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THE RELIABILITY OF A PROCEDURE FOR THE 
DETERMINATION OF NITROSAMINES IN FOOD

K . G oodhead a n d  T . A. G ough

Laboratory of The Government Chemist, Stamford Street, London, SEI 9NQ, England 

[Received 16 October ¡974)

Abstract—A procedure is described for the clean-up process used in this Laboratory prior to the 
analysis of foodstuffs for the presence of traces of nitrosamines. Recoveries from this procedure were 
estimated by the gas chromatographic separation of the individual nitrosamines and subsequent detec
tion by a Coulson electrolytic conductivity detector. The ability of the detector to give a reproducible 
response has been assessed, as was the retention stability of the GLC system. A similar study on 
a combined gas chromatographic-mass spectrometric system used for the confirmation of the presence 
of nitrosamines is also described. The value of the Coulson detector for screening purposes prior 
to mass spectrometric confirmation was assessed using samples of cheese, fish, meat and some other 
commodities.

INTRODUCTION

I t  is  g e n e ra lly  re c o g n iz e d  th a t  tra c e  a m o u n ts  o f  
n i tro s a m in e s  c a n  o c c u r  in  so m e  fo odstu ffs , severa l 
p a p e rs  h a v in g  b e en  p u b lis h e d  in re c e n t y e ars  in d ic a t
ing  th a t  th ese  c o m p o u n d s  c a n  be  p re s e n t  in c u re d  
m e a t p ro d u c ts ,  fish  a n d  cheese  (C ro sb y , F o re m a n , 
P a lf ra m a n  &  S aw yer, 1972; F a z io , D a m ic o , F lo w a rd , 
W h ite  &  W a tts ,  1971; F a z io , W h ite  &  H o w a rd , 1971; 
F id d le r ,  P io tro w sk i,  P e n sa b e n e , D o e r r  &  W a sse rm a n , 
1972; F o n g  &  C h a n , 1973; P a n a la k s ,  Iy e n g a r  &  Sen, 
1973; Sen, 1972; W a sse rm a n , F id d le r , D o e rr ,  O s m a n  
&  D o o le y , 1972). /V -N itro so d im e th y la m in e  (N D M A ) 
is th e  m o s t  c o m m o n ly  o c c u rr in g  n .tro s a m in e  in  these  
c o m m o d itie s  a s  p u rc h a se d , b u t  N -n it ro s o p y r ro l id in e  
(N P Y R ) h a s  b e e n  d e te c te d  in  c o c k e d  b a c o n  (F a z io , 
W h ite , D u s o ld  &  H o w a rd , 1973; Sen, D o n a ld so n , 
Iy e n g a r  &  P a n a la k s ,  1973).

T h e  level a t  w h ic h  th e se  c o m p o u n d s  o c c u r  is so 
low  th a t  it is n e ce ssa ry  to  c a r ry  o u t  c le a n -u p  a n d  
c o n c e n tra t io n  s ta g es  in  o rd e r  to  d e te c t th e m , e sp e c 
ia lly  if  a  q u a n ti ta t iv e  e s t im a tio n  is re q u ire d . T h is  
c le a n -u p  is u su a lly  a c h ie v e d  b y  m e a n s  o f  d is t il la t io n  
a n d  c o lu m n  c h ro m a to g ra p h y  (W a sse rm a n , 1972). T h e  
n itro s a m in e s  a re  s e p a ra te d  u s in g  g a s-liq u id  c h ro m a t
o g ra p h y  (G L C ) (C ro sb y  et al. 1972; R h o a d e s  &  J o h n 
so n , 1970) a n d  p re fe ra b ly  a re  d e te c te d  u s in g  a  
n itro g e n -sp e c if ic  d e te c to r .  A lte rn a tiv e ly  d e riv a tiv e s  
su ch  a s  n i tra m in e s  (Sen, 1970) o r  f lu o r in a te d  a m id e s  
(A llis to n , C o x  &  K irk , 1972), w h ic h  c a n  be  d e te c te d  
b y  e le c tro n  c a p tu re , a re  p re p a re d . I t  h a s  b e en  re c o m 
m e n d e d  ( In te rn a tio n a l  A g en cy  fo r R e se a rc h  o n  
C a n c e r , 1975) th a t  c o m b in e d  g a s  c h ro m a to g r a p h y -  
h ig h - re s o lu tio n  m ass  sp e c tro m e try  (G L C -M S )  sh o u ld  
b e  u se d  to  c o n f irm  th e  p re se n c e  o f  n itro sa m in e s . A 
g a s -c h ro m a to g ra p h ic  m e th o d  u s in g  o n e  o f  th e  specific  
d e te c to rs  m e n tio n e d  a b o v e  m a y  be  u se d  a s  a  sc ree n 
in g  p ro c ess .

A m e th o d  fo r th e  ro u t in e  d e te rm in a tio n  o f  tra c e s  
o f  n i tro s a m in e s  in a  la rg e  n u m b e r  o f  fo o d  sa m p le s

sh o u ld  p re fe ra b ly  be  r a p id  a n d  m u s t be re liab le  o v e r 
a n  e x te n d e d  p e r io d  o f  tim e . O n e  o f  th e  m o s t  effective 
c le a n -u p  p ro c e d u re s  d e v e lo p e d  a t  th is  L a b o ra to ry  
a n d  b a se d  o n  th ese  c r ite r ia  in v o lv es  s te a m  d is til la tio n  
o f  th e  sa m p le  fo llo w ed  b y  so lv e n t e x tra c tio n  o f  th e  
d is til la te  a n d  c o n c e n tra t io n  b y  e v a p o ra tio n . S e p a r
a t io n  o f  th e  n itro s a m in e s  fro m  e a c h  o th e r  a n d  th e  
re m a in in g  e x tra n e o u s  m a te r ia l  is a c h ie v e d  b y  G L C .

T h is  s tu d y  h a s  b e e n  u n d e r ta k e n  to  a sse ss  th e  o v e r 
a ll re lia b ility  o f  th e  c le a n -u p  a n d  c o n c e n tra t io n  p r o 
c e d u re s  a n d  th e  G L C - M S  c o n f irm a tio n . T h e  v a lu e  
o f  a  n itro g e n -sp e c if ic  d e te c to r  fo r sc ree n in g  is a lso  
d iscu ssed .

