr a p o la t io n  a n d  r e tr o s p e c tiv e  e p id e ­
m io lo g y  s tu d ie s . T h e r e  a re  b r ie f  tr e a t ise s  o n  sc ie n c e  
a n d  p u b lic  p o lic y , th e  d is t in c t io n  b e tw e e n  toxicity- 
te s t in g  a n d  sa fe ty  e v a lu a t io n , r isk  a s s e s s m e n t  te c h ­
n iq u e s  a n d  th e  D e la n e y  C la u se . T h e  a u th o r  su m s  up  
b y  a d v o c a t in g  a  n a t io n a l fo o d  sa fe ty  p o l ic y  se tt in g  
p r io r it ie s  b a s e d  o n  r isk s  ra th er  th a n  o n  p o l it ic s  a n d  
e m o tio n . T h e  im p o r ta n c e  o f  f le x ib il ity  in  r e g u la to r y  
p o lic y , p eer  rev iew , p u b lic  p a r t ic ip a t io n  a n d  ‘c o n ­
su m er  e d u c a t io n ’ a re  a ll s tressed .

T h e  ta b le s  a n d  d ia g r a m s  th a t s u p p le m e n t  th is  tex t  
are  w e ll p r e s e n te d  a n d  th e  c h a p te r s  a re  b a c k e d  b y  
u sefu l lis ts  o f  re feren ces . A  se n s e  o f  p r o p o r t io n  a n d  a  
se n se  o f  h u m o u r  a re  m a in ta in e d  th r o u g h o u t— th is  is  
n o t  a  b o o k  b y , o r  for. fa n a tic s . T h e  o n ly  b a c k g r o u n d  
req u ired  is  a n  in te r e st  in  fo o d  sa fe ty  a n d  th e  tex t  
m a k e s  p le a sa n t , w e ll-b a la n c e d  a n d  in fo r m a tiv e  rea d in g .

Saccharin. A  Report. B y M . F . C ra n m er . E d ite d  b y
G . H . S ch err . P a th o to x  P u b lis h e r s . In c .. 1980 . pp . 
x iii +  5 8 6 . S 40 .12 .

R ea d ers  u n v erse d  in  th e  sa g a  o f  s a c c h a r in  w ill fin d  
th is  b o o k  p e r p le x in g . In th e  a b s e n c e  o f  e d ito r ia l  c o m ­
m e n ts  o r  p u b lis h e r s ’ n o te s , o n e  h a s  to  se a r c h  for a  
se n te n c e  o n  p a g e  8  a n d  a p a r a g r a p h  o n  p a g e  2 4 4  
b e fo re  d e d u c in g  th a t th e  p u b lic a t io n  is in  fa ct a  
rep o r t , w r itte n  in  1978 . b y  a  fo rm e r  d ir e c to r  o f  th e  
N a t io n a l  C en ter  for T o x ic o lo g ic a l  R e s e a r c h  (N C T R ),  
o n  th e  sa c ch a r in  ‘c o n tr o v e r s y ’ fo r  th e  O ffic e  o f  
S c ie n c e  in  th e  F o o d  a n d  D r u g  A d m in is tr a t io n . T h e  
a u th o r  w a s  r e q u e s te d  to  u n d e r ta k e  s e v e n  ta sk s  or  
‘c h a r g e s ’, in c lu d in g  a r e v ie w  o f  e x p e r im e n ta lly  
in d u c e d  b la d d e r  c a n c e r  in  a n im a ls , a n  e v a lu a t io n  o f  
w o r k  th en  in  p r o g r e s s  a t N C T R  a n d  e lse w h e r e , id e n t i­
f ic a t io n  o f  fu r th er  re lev a n t re sea rch  o n  s a c c h a r in  a n d  
o th e r  c h e m ic a ls  lik e ly  to  c a u s e  e x p e r im e n ta l b la d d e r  
c a r c in o g e n ic ity  a n d  f in a lly  a n  e v a lu a t io n  o f  e x is t in g  
in fo r m a t io n  a n d  r e c o m m e n d a tio n s , if  a n y , for  furth er  
s tu d ie s  o n  th e  m u ta g e n ic ity  o f  sa c ch a r in .

T h e  first p art o f  th e  r ep o r t  c o n s is t s  m a in ly  o f  a  
d e ta ile d  a n a ly s is  o f  th e  18 or  s o  lo n g -te r m  sa c c h a r in  
s tu d ie s  a lr e a d y  c o m p le te d , o r  n e a r in g  c o m p le t io n , b y
1978 . T h e  c o m m e n ts  o f  th e  N a t io n a l  A c a d e m y  o f  
S c ie n c e  c o m m it te e  (1 9 7 4 ) a n d  o th e r  in te r e ste d  p a rtie s , 
e s p e c ia l ly  th e  C a lo r ie  C o n tr o l C o u n c il , a s  w e ll  a s  a d ­
d it io n a l  c o m m e n ts  b y  th e  a u th o r  are lis te d  a fter  e a ch  
stu d y , h ig h lig h t in g  th e  m o v e m e n t  o f  sa c c h a r in  fro m  
th e  s c ie n tif ic  to  th e  p o l it ic a l  a ren a . F o r  th e  read er , 
th is  s e c t io n  p r o v id e s  a v a r ie ty  o f  in fo r m a t io n , fro m  
id e n tify in g  p o lit ic a l p re ssu re  g r o u p s  to  e x p o s in g  th e  
in a d e q u a c ie s  o f  m a n y  to x ic o lo g ic a l  s tu d ie s .

T h e  s e c o n d  h a lf  o f  th e  b o o k  is th e  a u th o r ’s re­
s p o n s e  to  th e  se v e n  F D A  ch a rg es . T h e  u n o r th o d o x  
p r e s e n ta t io n , th e  r a m b lin g  sty le  a n d  th e  o v e r w h e lm ­
in g  u se  o f  ja r g o n  r en d ers  th e  resu lt a t  b e s t  c o n fu s in g  
a n d  a t  w o r s t  u n in te ll ig ib le . T h is  is  a p ity , b e c a u se  
m o s t  o f  th e  in fo r m a t io n  o n  sa c ch a r in  t o x ic o lo g y  u p  to  
1978 is  to  b e  fo u n d  s o m e w h e r e  in  th is  la b y r in th . S o m e  
o f  th e  s e c t io n s  are  m isg u id e d . F o r  e x a m p le , w a s  w'ork  
in  p r o g r e s s  a t o th e r  in s t i tu t io n s  (c h a r g e  2 ) b e st  
r e v ie w e d  b y  s u b m itt in g  a  v e r b a t im  tra n scr ip t , w a r ts  
a n d  a ll. o f  a 1977  T o x ic o lo g y  F o r u m  m e e t in g  o n  sa c ­
c h a r in ?  A n d  w h y  d id  th e  a u th o r  d e v o te  o n ly  tw o  
p a g e s  to  th e  resea rch  p r o p o s e d  b y  h is  fo rm e r  in st itu te  
(ch a rg e  3) w h e n  o v e r  100  p a g e s  are  g iv e n  o v e r  to  h is  
o w n  p r o p o s a ls  for  furth er w o rk ?  E x a c t ly  w h a t  th e se  
are. h o w e v e r , is a lm o s t  im p o s s ib le  to  e x tra c t  fro m  th e
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s a g a  o f  p o s e d  q u e s t io n s , r e p e t it iv e  b a c k g r o u n d  a n d  
a s id e s  o n  to x ic o lo g ic a l  p h ilo s o p h y . A fter  a  t e d io u s  
se a rch  th e  fo l lo w in g  p r o p o s a ls  w e r e  id e n tif ie d :  th e  
e ffe c ts  o f  s a c c h a r in  e x p o s u r e  in u te ro  o n  b la d d e r  p e r ­
m e a b ility , m o r p h o lo g y  a n d  h y p e r p la s ia  a n d  th e  e ffec ts  
o f  sa c ch a r in  o n  u r in e  c o m p o s it io n , m a g n e s iu m  io n  
flu x , e p ith e lia l  D N A  s y n th e s is  a n d  D N A  rep a ir  a fter  
c a r c in o g e n  trea tm en t. C o m p a r is o n s  o f  N a  sa c ch a r in  
w ith  a c id  sa c ch a r in , 4 -e th y ls u lp h o n y ln a p h th a le n e - l-  
su lp h o n a m id e  a n d  x y l i to l  w ere  s u g g e s te d , w ith  
e m p h a s is  o n  th e  p h y s io lo g ic a l  e ffe c ts  th e se  c o m ­
p o u n d s  ca n  h a v e  in  ra ts  a n d  in  m ic e . In  r e la t io n  to  
m u ta g e n ic ity , th e  a u th o r  c o n c lu d e d  th a t sa c ch a r in  
w a s  u n lik e ly  to  b e  a  c a r c in o g e n , b u t  r e c o m m e n d e d  
th a t  w o r k  o n  th e  m u ta g e n ic ity  o f  u r in e  fro m  sa c c h a r in -  
tr ea ted  a n im a ls  s h o u ld  b e  p u rsu ed , a n d  su g g e s te d  
fu r th er  w o r k  o n  s a c c h a r in - in d u c e d  e n h a n c e m e n t  o f  
m u ta g e n ic ity  b y  b la d d e r  c a r c in o g e n s . F in a lly , e p id e ­
m io lo g y  d a ta  w e r e  r e v ie w e d , in c lu d in g  a c r it iq u e  o f  
th e  1977  C a n a d ia n  stu d y , w h ic h  p u r p o r te d  to  s h o w  
a n  a s s o c ia t io n  b e tw e e n  a r tific ia l sw e e te n e r  c o n s u m p ­
t io n  a n d  b la d d e r  ca n cer .

S p e c if ic  sc ien tif ic  c r it ic ism s  o f  th e  r ep o r t  in c lu d e  the  
im p r e c ise  id e n tif ic a t io n  o f  sc ie n tif ic  o b je c t iv e s  a n d  
s o m e  in c o r r e c t  re feren ces  th r o u g h o u t  th e  b o o k .  M o r e  
im m e d ia te  are th e  in n u m e r a b le  ty p o g r a p h ic a l errors, 
s lo p p y  p r o o f-r e a d in g , a b se n t  in d ex  a n d  th e  o v e r ­
w h e lm in g  c o n fu s io n  o f  th e  text.

It is  to  b e  h o p e d  th a t  th e  F D A  fo u n d  le s s  d iff icu lty  
in  d ig e s t in g  th is  tr ea tise  th a n  d id  th e  rev iew er . T h e  
b o o k  w a s  a p p a r e n tly  for ‘e v e r y o n e  w h o  u se s  a n  ar tifi­
c ia l sw e e te n e r ’. T h e y  w ill n e e d  to  b e  d e d ic a te d  to  th e  
q u e st  for  in fo r m a tio n .

Mycotoxins and /V-Nitroso Compounds: Environmen­
tal Risks. E d ite d  b y  R. C . S h a n k . C R C  P ress , In c., 
B o c a  R a to n , F L . V o l. I, p p . 2 8 5 ;  V o l. II, p p . 2 3 5 ;  
$ 7 4 .9 5  e a c h  in  th e  U S A  ($ 8 4 .9 5  e lsew h ere ) .

T h e  p r e se n c e  o f  m y c o to x in s  a n d  N - n it r o s o  c o m ­
p o u n d s  (p a r tic u la r ly  n itr o sa m in e s )  in  fo o d  a n d  feed  
a re  n o w  w id e ly  a c c e p te d  a s  m a jo r  r isk s  to  h u m a n  a n d  
a n im a l p o p u la t io n s . T h e  e d ito r  h a s  a t te m p te d  to  
c o v e r  b o th  c la s s e s  o f  c o m p o u n d s  to g e th e r  in  tw o  
v o lu m e s  w h ere  o n e  v o lu m e  for e a c h  c la s s  m ig h t  h a v e  
m a d e  for c lea rer  a n d  m o r e  lo g ic a l p r e s e n ta t io n .

T h is  is  e s p e c ia lly  tru e  for th e  s e c t io n s  d e a lin g  w ith  
m y c o to x in s . It is  e n c o u r a g in g  to  f in d  b o o k s  d e v o te d  
to  th e  o c c u r r e n c e  a n d  p r o p e r t ie s  o f  m y c o to x in s  th a t  
are n o t  c o n c e r n e d  so le ly , o r  a t  le a s t  in  th e  m a jo r  p art, 
w ith  a f la to x in  b u t th e se  v o lu m e s  d o  n o t  g rea tly  
e x te n d  p r e v io u s ly  p u b lis h e d  k n o w le d g e . D e ta i ls  o f  th e  
o c c u r r e n c e  a n d  a n a ly s is  o f  m y c o to x in s  a n d  to x ic ity  to  
h u m a n s  a n d  a n im a ls  a re  p re se n te d  in v o lu m e  I. 
V o lu m e  II p re sen ts  c h a p te r s  d e a lin g  in  th e  m a in  w ith  
th e  m e ta b o lis m , p h a r m a c o k in e t ic s , b io c h e m ic a l e ffects  
a n d  m o d e  o f  a c t io n  o f  in d iv id u a l g r o u p s  o f  m y c o ­
to x in s , b u t th e re  is  l it t le  o r  n o  c r o s s-r e fe r e n c in g  to  
o th e r  c h a p te r s  in  th e  b o o k . T h is  fra g m e n ta ry  
.a p p r o a c h  d o e s  l it t le  to  h e lp  th e  read er  to  a p p r e c ia te  
th e  r e le v a n c e  o f  m y c o to x in s  a s a n  e n v ir o n m e n ta l r isk . 
H o w e v e r , th e  in fo r m a tio n  in th e  in d iv id u a l c h a p te r s  is 
w ell p r e se n te d , v ery  d e ta ile d  a n d  e x te n s iv e ly  refer­
e n ced . T h e  o p e n in g  c h a p te r  o f  v o lu m e  I in c lu d e s  a 
ta b le  in  w h ic h  a re  lis ted  c o m p o u n d s  th a t are  p r o b a b ly

in v o lv e d  in  m y c o to x ic o s e s .  It is a  p ity  th a t  tw o  im ­
p o r ta n t  g r o u p s  m e n tio n e d , th e  p e n itr e m s a n d  s p o r i-  
d e sm in s  are  b a re ly  m e n tio n e d  in  la ter  ch a p te r s .

R e g a r d in g  th e  c o v e r a g e  o f  ¿V -nitroso c o m p o u n d s ,  
fou r  c h a p te r s  (a ll in  v o lu m e  I) d ea l w ith  th e  o c c u r ­
ren ce , to x ic ity  a n d  c a r c in o g e n ic ity , h u m a n  r e s p o n s e s  
a n d  a s s e s s m e n t  o f  c a r c in o g e n ic  risk  o f  W -n itr o s a m in e s  
in a d m ir a b le  if  s o m e w h a t  d a te d  d e ta il. T h e s e  c h a p te r s  
a re  w e ll o r g a n iz e d  a n d  lu c id  a n d  d isp la y  s o m e  e x c e l­
len t  fea tu re s  o f  w h ic h  th e  m o st  n o ta b le  is  th e  b rev ity  
a n d  o p e n n e s s  o f  th e  s e c t io n  o n  m e c h a n is m s  o f  a c t io n .  
H ere  for  o n c e  are  a u th o r s  (D r  Sh am e h im s e lf  in  c o n ­
j u n c t io n  w ith  P r o fe s so r  M a g e e )  w h o  h a v e  r e s is te d  th e  
t e m p ta t io n  to  re itera te  th e  t im e -h o n o u r e d  a n d  u n s u b ­
sta n t ia te d  s p e c u la t io n  so  o fte n  re p e a te d  in  b o o k s  o f  
th is  k in d . T h e  p a u c ity  o f  in fo r m a t io n  o n  h u m a n  re­
s p o n s e s  to  N - n it r o s o  c o m p o u n d s  is  a ls o  a c c u r a te ly  
re fle c ted  b y  th e  m ere  fiv e  p a g e s  d e v o te d  to  th is  
ch a p te r .

JV-Nitroso Compounds: Analysis, Formation and 
Occurrence. E d ited  b y  E. A . W a lk er , L . G r ic iu te ,  M . 
C a s te g n a r o  &  M . B o r z so n y i. IA R C  S c ie n t . P u b l. n o . 
31 . In te r n a t io n a l A g e n c y  for R e se a r c h  o n  C a n cer , 
L y o n , 1980 . p p . x x v i +  841 . S w . fr. 7 0 .0 0  (a v a ila b le  in  
th e  U K  th r o u g h  H M S O ).

T h is  p u b lic a t io n  p r e se n ts  th e  p r o c e e d in g s  o f  th e  
V lt h  In te r n a t io n a l S y m p o s iu m  o n  fV -n itro so  c o m ­
p o u n d s  h e ld  in  B u d a p e s t  in  O c to b e r  197 9  a n d  c o n ­
ta in s  a la rg e  n u m b e r  o f  sh o r t  p a p ers  o n  a w id e  v a r ie ty  
o f  su b jec ts . S e p a r a te  s e c t io n s  a re  d e v o te d  to  n itr o s -  
a m in e  c h e m is tr y  a n d  fo r m a tio n , a n a ly s is , o c c u r r e n c e  
a n d  e x p e r im e n ta l p a th o lo g y . A  sh o r t  lis t  o f  s u b c o m ­
m itte e  r e c o m m e n d a t io n s  for fu tu re  w o r k  in  e a c h  o f  
th e se  su b jec t  g r o u p in g s  c o m p le te s  th e  v o lu m e .

P u b lic a t io n s  o f  th is  ty p e  d ra w  to g e th e r  a d iv e r s ity  
o f  resea rch  a p p r o a c h e s  to  w h a t is  u su a lly  a lo o s e ly  
d e fin e d  su b jec t  a rea  a n d  th e  re su ltin g  b rea d th  o f  
s c o p e  h a s  m u c h  to  o ffer  to  th o s e  a c t iv e ly  in v o lv e d  in  
a n y  a rea  c o n s id e r e d . S u ch  is  th e  c a s e  w ith  th is  b o o k .  
S tr ik in g  w o rk  o n  n itr o s a m in e  c h e m is tr y — in c lu d in g  
th e  first su c c e ss fu l s y n th e s is  o f  a n  a -h y d r o x y n itr o s -  
a m in e — st im u la te s  th e  rea d er ’s im a g in a t io n . E le g a n t  
n e w  b io a s s a y  sy s te m s  are d e sc r ib e d  a n d  o n ly  th e  
a n a ly s is  a rea  se e m s  s ta g n a n t. A lth o u g h  d is tu r b in g  
e v id e n c e  is o ffered  o f  th e  e v e r -w id e n in g  ra n g e  o f  
s i tu a t io n s  in  w h ic h  n itr o sa m in e s  se e m  t o  o c c u r , th e  
a ll- im p o r ta n t  m e th o d s  for  d e te c t in g  n o n -v o la t i le  
n itr o s a m in e s  in th e  h u m a n  e n v ir o n m e n t  a n d  d ie t  re­
m a in  e lu s iv e . A lto g e th e r  th is  c o n fe r e n c e  c le a r ly  se rv ed  
th e  b a s ic  fu n c t io n  o f  su c h  g a th e r in g s— to  in fo r m  a n d  
to  s t im u la te .

P u b lis h e d  p r o c e e d in g s  o f  su ch  m e e t in g s  ten d  to  
h a v e  c er ta in  w e a k n e s se s , h o w e v e r , a n d  th is  b o o k  is n o  
e x c e p t io n . V ery  l it t le  c a n  b e  g a in e d  u n le s s  o n e  is p r e ­
p ared  to  s tu d y  e a ch  p a p er  in  s o m e  d e ta il. T h e r e  is  an  
a b s e n c e  o f  c o h e s io n  in  th e  su b jec t  m a tter  a n d  th e  e a s e  
w ith  w h ic h  a n y  in fo r m a tio n  ca n  b e  ex tr a c te d  is v ery  
d e p e n d e n t  o n  th e  s ty le  o f  th e  in d iv id u a l a u th o r s . 
S o m e  lec tu rers  a t  th e se  g a th e r in g s  a re  a n x io u s  to  g iv e  
a w a y  a s  l it t le  a s  p o s s ib le  to  th e ir  c o m p e tito r s , a n d  th is  
c o n fe r e n c e  c le a r ly  h a d  a  few  o f  th o s e . S o m e  a u th o r s  
w a n t to  g iv e  a s  m a n y  le c tu r e s  a s  p o s s ib le  a n d  so  
d ilu te  o n e  g o o d  p ie c e  o f  w o r k  in to  se v era l tr iv ia l b it s ;  
a g a in  th is  c o n fe r e n c e  h a d  s o m e  o f  th o s e . S o m e
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a u th o r s  h a v e  n o th in g  o r ig in a l o r  w o r th w h ile  to  sa y  
a n d  th e r e  a re  ev e n  s o m e  o f  th o se .

B u t  w h e n  a ll is  sa id  a n d  d o n e  th e se  m e e t in g s  a re  
e s se n t ia l  a n d  v a lu a b le . P e r h a p s  o n e  d a y  a  g r o u p  o f  
e d ito r s  w ill  a s s e m b le  w h o  h a v e  th e  c o u r a g e  to  p resen t  
th e  rea d er  w ith  re fin ed  g o ld  ra th er  th a n  c r u d e  o re.

Handbook of Toxic and Hazardous Chemicals. B y  M .
S itt in g . N o y e s  P u b lic a t io n s , P a r k  R id g e , N J , 1981 . p p . 
x x i +  729 . $64 .0 0 .

In c r e a s in g  c o n c e r n  o v e r  th e  to x ic  h a z a r d s  p resen ted  
b y  c h e m ic a ls  a t  a ll s ta g e s  fro m  m a n u fa c tu r e  to  u lt i­
m a te  d is p o s a l h a s  g e n e r a te d  a  n e e d  fo r  b o o k s  th a t  
a t te m p t  to  su m m a r iz e  a ll s a lie n t  in fo r m a t io n  u n d er  
o n e  c o v e r . T h e  a b o v e  v o lu m e  p r e s e n ts  d a ta  o n  n ea r ly  
6 0 0  c h e m ic a ls , in c lu d in g  a ll th o s e  for w h ic h  T L V s  are  
a llo c a te d  o r  p r o p o s e d  b y  A C G I H , th a t h a v e  b een  
c o n s id e r e d  in  th e  N I O S H  S ta n d a r d s  C o m p le t io n  P r o ­
g ra m  o r  th a t a re  E P A  p r io r ity  to x ic  w a te r  p o llu ta n ts .  
M o s t  c h e m ic a ls  c la s s if ie d  b y th e  E P A  a s  h a z a r d o u s  
w a s te s  o r  h a z a r d o u s  su b s ta n c e s , o r  r e v ie w e d  in  E P A  
C h e m ic a l H a z a r d  In fo r m a tio n  P r o f ile s  o r  N I O S H  In ­
fo r m a tio n  P r o file s , are  a ls o  c o v e r e d . It is  a im e d  at  
c h e m ic a l m a n u fa c tu rers , sa fe ty  e q u ip m e n t  p ro d u c e r s ,  
to x ic o lo g is t s ,  in d u s tr ia l sa fe ty  e n g in e e r s , w a s te  d is ­
p o s a l o p e r a to r s , h e a lth  c a re  p r o fe s s io n a ls  a n d  o th e r s  
w h o  m a y  h a v e  to  m a k e  r e s p o n s ib le  d e c is io n s  a b o u t  
c h e m ic a l e x p o su r e .

F o r  e a c h  c h e m ic a l th e  d a ta  in c lu d e s  a  c h e m ic a l d e ­
sc r ip tio n , C A S , N I O S H  R e g is tr y  a n d  U N  c o d e  
n u m b ers , U S  D e p a r tm e n t  o f  T r a n s p o r ta t io n  h a za rd  
c la s s if ic a tio n , s y n o n y m s , p o te n t ia l  e x p o su r e , in c o m p a ­
t ib ility  w ith  o th e r  m a te r ia ls , U S  p e r m iss ib le  e x p o s u r e  
l im its  a n d  d e te r m in a t io n  in  a ir  a n d  in  w a ter , r o u te s  o f  
e x p o su r e , h a rm fu l e ffe c ts  a n d  s y m p to m s , p o in ts  o f  
a tta c k  (i.e. o r g a n s  or  sy s te m s  a ffec ted ), m e d ic a l su r­
v e illa n c e , f irst a id , p e r s o n a l p r o te c t iv e  m e th o d s , r es­
p ira to r  s e le c t io n , s u g g e s te d  d is p o s a l  m e th o d , a n d  
(so m e tim e s )  a  few  im p o r ta n t  re feren ces . T h o s e  th a t  
h a v e  b e e n  d e s ig n a te d  c a r c in o g e n s , h a z a r d o u s  s u b ­
sta n c e s , h a z a r d o u s  w a s te s  o r  p r io r ity  to x ic  p o llu ta n ts  
b y  th e  v a r io u s  U S  fed era l a g e n c ie s  a re  a ls o  n o te d  as  
su ch .

A lth o u g h  o b v io u s ly  in te n d e d  p r im a r ily  for  
A m e r ic a n  rea d ers , m u c h  o f  th e  in fo r m a t io n  p r e s e n te d  
is o f  w o r ld w id e  a p p lic a t io n . It is c o m m e n d a b ly  u p  to  
d a te  b y th e  s ta n d a r d s  o f  m o s t  tex t  b o o k s , c i t in g  m a n y  
1980 re feren ces . F o r  e a c h  c h e m ic a l c o v e r e d  th e  in fo r ­
m a tio n  is  m o r e  c o m p r e h e n s iv e  th a n  th a t  in  o th e r  
w o r k s  o f  re feren ce  c o m m o n ly  u s e d  for th e  sa m e  p u r ­
p o s e . H o w e v e r , sp a c e  c o n s id e r a t io n s  h a v e  o fte n  le d  to  
u n d u ly  b r ie f  d e s c r ip t io n s  o f  t o x ic o lo g ic a l  e ffects . 
E m p h a s is  a p p e a r s  to  h a v e  b e e n  g iv e n  to  a c u te  e ffec ts  
a n d  s y m p to m s  th a t  h a v e  b e e n  o b s e r v e d  in  m a n , a n d  
e ffe c ts  s o  far r e p o r te d  o n ly  fro m  c h r o n ic  e x p o s u r e  o f  
a n im a ls  (a p a r t  fro m  c a r c in o g e n ic ity )  a re  o fte n  o m it ­
ted . T h u s , th e  en tr y  for d i-(2 -e th y lh e x y l)  p h th a la te  
re c o r d s  o n ly  th a t  it  c a n  c a u s e  e y e  a n d  m u c o s a l ir r ita ­
t io n , n a u se a  a n d  d ia r r h o e a , a n d  o m its  a n y  m e n tio n  o f  
th e  h e p a tic , te s t ic u la r  a n d  te r a to g e n ic  e ffec ts  d e m o n ­
stra ted  in  a n im a ls . P o s s ib le  te r a to g e n ic ity  is  a lso  
o m itte d  fr o m  th e  e n tr ie s  for  fo r m a m id e  a n d  d im e th y l-  
fo r m a m id e , w h ile  th a t  fo r  d i- ie r t-b u ty l-p -c r e s o l (B H T )  
reco r d s  o n ly  a n  o r a l L D 50 in  ra ts  a n d  a  la ck  o f  t o x ­
ic ity  to  g o ld fis h !  T h e r e  are  erro r s  o f  c o m m is s io n  as

w e ll a s  o m is s io n — for e x a m p le , a  s ta te m e n t  th a t n o ­
tu m o u r s  w e r e  fo u n d  in  d o g s  g iv e n  4 ,4 '-m e th y le n e -  
b is (2 -c h lo r o a n ilin e )  (M O C A ).

P o s s ib ly  i f  s p a c e -s a v in g  w a s  th e  p r in c ip a l a im , 
d e ta ils  su ch  a s  p o te n t ia l  e x p o s u r e  (w h ic h  in c lu d e s  th e  
m a in  u se s  o f  e a c h  c o m p o u n d )  c o u ld  h a v e  b e e n  o m it ­
ted . A s  lo n g  a s  it  is  n o t  re lied  o n  a s  th e  s o le  so u r c e  o f  
t o x ic o lo g ic a l  in fo r m a t io n , h o w e v e r , th e  b o o k  w ill 
p r o b a b ly  b e  o f  v a lu e  to  a w id e  a u d ie n c e  in  th e  c h e m i­
ca l a n d  o th e r  in d u s tr ie s  for  it s  su c c in c t  p r e s e n ta t io n  
o f  d a ta , m u c h  o f  w h ic h  h a s  n o t  b e fo r e  b e e n  c o l le c te d  
in  o n e  m a n a g e a b le  v o lu m e .

Carcinogenesis A Comprehensive Survey. V o l. 6. The 
Nitroquinolines. E d ite d  b y  T . S u g im u r a . R a v e n  P ress , 
N e w  Y o r k , 1981 . p p . v iii  +  159. $ 3 4 .0 0 .

T h e  im p o r ta n c e  o f  th e  n i tr o q u in o lin e s  in  a v a r ie ty  
o f  in d u s tr ia l p r o c e s se s  a n d  th e  v a lu e  o f  4 -n it r o q u in o -  
l in e  1- o x id e  a s  a  m o d e l fo r  th e  s tu d y  o f  c a r c in o g e n ic  
m e c h a n is m s  h a v e  to g e th e r  r e s u lte d  in  a  c o n s id e r a b le '  
a c c u m u la t io n  o f  d a ta  o n  th is  g r o u p  o f  c o m p o u n d s .  
T h is  sm a ll  v o lu m e  a t te m p ts  t o  p r e s e n t  a  c o m p r e h e n ­
s iv e  r e v ie w  o f  th is  e x p e r im e n ta l m a ter ia l.

T h e  s ix  c h a p te r s  d ea l in  tu rn  w ith  th e  c h e m is tr y  
a n d  th e  m e ta b o lis m  o f  4 -n it r o q u in o lin e  1 -o x id e  a n d  
r e la te d  c o m p o u n d s , w ith  m u ta g e n ic ity  in  p r o k a r y o te s  
a n d  g e n o t o x ic i ty  in  e u k a r y o te s , a n d  w ith  c e ll tr a n s­
fo r m a t io n  in v itro  a n d  c a r c in o g e n e s is  s tu d ie s  in  e x ­
p e r im e n ta l a n im a ls . E a c h  re v ie w s  th e  p u b lis h e d  w o r k  
in  d e ta il a n d  p r o v id e s  a n  im p r e ss iv e  lis t  o f  re feren ces , 
in c lu d in g  s o m e  fro m  1980.

U n fo r tu n a te ly , h o w e v e r , th is  is  n o t  a  p a r t ic u la r ly  
re a d a b le  b o o k . T h e  fa ct th a t  n e ith e r  E d ito r  n o r  c o n ­
tr ib u to r s  a re  b a s ic a lly  E n g lis h  s p e a k in g  se e m s  s o m e ­
t im e s  to  h a v e  le ft its  m a rk , b u t  th e  p r o b le m  is  le s s  o n e  
o f  s ty le  th a n  o f  a  m u lt ip lic ity  o f  a b b r e v ia t io n s . It is  
h a rd  to  se e  h o w  th e  fa ir ly  w id e  u se  o f  a b b r e v ia t io n s  
c o u ld  h a v e  b e e n  a v o id e d , a n d  fo r  th e  m o s t  p a rt th e  
s ta n d a r d  fo r m s u se d  w ill b e  fa m ilia r  to  r ea d ers  
a lr e a d y  w e ll v er sed  in  th is  fie ld , b u t  for o th e r s  a  se p a r ­
a te  g lo s s a r y  w o u ld  h a v e  b een  m o r e  h e lp fu l th a n  th e  
d e f in it io n s  p r o v id e d  in  th e  te x ts  o f  in d iv id u a l  
ch a p te r s .

Health Impacts of Polynuclear Aromatic Hydro­
carbons. Environmental Health Review No. 5. E d ite d  
b y  A . W . P u c k n a t . N o y e s  D a t a  C o r p o r a t io n , P a rk  - 
R id g e , N J , 1981 . p p . x  +  2 7 1 . $39 .0 0 .

Analytical Chemistry of Polycyclic Aromatic Com­
pounds. B y  M . L . L ee , M . V . N o v o t n y  a n d  K . D .  
B a rtle . A c a d e m ic  P ress , L o n d o n , 1981 . p p . xi +  4 6 2 . 
£ 3 3 .6 0 .

T h e s e  tw o  b o o k s  id e n tify  a n d  e x a m in e  in  d e ta il o n e  
a rea  o f  cu rren t c o n c e r n  for  th e  e n v ir o n m e n t  a n d  o u r  
h e a lth — th e  p o ly n u c le a r  a r o m a tic  h y d r o c a r b o n s  
(P A H s )— a g r o u p  o f  s e e m in g ly  u b iq u ito u s  e n v ir o n ­
m e n ta l c o n ta m in a n ts  w ith  e s ta b lis h e d  c a r c in o g e n ic  
p ro p er tie s .

H e a lth  I m p a c ts  o f  P o ly n u c le a r  A r o m a tic  H y d r o ­
c a r b o n s  r e v ie w s  th e  e v id e n c e  c o l le c te d  la r g e ly  b y  
U n ite d  S ta te s  G o v e r n m e n t  A g e n c ie s  in  th r ee  m a in
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a rea s :  th e  fo ss il  fuel so u r c e s  o f  P A H s , th e ir  fa te  in  th e  
e n v ir o n m e n t  a n d  th e ir  e ffec ts  o n  h u m a n  h ea lth . T h e r e  
a r e  a ls o  c h a p te r s  o n  th e  p h y s ic a l a n d  c h e m ic a l  
p r o p e r t ie s  o f  th e  m o r e  c o m m o n  P A H s , a n a ly tic a l  
m e th o d s , a n d  a  d e s c r ip t io n  o f  s o m e  h e a lth  p r o te c t io n  
c r iter ia  a d o p te d  in  th e  U S A . D e s p it e  th e  c la im s  o f  th e  
p u b lis h e r s  to  p r o v id e  u p -to -d a te  in fo r m a t io n , th ere  
are  v ery  few  r e feren ces  b e y o n d  1978  a n d  th e  e x te n s iv e  
c o n te n ts  lis t  d o e s  l it t le  to  c o m p e n s a te  for th e  la c k  o f  a  
su b je c t  in d ex . A lth o u g h  m o s t  o f  th e  e n v ir o n m e n ta l  
d a ta  g iv e n  re la te  to  th e  U S A , th e  b o o k  is a u sefu l 
m o n o g r a p h  for a ll s tu d e n ts  o f  th e  e n v ir o n m e n t  a n d  
s h o u ld  p r o v id e  v a lu a b le  b a c k g r o u n d  in fo r m a t io n  for  
t o x ic o lo g is t s  in v o lv e d  in  P A H  resea rch .