E X P E R IM E N T A L

Clean-up procedure. T h e  p ro c e d u re  a d o p te d  for th e  
d e te rm in a tio n  o f  s te a m -v o la tile  n i tro s a m in e s  re q u ire s  
250  g  o f  foodstu ff, w h ic h  is c o m m in u te d  a n d  slu rr ied  
in  a  to ta l  o f  250 m l w a te r , in c lu d in g  th a t  o rig in a lly  
p re se n t  in  th e  sa m p le . T o  th e  s lu rry  a re  a d d e d  100 g 
so d iu m  c h lo r id e  a n d  tw o  a n tifo a m  ta b le ts  to g e th e r  
w ith  250 fil o f  a  so lu tio n  (10 ¿ul/litre) o f  N -n itro so d i-n -  
p ro p y la m in e  (N D P A ), a  n i tro s a m in e  th a t  h a s  n o t 
b e en  d e te c te d  in  foodstu ffs. (T h e  re c o v e ry  o f  th e  
N D P A  is c o m p a re d  w ith  th a t  a n tic ip a te d  to  a ssess  
th e  c le a n -u p  p ro c e d u re  fo r e ac h  sam p le .)  T h e  m ix tu re  
is s te a m -d is til le d  a n d  th e  firs t 400  m l o f  d is til la te  is 
co lle c ted . A fte r a d d it io n  o f  80 g  so d iu m  c h lo r id e  a n d  
4  m l 10 N -su lp h u ric  a c id  to  th e  d is til la te , th e  n itro s -  
a m in e s a r e e x t r a c te d in to 4  x  4 0  m l re d is til le d  d ic h lo ro -  
m e th a n e . T h e  c o m b in e d  e x tra c ts  a re  w a sh e d  w ith  
70 m l l-5 N -so d iu m  h y d ro x id e  a n d  th e  o rg a n ic  lay e r  
is d r ie d  o v e r  so d iu m  su lp h a te . T h e  d r ie d  e x tra c t  is 
p la c e d  in  a  K u d e rn a -D a n is h  flask  a n d  th e  v o lu m e  
is re d u c e d  to  2-5 m l by  e v a p o ra tio n  a t  4 5 °C ; 800^1  
h e x an e  a re  a d d e d  a n d  th e  e v a p o ra tio n  is c o n tin u e d  
to  a b o u t  250 ul. T h e  fin a l v o lu m e  is m e a su re d  w ith  
a  500 pi sy rin g e  a n d  th e  c o n c e n tr a t io n  fa c to r  is c a lc u 
la te d . T h e  c o n c e n tra te  is s to re d  a t  10°C in  a  g la s s  
v ial f itte d  w ith  a  s e p tu m  cap .
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Gas-chromatographic screening procedure. T h e  
s c re e n in g  p ro c e d u re  is  c a r r ie d  o u t  u s in g  a  V a r ia n  
27 0 0  c h ro m a to g ra p h  f itte d  w ith  a  C o u lso n  e le c tro ly tic  
c o n d u c tiv ity  d e te c to r  o p e ra t in g  in  th e  r e d u c t io n  m o d e  
(P a lf ra m a n . M a c n a b  &  C ro sb y , 1973). A  s ta in le ss-  
s tee l c o lu m n . 6-3 m  x  1-8 m m  i.d. a n d  filled  w ith  15% 
F F A P  o n  d ia to m ite  C L Q  8 0 -1 0 0  BS m esh , is used . 
T h e  c o lu m n  is o p e ra te d  a t  140°C  w ith  h e liu m  c a rr ie r-  
g a s  flow ing  a t  2 5 m l/m in .  T h e  sa m p le  size n o rm a lly  
u se d  is 4  pi.

Gas chromatographic-mass spectrometric method. 
D e ta ils  o f  th is  m e th o d  h av e  p re v io u s ly  b e e n  p u b lis h e d  
(G o u g h  &  W eb b , 1973). In  b rief, a  P y e  m o d el R c h r o 
m a to g ra p h  is c o n n e c te d  to  a n  A E I M S -9 0 2  m ass  
sp e c tro m e te r  via a  s ilico n e  m e m b ra n e  s e p a ra to r  
(G o u g h  &  W e b b , 1972). T h e  c h ro m a to g ra p h  c o n ta in s  
a  p e a k -c u tt in g  sy s tem  to  p re v e n t  u n n e c e ssa ry  c o n ta m 
in a t io n  o f  th e  m a ss  sp e c tro m e te r  a n d  a  c a rr ie r -g a s  
p re ssu re -p ro g ra m m in g  dev ice  to  m in im ize  sam p le  
a n a ly s is  a n d  tu r n - ro u n d  tim e . T w o  s ta in le ss-s tee l 
c o lu m n s  a re  u sed , o n e  b e fo re  a n d  o n e  a f te r  th e  v en t. 
T h e  firs t c o lu m n , 2-4 m  x  2 m m  i.d. c o n ta in s  15% 
C a rb o w a x  20 M  o n  A .W . C h ro m o s o rb  W , w h ile  th e  
se c o n d  c o lu m n . 5-4 m  x  2 m m  i.d. c o n ta in s  5%  C a r 
b o w a x  20 M  a lso  o n  A .W . C h ro m o s o rb  W . T h e  
c o lu m n  te m p e ra tu re  is  145°C a n d  th e  h e liu m  c a r r ie r -  
g a s  flow  r a te  v a rie s  fro m  6  to  25 m l/m in  a s  th e  p re s 
su re  in creases . T h e  sa m p le  size u se d  is a g a in  n o rm a lly  
4  pi. T h e  m a ss  s p e c tro m e te r  is o p e ra te d  a t  a  r e so lu 
tio n  o f  7000 a n d  th e  g a s  c h ro m a to g ra p h  c o n d it io n s  
a re  su ch  th a t  spec ies  o r ig in a tin g  in  th e  a n tifo a m  ta b 
lets. w h ic h  c a n  give rise  to  tr im e th y ls ily l io n s  in the  
io n  so u rc e  c f  th e  m a ss  sp e c tro m e te r  (D o o le y . W asse r-  
m a n  &  O s m a n , 1973; G o u g h  &  W e b b , 1973). a re  n o t  
c o -e lu te d  w ith  th e  N D M A .

RESULTS AND DISCUSSION 

Gas-cliromatographic method
I t  w a s  d e c id e d  to  u se  th e  g a s  c h ro m a to g ra p h  w ith  

C o u lso n  d e te c tio n  to  m o n ito r  th e  re c o v e ry  o f  the  
n itro s a m in e s  fro m  th e  v a r io u s  s ta g e s  o f  th e  p ro c e d u re , 
so  a  p re lim in a ry  s tu d y  w a s  c a r r ie d  o u t  to  a sse ss  th e  
re lia b ility  o f  th is  a p p ro a c h .  A  s ta n d a rd  s o lu tio n  w a s  
p re p a re d  c o n ta in in g  c o n c e n tra t io n s  o f  1 0 /d /I i tre  o f  
e a c h  o f  th e  fo llo w in g : N D M A , A '-n itro so d ie th y la m in e  
(N D F A ). N D P A . M -n itro so d i- /i-b u ty la m in e  (N D B A ), 
, \ '-n i t ro s o p ip e r id in e  ( N P I P )  a n d  N P Y R . R e p lic a te  
4  pi in je c tio n s  w e re  m a d e  o v e r  a  7 -h r p e r io d  o n  tw o

Table 1. Gas-chromatographic retention data for six nitrosa
mines using the Coulson detector

R e te n t io n  tim e s *  (m in )

Series ! Series ■? Retention indices

Compound^ X a X G I (140 C) <51/10CC

NDMA 9-9 019 9-8 015 1312 3-7
NDEA 12 9 0-22 12-8 0-15 1390 4-3
NDPA 214 0-22 21-4 0-35 1523 4-3
NDBA 43-2 006 43-2 0-25 1687 4-7
NPIP 51-0 0-29 510 0-18 1715 10-0
NPYR 580 0-28 58-6 0-26 1738 90

x = Mean retention time a = Standard deviation
I =  Kovats retention index 

‘ Seven determinations in each series. 
tFor identification of abbreviations, see text.

d iffe re n t o c c a s io n s  a n d  th e  d e te c to r  re sp o n se  a n d  
re te n tio n  tim e s  w e re  m e a su re d . R e te n tio n  t im e s  a n d  
K o v a ts  re te n tio n  in d ices  a t  140CC . to g e th e r  w ith  th e  
c h a n g e  in  v a lu e  p e r  K T C  o v e r  th e  ra n g e  1 4 0 -1 7 0  C  
a re  g iv en  in T a b le  1.

R e te n tio n  tim e s  b a se d  o n  c h a r t -p a p e r  m e a su re 
m e n ts  c o u ld  n o t  b e  m e a su re d  to  b e tte r  th a n  15 sec, 
w h ic h  p ro v e d  to  b e  o f  th e  sa m e  o rd e r  a s  th e  s ta n d a rd  
d e v ia tio n  o f  th ese  m e a su re m e n ts . I t  w a s  th u s  c o n 
c lu d e d  th a t  th e  r e p ro d u c ib il i ty  o f  r e te n tio n  tim e  w a s  
su ffic ien tly  a c c u ra te  to  e n a b le  p e a k -h e ig h t m e a su re 
m e n ts  to  b e  u se d  fo r re sp o n se  d a ta .  T h e  re sp o n se  
v a lu e s  g iv en  in T a b le  2 a re  n o rm a liz e d  w ith  re sp e c t 
to  th e  m e a n  N D P A  re sp o n se . T h e  n o ise  level is 2 
u n i ts  o n  th is  scale . A g re e m e n t b e tw ee n  th e  tw o  se ts  
o f  e x p e r im e n ts  is g o o d , e v en  th o u g h  th e  c o effic ie n t 
o f  v a r ia t io n s  is r a th e r  h ig h  fo r th e  N P Y R  re sp o n se . 
U n d e r  s im ila r  c o n d it io n s  th e  v a r ia tio n  o f  re sp o n se  
o f  a  flam e io n iz a tio n  d e te c to r  is a b o u t  3%  fo r  e a c h  
n itro sa m in e .