A n a ly t ic a l  C h e m is tr y  o f  P o ly c y c l ic  A r o m a tic  C o m ­
p o u n d s  d e sc r ib e s  a n a ly tic a l p r o c e d u r e s  th a t h a v e  b een  
d e v e lo p e d  for c o m p le x  p o ly n u c le a r  a r o m a tic  m ix tu r e s  
w h ic h  c o n ta m in a te , o r  o r ig in a te  in , a ir , w a ter , s e d i­
m e n ts , fo o d , to b a c c o  s m o k e  a n d  fo ss il  fu e ls . T h re e  
in tr o d u c to r y  c h a p te r s  o u t l in e  th e  p h y s ic a l a n d  c h e m i­
ca l p r o p e r t ie s , o c c u r r e n c e , a n d  th e  t o x ic o lo g y  o f  p o ly ­
c y c lic  a r o m a tic  c o m p o u n d s . C r it ic a l r e v ie w s  o f  
sp e c if ic  a s p e c ts  o f  a n a ly s is  for  p o ly c y c l ic  a r o m a tic  
c o m p o u n d s  fo llo w . T h e  t o p ic s  c o v e r e d  are  c o lle c t io n ,  
e x tr a c t io n , a n d  f r a c t io n a t io n , c o lu m n , p a p er  a n d  th in -  
la y er  c h r o m a to g r a p h y , h ig h -p e r fo r m a n c e  liq u id  
c h r o m a to g r a p h y , g a s  c h r o m a to g r a p h y , m a ss  s p e c tr o ­
m etr y . u ltr a v io le t  a n d  lu m in e s c e n c e  s p e c tr o s c o p y ,  
n u c le a r  m a g n e tic  r e s o n a n c e  s p e c tr o s c o p y , a n d  four-  
ie r -tr a n s fo rm  in fra -red  s p e c tr o s c o p y . A fina l c h a p te r  
h ig h lig h ts  th e  a n a ly s is  o f  m e th y lc h r y s e n e s  b y s o m e  o f  
th e  m e th o d s  d is c u s s e d  in  th e  p r e c e d in g  c h a p te r s , a n d  
th e r e  a re  se v era l u sefu l a p p e n d ic e s  g iv in g  d a ta  o n  th e  
s tr u c tu r e s  a n d  c a r c in o g e n ic ity  o f  P A H s  a n d  h e te r o ­
a r o m a tic  c o m p o u n d s . D e ta i le d  th e o r e t ic a l a c c o u n ts  
a re  k e p t  to  a m in im u m  th r o u g h o u t  th e  b o o k , a n d  th e  
e m p h a s is  is  o n  p ra c tica l w o r k in g  p r o b le m s. R e la tiv e ly  
u p -to -d a te  re feren ces , c le a r  p rin t a n d  a su b jec t  in d ex  
a ll h e lp  to  m a k e  th is  a  v a lu a b le  a c c o u n t  o f  p o ly n u c ­
lea r  h y d r o c a r b o n  a n a ly s is  w h ic h  s h o u ld  b e  o f  u se  
b o th  to  w o r k e r s  w h o  a re  n ew  to  p o ly n u c le a r  a r o m a tic  
c o m p o u n d  a n a ly s is  a n d  to  th o s e  w h o  are  fa m ila r  w ith  
th is  area , b ut in n eed  o f  a  c o m p e n d iu m  o f  cu rren t  
m e th o d s .

P r o g r e ss  in  D r u g  M e ta b o lism . V o l. 5. E d ite d  b y  J. W . 
B r id g e s  &  L. F . C h a ss e a u d . J o h n  W ile y  &  S o n s  L td , 
C h ic h e s te r , 1980 . p p . ix  +  358 . £ 2 8 .5 0 .

T h is  b o o k  is  th e  fifth  in  a  se r ie s  w h ic h  a im s  b y  
c r it ica l r e v ie w s  to  k e e p  th e  rea d er  u p  to  d a te  w ith  
d e v e lo p m e n ts  in  v a r io u s  a s p e c ts  o f  x e n o b io t ic  m e ta b ­
o l is m  ( C i te d  in F .C .T . 1981 , 19, 775). T h e  p resen t  
v o lu m e  c o n s is t s  o f  fiv e  r e v ie w s  e a c h  w ith  a  lis t  o f  
re feren ces , a n d  a  su b jec t  in d e x  for  th e  en t ir e  v o lu m e .

T h e  first c h a p te r  b y  J. C . C o n n e lly  a n d  J. W . 
B r id g e s  d e a ls  w ith  th e  d is tr ib u t io n  a n d  ro le  o f  c y t o ­
c h r o m e  P -4 5 0  in  m a m m a lia n  e x tr a h e p a t ic  o r g a n s . 
C y t o c h r o m e  P -4 5 0  is o f  c o u r s e  th e  g e n e r ic  term  for a  
fa m ily  o f  h a e m o p r o te in s  th a t  a c t  a s  th e  te r m in a l o x y ­
g e n a s e s  in  th e  m e ta b o lis m  o f  b o th  e n d o g e n o u s  (e.g . 
s te r o id s , v ita m in s , fa tty  a c id s )  a n d  e x o g e n o u s  ( x e n o ­
b io t ic )  su b s ta n c e s . A lth o u g h  c y to c h r o m e  P -4 5 0  le v e ls  
a re  g e n e r a lly  m u c h  lo w e r  in  e x tr a h e p a tic  t is su e s  th a n  
in  th e  liv er  th e  im p o r ta n c e  o f  th e se  s ite s  o f  m e ta b ­

o l is m  s h o u ld  n o t  b e  o v e r lo o k e d . T h e  s e c o n d  r e v ie w  
b y  C . H . W a lk e r  d e a ls  w ith  sp e c ie s  v a r ia t io n s  in  h e p ­
a t ic  x e n o b io t ic  m e ta b o liz in g  e n z y m e s  w ith  p a r t ic u la r  
re feren ce  to  c y to c h r o m e  P -4 5 0 -d e p e n d e n t  m ix e d -fu n c ­
t io n  o x id a s e s , e p o x id e  h y d r a ta s e  a n d  U D P -g lu c u r o -  
n y ltr a n s fe ra se . E n z y m e  a c t iv it ie s  d e te r m in e d  w ith  
su b c e llu la r  fr a c t io n s  o f  liv er  h o m o g e n a te s  are  c a ta ­
lo g u e d , a n d  th e  so u r c e s  a n d  sc a le  o f  v a r ia t io n , in  v ivo  
s tu d ie s  a n d  th e  u se  o f  m ic r o s o m a l sy s te m s  a s  m o d e ls  
fo r  w h o le  a n im a l m e ta b o lis m  a re  c o n s id e r e d .

T h e  th ir d  c h a p te r  b y  H . B. H u c k e r , K . C . K w a n  
a n d  D . E . D u g g a n  d e a ls  w ith  th e  p h a r m a c o k in e t ic s  
a n d  m e ta b o lis m  o f  n o n -s te r o id  a n t i- in f la m m a to r y  
d ru g s. A  w id e  ra n g e  o f  c o m p o u n d s  a re  c o n s id e r e d  
in c lu d in g  sa lic y la te s  ( in c lu d in g  a sp ir in ), a r y la c e t ic  
a c id s , 2 -a r y lp r o p io n ic  a c id s , V - h e te r o c y c le s  ( in c lu d in g  
p h e n y lb u ta z o n e )  a n d  o th e r  h e te r o c y c le s  a n d  th e  
r ev iew  is  w e ll i l lu s tr a te d  w ith  c h e m ic a l s tr u c tu r e s  a n d  
b io tr a n s fo r m a t io n  p a th w a y s . T h e  n e x t  c h a p te r  b y  V. 
M a r k s  a n d  c o w o r k e r s  c o n s id e r s  th e  m o n ito r in g  o f  
d ru g  d is p o s it io n  b y  im m u n o a s s a y . R a d io im m u n o ­
a ss a y s , e n z y m e  im m u n o a s s a y s  a n d  d ifferen t ty p e s  o f  
f lu o r e sc e n c e  im m u n o a s s a y s  a re  a m o n g  th e  m e th o d s  
d e sc r ib e d  to g e th e r  w ith  e x a m p le s  o f  th e ir  a p p lic a t io n .

T h e  fin a l c h a p te r  b y  P . G . W a ta n a b e , J. C . R a m se y  
a n d  P . J. G e h r in g  is e n t it le d  “P h a r m a c o k in e t ic s  a n d  
m e ta b o lis m  o f  in d u s tr ia l c h e m ic a ls ” a n d  is  h ig h ly  rec­
o m m e n d e d  to  a n y o n e  in te r e ste d  in  th e  to x ic o lo g ic a l  
e v a lu a t io n  a n d  risk  a ss e s sm e n t  o f  in d u s tr ia l c h e m i­
ca ls . T h e  a u th o r s  b r ie f ly  rev iew  b a s ic  p h a r m a c o ­
k in e tic  p r in c ip le s  a n d  th en  c o n s id e r  k in e tic  m o d e ls  o f  
th e  fo r m a t io n  o f  r e a c t iv e  m e ta b o lit e s  a n d  o f  th e ir  in ­
te r a c t io n s  w ith  c e llu la r  m a c r o m o le c u le s  su ch  a s  
D N A , R N A  a n d  p r o te in  th a t m a y  u lt im a te ly  in it ia te  
c a r c in o g e n e s is . T h e  in d u s tr ia l c h e m ic a ls  c o n s id e r e d  
in c lu d e  s ty ren e . 2 .4 ,5 - tr ic h lo r o p h e n o x y a c e t ic  a c id .
1 ,4 -d io x a n e . v in v lid e n e  c h lo r id e  a n d  te tr a c h lo r o e th y -  
len e .

A s  w ith  p r e v io u s  ‘P r o g r e ss ’ v o lu m e s  th is  b o o k  is  to  
b e  r e c o m m e n d e d  b o th  for  g en era l r e a d in g  a n d  for a n y  
o f  th e  f iv e  sp e c if ic  a rea s  c o v e r e d . O h , b u t  th e  price!

Information Resources in Toxicology. By P. W ex ler . 
E ls e v ie r /N o r th -H o lla n d  In c., N e w  Y o r k , 1982 . pp. 
x v  +  3 3 3 . D fl. 105.00 .

In fo rm a tio n  R e s o u r c e s  in T o x ic o lo g y  is  a  v ery  t im e ly  
r ev iew  o f  a  c o m p le x  a n d  ra p id ly  d e v e lo p in g  area . M r  
W e x le r  h a s  p resen ted  a c o m p r e h e n s iv e  c o v e r a g e  o f  a 
m u lt i- fa c e te d  su b jec t  s o  th a t th e  p r a c t is in g  to x ic o l ­
o g is t , th e  in fo r m a t io n  sp e c ia lis t  a n d  th e  la y m a n  ca n  
lo c a te  a n d  e v a lu a te  re lev a n t in fo r m a tio n  so u r c e s . It is  
n o t  in te n d e d  to  stru c tu re  a c tu a l s e a r c h in g  p r o c e d u r e s  
for sp e c if ic  t o x ic o lo g ic a l  d a ta  b u t  ra th er  to  b r o a d e n  
th e  s c o p e  o f  th e  se a rch  to  a  w id e r  v a r ie ty  o f  p o te n t ia l  
r e s o u r c e  m a ter ia l.

S e v e n  m a jo r  c a te g o r ie s  o f  in fo r m a t io n  r e s o u r c e s  
a n d  p r o c e s s in g  a re  se le c te d  b y  th e  a u th o r ;  th e se  are  
re feren ce  so u r c e s , o r g a n iz a t io n s , le g is la t io n  a n d  r e g u ­
la t io n s , in te r n a tio n a l a c t iv it ie s , e d u c a t io n , in fo r ­
m a tio n  h a n d lin g  a n d  jo u r n a l a r tic le s . W ith in  e a c h  o f  
th e se  c a te g o r ie s  a re  se p a r a te  c h a p te r s  c o n ta in in g  b r ie f  
d e s c r ip t io n s  o f  so u r c e s  o f  g e n e r a l o r  sp e c if ic  in fo r ­
m a tio n . A p p r o x im a te ly  h a lf  o f  th e  b o o k  (o v er  1 2 0 0  
en tr ie s )  is d e v o te d  to  l is t in g  b o o k s , m o n o g r a p h s ,
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p e r io d ic a ls  a n d  jo u r n a l  a r t ic le s  th a t  p r o v id e  t o x ic o ­
lo g ic a l in fo r m a t io n . M a n y  o f  th e se  so u r c e s  a re  c la s s i­
fied  in to  g r o u p s  c o v e r in g  c a r c in o g e n ic ity , m u ta g e n ­
ic ity , te r a to g e n ic ity , b io to x in s , c lin ic a l to x ic o lo g y ,  
d ru g s a n d  c o s m e t ic s . O th e r  ty p e s  o f  in fo r m a tio n  
so u r c e s  lis te d  are  a b s tr a c ts  jo u r n a ls , in d e x e s , cu rren t  
a w a r e n e s s  p u b lic a t io n s , d ir e c to r ie s  a n d  (a lm o s t  e x ­
c lu s iv e ly  U S )  c o m p u te r  d a ta  b a se s . T h e r e  a re  a ls o  lis ts  
o f  U S  g o v e r n m e n ta l a n d  n o n g o v e r n m e n ta l o r g a n iz ­
a t io n s  c o n c e r n e d  w ith  t o x ic o lo g y . D e s c r ip t io n s  a re  
a ls o  in c lu d e d  o f  r e le v a n t  U S  r e g u la t io n s . A n o th e r  
s e c t io n  l is t s  th e  u n iv e r s it ie s  in  th e  U n ite d  S ta te s  th a t  
offer  g r a d u a te  c o u r s e s  in  to x ic o lo g y . In a n  a p p e n d ix  
U S  P o is o n  C o n tr o l  C en te r s  a re  ta b u la te d  b y  S ta te . 
F in a lly , tw o  su b jec t  in d e x e s  are  p r o v id e d , o n e  to  
c o v e r  th e  s e c t io n  o n  jo u r n a l  a r t ic le s  a n d  th e  o th e r  
d e a lin g  w ith  o th e r  l is te d  so u r c e s  o f  d a ta .

O b v io u s ly  th e  b o o k  is  d ir e c te d  to w a r d s  th e  
A m e r ic a n  m a rk e t, a n d  m a n y  o f  its  s e c t io n s  a re  th e r e ­
fore  o f  lim ite d  u se  to  th o s e  w o r k in g  e lse w h e r e . H o w ­
ever , in  su m m a r y . P h il l ip  W e x le r  h a s  d ea lt  w ith  an  
ex tr e m e ly  d iv e r s e  a n d  d y n a m ic  su b jec t  a n d  p resen ted  
lu c id  d e sc r ip tio n s  o f  r e s o u r c e s  th a t  w ill  a ss is t  in  th e  
se a rch  for t o x ic o lo g ic a l  in fo r m a t io n . It is to  b e  h o p e d  
th a t  th is  p u b lic a t io n  w ill b e  u p d a te d  r e g u la r ly  in  
o rd er  to  m a in ta in  its  e ffe c tiv en ess .

An Atlas of Laboratory Animal Haematology. B y  J. H .
S a n d e r so n  a n d  C . E. P h ill ip s . O x fo r d  U n iv e r s ity  
P ress , O x fo r d . 1981 . p p . 4 7 3 . £ 7 5 .0 0 .

M a n y  o f  th e  p r o b le m s  fa c in g  la b o r a to r y  a n im a l  
h a e m a to lo g is t s  s te m  fro m  d iff ic u lt ie s  in  th e  a c c u r a te  
r e c o g n it io n  o f  c e ll ty p e s  in  b o th  th e  c ir c u la t in g  b lo o d  
a n d  b o n e  m a r r o w  o f  th e  v a r io u s  sp e c ie s  th e y  are  
c a lle d  u p o n  to  e x a m in e . T h e  u n c e r ta in tie s  th a t  a r ise  
m a y  lea d  to  erro r s  a n d  m a k e  c o m p a r is o n s  b e tw e e n  
r e s u lts  fro m  d ifferen t la b o r a to r ie s  d ifficu lt. T h e s e  
p r o b le m s  h a v e  b een  r e c o g n iz e d  for  s o m e  t im e  a n d  th e  
a u th o r s  o f  th is  b o o k  d e se r v e  cred it  for  th e ir  a t te m p ts  
to  p r o v id e  a  m u c h  n e e d e d  so u r c e  o f  referen ce .

T h e  ra n g e  o f  sp e c ie s  c o v e r e d  is n o t  e x h a u s t iv e  b u t  
in c lu d e s  m a n y  o f  th o s e  th a t  are  c o m m o n ly , a n d  le ss  
c o m m o n ly , u se d  in c lu d in g  ra ts, m ice , d o g s , g u in e a -  
p ig s , h a m s te r s , r a b b its , m a r m o s e ts , sh ee p , c a t t le  a n d  
p ig s. T o  p r o v id e  a re feren ce  p o in t  for  th o s e  m o re  
fa m ilia r  w ith  h u m a n  h a e m a to lo g y , m a n  is a ls o  in ­
c lu d e d . T h e  a n im a l m a ter ia l w a s  o b ta in e d  fro m  a n i­
m a ls  h o u s e d  a t  th e  IC I s ite , A ld e r le y  P a rk , C h esh ire  
a n d  is fro m  n o r m a l a n im a ls , th e  u se  o f  p a th o lo g ic a l  
m a ter ia l b e in g  d e lib e r a te ly  o m itte d .

E a c h  c h a p te r  d e a ls  w ith  a s in g le  s p e c ie s  a n d  b e g in s  
w ith  a  su m m a r y  o f  g e n e r a l h a e m a to lo g y  w h ic h  in ­
c lu d e s  a  b r ie f  d e s c r ip t io n  o f  th e  m a jo r  fea tu re s  o f  e a ch  
c e ll ty p e  a n d  th e  c o m m o n  h a e m a to lo g ic a l  v a lu e s  o f  
c ir c u la t in g  b lo o d . R o m a n o w s k y -s ta in e d  b lo o d  a n d  
m a rro w  f ilm s  a re  p h o to g r a p h e d  at m a g n if ic a t io n s  o f  
x  4 8 0  a n d  x  7 5 0  ( s o m e tim e s  a t x  3 0 0 ) a n d  th e  o v era ll  

q u a lity  is h ig h , w ith  a n  a c c u r a te  c o lo u r  r e n d it io n . 
T h er e  is  a  c e r ta in  a m o u n t  o f  r e p e t it io n  o f  e x a m p le s  
s h o w in g  s im ila r  fe a tu r e s  a n d  o n e  fee ls  th a t  th e  
n u m b er  o f  p h o to g r a p h s  c o u ld  h a v e  b e e n  re d u c e d  
w ith o u t  a ffe c tin g  th e  u se fu ln e ss  o f  th e  b o o k . It w a s  
su rp r is in g  to  fin d  in  e a c h  c h a p te r  a n u m b e r  o f  p h o to ­

g r a p h s  o f  b lo o d  f ilm s  ta k e n  th r o u g h  N o m a r s k i  c o n ­
tra st o p t ic s ;  th e se  a d d e d  lit t le  t o  a n  u n d e r s ta n d in g  o f  
th e  c e lls  i llu s tr a te d  a n d  m u s t  b e  o f  v ery  lim ite d  p r a c t i­
c a l v a lu e  c o n s id e r in g  th e  ra r ity  o f  th is  e q u ip m e n t  in  
r o u t in e  h a e m a to lo g y  la b o r a to r ie s .

T h e  p h o to g r a p h s  are p r e s e n te d  o n  o n e  p a g e  w ith  
a n  a c c o m p a n y in g  b r ie f  te x t  p o in t in g  o u t  th e  sa lie n t  
fea tu re s  o f  ea c h . O n  th e  fa c in g  p a g e  a re  l in e  d r a w in g s  
o f  th e  p h o to g r a p h s  w ith  th e  c e l ls  o f  in te r e st  o u t l in e d  
a n d  la b e lle d . T h is  o fte n  c o m p r is e s  o n ly  o n e  o r  tw o , 
a n d  o n  o c c a s io n s  n o , la b e lle d  c e lls  in  th e  l in e  d ra w in g . 
U n fo r tu n a te ly  th is  a p p r o a c h  d o e s  n o t  a lw a y s  w o r k  
w ell, a n d  in  m a n y  c a s e s  m a tc h in g  u p  th e  l in e  d r a w in g  
w ith  th e  p h o to g r a p h  p r o v e d  to  b e  a n  er r o r -p r o n e  
e x e r c ise , p a r t ic u la r ly  in  th e  c a s e  o f  th e  v ery  c e llu la r  
m a r r o w  film s , u n le s s  o n e  c o u ld  r e c o g n iz e  a p r io r i  th e  
ce ll in  q u e s t io n .

T h e  a t la s  e n d s  w ith  a  v ery  s h o r t  s e c t io n  on  
m e th o d s  o f  p r e p a r a t io n  o f  b lo o d  a n d  m a r r o w  film s  
a n d  s o m e  te c h n iq u e s  o f  e x a m in a t io n . F in a l ly  th ere  is  
a  sh o r t  g lo ss a r y , a n d  a  b ib l io g r a p h y  o f  11 referen ces .

A  m a jo r  c r it ic ism  o f  th is  b o o k  is th e  a m o u n t  o f  
w a s te d  sp a ce . B y  o m it t in g  th e  N o m a r s k i  c o n tr a s t  
p h o to g r a p h s  w h ic h  a re  o f  lit t le  p r a c t ic a l v a lu e , r e d u c ­
in g  th e  n u m b e r  o f  p h o to g r a p h s  s h o w in g  s im ila r  
fea tu res , a n d  u s in g  a d ifferen t m e th o d  o f  id e n tify in g  
ce lls , its  v o lu m e  c o u ld  h a v e  b e e n  r e d u c e d  b y  m o r e  
th a n  h a lf. W ith in  th e  lim ite d  term s o f  r e feren ce  se t  b y  
th e  a u th o r s , th e  a t la s  is  r e a s o n a b ly  su c c e ss fu l in  its  
a im  o f  p r e s e n tin g  "an e a s i ly  a c c e s s ib le  so u r c e  o f  in fo r ­
m a tio n  to  a n y o n e  w h o  is  c a lle d  u p o n  to  s tu d y  th e  
h a e m a to lo g y  o f  a n im a ls  in  a la b o r a to r y  e n v ir o n ­
m en t" . H o w e v e r , m o s t  o f  th o s e  w o r k in g  o n  a n im a l  
h a e m a to lo g y  a re  c o n c e r n e d  w ith  th e  d e te c t io n  a n d  
in te r p r e ta t io n  o f  a b n o r m a lit ie s , a n d  th e re fo re  a  b o o k  
th a t  d e a ls  s o le ly  w ith  n o r m a l t is s u e s  w ill  in e v ita b ly  
h a v e  ra th er  l im ite d  a p p e a l. D e s p it e  th e se  s h o r t ­
c o m in g s , a n d  a s s u m in g  th e  p r ice  d o e s  n o t  p r o v e  p r o ­
h ib itiv e , th e  a t la s  w ill b e  u se fu l to  c l in ic a l h a e m a to lo ­
g is t s  e n c o u n te r in g  a n im a l h a e m a to lo g y  fo r  th e  first 
tim e , a n d  to  th o s e  a lr e a d y  w o r k in g  in  th e  fie ld  w h o  
w ish  to  e x a m in e  sp e c ie s  th a t  a re  u n fa m ilia r  to  th em .

Stereological Methods. V o l. 1. Practical Methods for 
Biological Morphometry. B y  E . R . W e ib e l. A c a d e m ic  
P r e ss  In c. (L o n d o n )  L td , L o n d o n , 1979 . p p . x v i +  415 . 
£ 2 7 .6 0 .

Stereological Methods. V o l. 2. Theoretical Founda­
tions. B y  E. R . W e ib e l. A c a d e m ic  P r e ss  In c. (L o n d o n )  
L td . 1980 . p p . x iv  +  340 . £26 .0 0 .

In  r e ce n t y ea rs  th ere  h a s  b een  a g r o w in g  tren d  in  
a ll f ie ld s  o f  th e  b io lo g ic a l  s c ie n c e s  to  p r e s e n t  q u a n ti­
ta tiv e  ra th er  th a n  q u a lita t iv e  re su lts . T h is  is  p a r t ic u ­
la r ly  e v id e n t  in  a r e a s  th a t  u se  m ic r o s c o p y  a s  a n  a n a ­
ly t ic a l to o l ,  w h e r e  a  sc o r in g  sy s te m  h a s  o fte n  b een  
a d o p te d  to  e x p r e s s  th e  e x te n t  o r  fre q u e n c y  o f  o b ­
se rv ed  c h a n g e s . O n e  o f  th e  r e a s o n s  for th e  u se  o f  th is  
se m iq u a n tita t iv e  a p p r o a c h  ra th er  th a n  p rec ise  q u a n ti­
ta t io n  s te m s  fro m  th e  o fte n  c o m p le x  r e la t io n sh ip  
b e tw e e n  m e a su r e m e n ts  o b ta in e d  fro m  a  t w o -d im e n ­
s io n a l s e c t io n  se en  th r o u g h  th e  m ic r o s c o p e  a n d  th o s e  
o f  th e  o r ig in a l th r e e -d im e n s io n a l stru c tu re . It is  a t  th is
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p r o b le m  th a t  s te r e o lo g ic a l m e th o d s  are  sp e c ific a lly  
a im ed .

T h e  d is c ip lin e  o f  s te r e o lo g y , a  term  c o in e d  as  
r e c e n t ly  a s  1961 , is  a  b ra n ch  o f  a p p lie d  m a th e m a tic s  
a n d  th e re fo re  m a y  n o t  b e  r e a d ily  u n d e r s ta n d a b le  to  
th o s e  w h o  s ta n d  to  b e n e f it  m o s t  fro m  its  a p p lic a t io n  
(p a th o lo g is t s  a n d  e le c tr o n  m ic r o s c o p is ts  for ex a m p le ).  
T o  o v e r c o m e  th is , th e  a u th o r  n a m e d  a b o v e  h a s  sp lit  
h is  w o r k  in to  tw o  v o lu m e s .

V o lu m e  1 is c o n c e r n e d  m a in ly  w ith  th e  p ra c tica l  
a sp e c ts  o f  s te r e o lo g y , a lth o u g h  it a ls o  in c lu d e s  a n  a d ­
e q u a te  b u t  n e v e r th e le s s  e le m e n ta r y  c o v e r a g e  o f  th e  
th e o r e t ic a l p r in c ip le s  u p o n  w h ic h  th e  m e th o d s  are  
b a se d . T h e  s e c o n d  v o lu m e  c o v e r s  s im ila r  g r o u n d  b u t  
fro m  a  m u c h  m o r e  th e o r e t ic a l s ta n d p o in t . T h is  is a 
se n s ib le  a p p r o a c h , w h ic h  o n  th e  w h o le  w o r k s  w e ll, 
a llo w in g  th o s e  w h o  a re  in te r e s te d  m a in ly  in  g r a sp in g  
th e  e s s e n t ia ls  o f  s t e r e o lo g y  a n d  h o w  it  is  a p p lie d  to  d o  
s o  w ith o u t  b e in g  d is tr a c te d  b y  th e o r e t ic a l c o n s id e r ­
a t io n s . V o lu m e  2  is  th ere  for c o n s u lta t io n  if  m o r e  
d e ta il is  r eq u ired , a n d  w ill b e  o f  p a r t ic u la r  u se  to  
th o s e  d e s ig n in g  sc h e m e s  to  su it in d iv id u a l n eed s .

B o th  v o lu m e s  b e g in  w ith  a n  in tr o d u c to r y  ch a p te r  
o n  th e  c o n c e p ts  a n d  h is to r y  o f  s te r e o lo g y . S u b se q u e n t  
c h a p te r s  in  v o lu m e  1 c o v e r  s t e r e o lo g ic a l p r in c ip le s , 
sa m p lin g , p o in t  c o u n t in g  a n d  th e  p r o b le m s  o f  p a r t ic le  
s iz e  a n d  sh a p e . T h e  fin a l c h a p te r s  g iv e  g u id a n c e  o n  
th e  p la n n in g  o f  s te r e o lo g ic a l s tu d ie s , a n d  d esc r ib e  
m o d e l c a s e s  d e m o n s tr a t in g  th e  v a r ie ty  o f  p r o b le m s  
th a t  m a y  b e  ta c k le d  w ith  th e se  te c h n iq u e s . A  g o o d  
e x a m p le  o f  th e  ty p e  o f  p r o b le m  a m e n a b le  to  s te r e o ­
lo g ic a l a n a ly s is  is g iv e n  b y  th e  first m o d e l, for  
d e te r m in in g  th e  v o lu m e , su r fa ce  a rea  a n d  n u m b e r s  o f  
v a r io u s  su b c e llu la r  c o m p o n e n ts  o f  liv er  ce lls . O th e r  
e x a m p le s  in c lu d e  th e  a n a ly s is  o f  d ifferen t ty p e s  o f  
m u s c le  c e lls , th e  c o r r e la t io n  o f  th e  th ic k n e s s  o f  th e  
lu n g -t is s u e  b arrier  w ith  o x y g e n  d iffu s io n  a n d  o f  a lv e o ­
lar cu rv a tu re  w ith  lu n g  in fla t io n , a n d  s tu d ie s  o f  
p la sm a  c e ll d iffe r e n t ia tio n , th e  s tru c tu re  o f  c a n c e llo u s  
b o n e , a n d  th e  se cre to ry  s ta te  o f  th e  a d ren a l c o r tex . 
V o lu m e  2 trea ts  in  m o r e  d e p th  m a n y  o f  th e  p r in c ip le s  
c o v e r e d  b riefly  in  v o lu m e  1 to  a l lo w  th o s e  w ith  an  
a p titu d e  fo r  m a th e m a tic s  to  u n d e r sta n d  th e  o ften  
c o m p le x  d e r iv a t io n s  o f  th e  r e la tiv e ly  s im p le  s t e r e o ­
lo g ic a l fo r m u la e  req u ired  for th e  d e s ig n  o f  n ew  
sc h e m es .

B o th  v o lu m e s  c o n ta in  u se fu l a p p e n d ic e s  d e fin in g  
th e  s y m b o ls  a n d  term s u se d  a n d  p r o v id in g  g o o d  u p -  
to -d a te  b ib lio g r a p h ie s . T o g e th e r , th e  p a ir  p r o v id e  
w h a t  is  p r o b a b ly  th e  b e s t  s in g le  so u r c e  o f  re feren ce  
c u rren tly  a v a ila b le  o n  th e  b io lo g ic a l  a p p lic a t io n s  o f  
s t e r e o lo g y  a n d  m u s t  b e  s tr o n g ly  r e c o m m e n d e d  to  a ll 
th o s e  e n g a g e d  in  m ic r o s c o p y  w h o  w is h  to  b e c o m e  
fa m ilia r  w ith  th is  m o s t  u se fu l a n a ly tic a l m e th o d .
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ARE WE AT RISK FROM  LEAD?—PART 1

The use of alkyllead as an anti-knock additive in 
petrol has been the subject of much controversy par­
ticularly in recent months. Lead-based petrol addi­
tives are just one of a wide range of uses of this metal 
which have resulted in its wide dispersal in the en­
vironment and while the effects of acute exposure to 
lead are well established, effects at low levels are less 
certain. In this and a subsequent review we intend to 
examine whether lead levels to which the general 
population is exposed today are likely to be associ­
ated with adverse effects.

Blood levels in the general population

An EEC survey of nearly 18,000 subjects recently 
revealed a median blood-lead (PbB) level of 13 pg/dl*, 
although slightly more than 2% exceeded 30 ¿rg/dl and 
1 -05% (184 subjects) exceeded 35 pg/dl (Human Bio­
logical Monitoring of Industrial Chemicals 4. Inorganic 
Lead, by L. Alessio & V. Foa; EUR 6982 EN, Luxem­
bourg, 1980). These values were within the limits 
specified as not requiring notification to the EEC 
Commission, i.e. levels not exceeding 20, 30 and 
35 pg/dl for 50, 90 and 98% respectively of the people 
examined (Off. J. Europ. Commun. 1977, 20, (L105) 10). 
UK results, published in the ‘Lawther report’ (Lead 
and Health, HMSO, London, 1980), showed that the 
proportion of adults in major urban areas with levels 
exceeding 20 pg/dl ranged from 32% in Glasgow 
down to 3-6% in four areas of London. Children of 
lead workers and adults and children living near main 
roads tended to have higher levels, and 35% of chil­
dren and 16% of adults living near the M4 at Hilling­
don were above the 20 pg/dl level, as were 31% of 
children living near a main road in Tower Hamlets.

Effects of low levels of lead on the haemopoietic system

At very low PbB levels, lead inhibits the action of 
the enzyme ¿-aminolaevulinic acid dehydratase 
(ALAD), which converts ¿-aminolaevulinic acid to 
porphobilinogen during the synthesis of haem (a con- 
stitutent of haemoglobin and of the cytochromes). It 
is doubtful whether this inhibition has any threshold, 
but if so it is well below 10/rg/dl. In nine children 
with PbB levels below 14/<g/dl, ALAD activity was 
inhibited by more than 40% in only one, whereas at 
PbB levels of 15-24 pg/dl 73% of 37 children showed 
more than 40% inhibition and 8% showed more than 
70% inhibition (Zielhuis, int. Archs occup. Hlth 1975, 
35, 1). However, as excretion of ALA in the urine is 
not significantly increased at PbB levels below about 
40 iig/dl, it is thought that the enzyme has a large

*dl =  100 ml.

reserve capacity, and its inhibition is of physiological 
significance only at levels sufficient to increase the 
build-up of ALA (Federal Register 1977, 42, 63076).

A more serious effect of low PbB levels is the ac­
cumulation of erythrocyte protoporphyrin (EP). This 
occurs above threshold PbB levels of about 
15—20 /zg/dl in children and women, and 30-40 gg/d\ 
in men (Federal Register 1977, 42, 63076; ibid 1978, 
43, 54354). This is the result of decreased efficiency of 
iron insertion into protoporphyrin, the final stage of 
haem synthesis which takes place inside the mito­
chondria. Accumulation of protoporphyrin in neural 
tissue (chick dorsal root ganglion cells) has also been 
demonstrated in vitro, and formation of cytochrome 
P-450 in the liver may be inhibited by the same mech­
anism. Because EP elevation indicates an abnormal 
impairment of various cell functions, which may have 
particular implications for the functioning of neural 
and hepatic tissues, the EPA has used the lowest de­
termined threshold (15/rg/dl) for this effect as the 
basis for the recent US air quality standard for lead 
(.Federal Register 1977, 42, 63076; ibid 1978, 43, 
46246). EP levels are generally regarded as elevated 
when they exceed 60 /zg/dl (Posner et al. in The Bio­
geochemistry of Lead in the Environment, Part B, p. 
204. Edited by J. O. Nriagu, Elsevier/North-Holland 
Biomedical Press, Amsterdam, 1978).