Table 2. Gas-chromatographic response data for six nitrosa
mines using the Coulson detector

Compoundt

Response values*

Series 1 Series 1)

X a V X G V

NDMA 175 18-8 10-7 176 19-3 10-9
NDEA 171 6-7 39 170 8-8 5-2
NDPA 100 5-5 5-5 100 2-8 2-8
NDBA 44 2-6 5-9 45 2-1 4-7
NPIP 53 4-9 8-9 53 3-6 6-8
NPYR 33 7-6 23-0 32 7-3 22-8

x =  M ean response a =  S tandard  deviation 
v = . Coefficient o f  variation

‘ Seven de term inations in each series; values norm alized  
w ith  respect to  x for N D PA . 

tF o r  identification o f  abbrev iations, see text.

Clean-up procedure

U s in g  th e  C o u lso n  d e te c to r ,  th e  re lia b il ity  o f  th e  
d is t il la t io n , e x tra c t io n  a n d  c le a n -u p  s ta g e s  w a s  
a ssessed . R e co v e rie s  o f  N D M A , N D E A  a n d  N D P A  
fro m  th e  d is t il la t io n  w e re  q u a n ti ta t iv e  a t  th e  10 p i/ 
l i t r e  level. T h e  re c o v e ry  o f  N D B A  v a r ie d  b e tw e e n  75 
a n d  100%  a n d  th a t  o f  th e  tw o  h e te ro c y c lic  n i tr o s a 
m in e s  fro m  60  to  107%. T h e  effic iency  o f  v a r io u s  so l
v e n ts  in e x tra c tin g  n itro s a m in e s  fro m  a q u e o u s  so lu 
t io n  h a s  b e en  s tu d ie d  p re v io u s ly  a n d  it  w a s  c o n c lu d e d  
th a t  e x tra c t io n  w a s  v ir tu a lly  c o m p le te  u s in g  d ic h lo ro -  
m e th a n e  (N e u ra th ,  P i rm a n n  &  D iin g e r. 1964). L o sse s  
d u r in g  e v a p o ra tio n  w ere  e x p e c te d  to  be  m o re  p r o 
n o u n c e d  fo r th e  low  d ia lk y ln itro sa m in e s . a l th o u g h  it 
h a s  b e en  fo u n d  th a t  in  p ra c tic e  th e re  is  l i t t le  d ifferen ce  
in  lo ss  b e tw e e n  th e  v a r io u s  n itro s a m in e s , a n d  th e  
re c o v e rie s  a re  g e n e ra lly  o v e r  75%.

In  o rd e r  to  s tu d y  lo sses fo r th e  c o m p le te  p ro cess , 
s a m p le s  o f  cheese , fish  a n d  m e a t w e re  se lec te d  w h ich  
w e re  k n o w n  to  g ive  c le a n  c h ro m a to g ra m s  w h e n  a n a 
ly se d  b y  th e  p ro c e d u re . N i t ro s a m in e s  w e re  a d d e d  a t  
th e  0  01 pl/kg  level (i.e. 10 /d /l i tre  in th e  fin a l e x tra c t, 
a s su m in g  n o  losses). A n  a q u e o u s  so lu t io n  o f  th e  sam e 
c o n c e n tr a t io n  w a s  a n a ly se d  fo r c o m p a r is o n . R e 
c o v e r ie s  a r e  g iv en  in  T a b le  3, f ro m  w h ic h  it  c a n  be  
seen  th a t  th e  re c o v e ry  o f  a n y  g iv en  n i tro s a m in e  is



Determination of nitrosamines in food 309

Table 3. Overall recoveries of added nitrosamines from food samples analysed using gas chromatography and the Coulson
detector following the described clean-up procedure

Compoundt
No. of

determinations...

Mean recovery (%)* from

Aqueous solution Cheese Fish Meat

9 17 5 7

NDMA 64 (107) 79 (7-0) 69 (5-1) 67 (9-8)
NDEA 78 (10-9) 91 (9-4) 87 (8-8) 78 (101)
NDPA 80 (15-5) 87 (10-9) 82 (7-1) 81 (94)
NDBA 80 (21-0) 74 (11-5) 72 (5-6) 77 (6-3)
NPIP 84 (13-0) 84 (11-5) 84 (7-2) 80 (13-7)
NPYR 59 (14 0) 61 (9-6' 60 (9-5) 65 (32-9)

*With standard deviations in parentheses. 
fFor identification of abbreviations, see text.

Table 4. Effects of storage conditions on the ageing of aqueous solutions of N-nitrosodimethylamine (NDMA)

Percentage of NDMA remaining

After 4 months After 8 months
Container and storage Concn of -------------------------- -----------------------------

conditions solution (/il/litre)... 5 100 5 100

Clear borosilicate glass: daylight 0 1 0 1
darkness 98 101 100 104

Al foil-wrapped: daylight 99 100 100 101
darkness 101 100 101 100

Brown borosilicate glass: daylight 86 92 67 86
darkness 103 102 104 104

s im ila r  fo r a ll c o m m o d itie s  a n d  in m o s t  in s ta n c e s  
v a rie s  b y  a b o u t  10%.

Long-term stability

F o r  a d o p tio n  o f  th e  p ro c e d u re  a s  a  ro u t in e  te c h 
n iq u e , lo n g - te rm  s ta b il i ty  o f  th e  n i tro s a m in e  s ta n 
d a rd s  a n d  th e  G L C  re te n tio n  tim e s  is e sse n tia l. S ta b i
lity  o f  d e te c to r  re sp o n se  is less c r itic a l, p ro v id e d  fre
q u e n t c a l ib ra t io n  is c a r r ie d  o u t .  N i t ro s a m in e s  c a n  
d e co m p o se  p h o to c h e m ic a lly  (B allw eg  &  S ch m àh l,
1967), so  th e  effec ts o f  d iffe re n t m e th o d s  o f  s to ra g e  
o n  th e  s ta b il i ty  o f  a q u e o u s  so lu t io n s  o f  N D M A  a t  
th e  5 a n d  1 0 0 ^1 /litre  levels w ere  s tu d ie d . T h e  re su lts  
a re  su m m a r iz e d  in T a b le  4. R e su lts  w ere  o b ta in e d  
b y  c o m p a r in g  th e  d e te c to r  re sp o n se  to  th e  a g e d  so lu 
tio n s  a n d  to  fresh  s ta n d a rd s  p r e p a re d  o n  th e  d a y  o f  
a n a ly s is . S to ra g e  in  c le a r  g la s s  vesse ls w ra p p e d  in  a lu 
m in iu m  foil is  b o th  s a t is fa c to ry  a n c  c o n v e n ie n t. U s in g  
a  s ta n d a rd  s to re d  in  th is  w ay , v a r ia tio n  in re te n tio n  
tim e  a n d  d e te c to r  re sp o n se  w a s  fo llo w ed  o v e r  a  
p e r io d  o f  6 m o n th s . A  su m m a ry  o f  th e  67 d e te rm in a 
t io n s  fo r e a c h  n itro s a m in e  is g iv en  in  T a b le  5.