More recently it has been reported (Cavalleri et al. 
Envir. Res. 1981, 25, 415) that children aged 3-11, 
including 165 living near a lead smelter and 89 from a 
village 4 km away, showed a graded increase in free 
erythrocyte porphyrin (FEP) at PbB levels in the 
range of only 10-25 pg/dl. [M ore than 90% of FEP 
consists of protoporphyrin IX (Baloh, Archs envir. 
Hlth 1974, 28, 198).] Iron deficiency may also cause 
elevated FEP levels, but in this study there was no 
difference between the two groups in haematocrit, 
haemoglobin or serum iron concentrations. All of the 
village children had PbB levels below 20/rg/dl, 
whereas of those near the smelter 23% were in the 
range 21-30 pg/dl and 3% were in the range 
31-40 pg/dl. Only 4% of the village children had an 
FEP level exceeding 60 pg/dl, compared with 44% of 
those near the smelter. The mean +  2SD value 
(62 pg/dl) calculated from levels found in the village 
children was chosen as the FEP level above which 
values were considered to be elevated. This level was 
not exceeded by any of the 11 subjects from either 
location with a PbB level below 10 pg/dl. However, 
among children with PbB levels in the range 10-14, 
15-19, 20-24 and ^  25 pg/dl the percentage with FEP 
levels exceeding this limit increased progressively 
from 35 to 40, 48 and 67%, respectively. The authors 
of this study conclude that the no-response PbB level
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for FEP elevation. in children seems to be below 
10/rg/dl. a value only two-thirds of that used as a 
basis for the EPA standard.

At somewhat higher blood concentrations, lead 
begins to inhibit erythrocyte membrane Na-K  + - 
ATPase and pyrimidine 5'-nucleotidase. In children 
these effects become significant at 20-30 /tg Pb/dl 
(Angle & Mclntire, Toxic, appl. Pharmac. 1979, 48, 
A l l6). The former may lead to a shortened erythro­
cyte lifespan. Anaemia, i.e. a decrease in haemoglobin 
and erythrocyte numbers may become significant in 
iron-deficient children at about 40-50 pg Pb/dl. 
although in normal adults the threshold is probably 
about 70-80/;g Pb/dl (Environmental Health Criteria 
3: Lead. WHO. Geneva. 1977; Zielhuis. loc. cit.). 
Coproporphyrin excretion in the urine also increases 
at about 40/tg/dl (Federal Register 1977, 42, 63076).

Effects on the nervous system

Children. At higher blood levels than are required 
to affect haem synthesis, lead can cause peripheral 
neuropathy and encephalopathy. What is more con­
troversial is whether low PbB levels, in the range 
more commonly encountered in the general popula­
tion, may affect children’s intelligence, behaviour, 
attainment and performance. We have reviewed some 
of the earlier evidence on this subject (Cited in F.C.T. 
1975, 13, 277; ibid 1975, 13, 588) and more recent 
reviews are also available (Bornschein et al. CRC Crit. 
Rev. Toxicol. 1980. 8, 43: Repko & Corum. ibid 1979. 
6, 135; Rutter, Devi Med. Child Neurol. 1980. 22, 
Suppl. no. 42. p. 1). The latter author concludes that 
“although the findings are somewhat contradictory, 
the evidence suggests that persistently raised PbB 
levels in the range above 40^g/100ml may cause 
slight cognitive impairment (a reduction of one to five 
points on average) and less certainly may increase the 
risk of behavioural difficulties. There are pointers that 
there may also be psychological risks with lead levels 
below 40 pg/100 ml, but the evidence on this point is 
inconclusive so far”. Professor Rutter was also a 
member of the Lawther Committee, the DHSS Work­
ing Party on Lead in the Environment (Lead and 
Health. HMSO. London. 1980). which in the same 
year concluded that "there is no convincing evidence 
of deleterious effects at blood lead concentrations 
below about 35 ¿ig/dl”.

One complication in studies on children is that the 
subjects often have high PbB levels through pica, a 
habit that is more frequent in the less intelligent and 
behaviourally disturbed. It cannot therefore automat­
ically be concluded that their lower intelligence is a 
result of their lead exposure (Rutter, loc. cit.). Families 
that are disadvantaged by low intelligence may also 
be exposed to lead from other sources, such as peeling 
paint or leaded water pipes (commoner in older 
houses) and may be more likely to live by main roads 
or in industrially polluted areas. Therefore socio-eco­
nomic factors must be carefully controlled to prove 
that there is a causal relationship between lead ex­
posure and lower intelligence.

The most controversial study in this regard (Needle- 
man et al. New Engl. J. Med. 1979, 300, 689) com­
pared 58 children (about 7-8 yr old) with tooth (den­
tine) lead levels above 20 ppm with 100 others in

whom mean tooth lead was below 10 ppm. Mean PbB 
levels (assessed in a limited number of the subjects 
some years before the study) were 35-5 ±  10T /ig/dl 
and 23-8 ±  6-0 /tg/dl for the two dentine-lead groups, 
respectively. The high dentine-lead group scored sig­
nificantly less well on the Wechsler intelligence scale 
for children, particularly in the verbal tests; their 
mean verbal IQ was 99-3 and their performance IQ 
was 104-9, in comparison with 103-9 and 108-7 re­
spectively in the low-lead group. The performance of 
the high lead children was also worse in three other 
measures of auditory or speech processing and a 
measure of attention. Analysis of covariance showed 
that none of these differences could be explained by 
any of the 39 other variables studied, including paren­
tal education, IQ and occupation. When an 11-point 
teacher’s questionnaire was used to evaluate class­
room behaviour, children with high dentine-lead 
levels were rated worse on all 11 scores, and signifi­
cantly worse (P < 0-05) on nine of the scores. 
Furthermore, when the questionnaire was applied to 
2146 of the 2335 children whose teeth were analysed, 
the frequency of non-adaptive classroom behaviour 
was shown to increase in a dose-related manner with 
dentine-lead level. The children in this case were 
divided into six subgroups, with dentine lead ranging 
from below 5-1 ppm in the first to above 27 ppm in 
the sixth. With increasing dentine lead an increasingly 
greater proportion of each subgroup was in general 
classified as distractable. not persistent, dependent, 
disorganized, hyperactive, impulsive, frustrated, day- 
dreamers. unable to follow simple directions or 
sequences, and below average in overall functioning.

One objection that w-as raised to the published 
report of this study was that pica was not used as a 
covariate, although it occurred at a much higher fre­
quency in high- than low-lead children (29 r. l l 0o). 
However, Needleman (personal communication to 
Rutter, loc. cit.) later reported that the incidence of 
pica was associated with verbal IQ in the low but not 
in the high lead group, and with performance IQ in 
both groups, but at levels short of statistical signifi­
cance. The difference in IQ could not therefore be 
explained on this basis. The incidence of pica showed 
no relationship with the teachers' ratings of the chil­
dren's behaviour. Unfortunately the latter were con­
trolled for socio-economic and other variables only in 
the case of the two original low ( < 10 ppm) and high 
(>20ppm ) dentine-lead groups and so for the inter­
mediate groups in the larger study a causal relation­
ship between lead and poor performance in the be­
havioural ratings is therefore only presumptive.

The findings in Needlcman’s study of Massachu­
setts children were lent some support by another in 
Germany, which revealed a difference of some 5-7 
points in mean IQ level between 26 children with a 
dentine-lead level below 3 ppm. and 26 with a level 
exceeding 7 ppm (Hrdina & Winneke. 1978 confer­
ence paper cited by Rutter, loc. cit.). However, this 
difference in IQ fell short of statistical significance. 
The groups were matched for age (7-10 yr), sex and 
socio-economic status, but were not controlled for 
other background factors.

In an extension of Needleman's study, spontaneous 
electroencephalograms were recorded for 19 of the 
high-lead and 22 of the low-lead children. On the
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basis of computer-assisted spectral analysis of the 
electroencephalograph (EEG) data, the high-lead 
group had significantly increased amounts of low-fre­
quency delta (0-5—3-5 Hz) activity over central parietal 
and occipital cortices and significantly decreased 
amounts of alpha (8-12 Hz) activity over parietal and 
occipital regions. When used alone, EEG or psycho­
logical variables could be used to distinguish between 
the two groups at levels significantly above chance, 
and the predictive powers of EEG and psychological 
features combined were greatly superior to either 
alone (Burchfiel et al. in Low Level Lead Exposure: 
the Clinical Implications of Current Research, p. 75. 
Edited by H. L. Needleman, Raven Press, New York, 
1980). The lower amounts of alpha activity in the 
high-lead children might signify that brain maturation 
was somewhat delayed by lead since such activity 
tends to increase with age (Matuosek & Petersen, 
Electroenceph. din. Neurophysiol. 1973, 35, 603 cited 
by Benignus et al. ibid 1981. 52, 240).

Two other recent studies have also revealed a cor­
relation between body burden of lead and the electri­
cal activity of the brain in young children. Otto et al. 
(ibid 1981, 52, 229) studied slow cortical potentials 
during sensory conditioning in 63 children aged 13-75 
months, mostly from low-income black families, of 
mean IQ 88-0 ±  13-4(1 SD) and with PbB levels in the 
range 7-59 pg.'dl. In one test the children were made 
to listen to a series of standard (1 kHz) tones, inter­
rupted at intervals by a tone of different frequency 
(2 kHz) while watching a cartoon film. In a second 
test the cartoon w>as periodically blacked out for
1-5 sec after onset of the 2 kHz tone. Younger children 
who would not watch cartoons were shown puppets 
instead, and those under 48 months usually sat on the 
lap of an adult. Slow-wave voltage, presumed to be an 
index of sensory conditioning, showed a significant 
relationship with age, but not with PbB levels during 
the first test. However in the second test slow-wave 
voltage varied as a linear function of PbB-level, 
although the slope changed systematically with age. 
For children under 5 yr old it tended to be positive at 
low PbB levels and negative at PbB levels above 
30 pg/'dl, while for those over 5 yr it tended to be 
negative at low PbB and less negative or positive 
above 30 pg/dl. These latter findings suggest a de­
crease in attentiveness with increased PbB levels, and 
may perhaps lend support to Needleman's findings of 
greater distractability in children with high dentine- 
lead levels. However, the study can be criticized on 
the grounds that the cartoon represented a complex 
stimulus and the parameters measured are thought to 
be poorly developed in children under 6 yr of age 
(Cohen et al. ibid 1967, 23, 77). The younger children’s 
response may have been influenced by the adults on 
whose laps they were sitting and/or by the different 
stimulus presented. PbB rather than dentine lead was 
measured and therefore indicated lead exposure in the 
immediate past rather than long-term body burden. 
In a further experiment by this group (Benignus et at. 
loc. cit.) the same children were shown cartoons and 
their EEG power spectra and various measures used 
to compare electrical activity in the two sides of the 
brain were investigated. At PbB levels of up to about 
15 pg/dl, increased lead was associated with a strong 
increase in the relative amplitude of synchronized

EEG between left and right parietal in all frequency 
bands. The increase then levelled off. a slight decrease 
occurred between about 30 and 40 pg dl but there was 
a sharp increase above 40 pg/dl. The authors suggest 
that as PbB approached 15 pg'dl some compensatory 
mechanism may have come into action which 
managed to offset effects, until it was overcome at 
levels of 40 pg/dl or more. However, in view of the 
number of subjects and the stepwise data analysis, 
they consider that replication would be needed to 
confirm the apparent biphasic nature of the response. 
Increased synchrony of the EEG could indicate an 
increase in the amount of information being pro­
cessed (Surwillo. Cortex 1971. 7, 246). and an increase 
in relative amplitude perhaps suggests that greater 
effort is required to assimilate this information (Max­
well et al. Psychol. Med. 1974, 4, 274) on the part of 
children with a high burden of lead.

When the quality of the home environment of 52 
children from the same population used to select par­
ticipants in the studies by Otto et al. (loc. cit.) and 
Benignus et al. (loc. cit.) was investigated, a corre­
lation was found between their PbB levels and mater­
nal care and intelligence (Milar et al. Am. J. ment. 
Defic. 1980, 84, 339). For those less than 30 months 
old, PbB levels of 31 /ig/dl or more were significantly 
associated with a lower degree of emotional and ver­
bal responsivity of the mother (her tendency to praise 
the child’s behaviour) and of maternal involvement 
(encouragement of developmental advance, and struc­
turing of the child's play periods). Such mothers were 
also more likely to shout at or otherwise express overt 
annoyance towards the child, and less likely to pro­
vide appropriate toys, to read stories at least three 
times weekly or to share a meal with their children, 
although the correlations in these cases fell short of 
significance. The IQ (assessed in the Quick test, a 
brief test of verbal knowledge) of the mothers of 
younger children with high PbB levels was also sig­
nificantly lower (mean 75-0 v. 85-1 in mothers of 
younger low-PbB children). The mothers of the older 
high-PbB children showed similar tendencies, but 
none of the differences were statistically significant. It 
was concluded that both the low intelligence of the 
mother and the poor care-giving environment in­
creased the possibility of the children finding and 
ingesting lead. The authors considered it most likely 
that lower maternal intelligence, the poor care-giving 
environment and the neurotoxic effects of lead all 
combine to affect intellectual development adversely. 
Therefore it is unlikely that the detrimental effects of 
lead on young children can be adequately assessed 
without taking these other factors into account.

The tabular data presented by Otto et al. (loc. cit.) 
also indicate that children with PbB levels above 
30 pg/dl had a mean IQ nine points lower than those 
with PbB levels below 30 /rg/dl [83-0 + 14-0 (1SD) v. 
92-0 ±  11-6], From the above it would appear that 
this may have been an inherited difference, com­
pounded by lack of maternal care, and not entirely a 
result of lead toxicity. [It might also be questioned 
whether differences in brain electrical activity could 
be a product of inheritance and upbringing, rather 
than of lead levels, but this is not a topic discussed in 
any of these papers. Whether the reported changes in 
EEG and evoked response in children with high lead

F.C.T. 2 0 /5 — I
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levels influenced IQ, learning ability or behaviour has 
still to be confirmed.]

A study of 166 children aged 6— 12 yr, living near a 
leadworks in outer London, has also suggested that 
low PbB levels may affect scholastic ability (Yule et 
ul. Devi Med. Child Neurol. 1981. 23, 567). Their PbB 
levels (assessed some 9-12 months before psychologi­
cal testing) were in the range 7-33 /(g,/dl (mean 
13-52/ig/di) and for the purposes of the study they 
were divided into four subgroups with PbB in the 
range 7-10, 11-12, 13-16 and 17-32/tg/dl respectively. 
There were significant associations between PbB 
levels and attainment scores in tests for reading, spell­
ing and intelligence, although not mathematics. Even 
after standardization for social class these differences 
remained largely intact; reading accuracy and com­
prehension and spelling showed a graded decline with 
increasing lead levels, while for verbal IQ, perform­
ance IQ and full-scale IQ there appeared to be a 
threshold at a PbB level of 13/tg/dl (full-scale 
IQ = 103-32 and 102-68 in the two lower PbB groups 
and 95-75 and 85-70 in the two higher PbB groups). 
Allowing for age, sex and social class also failed to 
remove the correlation with PbB levels but did indi­
cate that only a small proportion of the variance in 
intelligence was explained by PbB levels. The authors 
considered that further work paying greater attention 
to social factors would be necessary to confirm their 
findings, and this they are now undertaking.

One variable not considered by Yule et al. (loc. cit.) 
was parents' IQ. an omission rectified in two studies 
of black children in New York City (Ernhart et al. 
Pediatrics. Springfield 1981. 67, 911; Perino & Ern­
hart, J. Learn. Disabil. 1974. 7, 26). When 80 of these 
children were studied at ages 3-5. those with PbB 
levels of 40-70 /tg/dl scored significantly worse on the 
general cognitive index and the verbal and perceptual 
performance subscales in the McCarthy Scales of 
Children’s Abilities than did those with PbB levels of 
30 /ig dl or less, even after regression analysis to elim­
inate potential contributions from age, birthweight 
and the parents’ (usually the mother’s) intelligence. 
PbB levels were, however, negatively related to the 
level of the parents' education. Lead also appeared to 
interfere with the normal correlation of children’s 
intelligence with that of their parents, in that for chil­
dren with PbB levels over 40 /tg/dl the correlation was 
only 01. This was significantly different from the 0-52 
for the children with lower blood lead levels, the latter 
value being close to the normal correlation of 0-5 
(Perino & Ernhart. loc. cit.).