C o m p a r is o n  w ith  T a b le  1 sh o w s  e x c e lle n t a g re e 
m e n t o f  m e a n  re te n tio n  tim e s  a n d  a l th o u g h  th e  s ta n 
d a rd  d e v ia tio n s  a re  g re a te r ,  r e te n tio n  s ta b il i ty  is q u ite  
sa tis fa c to ry . T h e  m e a n  d e te c to r  re sp o n se s  d o  n o t 
sh o w  su c h  g o o d  a g re e m e n t w ith  th e  s h o r t - te rm  v a r i 
a t io n s  re c o rd e d  in  T a b le  2 a n d  a re  r a th e r  p o o r  c o m 
p a re d  w ith  th e  s ta b il i ty  a tta in a b le  u s in g  n o n -se lec tiv e  
G L C  d e te c to r s  o v e r  s im ila r  p e r io d s  o f  tim e .

V a r ia t io n s  in  o v e ra ll  re c o v e rie s  fro m  v a r io u s  c o m 
m o d it ie s  to  w h ic h  N D P A  h a d  b e e n  a d d e d  w ere  fo l
lo w e d  o v e r  a  6 -m o n th  p e r io d . T h ir ty  d iffe re n t sa m p le s  
o f  e a c h  c o m m o d ity  w e re  a n a ly se d . M e a n  re co v e rie s

(88, 87 a n d  83%  for cheese , fish  a n d  m e a t, resp ec tiv e ly , 
w ith  96%  fo r th e  a q u e o u s  so lu tio n )  a g re e d  w ell w ith  
th o se  o b se rv e d  in  th e  s h o r t - te rm  s tu d y  (T a b le  3) a n d  
th e  s ta n d a rd  d e v ia tio n s  (10, 16, 16 a n d  19, re sp e c ti
vely) w e re  n o t  s u b s ta n tia l ly  w o rse . In  b o th  th e  s h o r t-  
a n d  lo n g - te rm  stu d ies , th e  v a r ia t io n  in  re c o v e ry  w a s  
g re a te s t  fo r th e  a q u e o u s  so lu tio n s .

Gas chromatographic-mass spectrometric method 
F o r  c o m p a ra tiv e  p u rp o se s , s h o r t -  a n d  lo n g - te rm  

r e te n tio n  a n d  re sp o n se  v a r ia tio n s  h av e  b e e n  m e a su re d  
u s in g  s ta n d a rd  s o lu tio n s  o f  n itro sa m in e s . A s w ith  th e  
C o u lso n  d e te c to r ,  sh o r t - te rm  v a r ia tio n s  w ere  m e a 
su re d  o v e r  7 h r  a n d  th e  lo n g - te rm  v a r ia t io n s  o v e r  6 
m o n th s . In  v iew  o f  th e  n a tu re  o f  th e  spec ific  io n 
m o n ito r in g  sy s tem  o n  th e  m a ss  sp e c tro m e te r ,  re te n 
t io n  tim e s  c a n  o n ly  be  m e a su re d  to  +  8 sec. U s in g

Table 5. Long-term retention time and detector response 
variations measured over a 6-month period using a Coulson 

detector

Compoundt

Mean retention time* 
(min)

Mean response* with respect 
to NDPA

X a X a V

NDMA 9-4 0-28 226 51-9 22-8
NDEA 12-8 0-33 178 32*4 18 2
NDPA 21-4 0-49 100 20-0 20-0
NDBA 43-4 0-92 46 10-4 22-4
NPIP 51-4 1-06 60 15-8 26-2
NPYR 58-3 1-24 52 18-5 35-3

x = Mean retention or response a =  Standard deviation 
v =  Coefficient of variation

*For each nitrosamine 67 determinations were carried out. 
fFor identification of abbreviations, see text.
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th is  system , th e  n itro s a m in e  is d e te rm in e d  b y  c o m 
p a r is o n  w ith  a  re fe ren ce  c o m p o u n d  a t  4 -sec  in te rv a ls . 
O v e r  th e  7 -h r p e rio d , n o  v a r ia tio n s  in re te n tio n  tim e  
w ere  o b se rv e d  o n  seven re p lic a te  a n a ly se s  fo r e ach  
n itro s a m in e . T h e  co effic ien t o f  v a r ia tio n  o f  re sp o n se  
v a r ie d  from  a  m in im u m  o f  4 %  fo r N D M A  to  a  m a x i
m u m  o f  13% for N D E A . T h e  lo n g - te rm  v a r ia tio n s  
a re  su m m a riz e d  in T a b le  6. T h e re  w a s  n o  c o r re la t io n  
b e tw ee n  re sp o n se  c h a n g e s  a n d  th e  a g e in g  o f  th e  m ass- 
s p e c tro m e te r  io n  so u rce .

T h e  v a r ia tio n s  in r e te n tio n  tim e s  a re  n eg lig ib le  even  
o v e r a n  e x te n d e d  p e r io d  o f  tim e  a n d  h en ce  th e  re se t
tin g  o f  th e  m ass  sp e c tro m e te r  to  m o n ito r  th e  m o le c u 
la r  io n  o f  e ac h  n itro s a m in e  in t u r n 'o n  th e  b a s is  o f  
th e  a p p ro p r ia te  r e te n tio n  tim e  is re liab le . T h e  p r o 
c e d u re  a d o p te d  is to  m o n ito r  th e  m o le c u la r  io n

Table 6. Long-term retention time and response variations 
with the gas-chromatographic-mass spectrometric system

Compound!

Mean retention time* 
(min)

Mean response with respect 
to NDPA

X a X G V

NDMA 11-4 0-40 717 262 36
NDEA 14-7 0-50 475 242 51
NDPA 200 0 7! 100 57 57
NDBA 29-8 0-82 28 14 50
NPIP 32-7 0-94 213 84 39
NPYR 36-2 1 09 194 102 53

x =  Mean reading a =  Standard deviation 
v =  Coefficient of variation 

*A total of 60 readings per sample. 
tFor identification of abbreviations, see text.

Table 7. Comparison of results from gas-chromatography-Coulson detector screening of foodstuffs for nitrosamines and 
from confirmatory studies using gas chromatography-mass spectrometry

Compound*

No. of samples Percentage of samples

With
interfering

peaks
Positive by 

Coulson
Positive by 

GC-MS
Confirmed by 

GC-MS
Rejected 

by screening

Cheese (60 samples)
NDMA IS 24 21 50 30
NDEA 4 20 16 67 60
NDPA 0 60 60 100 —

NDBA 0 27 18 67 55
NPfP 0 22 17 77 63
NPYR 0 18 17 95 70

Fish (33 samples)
NDMA 6 12 9 50 45
NDEA 8 8 7 44 51
NDPA 3 30 33 100 —

NDBA 2 12 7 50 58
NPIP 3 10 7 54 60
NPYR 2 8 7 70 70

Meat (61 samples)
NDMA 17 12 18 62 52
NDEA 10 18 8 29 54
NDPA 2 59 61 100 —

NDBA 2 14 9 56 74
NPIP 0 12 5 42 80
NPYR 0 13 7 54 79

Brine (28 samples)
NDMA 3 19 21 96 22
NDEA 10 2 5 42 57
NDPA 0 28 28 100 ____

NDBA 0 1 1 100 97
NPIP 0 8 6 75 71
NPYR 0 0 0 — 100

Seasoning (18 samples)
NDMA 17 1 2 11 0
NDEA 14 2 2 12 11
NDPA 7 11 11 61 0
NDBA 2 0 0 0 89
NPIP 0 18 17 94 0
NPYR 4 6 2 20 44

Flour, bread, pastry (10 samples)
NDMA 2 2 i 25 60
NDEA 0 4 i 25 60
NDPA 0 10 10 100 ____

NDBA 0 3 1 33 70
NPIP 0 1 1 100 90
NPYR 0 1 1 100 90

*For identification of abbreviations, see text.



Determination of nitrosamines in food 311

re g io n  fo r e a c h  n itro s a m in e  o v e r  a  p e r io d  o f  tim e  
w h ic h  is a t  le a s t e q u a l  to  th e  s ta n d a rd  d e v ia tio n s  
g iv e n  in  T a b le  6. S ta n d a rd s  a re  ru n  a t  th e  b e g in n in g  
a n d  e n d  o f  e a c h  d a y  to  c h ec k  th a t  th e  re te n tio n  tim es 
a n d  re sp o n se  v a lu e s  a re  w ith in  th ese  lim its  a n d  a g ree  
se n sib ly  w ith  e a c h  o th e r .