When 63 of the same children were studied 5 yr 
later by Ernhart et al. {loc. cit.). their PbB levels had 
decreased and become significantly less variable. As 
before, the children were divided into two groups with 
‘low’ (10-30 /tg/dl) and ‘moderate’ (40-70/tg/dl) PbB 
levels, and subjected to tests of intelligence (McCarthy 
Scales), a reading test (which varied according to the 
school attended) and teacher ratings on five behav­
ioural scales. There was a significant correlation 
between present PbB levels and scores for reading 
ability (P <  0 002), and McCarthy scale intelligence 
(P <  0 041) and reading ability were also correlated 
with pre-school PbB levels. On the McCarthy scales 
children with moderate PbB levels scored significantly 
worse on the general cognitive index and verbal, per­

ceptual-performance, memory and motor subscales. 
However, when the ‘caretaking’ parents’ IQ (assessed 
using the Quick test), the parents’ education and the 
children’s sex were incorporated into the regression 
analysis, only scores on the general cognitive index 
and verbal and motor subscales remained statistically 
significant, and these only at the 5% level. Reading 
ability was no longer significantly related to either 
PbB measure, and the pre-school PbB level showed 
no correlation with present performance. Another 
surprising finding was that children with moderate 
PbB levels were less likely to be rated by their 
teachers as easily frustrated, hyperactive, impulsive 
and distractable than were those with low PbB levels, 
in direct contrast with Needleman's (loc. cit.) results, 
although like the children in Needleman’s study they 
were more likely to day-dream. (However, in the 
present study none of the ratings differed significantly 
between the two groups]. When the relationship 
between the parents’ IQ and the school-aged chil­
dren’s intelligence was reassessed on the basis of pre­
school PbB levels, the scores of children with moder­
ate PbB levels on the general cognitive index and on 
the verbal subscale both showed a 0-33 correlation 
with parents’ intelligence. This was not statistically 
different from the 048 and 047 correlations in the 
low PbB group, in conflict with results 5 yr earlier.

Ernhart et al. (loc. cit.) consider it possible that a 
model incorporating a more sensitive measure of par­
ent's intelligence and measures of other factors affect­
ing child development would have reduced the corre­
lation with lead levels even further. They further sug­
gest that as only this and Needleman's paper have 
taken parents’ IQ into account, all previous studies 
suggesting a relationship between children’s perform­
ance and body lead levels should be regarded as sus­
pect. [They do not cite the work carried out by Milar 
et al. (loc. cit.) and Otto et al. (loc. cit.) on pre-school- 
age children.] However, as Needleman et al. (ibid 
1981, 68, 894) subsequently pointed out, in reaching 
this conclusion Ernhart et al. ignored their own 
earlier findings (Perino & Ernhart, loc. cit.). They also 
omitted to compare IQ correlations between parents 
and children classified on the basis of present PbB. 
despite their recalculation on the basis of pre-school 
findings.

Lead workers. Although the study by Ernhart et al. 
might suggest that even PbB levels as high as 70 /¿g dl 
have little if any effect on mental function, this is not 
borne out by studies of adult lead workers. When 42 
such workers with PbB levels in the range
12-6-88-2/rg/dl (median 46-2 fig/dl) were compared 
with 22 workers in an oil mill, the lead workers per­
formed significantly worse in tests of intelligence (the 
complete Wechsler Adult Scale), psychomotor ability 
and memory. Long-term memory, verbal and visuo- 
spatial abstraction and psychomotor speed were par­
ticularly affected (Grandjean et al. Scand. J. Work 
Envir. Hlth 1978 4, 295). Age and time of exposure to 
lead were not found to be significant confounding 
factors in this study. A group of 90 secondary lead 
smelter workers also performed less well than groups 
of 25 steel workers, 99 paper-mill workers and 93 
farmers in behavioural tests used to assess central ner­
vous system dysfunction, including those to measure 
ability to discern spatial relations, to manipulate sym­
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bols according to a code, and to perceive objects in 
masked conditions. The decreases in test scores were 
not attributable to differences in age or education, but 
were highly correlated with increases in erythrocyte 
zinc protoporphyrin. [When lead is absorbed the Zn 
chelate of protoporphyrin accumulates (Lamola & 
Yamane, Science, N.Y. 1974, 186, 936) and this form 
can be extracted and measured instead of FEP.] The 
majority of the lead smelter workers (61%) had PbB 
levels between 40 and 59 ptg/dl, with a range in the 
group as a whole of below 40 to above 80 ¿tig/dl (Val- 
ciukas et al. Int. Archs occup. envir. Hlth 1978, 41, 
217).

Lead workers whose recorded PbB levels had never 
exceeded 70 /zg/dl (mean +  1SD, 32 ± 1 1  /zg/dl) also 
showed impaired psychological performance in 16 
tests in comparison with a group of 24 control sub­
jects matched with regard to sex, education, job 
quality and mean age. Moreover, even within the 
group of 49 lead workers there was a significant re­
lationship between lead uptake and impaired per­
formance, particularly in tests of visual intelligence 
and visual-motor functions. The correlation remained 
significant irrespective of whether maximum recorded, 
present or time-weighted average blood levels were 
used as a measure of uptake, although the last gave 
the strongest correlations. Almost all poor results 
belonged to subjects with a maximum PbB level 
above 50 /^g/dl (Haenninen et al. J. occup. Med. 1978, 
20, 683).

Conclusions

It is evident that PbB levels prevalent in the general 
population are sufficient to produce a significant inhi­
bition of ALAD activity, although this is not thought 
to be of biological significance. However they are also 
sufficient to increase EP levels, particularly in chil­
dren, a finding of more potential concern. In addition 
there is some evidence that suggests that very low 
body burdens of lead (perhaps even at PbB levels 
below 15 pig/dl) may impair both the intelligence of 
children and their brain function as indicated by EEC 
data, the pattern of response apparently following a 
continuum rather than occurring above a definite 
threshold level. However, the significance of the EEG 
data in terms of IQ and behaviour is not clear. In the 
studies of the effects of lead on intelligence, behaviour 
and cerebral electrical activity, attempts to correct for 
socio-economic factors and for behaviour such as pica 
tend to reduce the statistical significance of these find­
ings, although some degree of correlation still appears 
to remain. More careful control of such factors might 
totally abolish the relation with lead levels. However 
it would seem to be unwise to make this assumption 
on the present evidence from studies in man. We will 
consider next the results of studies in animals.

[C. Rostron—BIBRA]
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Your favourite tipple: mutagenicity . . .

Nagao, M., Takahashi, Y., Wakabayashi, K. & Sugi- 
mura, T. (1981). Mutagenicity of alcoholic beverages. 
Mutation Res. 88, 147.

Although recent well-publicized reports have indi­
cated that the moderate consumption of beer or wine 
may offer some protection against cardiovascular dis­
ease (Cited in F.C.T. 1981. 19, 789), other reports sug­
gest a link between the consumption of certain alco­
holic beverages and some forms of cancer (ibid 1981, 
19, 781). That such an association may exist is also 
indicated by the presence of /V-nitrosamines in alco­
holic beverages (Goff & Fine, Fd Cosmet. Toxicol. 
1979, 17, 569; Scanlan, Barbour, Hotchkiss & Libbey, 
ibid 1980, 18, 27), an increased incidence of sister- 
chromatid exchanges in alcoholics (Cited in F.C.T. 
1982, 20, 237) and the mutagenicity of concentrates or 
fractions of alcoholic beverages in in vitro tests (Goff 
& Fine loc. cit.; Cited in F.C.T. 1981, 19, 781; ibid 
1982, 20, 335). The paper cited above provides further 
data on the mutagenicity of certain alcoholic drinks.

Evaporated residues of 13 brands of whisky (six 
from Japan, four from Scotland, two from the USA 
and one from Canada), five brands of French brandy 
and a French apple brandy were tested. The tests 
were conducted on Salmonella typhimurium strain 
TA100 (a base-pair-change mutant) and TA98 (a 
frameshift mutagen), using a modification of the Ames 
method described by Nagao et al. (Mutation Res. 
1977, 42, 335). Evaporated residues of all of the 
samples of whisky except one from Scotland, all of the 
brandies and the apple brandy were mutagenic to 
TA100 in the absence of S-9 mix derived from the 
livers of PCB-treated rats. In the presence of S-9 mix 
the mutagenicity was decreased or abolished. Only 
one of the samples, a whisky, showed any mutagen­
icity towards TA98 and this was weaker than that 
towards TA100.

The components of the beverages that were respon­
sible for the mutagenicity are not known, although 
the authors report that a preliminary experiment 
showed that brandy that had been distilled but not 
yet matured in the barrel was not mutagenic.

[This study obviously does not address the role 
ethanol itself may have in any genotoxic effects of 
alcoholic beverages. The use of different methods of 
deriving fractions of alcoholic beverages in mutagen­
icity tests makes it difficult to compare the results. In 
one study (Lee & Fong, Fd Cosmet. Toxicol. 1979, 17, 
575), using concentrates obtained by passage through 
XAD-2 chromatographic columns, no mutagens were 
detected in an Ames test of samples of alcoholic 
beverages imported into Hong Kong, although con­
centrates from Chinese alcoholic spirits did show 
mutagenic activity; some of the concentrates required 
metabolic activation and others did not. Loquet et al. 
(Mutation Res. 1981, 88, 155) used distillation and 
evaporation to prepare aqueous, alcoholic and non­
volatile fractions of alcoholic beverages. The alcoholic

fraction of a sample of whisky was mutagenic in the 
presence of S-9 mix. but aqueous fractions of two 
samples of brandy were mutagenic in the absence of
S-9 mix.]

. . .  and foetal effects
Abel, E. L.. Dintcheff, B. A. & Bush, R. (1981). Effects 
of beer, wine, whiskey, and ethanol on pregnant rats 
and their offspring. Teratology 23, 217.

The adverse effects of excessive alcohol consump­
tion on the foetus are well documented (Cited in
F.C.T. 1980, 18, 314) and some studies have indicated 
that moderate use of alcohol during pregnancy may 
affect the foetus and that the effects may vary with the 
type of beverage consumed (ibid 1982, 20, 238). In the 
study cited above pregnant rats were incubated twice 
daily throughout gestation with beer, wine, whisky or 
95% ethanol, all given at doses equivalent to 3 g etha- 
nol/kg body weight. All of the animals were pair-fed 
to those receiving ethanol. One control group was 
given distilled water containing sucrose (isocaloric to 
the alcohol solutions used) and was pair-fed with the 
ethanol-treated group. Another control group was 
given food and water ad lib. The litters were culled, to 
five males and five females if possible, and each litter 
was nursed by a surrogate mother that had delivered 
within 48 hr of the actual mother but had been 
untreated during gestation.

Animals in each of the four alcohol-treated groups 
weighed significantly less than those in the pair-fed 
control group at birth and at 22 days of age. The pups 
exposed to alcohol in utero also showed impaired per­
formance in a test of motor performance at 17 days of 
age. However, neither in these parameters nor in any 
others measured were there any significant differences 
between the pups from mothers treated with the dif­
ferent types of alcoholic beverages. Similarly there 
were no significant differences between the alcohol- 
treated groups in maternal blood-ethanol levels, preg­
nancy loss, length of gestation or maternal food or 
water consumption, and although whisky-treated 
dams did gain significantly less “adjusted” weight 
(maternal weight-litter weight) than the pair-fed con­
trols, the difference between the whisky- and ethanol- 
treated groups was not significant. It is concluded 
that the congeners present in alcoholic beverages do 
not potentiate the effects of alcohol at least with 
regard to embryonic/foetal development of rats.

Reproduction studies with O PP

John, J. A., Murray, F. J., Rao, K. S. & Schwetz, B. A. 
(1981). Teratological evaluation of orthophenylphenol 
in rats. Fundamental appl. Toxic. 1, 282.

Orthophenylphenol (OPP) is a powerful broad 
spectrum disinfectant and fungicide. Ingestion of O PP

623
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residues by man may occur as a result of its post­
harvest application to fruit and vegetables for preser­
vation purposes. An acceptable daily intake of 1 mg 
OPP kg body weight was recommended by FAO/ 
WHO in 1969 but further work including a reproduc­
tion study in experimental animals was considered 
desirable (1969 Evaluations of Some Pesticide Resi­
dues in Food. FAO/PL: 1969/M/17/1. WHO/Food 
Add. 70.38). Since that time, reports of several repro­
duction studies have emanated from Japan. Shirasu 
et al. (Mutation Res. 1978, 54, 227) reported that OPP 
given to mice at oral doses of 100 and 500 mg/kg/day 
for 5 days induced no dominant-lethal mutations at 
any stage of spermatogenesis. In addition. John et al. 
(loc. cit.) cite studies in which there was no evidence 
of teratogenic potential when pregnant mice were 
given 1450-2100 mg OPP/kg/day by mouth on days 
7-15 of gestation or in Wistar rats receiving 150- 
1200 mg/kg/day on days 6-15 of pregnancy. A dose 
of 600 mg/kg/day was reported to be toxic to the 
Wistar dams and their foetuses. The present study 
carried out at the Dow Chemical Toxicology Research 
Laboratories, was intended to evaluate the embryo- 
toxic potential of OPP in Sprague-Dawley rats fol­
lowing oral administration at a maximum tolerated 
dose.

Preliminary studies indicated that doses of 800 mg/ 
kg/'day and above were toxic to the dams, so for the 
main study doses of 100, 300 or 700 mg OPP/kg/day 
were administered by gavage to groups of 25-27 preg­
nant Sprague-Dawley rats on days 6-15 of gestation. 
A group of 35 controls received the vehicle, cotton­
seed oil. The rats were observed and weighed daily 
during the dosing period and their food and water 
consumption was measured at 3-day intervals. The 
rats were killed on day 21 of gestation and the 
numbers of live, dead and resorbed foetuses were 
recorded, along with foetal size and body weight and 
any signs of external alterations, cleft palate or skel­
etal alterations. One-third of the foetuses from each 
litter were selected at random and also examined for 
soft tissue alterations.

A minimal toxic effect on the pregnant rats in the 
high-dose group was noted and this was manifested in 
reduced food consumption and body-weight gain in 
early gestation, and a reduction in the mean liver 
weight. OPP had no effect on the number of implan­
tation sites per dam. the mean litter size, the incidence 
of resorptions, or the foetal body measurements. No 
major malformations were observed among litters of 
rats given 100 or 700 mg OPP/kg/day although one 
foetus from a rat given 300 mg/kg/day had a hypo­
plastic tail. Statistically significant (P < 005) in­
creases in the incidences of delayed ossification of 
sternebrae and foramina (pinpoint holes) in the skull 
among litters in the high-dose group were not con­
sidered to be indicative of teratogenicity. Both were 
considered to be minor skeletal variants and have 
been observed historically at low incidences among 
litters from untreated rats. A single occurrence of an 
extra hemivertebra and rib was observed in a foetus 
from the low-dose group. These results support earlier 
findings of a lack of teratogenic potential in rats and 
show that there were no embryotoxic effects at 
doses of up to 700 mg OPP/kg body weight/day in 
Sprague Dawley rats.

Hormonal effects of carbon disulphide

Wager, G., Tolonen, M., Stenman, U.-H. & Helpio, E. 
(1981). Endocrinologic studies in men exposed occu­
pationally to carbon disulphide. J. Toxicol, envir. Hlth 
7, 363.

Exposure to carbon disulphide (CS2) has been 
linked with a number of toxic effects including coron­
ary heart disease, retinopathy, peripheral neuropathy, 
diabetes and disturbances in glucose metabolism 
(Cited in F.C.T. 1978, 16, 494; ibid 1979, 17, 685). The 
present study concerns the effect of prolonged ex­
posure to CS2 on certain hormones.

Fifteen men exposed to CS2 at a viscose rayon 
plant in Finland for 10-36 yr (mean 23 yr) were com­
pared with 16 age-matched employees at a paper mill 
in the same town. The viscose rayon factory had been 
operating since the early 1940s and CS2 and H2S con­
centrations in the workroom air had been monitored 
regularly. The mean concentrations of CS2 and H 2S 
were ‘very high’ in the 1940s, c. 60-120 mg/m3 in the 
1950s, c. 30-90 mg/m3 in the 1960s and less than 
30 mg/m3 in the 1970s. Furthermore since the early 
1970s the daily duration of exposure had been short­
ened considerably as ventilated surveillance rooms 
had been constructed in the spinning department. 
Both groups of workers were given a routine clinical 
examination and their medical histories were 
recorded. Blood specimens for hormone determi­
nations were drawn in the morning after an overnight 
fast. The blood was analysed for total serum thy­
roxine (T4), total serum triodothyronine and thyrotro­
pin. The binding of T4 to serum proteins (T4U) was 
also determined and the free thyroxine index (FTI) 
was calculated (FTI = T4 x  T4U). In addition, the 
thyrotropin releasing hormone (TRH) stimulation test 
was carried out by administering 200 /rg synthetic 
TRH iv and measuring serum thyrotropin levels 0, 20 
and 60 min later. Levels of serum testosterone, lutei­
nizing hormone (LH), follicle stimulating hormone 
(FSH), prolactin (before and after TRH stimulation) 
and basal serum cortisol were also measured.

No differences were observed between the two 
groups of workers in levels of thyroid hormones, cor­
tisol, prolactin and testosterone. However, both FSH 
and LH levels were higher in the group exposed to 
CS2 than in the men from the paper mill, although 
there was no good correlation between elevated FSH 
or LH and duration of exposure. In seven of the cases 
studied, values of FSH or LH were above the set 
reference limit. Ten of the 15 exposed men reported 
some degree of past or present sexual impotence 
whereas none of the controls admitted to this prob­
lem. No individual correlation was observed between 
reported impotence and hormone levels.

In previous studies a decrease in serum T4 concen­
tration was observed in workers exposed to CS2 
(Cavalleri, Archs envir. Hlth 1975. 30, 85), but no 
effects on thyroid function were observed in the 
present study. The normal responses of thyrotropin 
and prolactin to TRH indicate that hypothalamic- 
pituitary function was normal, and the raised LH and 
FSH levels are attributed to testicular damage, since 
testosterone levels were normal, they are taken as 
signs of latent primary gonadal insufficiency. These
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effects may reflect high exposure during past decades 
rather than the men’s current exposure to low CS2 
concentrations.