Comparison o f  the two methods
B ecau se  o f  th e  h ig h  c o s t  o f  a  m ass  sp e c tro m e te r  

it  is im p e ra tiv e  th a t  it be  u se d  a t  m a x im u m  efficiency. 
A sc ree n in g  m e th o d  th a t  c a n  m in  m ize  th e  n u m b e r  
o f  sa m p le s  re q u ir in g  m a s s -sp e c tro m e tr ic  c o n f irm a tio n  
a n d  so  re le ase  th e  in s tru m e n t fo r o th e r  w o rk  is o n e  
w a y  o f  a c h ie v in g  th is . C o n s id e ra t io n  o f  T a b le  7 in d i
c a te s  th a t  a  s u b s ta n t ia l  p ro p o r t io n  o f  sa m p le s  is e li
m in a te d  by  sc reen in g . T h e  to ta l  n u m b e r  o f  sa m p le s  
a n a ly se d  in  e ac h  c o m m o d ity  g ro u p  is g iven . In te r fe r 
e n c e  o f  th e  G L C  n i tro s a m in e  p e a k s  is  lik e ly  to  be 
m o re  c o m m o n  a t  s h o r t  re te n tio n  tim e s  in  v iew  o f  th e  
c le a n -u p  p ro c e d u re  u sed , so  m a n y  sa m p le s  g iv in g  
a p p a re n tly  p o s itiv e  re su lts  b y  th e  sc ree n in g  p ro c e ss  
r e q u ire  m a s s  sp e c tro m e tr ic  c o n f irm a tio n  fo r N D M A  
a n d  N D E A  o n ly . T h e  n u m b e r  o f  sa m p le s  in w h ich  
g ro ss  in te rfe re n c e  m a d e  it  im p o ssib le  to  d e te c t th e  
a p p a re n t  p re sen c e  o f  a  p a r t ic u la r  n i tro s a m in e  u sin g  
th e  C o u lso n  d e te c to r  is g iv en  in T a b le  7, to g e th e r  
w ith  th e  n u m b e r  o f  a p p a re n tly  p o s itiv e  re su lts  
o b ta in e d  fro m  th e  sc ree n in g  p ro c ess , th e  n u m b e r  c o n 
firm e d  b y  m a ss  sp e c tro m e try  a n d  th e  p e rc e n ta g e  e li
m in a te d  b y  th e  sc re e n in g  p ro c ess . T h e  p ro p o r t io n  o f  
re su lts  c o n f irm e d  b y  m ass  sp e c tro m e try  is d e riv e d  
fro m  th e  n u m b e r  o f  ru n s  in  w h ic h  in te rfe rin g  p e a k s  
p re c lu d e d  a n y  G L C  id e n tif ic a tio n  p lu s  th o se  sa m p le s  
th a t  sh o w ed  a n  a p p a r e n t  p o s itiv e  u s in g  th e  C o u lso n  
d e te c to r .  T h e  p ro p o r t io n  e lim in a te d  b y  sc ree n in g  is 
c a lc u la te d  fro m  th e  d ifference  b e tw ee n  th e  to ta l 
n u m b e r  o f  sa m p le s  a n a ly se d  a n d  th e  su m  o f  th e  
n u m b e r  o f  sa m p le s  g iv in g  in te rfe re n c e  o r  a  p o sitiv e  
r e a c tio n  o n  th e  C o u lso n  d e te c to r .

T h e  G L C  tim e  lo s t fo r e a c h  sa m p le  re q u ir in g  M S  
c o n f irm a tio n  is 35 m in , c o m p a re d  to  a n  e q u a l sa v in g  
o f  M S  tim e  fo r e a c h  sa m p le  e lim in a te d  b y  sc reen in g . 
C o n s id e r in g  th e  re la tiv e  c a p ita l  v a lu e  o f  th e  tw o  in 
s t ru m e n ts  a n d  th e  h ig h  p ro p o r t io n  o f  sa m p le s  e li
m in a te d  b y  th e  sc ree n in g  p ro c ess , w e  c o n s id e r  th is  
a p p ro a c h  to  b e  cost-effective.

T h e  c h ee se s  w e re  d e r iv e d  m a in ly  fro m  c o w s m ilk  
a n d  29 d iffe re n t v a r ie tie s  w ere  in c lu d e d  in  th e  sam p le . 
B o th  fresh  fish  a n d  p ro c e sse d  p ro d u c ts  su c h  a s  
sm o k e d  s a lm o n  a n d  k ip p e rs  w ere  e x a m in e d , w h ile  the  
m e a t sa m p le s  in c lu d e d  c o o k e d  lu n c h e o n  m e a t, h am , 
b a c o n , sa u sa g e s  a n d  so m e  fresh  m ea t. T h e  b r in e s  w ere  
c u r in g  s o lu tio n s  u sed  fo r th e  p r e p a ra tio n  o f  so m e  o f  
th e  b a c o n  sam p les. T h e  a n a ly se s  o f  a  se lec tio n  o f  
sp ic e /c u r in g -sa lt  p re m ix e s  u se d  in th e  p r e p a ra tio n  o f  
m e a t p ie s  a re  in c lu d e d  u n d e r  th e  h e a d in g  ‘s e a so n in g 5.

T h e  f ig u res  g iv en  in  T a b le  7 d o  n o t  n e ce ssa rily  
re p re se n t  th e  o c c u rre n c e  o f  n itro s a m in e s  in  n o rm a lly  
a v a ila b le  fo o d stu ffs , so m e  o f  w h ic h  a re  th e  su b je c t 
o f  a  s e p a ra te  s tu d y . T h e  o c c u rre n c e  o f  g ro ss  in te rfe r
e n ce  u s in g  th e  G L C  m e th o d  w a s  h ig h es t in th e  re g io n  
o f  N D M A  for a ll th e  fo o d s  e x a m in e d . N e v e rth e le ss  
a b o u t  h a lf  o f  th e  a p p a re n tly  p o sitiv e  re su lts  for 
N D M A  o b ta in e d  fro m  cheese , fish  a n d  m e a t, a  to ta l 
o f  154 sa m p le s , w ere  c o n f irm e d  b y  m ass  sp e c tro m e try . 
F o r  th e  c u r in g  b rin e s , m o re  in te rfe re n c e  w a s  e n c o u n 
te re d  in  th e  re g io n  o f  N D E A . In  g e n e ra l, th e re  w ere

few g ro ss  in te rfe rin g  p e a k s  in th e  re g io n  o f  N D B A . 
N P I P  a n d  N P Y R . M a ss  s p e c tro m e try  c o n f irm e d  
a b o u t  h a lf  o f  th e  C o u lso n  p o s itiv e s  fo r th ese  c o m 
p o u n d s  in th e  c ase  o f  fish  a n d  m e a t a n d  so m e w h a t 
m o re  in th e  case  o f  cheese.

A lte rn a tiv e  c le a n -u p  p ro c e d u re s  a n d  G L C  c o n d i
t io n s  h a v e  n o t  re su lte d  in  a n y  w o rth w h ile  im p ro v e 
m e n t in sc ree n in g  re lia b ility  w ith in  th e  l im ita t io n  o f  
th e  n e e d  fo r a  ro u tin e  te c h n iq u e  to  b e  r a p id  a n d  re li
a b le  o v e r  a n  e x te n d e d  p e r io d  o f  tim e .

CONCLUSIONS
I t  is  c o n c lu d e d  fro m  th e  fo reg o in g  th a t  q u a n ti ta t iv e  

d e te rm in a tio n  o f  n itro s a m in e s  sh o u ld  b e  b a se d  o n  
m ass  sp e c tro m e tr ic  m e a su re m e n ts  a n d  th a t  th ese  h ave  
a  sh o r t - te rm  re p ro d u c ib il i ty  o f  a b o u t  + 1 0 % . In 
g e n e ra l, re co v e rie s  o f  n i tro s a m in e s  fro m  th e  c le a n -u p  
p ro c e d u re  a lso  v a ry  b y  a b o u t  10%, so  p ro v id e d  a  re 
c o v e ry  ch ec k  is m a d e  b y  th e  a d d it io n  o f  a  k n o w n  
a m o u n t  o f  N D P A  to  e a c h  sa m p le  a n d  th e  m ass  
sp e c tro m e te r  is c a l ib ra te d  d a ily , th e  q u a n ti ta t iv e  
re su lts  c a n  be  q u o te d  to  ±  20%  w ith  c o n fid en ce .

T h e  re sp o n se  o f  th e  C o u lso n  d e te c to r  v a rie s  b y  a  
s im ila r  e x te n t fo r th e  d ia lk y ln itro sa m in e s  b u t  by  
a b o u t  23%  for N P Y R . In  th e  a n a ly s is  o f  foodstu ffs, 
a b o u t  h a lf  o f  th e  p o s itiv e  re su lts  o b ta in e d  w ith  th e  
C o u lso n  d e te c to r  a re  sh o w n  to  be  false b y  G L C -M S , 
so  th is  te c h n iq u e  is e sse n tia l fo r th e  c o n f irm a tio n  o f  
n itro sa m in e s . N e v e rth e le ss  th e  u se  o f  a  C o u lso n  
d e te c to r  s u b s ta n tia l ly  re d u c e s  th e  w o rk  lo a d  o n  th e  
m a ss  sp e c tro m e te r  a n d  g iv es a n  in d ic a tio n  o f  th e  
leve ls  o f  n i tro s a m in e  to  be  e x p ec ted .
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SHORT-TERM TOXICITY OF ETHYLENE CHLOROHYDRIN (ECH) 
IN RATS, DOGS AND MONKEYS
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(Received 31 July 1974)

Abstract—Oral dosage studies on ethylene chlorohydrin (ECH) were carried out in rats, dogs and 
monkeys of both sexes for periods of at least 90 days. The responses of the animals to three graded 
dosage levels of ECH were compared with those of controls fed unsupplemented rations appropriate 
for the respective species. Doses were administered to rats by intubation, to dogs in their diet, and 
to monkeys by syringe. All dose mixtures were freshly prepared each day. Behaviour, growth, survival, 
blood parameters and urine analyses were recorded. Terminally, gross and microscopic examinations 
were made of organs and tissues and the major organs were weighed.

In the rats, no adverse findings were seen with dose levels of 30 and 45 mg ECH/kg body weight/day, 
but with 67-5 mg/kg, growth was depressed in both sexes and mortality was high. In dogs, ingestion 
of the ECH diet was followed by severe emesis, which limited the highest intake that could be retained 
to approximately 18-20 mg/kg/day regardless of dietary level. The dogs showed some variations in 
haemoglobin and haematocrit readings, but these were not correlated with dosage. The treated dogs 
did not grow, but all survived. The monkeys also failed to increase in weight at treatment levels 
up to 62-5 mg/kg, but showed no noteworthy differences from the controls. Gross and histopathological 
examinations disclosed no consistent dose-related abnormalities in any of the species.

INTRODUCTION

E th y le n e  o x id e  is a  h ig h ly  effective a g e n t fo r th e  
s te r il iz a tio n  o f  g ra in s , sp ices a n d  o th e r  fo o d  p ro d u c ts  
o r ig in a tin g  fro m  p la n ts ,  a s  w ell a s  o f  m ed ic a l a n d  
su rg ic a l su p p lies . E th y le n e  c h lo ro h y d r in  (E C H ) h as 
b e en  sh o w n  to  re su lt  fro m  th e  re a c tio n  o f  e th y le n e  
o x id e  w ith  so d iu m  c h lo r id e  a d d e d  to  o r  n a tu ra lly  
p re se n t  in  fo od . T h e  p o te n t ia l  h a z a rd  o f  E C H  a s  a n  
in d ire c t fo o d  a d d it iv e  w a s  th e re fo re  in v e s tig a te d  in 
9 0 -d a y  s tu d ie s  in  ra ts , d o g s  a n d  m o n k ey s . B efore  the  
9 0 -d a y  s tu d ie s  w ere  in it ia te d , h o w ev er, e x p lo ra to ry  
te s ts  w ere  c o n d u c te d  to  e s ta b lish  p ro c e d u re s  for 
e n su r in g  th e  a c c u ra c y  o f  th e  d o sa g e  o f  th is  v o la tile  
c o m p o u n d .

EXPERIMENTAL

Test material. T h e  sa m p le  o f  E C H  (2 -c h lo ro e th -  
a n o l)  u se d  w a s  o b ta in e d  fro m  D is ti l la tio n  P ro d u c ts  
In d u s tr ie s , a  d iv is io n  o f  E a s tm a n  K o d a k  C o ., R o c h e s 
te r, N .Y .

Aniinals. T h e  s tu d ie s  w ere  c a r r ie d  o u t  o n  200 
w e a n lin g  a lb in o  r a ts  (F D R L  s tra in ) , 32 p u re -b re d  b e a 
g le  d o g s  (7 -9  m o n th s  o ld )  a n d  16 im p o r te d  a d u lt  
m o n k e y s  (Macaca mulatto). T h e  a n im a ls  o f  e a c h  sp e 
c ie s  w ere  a s s ig n e d  to  fo u r g ro u p s  c o n s is tin g  o f  e q u a l 
n u m b e rs  o f  e a c h  sex. E a c h  a n im a l w a s  h o u se d  in d iv i
d u a lly  in  a  r a is e d -b o t to m  cag e  su p p lie d  w ith  fresh  
w a te r  a t  a ll tim es. T h e  r a ts  w ere  fed P u r in a  L a b o ra 
to ry  C h o w , th e  d o g s  P u r in a  D o g  M e a l a n d  th e  m o n 
k ey s R o c k la n d  F a rm s  M o n k e y  C h o w . A ll w e re  e x a m 
in ed  d a ily  fo r su rv iv a l, a p p e a ra n c e  a n d  b e h a v io u r . 
B ody  w e ig h ts  a n d  fo o d  in ta k e  w e re  re c o rd e d  w eekly . 
T h e  n e u ro lo g ic a l  re flexes o f  th e  d o g s  w ere  e x a m in e d  
p e rio d ica lly .

Dosing procedures. T h e  r a ts  w ere  fa sted  o v e rn ig h t 
a n d  th e n  a llo w e d  a  1-hr feed ing  p e r io d . D o se s  o f  0,

30, 45 o r  67-5 m g  E C H /k g  b o d y  w e ig h t w ere  g iv en  
d a ily  b y  g av ag e  in  th e  fo rm  o f  fresh ly  p re p a re d  
a q u e o u s  so lu tio n s  in  su ch  c o n c e n tr a t io n  th a t  th e  
spec ified  d o se  c o u ld  b e  a d m in is te re d  in  a  v o lu m e  o f  
lO m l/k g  b o d y  w e ig h t. F o o d  re m a in e d  a v a ila b le  for 
ad lib. c o n s u m p tio n  u n til  th e  e n d  o f  e a c h  w o rk d a y .

D o se s  w ere  a d m in is te re d  in itia lly  to  th e  d o g s  in 
th e  fo rm  o f  a  fresh ly  p re p a re d  w e t m ash , p ro v id in g  
0, 600, 900 o r  1350 p p m  E C H  (d ry  b asis). B ecause  
o f  th e  severe  e m e tic  re sp o n se , it w a s  n e c e ssa ry  to  
re d u c e  th e  c o n c e n tra t io n s  in sev e ra l s ta g es  to  e n su re  
r e te n tio n . T h e  levels o f  E C H  w ere  th e n  g ra d u a lly  in 
c re a se d  a s  lo n g  a s  it  w a s  fo u n d  th a t  th e  d o se s  c o u ld  
b e  re ta in e d . T h e  a c tu a l  to ta l  in ta k e s  w ere  c a lc u la te d  
a t  th e  e n d  o f  th e  te s t p e rio d .