Fishy allergy?

Droszcz, W., Kowalski, J., Piotrowska, B., Pawlowicz, 
A. & Pietruszewska, E. (1981). Allergy to fish in fish 
meal factory workers. Int. Archs occup. envir. Hlth 49, 
13.

Fish is said to be a frequent cause of food allergy, 
reactions generally resulting from ingestion. However, 
nearly 40% of workers in a factory where they were 
exposed to an aerosol of prawn generated during pro­
cessing developed wheezing and other respiratory 
symptoms (Gaddie et al. Lancet 1980, II, 1350). In 
tests. 24% of the workers had positive skin tests for 
prawn and 62% had serum precipitins.

The present study has a similar theme and concerns 
an investigation of fifty-one workers in fish meal fac­
tories in four Polish harbour cities. Lengths of 
employment in the factories varied from 1 to 33 yr, 
with an average of 10-7 yr and 44 of the workers 
examined were smokers. Each of the workers com­
pleted a questionnaire about medical history and was 
given a chest X-ray, physical examination and tests to 
assess respiratory function. Additionally, skin tests 
were carried out with 12 common allergens and intra- 
dermal and nasal provocation tests were conducted 
with ten fish genera. Total serum IgE and serum pre­
cipitins to fish antigens were determined. Twenty-nine 
of the workers exhibited symptoms of chronic bron­
chitis. Twelve of them showed a positive response to 
fish allergens in skin tests, and these included the 
three who reported a clinical allergy to fish (two cuta­
neous and one respiratory). The two workers with a 
history of cutaneous allergy to fish had elevated 
serum IgE levels. None of the workers had serum 
precipitins against fish antigens. Most of the respirat­
ory changes observed could be attributed to smoking 
habits and none could be directly related to fish pro­
cessing.

It is concluded that none of the workers had symp­
toms of allergic alveolitis induced by fish protein ex­
posure and that clinical allergy confirmed by im­
munological tests was found in only two subjects. 
Presumably the positive reactions in skin tests using 
fish allergens have little clinical significance in most of 
the workers. It seems that occupational exposure to 
fish meal does not pose a significant risk of develop­
ing allergic reactions.

Quartz in coal-mines— time for concern

Seaton, A., Dick, J. A., Dodgson, J. & Jacobsen, M. 
(1981). Quartz and pneumoconiosis in coalminers. 
Lancet II, 1272.

It was assumed that pneumoconiosis in coal-miners 
was caused by the quartz present in airborne coal­
mine dust until Collis & Gilchrist (J. ind. Hyg. Toxi­
col. 1928, 10, 101) showed that very similar lesions 
occurred in coal-trimmers exposed to very little free

silica. A major survey of British coal-mines (Jacobsen 
et al. Nature, Load. 1970, 227, 445) showed that the 
risk of developing pneumoconiosis was dependent on 
total dust exposure and did not correlate with the 
quartz content of the dust. The quartz levels in the 
dusts encountered were 0-8-7-8%. Walton et al. (In 
Inhaled Particles IV. Part 2. Edited by W. H. Walton, 
p. 669. Pergamon Press, Oxford, 1975) who further 
analysed the individual data on the populations stud­
ied by Jacobsen et al. similarly concluded that the 
total concentration of respirable dust was the most 
suitable index of the dust hazard where the quartz 
content of the dust was below 7-5%. The present 
paper indicates that quartz may after all play an im­
portant role in the development of pneumoconiosis.

During a routine radiological survey in 1978, 623 
miners in a Scottish colliery were examined and the 
chest radiographs of 21 of the men, an unusually high 
number, showed progression of simple pneumoco­
niosis when compared with radiographs taken 50 
months earlier. A second, independent, reading of 
these 21 cases and matched controls confirmed that at 
least 18 of the identified men had definite signs of 
progression, the remaining three being borderline. At 
this colliery observations including regular radiogra- 
phical surveys and measurements of cumulative life­
time exposures of all of the men to mixed coal-mine 
dust, and of the quartz component of the dust had 
taken place since 1954. Comparing the dust and 
quartz exposure for the 21 cases and matched con­
trols, over the 50 months since the last radiographs 
had been taken, showed that the affected men had 
been exposed to a significantly higher level of mixed 
dust and to a significantly higher proportion of quartz 
in the mixed dust— 12-98% quartz compared with
8-44% in the controls. The cases were exposed to a 
significantly lower level of coal in the mixed dust than 
were controls but there was no difference in the levels 
of non-quartz minerals to which the two groups were 
exposed. No pattern could be observed when the indi­
vidual life-time exposures of cases and controls were 
compared; three men developed pneumoconiosis after 
cumulative exposures to mean quartz concentrations 
of less than 0T mg/m3.

Thus an unexpectedly rapid progression of pneu­
moconiosis was observed in some cases even after 
generally low exposures to mixed coal-mine dust, and 
this occurred where the proportions of quartz in the 
mixed dust had been unusually high since 1974 (13 
and 8% of the dust for the cases and controls respect­
ively). The authors concluded that quartz must be 
regarded as a possible cause of pneumoconiosis in 
miners particularly where mixed dust exposures were 
low but the proportion of quartz present was high. 
The finding that there was a high risk of disease in 
men with cumulative exposure levels above 01 mg 
quartz/m3 and some risk in men with even lower ex­
posures should be of considerable use in defining con­
trol limits for quartz exposure both in coal-mining 
and in other dusty industries.

Acute and subacute iodoform inhalation

Tansy, M. F., Werley, M., Landin, W., Oberly, R„ 
Kendall, F. M„ Miller, A. & Sherman, W. (1981).
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Subacute inhalation toxicity testing with iodoform 
vapour. J. Toxicol, emir. Hlth 8, 59.

Iodoform has been in widespread use for many 
years and it has been studied in a number of tests, 
usually involving oral or subcutaneous administration 
(Kutob & Plaa, Toxic, appl. Pharmac. 1962, 4, 354; 
Reynolds, Biochem. Pharmac. 1972, 21, 2555), includ­
ing an NCI bioassay in rats and mice (Federal Regis­
ter 1978, 43, 46382). The latter study provided no 
“convincing evidence” of carcinogenicity of iodoform 
given by gavage to male rats at 142 or 71 mg/kg body 
weight/day, female rats at 55 or 27 mg/kg/day or male 
or female mice at 93 or 47 mg/kg/day, respectively, on 
5 days/wk for 78 wk. The study reported now is the 
first to provide data on the toxicity of iodoform 
vapour.

Groups of five male and five female Sprague-Daw- 
ley rats were exposed to 0. 140, 170 or 230 ppm iodo­
form for 7 hr and then observed for 48 hr in order to 
determine the LC50 value. Other groups of five male 
and five female rats were exposed to 0, 1 or 14 ppm 
for 7 hr/day for 7 days to assess the subacute effects of 
iodoform. The animals in the subacute study were 
separated after each exposure and housed in individ­
ual metabolism cages for the subsequent 17 hr. They 
were weighed daily, food and water consumption 
were measured, and urine and faeces were collected. 
Metabolic studies were also carried out for 17 hr/day 
for 1 wk before and 1 wk after the week of iodoform 
exposure. At the end of this period, intestinal transit 
time was measured, blood samples were taken for 
analysis and some of the rats were killed and autop- 
sied.

Following acute exposure, the animals were seen to 
huddle, close their eyes and breathe rapidly and shal­
lowly. Imminent death could be predicted by an 
obvious blanching of the ears, which was attributed to 
general cardiopulmonary collapse. The calculated 
7-hr LC50 value was 183 ppm when based on mor­
tality over 24 hr, but fell to 165 ppm on the basis of 
48-hr mortality, indicating delayed death after iodo­
form exposure.

In the subacute study, no significant differences 
were noted in food and water intake, urine and faeces 
output or intestinal transit time. There were statisti­
cally significant differences between the treated 
groups and the controls in some blood chemistry 
values, but the majority of these values still fell within 
the normal range or the differences were not dose- 
related. Histopathological examination of tissues 
taken at autopsy revealed no treatment-related 
changes except for large mineral deposits in the renal 
medullary tubules of the rats in the 14-ppm group, 
and in this group there was also some cloudy swelling 
of the liver cells.

[It is unfortunate that some higher doses of iodo­
form were not tested in the subacute study.]

Metabolism of bisphenol A epoxy

Clirnie, I. J. G., Hutson, D. H. & Stoydin, G. (1981). 
Metabolism of the epoxy resin component 
2,2-bis[4-(2.3-epoxypropoxy)phenyl]propane, the di-

glycidyl ether of bisphenol A (DGEBPA) in the 
mouse. Part I. A comparison of the fate of a single 
dermal application and of a single oral dose of 
14C-DGEBPA. Part II. Identification of metabolites 
in urine and faeces following a single oral dose of 
UC-DGEBPA. Xenobiotica 11, 391 & 401.

To the toxicologist, the epoxy moiety is associated 
with very dark images. Many epoxies are direct-acting 
alkylating agents and are likely to pose a carcinogenic 
or mutagenic threat to man. It must, therefore, have 
come as a pleasant surprise to the polymer industry 
when the diglycidyl ether of bisphenol A (DGEBPA), 
and the high-tonnage resins of which it is a major 
component, demonstrated only weak genotoxic ac­
tivity in the initial phase of toxicity testing (Cited in
F.C.T. 1979. 17, 420; ibid 1980. 18, 444). Metabolic 
studies have now been conducted that go some way 
to explaining the apparent reluctance of DGEBPA to 
live up to its structural promise.

Single doses of 56 mg [ !4C]DGEBPA/kg body 
weight applied to the skin of male CF1 mice were 
found to be only slowly absorbed. One day after 
treatment, 90% of the radioactivity could still be 
extracted from the site of application or its covering 
foil, and most (97%) of that on the skin was 
unchanged. Even at day 8, some 40% was still recov­
erable locally (81% unchanged). The maximum excre­
tion of radioactivity occurred on day 2, when the 
24-hr urine contained 1-3% and the faeces 8% of the 
dose. In contrast, excretion of the label was rapid 
following oral administration. Almost 90% of a single 
dose of 55 mg/kg body weight given by gavage was 
eliminated by day 2. predominantly (about 80% of the 
dose) in the faeces.

Despite the very different elimination rates follow­
ing dermal and oral administration, preliminary 
analysis by thin-layer chromatography showed that 
the profile of urinary and faecal metabolites of 
systemically absorbed DGEBPA was independent of 
the route of administration. Further elucidation of the 
metabolic pathways was therefore limited to animals 
treated orally. The major metabolite, accounting for 
24% of an administered dose of about 55 mg/kg 
body weight, was 2-[4-(2,3-dihydroxypropoxy)phenyl]-
2-[4'-(2-carboxy-2-hydroxyethoxy)phenyl]propane 
formed, presumably, by hydrolytic opening of the two 
epoxide groups and oxidation of one of the two diol 
moieties to give the x-hydroxycarbocylic acid. Decar­
boxylation of this compound followed by oxidation 
was thought to be the source of the other major 
metabolite, identified as 2-[4-(2,3-dihydroxypropoxy)- 
phenyl]-2-[4 '-(carboxym ethoxy)phenyl] propane, 
which accounted for 14% of the administered dose.

Of the minor metabolites, there were three of par­
ticular interest. Two of these were related to the 
major metabolites, the 2,3-dihydroxypropoxy moiety 
of the diol acid and of the diol a-hydroxyacid being 
replaced by a 3-methylsulphonyl-2-hydroxypropoxy 
side chain. They were the only direct evidence of a 
possible alkylating action by DGEBPA; it was sus­
pected that they were derived from an attack on an 
electrophilic centre, probably the epoxide. However, 
since the yields of each were small, only 5 and 4% of 
the dose, only weak alkylating ability was indicated. 
The third minor metabolite of mechanistic interest,
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accounting for some 5% of the dose, was the phenol- 
diol of DGEBPA, 2-[4-(2,3-dihydroxypropoxy)phe- 
nyl]-2-(4'-hvdroxyphenyl)propane. Of the two path­
ways likely to be involved in its formation, one would 
generate glycidaldehyde, an Ames-positive compound 
and a skin carcinogen of possible importance as a 
component of DGEBPA’s weak genotoxicity. The 
other likely pathway would liberate glyceraldehyde, 
an endogenous compound, presumably of low toxic 
potential. Unfortunately, the best way of differen­
tiating between these two routes—the synthesis of 
DGEBPA labelled in the detaching 3-carbon 
group—was not a practical possibility, so some clues 
were sought in a series of in vitro studies. However, 
oxidative dealkylation of DGEBPA by mouse-liver 
microsomal monooxygenase could not be detected in 
vitro; the epoxide-hydratase reaction (opening the 
epoxide bonds with formation of the bisdiol) was 
shown to proceed very rapidly. Only in the presence 
of an epoxide-hydratase inhibitor could a 1% conver­
sion to the phenoldiol be demonstrated, and the 
major product under these conditions was the epox­
ide diol. The investigators considered that a high 
epoxide-hydratase activity would be likely to lead to 
rapid conversion of DGEBPA to the bisdiol in vivo 
with subsequent oxidative reactions yielding car­
boxylic acids and phenols, a sequence liberating gly­
ceraldehyde rather than the glycidaldehyde. The fact 
that 3% of an orally administered dose of the bisdiol 
was eliminated as the phenoldiol, a yield comparable 
to the 5% seen from DGEBPA itself, supported the 
view that the bisdiol could undergo oxidative dealkyl­
ation to the phenoldiol in vivo although this could 
not be demonstrated in vitro. It was concluded, there­
fore, that the more direct conversion of DGEBPA to 
the phenoldiol, a reaction that would lead to the 
liberation of glycidaldehyde, probably did not occur 
to any measurable extent in the intact mammal—or 
indeed in vitro, at least in the absence of competitive 
inhibition of epoxide hydratase. DGEBPA has been 
shown to react with glutathione, in the presence of a 
glutathione-epoxide transferase taken from a mouse- 
liver cytosol fraction, to form a polar conjugate. The 
bisdiol, however, was not a substrate for this enzyme. 
No evidence could be found in vivo for the formation 
of this glutathione conjugate, providing further sup­
port for the predominance of the epoxide-hydratase 
pathway and the in vivo formation of glyceraldehyde 
rather than glycidaldehyde.

The apparent importance of the epoxide hydratase 
in minimizing the mutagenic potential of DGEBPA 
led to an interspecies comparison of total hepatic 
DGEBPA epoxide hydratases. The activities deter­
mined in the livers of rabbits, mice and rats were in 
the ratio of 3:2:1. In the mouse a large amount of this 
enzyme activity was due to a soluble form present in 
the cytosol fraction of the liver; previously reported 
work with other species (using other epoxide sub­
strates) had shown low levels of soluble hydratases, 
the membrane-bound enzymes being far more import­
ant components of total activity. It is still too early to 
be confident of man’s ability to ccpe with the epoxide 
moiety. Work on styrene oxide (Oesch et al. Biochem. 
Pharmac. 1974, 23, 1307) suggests that if styrene oxide 
is typical of other substrates, the liver of man pos­
sesses a relatively high hydratase activity compared

with that of other mammals, higher indeed than that 
of the rabbit. Man also seems to rate fairly highly in 
skin hydratase activity, but, as in other animals, the 
enzyme activity in the skin is far lower than that 
found in the liver.

Another look at the foetal effects of MEK

Deacon, M. M., Pilny, M. D., John, J. A., Schwetz, B. 
A., Murray, F. J., Yakel, H. O. & Kuna, R. A. (1981). 
Embryo- and fetotoxicity of inhaled methyl ethyl 
ketone in rats. Toxic, appl. Pharmac. 59, 620.

In 1974 we reported a study of the effects of in utero 
exposure of Sprague-Dawley rats to 1000 or 
3000ppm methyl ethyl ketone (MEK; Cited in F.C.T. 
1975, 13, 481). Among the offspring of rats inhaling 
the higher dose of MEK, 7 hr/day on days 6-15 of 
pregnancy, there was a low incidence of true foetal 
abnormalities (acaudia, imperforate anus and bra- 
chygnathia), and a significantly increased incidence of 
soft-tissue malformations and sternebral variations 
and at the lower level, there was a significant increase 
in the total number of litters containing foetuses with 
skeletal anomalies. No maternal toxicity was 
reported. This study seems to have been widely 
accepted as evidence of the embryotoxic, foetotoxic 
and potentially teratogenic effects of MEK exposure 
and little work has since been undertaken on this 
aspect of MEK exposure.

However, the experiment has now been repeated by 
the same group of workers from the Dow Chemical 
Toxicology Research Laboratories. Only one ad­
ditional dose level, 400 ppm. has been used and in 
most other respects this study is identical in method­
ology to the former. The results are rather different 
from those obtained earlier. Slight maternal toxicity 
(decreased weight gain and increased water consump­
tion) occurred in rats inhaling 3000 ppm MEK, but 
there was no evidence of embryotoxicity or terato­
genicity at any dose level. At the high dose level a 
significant increase in some minor skeletal variations 
indicated a slight foetotoxic effect.

[The results of the two studies indicate that in utero 
exposure to MEK may cause skeletal variations in 
rats, but whether other adverse effects are induced 
seems to be a question that can only be resolved by 
further research.]