In  c o n tr a s t  to  th e  d o g s , th e  m o n k e y s  re ta in e d  th e ir  
d a ily  d o se s  o f  0, 30, 45 o r  62-5 m g  E C H /k g  b o d y  
w e ig h t, g iv en  a s  fresh ly  p re p a re d  m ix tu re s  in a p p le  
sa u c e  a d m in is te re d  o ra lly  b y  sy ringe . In  a d d it io n  to  
th e  b a sa l d ie t, th e  a n im a ls  w ere  g iv en  fresh  fru it da ily .

In itia lly  a n d  a t  w k  6 a n d  12, ten  r a ts  o f  e a c h  sex 
fro m  e a c h  g ro u p  a n d  a ll th e  d o g s  a n d  m o n k e y s  w ere  
su b je c te d  to  th e  fo llo w in g  d e te rm in a tio n s :  h a e m o g lo 
b in , h a e m a to c r it ,  to ta l  a n d  d iffe re n tia l leu c o cy te  
c o u n ts ,  p ro th ro m b in  tim e, b lo o d  u re a  n itro g e n , b lo o d  
g lu co se , se ru m  g lu ta m ic -o x a la c e tic  tra n s a m in a se  
(S G O T ), se ru m  a lk a lin e  p h o s p h a ta s e  (S A P ) a n d  u r i 
n a ry  an a ly se s . T h e  r a ts  a n d  m o n k e y s  w e re  k ille d  a t  
w k  12 a n d  th e  d o g s  a t  w k  15. G ro s s  a u to p s ie s  w ere  
c a r r ie d  o u t  a n d  th e  live r, k id n ey s , h e a r t, g o n a d s , 
a d re n a ls , th y ro id s  a n d  p itu i ta r ie s  w ere  w e ig h ed . H a e -  
m a to x y lin /e c  s in -s ta in e d  se c tio n s  o f  26 o rg a n s  fro m  
te n  r a ts  o f  e a c h  sex fro m  th e  c o n tro l  a n d  h ig h e s t d o se- 
level g ro u p s  a n d  liv e r a n d  k id n e y s  fro m  r e p re s e n ta 
tiv es o f  th e  lo w e r-d o se  g ro u p s  w ere  e x a m in e d  m ic ro s 
co p ica lly . T h e  sam e  o rg a n s  fro m  a ll d o g s  a n d  m o n 
k e y s  w ere  w e ig h ed  a n d  s im ila rly  e x a m in e d .
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R E SU L T S

Rat study
P re l im in a ry  te s ts  in  w h ic h  th e  r a ts  re ce iv e d  E C H  

in th e  d ie t a t  levels in te n d e d  to  p ro v id e  0, 30, 45 
a n d  67-5 m g /k g /d a y  w ere  te rm in a te d  a t  w k  6 w h en  
g a s -c h ro m a to g ra p h ic  a n a ly se s  in d ic a te d  a  la c k  o f  s ta 
b ility  o f  th e  c o m p o u n d  in  th e  d ie t. A t th is  p o in t,  th e  
m a le s  o n  th e  a b o v e  d ie ts  h a d  g a in e d  171, 184, 184 
a n d  171 g  in  b o d y  w e ig h t a n d  th e  fem ales 100, 102, 
103 a n d  99 g. resp ec tiv e ly . C lin ic a l e x a m in a tio n s  d is 
c lo sed  n o  a b n o rm a li t ie s  o r  d ifferen ces a m o n g  th e  
g ro u p s . T h e re a f te r  a q u e o u s  s o lu tio n s  o f  E C H  w ere  
g iv en  d a ily  b y  in tu b a t io n .  T h e  o b se rv a tio n s  re c o rd e d  
h e re  co v e r th e  su b s e q u e n t 12-w k p e rio d .

D u r in g  th e  f irs t  3 w k  a fte r  c o n v e rs io n  to  in tra g a s -  
tr ic  d o sag e , m a n y  o f  th e  r a ts  o n  th e  h ig h e s t d o se  level 
a te  p o o r ly  a n d  sh o w e d  sig n s o f  la b o u re d  b re a th in g . 
S u b se q u e n tly  th ey  b e c a m e  m o r ib u n d  a n d  w ere  k illed  
b u t  th e  re m a in d e r  (e ig h t m a le s  a n d  six fem ales) s u r 
v iv ed  fo r th e  re s t  o f  th e  12-w k p e r io d . In  th e  c o n tro l  
a n d  tw o  lo w e r d o sa g e  g ro u p s , a ll b u t  tw o  ra ts  (o n e  
fem ale  in e a c h  o f  th e  c o n tro l  a n d  4 5 -m g /k g  g ro u p s )  
su rv iv e d . O v e r  th e  full te s t p e r io d , g ro w th  o f  th e  s u r 
v iv in g  m a le s  in th e  h ig h e s t d o sa g e  g ro u p  w a s  
re ta rd e d , b u t  a :  th e  tw o  lo w e r d o sa g e s  a n d  in  a ll the  
fem ales, g ro w th  w a s  c o m p a ra b le  to  th a t  o f  th e  re le 
v a n t c o n tro ls  (T ab le  1). F o o d  u til iz a t io n  (E F U )  in a ll 
g ro u p s  w a s  c o m p a ra b le  o v e r th e  12-w k p e r io d , ev en  
th o u g h  a t  th e  h ig h es t level th e  fo o d  in ta k e  w as 
re d u ce d .

N o  b e h a v io u ra l  a b n o rm a li t ie s  w ere  n o te d  in  the  
su rv iv in g  ra ts . T h e  c lin ica l b lo o d  te s ts  d isc lo sed  n o  
d e v ia tio n s  fro m  n o rm a l n o r  s ig n if ic a n t d ifferences 
a m o n g  th e  g ro u p s , a t  a n y  o f  th e  te s t p e r io d s . S G O T  
v a lu e s  w ere  so m e w h a t h ig h e r a n d  S A P  v a lu e s  lo w er 
a t  w k  6 a n d  12 th a n  in itia lly  b u t  w ith in  e a c h  p e r io d  
w ere  a b o u t  th e  sa m e  in  th e  te s t  a n d  c o n tro l  g ro u p s .

In  th e  r a ts  k ille d  a t  th e  e n d  o f  th e  s tu d y , th e  o rg a n  
w e ig h ts  o f  th e  E C H - tre a te d  r a ts  w ere  c o m p a ra b le , 
w ith  few e x ce p tio n s , to  th o se  o f  th e  c o n tro ls ,  b o th  
in  te rm s  o f  a b so lu te  a n d  re la tiv e  w e ig h ts . R e la tiv e  
liv e r w e ig h t w a s  s lig h tly  lo w e r in  th e  m a le s  o n  th e  
tw o  lo w e r d o sa g e  levels th a n  in  th e  c o n tro ls  (3-41 
a n d  3-27 v. 3-84%  o f  b o d y  w e ig h t, re sp ec tiv e ly ) b u t

Table 1. Growth response and survival of rats given ECH 
by intubation in doses of 0-67-5 mg/kg/day for 12 wk

Mean body 
weight (g)

Efficiency of 
food utilization 

(weight gain 
(g)/100g food)

Survival*
(%)

ECH dose 
level

(mg/kg/day) Initial

Net gain 
by wk 

12

Males
0 264 111 5-8 100
30 276 91 5-9 100
45 276 94 6-6 100
67-5 263 73 5-4 32

Females
0 184 51 3-7 96
30 187 49 4-3 100
45 187 49 4-0 96
67-5 183 46 4-0 24

* Each dosage group consisted initially of 25 males and 
25 females.

w a s h ig h e r th a n  th e  c o n tro l  v a lu e  in  fem ales g iv en  
th e  h ig h es t d o se  level (4-48 v. 3-55%  in  th e  c o n tro ls ) . 
R e la tiv e  th y ro id  w e ig h ts  w ere  lo w e r th a n  in  th e  c o n 
tro ls  in th e  m a le s  g iv en  30 o r  67-5 m g /k g  (0-0082 a n d  
0-0080 v. 0-0099%  in  th e  c o n tro ls )  a n d  in  fem ales 
g iv en  30 o r  45  m g /k g  (0-0121 a n d  0-011 v. 0-0156% ). 
In  th e  r a ts  o f  b o th  sexes th a t  d ied , th e  re la tiv e  w e ig h ts  
o f  a ll o rg a n s  e x ce p t th e  o v a rie s  (w h ich  w ere  o f  c o u rse  
im m a tu re  a t  th is  ag e) w ere  s ig n ifican tly  in c re ased . 
T h ese  e le v a tio n s  w ere  re la te d , a t  lea s t in  p a r t,  to  th e  
te rm in a l  w e ig h t lo sses d u e  to  th e  m a ln o u r is h e d  s ta te  
o f  th e  ra ts .