Retinyl acetate and mouse mammary tumours

Welsch, C. W., Goodrich-Smith. M., Brown, C. K. & 
Crowe, N. (1981). Enhancement by retinyl acetate of 
hormone-induced mammary tumorigenesis in female 
GR/A mice. J. natn. Cancer Inst. 67, 935.

During recent years, evidence from both experi­
mental and clinical investigations has been accumu­
lating to suggest that vitamin A and its derivatives, 
the retinoids, possess anti-carcinogenic effects (Cited 
in F.C.T. 1982, 20, 333). The finding that retinoids 
could inhibit the emergence of bladder carcinomas in 
carcinogen-treated rats (Sporn et al. Science, N.Y. 
1977, 195, 487) has led to the testing of certain reti­
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noids in patients at high risk for bladder cancer 
(Sporn, Nature, Loud. 1978, 272, 402). The antineo- 
plastic effects of retinoids in rats have also been dem­
onstrated against carcinogen-induced cancers of the 
colon (Newberne & Suphakarn, Cancer, N.Y. 1977, 
40, 2553), respiratory tract (Cone & Nettesheim, J. 
natn. Cancer Inst. 1973, 50, 1599) and mammary 
gland (Moon et al. Cancer Res. 1976, 36, 2626), and in 
mice experimentally induced skin and bladder 
tumours are also susceptible to retinoid therapy 
(Becci et al. Cancer Res. 1978, 38, 4463; Bollag, Eur. J. 
Cancer 1974, 10, 731).

However, several experimental studies have not 
confirmed the antitumour properties of retinoids 
(Schroder & Black, J. natn. Cancer Inst. 1980, 65, 671) 
and it has now been demonstrated that retinyl acetate 
enhances, rather than inhibits, the carcinogenic pro­
cess when tested in a hormonally induced mammary 
cancer model in the mouse.

Virgin and ex-breeder female GR mice were given 
oestrone (0-5 mg/litre drinking-water) and progester­
one (30-mg pellet administered subcutaneously once a 
month) for 13-14 wk. Half the mice were fed retinyl 
acetate (82 mg/kg diet, the maximally tolerated dose) 
throughout the study, and the animals were examined 
for mammary tumour development (experiment 1). 
The experiment was subsequently repeated (experi­
ment 2), using a 1-2 wk longer treatment period and 
older multiparous mice.

In the first experiment, the mammary carcinoma 
incidence in nulliparous control and retinoid-treated 
mice was 22/65 (34%) and 37/65 (57%) respectively 
(P <  0 05). In experiment 2, the percentages in groups 
of 48 mice were 56 and 77% respectively (P <  0-05). 
The total numbers of mammary tumours were in­
creased in both experiments. Multiparous mice fed

control and retinoid diets developed mammary carci­
nomas in 13/30 (43%) and 23/30 (77%) mice respect­
ively (P <  0-05) in experiment 1, but in the repeated 
experiment all multiparous mice (19/19 and 19/19 re­
spectively) developed mammary cancer. The authors 
explain the overall increase in mammary tumours in 
experiment 2 in terms of mouse ages and longer treat­
ment periods, and speculate that retinoids may 
enhance mammary neoplasia by increasing the sensi­
tivity of mouse tissues to hormones. The findings of 
increased mammary gland development, and uterine 
and adrenal weights after retinoid treatment are in 
keeping with this suggestion.

This report is in contrast to previous observations 
from the same laboratory in which retinyl acetate 
induced a profound inhibition of Ai-methyl-W-nitroso- 
urea-induced mammary cancer in Sprague-Dawley 
rats (Welsch et al. Cancer Res. 1980, 40, 3095) and 
also differs from the only other evaluation of retinoid 
activity on mouse mammary neoplasia, in which reti­
nyl acetate had no effect on spontaneous mammary 
cancer in C3H/A mice (Maiorana & Gullino, Fedn 
Proc. Fedn Am. Socs exp. Biol. 1979, 38, 1450).

[Both spontaneous and experimentally induced 
mammary cancer in rats and mice contrast markedly. 
Viruses are implicated in the latter species and the 
morphogenesis of tumours in each species is different. 
However until the activity of the retinoids against 
both carcinogen- and hormonally induced tumours is 
compared in both the rat and the mouse, the relative 
significance of the species and of the inducing agent 
involved cannot be assessed. Nevertheless, since hor­
monal factors play a significant, albeit poorly under­
stood, part in human breast cancer, the findings of 
this study should caution against the premature clini­
cal use of retinoids.]
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L E T T E R S  TO  T H E ED ITO R

TOXICITY OF VERSALIDE

Sir.—Butterworth and Mason have recently reported in your publication (Fd Cosmet. Toxicol. 1981, 
19, 753) on the acute oral toxicity of Versalide®. In their paper they state that “there appear to be no 
readily available data on the safety-in-use. . of Versalide, which has also been described as 
acetylethyltetramethyltetralin (AETT). In actual fact, a rather extensive fragrance monograph has 
been published in this very journal (ibid 1979, 17, 357), describing in summary fashion the work 
carried out on this compound in our laboratories. The phenomena of blue tissue discoloration and 
cumulative neurotoxicity were first noted by us in 1975, and subsequent publications described the 
neuropathy in detail (Spencer et al. Neurotoxicoloyy 1979, 1, 221; idem, Science, N.Y. 1979, 204, 633).

I strongly encourage the authors to read these and other published reports relating to the neurotox- 
icological potential of AETT, and to incorporate these references into future bibliographies offered in 
support of new research into this fascinating chemical.

W. R. T roy ,
Avon Products, Inc., 
Division Street, 
Suffern,
NY 10901, USA

®Registered trade name of Givaudan-Delawanna, Inc.

PASSIVE SMOKING: NICOTINE, A HAPTEN

Sir,—In his Review Article on passive smoking (Fd Chem. Toxic. 1982, 20, 223) P. N. Lee mentioned 
the subject of allergy and tobacco smoke and commented that “whether this was a psychological, 
rather than a physiological, response is open to question”. My recent study about the haptenic role of 
the nicotine alkaloid of Nicotiana tabacum in the aetiology of a dermatitis in my family (Sudan, 
Allergie Immunol. 1978, 10, 36; Sudan & Sterboul, Nouv. Presse med. 1979, 8, 3563) was not con­
sidered. This dermatitis resembles ‘seborrhoeic dermatitis’.

In all the patients, the in vitro human basophil degranulation test (HBDT) of Benveniste (Clin. 
Allergy 1981, 11, 1) gave positive results with either the allergen, tobacco (leaves, Hollister-Stier: 
>50% from 10 fig to 10' 1 /ig/ml) or the hapten, nicotine (>50%  from 1 fig to 10“ 2 fig/ml) bound to 
human serum albumin (HSA). RAST (radioallergosorbent test) results were positive for myself with 
allergenic extracts of tobacco leaves: 4 +  (tobacco leaf A), 3 +  (tobacco leaf B) and 3 +  (tobacco leaf 
C) (S. B. Lehrer. New Orleans, USA). These results were in accord with a familial and personal 
history of atopic reactions and suggested that the skin mast cells (by virtue of their capacity to release 
the chemical mediators of anaphylaxis) were the cause of the clinical symptoms. Topical sodium 
chromoglycate seems to be of benefit in this reaction (Sudan & Sterboul, Cutis, Paris 1980, 4, 81) and 
the specific desensitization with allergenic extracts of tobacco leaves (Hollister-Stier) is very 
satisfactory.

We have recently studied a new case of sensitization to the nicotine in a patient afflicted with a 
seborrhoeic dermatitis (Sudan & Sterboul, Br. J. Derm. 1981, 104, 349). The HBDT test showed 
strongly positive results with the allergens, tobacco (leaves, Hollister-Stier: 66%, 100/ig/ml) and 
nicotine-HSA (58%. 10 /rg/ml).

Avoidance of tobacco smoke has cleared the dermatitis in all these patients. Thus there appears to 
be a cellular reaction to tobacco antigens detectable in a syndrome of unknown aetiology classified 
for a century as ‘seborrhoeic dermatitis’ (Unna, Mh. prakt. Derm. 1887, 6, 827).

Contrary to the conclusion that “there seems at present to be no convincing evidence that passive 
smoking results in any material risk of serious disease for the healthy nonsmoker" (Lee, loc. cit.), our 
study demonstrates that “a single puff of tobacco smoke can induce an anaphylactic reaction of the 
skin” of passive smokers (Sudan, Br. med. J. 1978, 2, 895) in some circumstances.

B. J. L. S u d a n , 

P.O. Box 1951, 
4001 Basle 1, 
Switzerland
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M E E T IN G  A N N O U N C E M E N T S

DIET AND NUTRITION CONFERENCE

An international conference on diet and nutrition is to be held in Tel Aviv, Israel on 21-23 
February 1983. The Conference will cover a broad range of topics including for example the influence 
of food on sleep, diet and blood lipids, nutritional status and guar gum. Further details may be 
obtained from The Secretariat, International Conference on Diet and Nutrition, P.O. Box 29784, Tel 
Aviv 61297, Israel.

CELL BIOCHEMISTRY AND FUNCTION MEETING

The “ 1st International Meeting on Cell Biochemistry and Function” is to be held at the University 
of Surrey on 23-25 March 1983. Further details may be obtained from Professor J. W. Bridges, 
Secretary, ‘1st International Meeting on Cell Biochemistry and Function’ Scientific Committee, Insti­
tute of Industrial and Environmental Health and Safety, University of Surrey, Guildford, Surrey, UK, 
GU2 5XH.
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FO R T H C O M IN G  P A P ER S

It is hoped to publish the following research papers and other communications in the next issue of 
Food and Chemical Toxicology :

Effect of dietary butylated hydroxyanisole on methylazoxymethanol acetate-induced toxicity in mice. 
By B. S. Reddy, K. Furuya, D. Hanson, J. DiBello and B. Berke.

Lack of carcinogenicity of butylated hydroxytoluene on long-term administration to B6C3F! mice.
By T. Shirai, A. Hagiwara, Y. Kurata, M. Shibata, S. Fukushima and N. Ito.

An investigation of the genetic toxicology of irradiated foodstuffs using short-term test systems.
Ill—In vivo tests in small rodents and in Drosophila melanogaster. By H. W. Renner, U. Graf, 
F. E. Würgler, H. Altmann, J. C. Asquith and P. S. Elias.

Mutagenic effects of irradiated glucose in Drosophila melanogaster. By M. B. Varma, K. P. Rao, S. D. 
Nandan and M. S. Rao.

No volatile N-nitrosamines detected in blood and urine from patients ingesting daily large amounts 
of ammonium nitrate. By G. Ellen, P. L. Schuller, P. G. A. M. Froeling and E. Bruijns.

The influence of food flavonoids on the activity of some hepatic microsomal monooxygenases in rats. 
By M. H. Siess and M. F. Vernevaut.

Inactivation of aflatoxin B, mutagenicity by thiols. By M. Friedman, C. M. Wehr, J. E. Schade and
J. T. MacGregor.

The effects of patulin and patulin-cysteine mixtures on DNA synthesis and sister-chromatid exchange 
frequency in human lymphocytes. By R. Cooray, K.-H. Kiessling and K. Lindahl-Kiessling.

The subchronic toxicity and teratogenicity of alternariol monomethyl ether produced by Alternaria 
solani. By G. A. Pollock, C. E. DiSabatino, R. C. Heimsch and D. R. Hilbelink.

Occurrence, stability and decomposition of /¡-N[y-L( +  )-glutamyl]-4-hydroxymethylphenyIhydrazine 
(agaritine), from the mushroom Agaricus hisporus. By A. E. Ross, D. L. Nagel and B. Toth. 

Comparative toxicity of alkyltin and estertin stabilizers. By A. H. Penninks and W. Seinen.

Enzyme-mediated mutagenicity in Salmonella typhimurium of contaminants of synthetic indigo 
products. By W. M. F. Jongen and G. M. Alink.

Percutaneous absorption of 2-amino-4-nitrophenol in the rat. By H. Hofer, G. W. Schwach and Ch. 
Fenzl.

Reversibility of nephrotoxicity induced in rats by nitrilotriacetate in subchronic feeding studies. By 
M. C. Myers, R. L. Kanerva, C. L. Alden and R. L. Anderson.

Reversibility of renal cortical lesions induced in rats by high doses of nitrilotriacetate in chronic 
feeding studies. By C. L. Alden and R. L. Kanerva.

Estimation of volatile N-nitrosamines in rubber nipples for babies’ bottles. By D. C. Havery and
T. Fazio.

The mobilization of aluminium from three brands of chewing gum. By A. Lione and J. C. Smith. 
(Short paper)

The effect of dose and vehicle on early tissue damage and regenerative activity after chloroform 
administration to mice. By D. H. Moore, L. F. Chasseaud, S. K. Majeed, D. E. Prentice, F. J. C. 
Roe and N. J. Van Abbé. (Short paper)

The applicability of the draft EEC method for the determination of the global migration of plastics 
constituents into fatty food simulants to lacquers, plastics and laminates. By D. Van Battum, 
M. A. H. Rijk, R. Verspoor and L. Rossi. (Review paper)
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CODATA
Ed ito r: P S G L A E S E R , CO DATA Secretariat, 
Paris, France
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Instructions to Authors
General. Original papers, reviews and letters to the editor may be submitted for publication. Manuscripts 
from the USA and Canada should be sent to the American Editor, Dr L. Golberg. All others must be sent 
to the Assistant Editor or to the appropriate Regional Editor. Letters must be signed before they can be 
considered for publication.

Submission of a paper to the Editor will be held to imply that it reports unpublished original research, 
that it is not under consideration for publication elsewhere and that if accepted for the Journal, Food and 
Chemical Toxicology, it will not be published again, either in English or in any other language, without the 
consent of the Editor.

Forms of Papers Submitted for Publication. Papers should be headed with the title of the paper, the surnames 
and initials of the authors and the names and addresses of the institutions where the work was done. A 
shortened version of the title not exceeding 45 letters and spaces, to serve as a running title, should be 
supplied.

In general the text should be subdivided as follows: (a) Abstract: brief and self-contained, not exceeding 
3 % of length of paper (b) Introductory paragraphs (c) Experimental (d) Results, presented as concisely as 
possible (e) Discussion (if any) and general conclusions (f) Acknowledgements and (g) References. Each sub­
division should commence on a separate sheet. Manuscripts should be typewritten on one side of the paper 
and double spaced. At least two copies should be supplied (one original and one, or preferably two, carbon 
copies). Papers will be accepted in English, French and German.

References. These should be listed on a separate page, in alphabetical order and arranged as follows: 
author’s name and initials, year, title of the journal [abbreviated according to the rules adopted in the 
World List of Scientific Periodicals 1963, 4th Ed., Butterworth & Co. (Publishers) Ltd, London], volume, 
first page number:

e.g. Guppy, L., Lowes, N. R. & Walker, M. J. A. (1981). Effect of a proprietary rubefacient “Tiger Balm” 
on rabbit skin. Fd Chem. Toxic. 20, 89.

References to books should include the author’s name followed by initials, year, title of book, edition, 
appropriate page number, publisher and place of publication: 

e.g. Dow, E. & Moruzzi, G. (1958). The Physiology and Pathology of the Cerebellum. 1st Ed., p. 422. The 
University of Minnesota Press, Minneapolis.

When reference to a paper is first made in the text the names of all authors should be given unless there 
are five or more, in which case the names of the first three should be given followed by the words et al. 
In cases where there are more than two authors subsequent citations should give the first-named author 
followed by the words et al.:

e.g. (McLaughlin, Bidstrup & Konstam, 1963; Malinow, McNulty, McLaughlin et al. 1981); (McLaughlin 
et al. 1963; Malinow et at. 1981).

Where more than one paper by the same author(s) has appeared in any one year, the references should be 
distinguished in the text and the bibliography by the letters, a, b, etc. following the citation of the year: 

e.g. 1943a, 1943b or (1943a,b).

Footnotes. These, as distinct from literature references, should be avoided as far as possible. Where they are 
essential, reference is made by the symbols * t  + § II II in that order.

Illustrations and Diagrams. These should be kept to a minimum and they should be numbered and marked 
on the back with the author’s name. Legends accompanying illustrations should be typewritten on a separate 
sheet. Diagrams and graphs must be drawn in Indian ink on good quality paper or tracing linen. The follow­
ing standard symbols should be used on line drawings since they are easily available to the printers:

A  A ■  □  •  O O x < >
Photographs and photomicrographs should be submitted unmounted and on glossy paper. When colour 
plates are to be printed, payment for colour separation is the responsibility of the author.

Tables and Figures. These should be constructed so as to be intelligible without reference to the text, each 
table and column being provided with a heading. The same information should not be reproduced in both 
tables and figures.

Chemical Nomenclature. The fundamental principles of organic and inorganic chemical nomenclature are 
laid down in the I.U.P.A.C. 1957 Rules (Butterworths Scientific Publications, London, 1958, 1959). These 
are given in Handbook for Chemical Society Authors (1961), pp. 16-163.

Other Nomenclature, Symbols and Abbreviations. In general, authors should follow the recommendations 
published in the Handbook for Chemical Society Authors (1961), p. 164 and in the I.U.P.A.C. Injormation 
Bulletin, No. 13, p. 64, Appendix B (1961). In the Title and Summary, abbreviations should be avoided; in 
the Introduction, Results and Discussion they should be used sparingly.

Page Proofs. These will be sent to the first-named author for correction.

Reprints. Reprints can be ordered on the form accompanying proofs. Copies of the issue in which the 
article appears may also be ordered, at a specially reduced rate.

Frequency. The Journal will be published bi-monthly.
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