T h e  g ro ss  a u to p s y  f in d in g s  in  th e  r a ts  in  th e  c o n tro l  
a n d  tw o  lo w e r d o sa g e  g ro u p s  a n d  in th e  su rv iv o rs  
a t  th e  h ig h e s t level, w ere  n o t  n o te w o r th y . In  th o se  
th a t  d ie d  (th e  m a jo r i ty  o f  th e  67-5-m g E C H /k g  g ro u p )  
th e  liv e rs  w ere  d a rk , w ith  a lte rn a te  p a le  a n d  g ra n u la r  
a re a s , g a s tro - in te s t in a l  tis su e s  w ere  re d d e n e d  (a n d /o r  
b lo o d y ), so m e  a d re n a l  a n d  p i tu i ta ry  g la n d s  w ere  h a e 
m o rrh a g ic  a n d  m o s t  lu n g s  w ere  re d  o r  d a rk  red .

T h e  m ic ro sc o p ic  f in d in g s  in  th e  r a ts  th a t  su rv iv e d  
th e  s tu d y , in c lu d in g  th o se  o n  th e  h ig h e s t d o sa g e , w ere  
s c a tte re d  a n d  su g g e s te d  n o  re la tio n  to  d o sag e . T h e  
r a ts  in th e  67 -5 -m g/kg  g ro u p  th a t  d ie d  w ith in  a  s h o r t  
p e r io d  a f te r  th e  c h a n g e  fro m  d ie ta ry  to  in tra g a s tr ic  
d o sa g e  sh o w e d  a  h ig h  in c id en ce  o f  su b a c u te  m y o c a r 
d itis  (in  b o th  sexes), a  few c ases  o f  c o llo id  d e p le tio n  
in th e  th y ro id  (in  o n e  m ale  a n d  fo u r fem ales), fa tty  
c h a n g e s  in  th e  liver (in  o n e  m ale  a n d  five fem ales), 
th y ro id  c o n g e s tio n  (in  fo u r m ales) a n d  a  h ig h  in c i
d e n ce  o f  co n g es tiv e  p u lm o n a ry  c h a n g e s  (in  b o th  
sexes). T h e  c a rd ia c  tis su e s  o f  th e  su rv iv in g  r a ts  in  th is  
g ro u p  a n d  o f  five m a le s  a n d  five fem ales g iv en  45  m g / 
k g  d isc lo se d  n o  a b n o rm a li t ie s .

Dog study

T h e  d ie ta ry  c o n c e n tra t io n s  o r ig in a lly  p la n n e d  for 
th e  d o g s  (600, 900  a n d  1350 p p m ) w o u ld  h a v e  p r o 
v id ed  a  d a ily  d o se  o f  15, 22-5 a n d  33-8 m g /k g  b o d y  
w e ig h t h a d  th e y  e a te n  th e  e x p e c te d  25 g  fo o d /k g  e ac h  
d ay . E x c e p t a t  th e  lo w e s t level, h o w e v er, severe  e m esis  
w ith  m a rk e d  lo s s  in  b o d y  w e ig h t o c c u r re d  a n d  re p e a te d  
a d ju s tm e n ts  o f  d ie ta ry  levels w ere  m ad e . L o w e r  c o n 
c e n tra t io n s  re su lte d  in  re te n tio n  o f  fo o d  a n d  re co v e ry  
o f  b o d y  w e ig h t. E x c e p t fo r o n e  b itc h  o n  th e  h ig h es t 
d o se  level, w h ic h  lo s t  2:1 kg , th e  n e t  lo ss  in  b o d y  
w e ig h t a t  th e  e n d  o f  th e  s tu d y  w a s  less th a n  1 kg. 
I t  w a s  c a lc u la te d  th a t  o v e r  th e  e n tire  15-w k p e r io d  
o f  tre a tm e n t,  th e  m a le s  c o n su m e d  d a ily  a n  a v e ra g e  
o f  25, 26, 21 a n d  2 0 g  a n d  th e  fem ales 31, 28, 28 a n d  
24 g  fo o d /k g  b o d y  w e ig h t in  th e  c o n tro l  a n d  th ree  
te s t g ro u p s . F ro m  th e  c o n c e n tra t io n s  fed a n d  
a m o u n ts  o f  fo o d  e a te n , th e  e s t im a te d  m e a n  d a ily  
d o se s  o f  E C H  fo r th e  m a le s  w ere  13-3, 18-4 a n d  
18-3 m g /k g  a n d  fo r th e  fem ales 16-9, 20-3 a n d  19-3 m g / 
kg  in  th e  o r ig in a l  low , in te rm e d ia te  a n d  h ig h  d o sa g e  
g ro u p s , re sp ec tiv e ly . I t  a p p e a re d  th e re fo re  th a t  th ese  
w ere  th e  m a x im u m  d o se s  th a t  c o u ld  be  to le ra te d . A ll 
d o g s  su rv iv e d  th e  o b se rv a tio n  p e rio d . N o  b e h a v io u ra l  
a b n o rm a li t ie s  w e re  n o te d  in  th e  d o g s  in th e  c o n tro l  
o r  ‘6 0 0 -p p m ’ g ro u p s . A t th e  tw o  h ig h e r  levels (i.e. 
w h e n  c o n c e n tra t io n s  w ere  h ig h e r th a n  600  p p m  E C H  
in  th e  d ie t)  severe  v o m itin g  o c c u rre d  fo r sev e ra l h o u rs  
a f te r  in g es tio n . A few o f  th e  d o g s  d e v e lo p e d  a  te n d 
e n c y  to w a rd s  a  s q u a t t in g  p o s tu re  b u t  o th e rw ise  th e y  
a p p e a re d  n o rm a l.
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In  th e  d o g s  g iv en  th e  tw o  h ig h e r leve ls  o f  E C H , 
th e  h a e m o g lo b in  a n d  h a e m a to c r i t  v a lu e s  w ere  
d e p re sse d  a t  w k  6, h a e m o g lo b in  ra n g in g  fro m  11-5 to  
16-2 g  100 m l c o m p a re d  w ith  14 0 — 7-8 g /1 0 0  m l in  th e  
c o n tro ls  a n d  h a e m a to c r i t  f ro m  33 to  53%  c o m p a re d  
w ith  a  c o n tro l  ra n g e  o f  4 7 -5 6 % . L a te r , a t  w k  12, th e  
levels in c re a se d  in  a ll th e  d o g s  e x c e p t tw o  fem ales, 
w h ic h  still sh o w e d  h a e m o g lo b in  levels o f  a b o u t  13 g / 
100 m l a n d  h a e m a to c r i ts  o f  a p p ro x im a te ly  40% . H o w 
ever, s ta tis t ic a l  a n a ly se s  b y  th e  D u n c a n  r a n k in g  p r o 
c e d u re  sh o w e d  th a t  th e se  d ifferen ces w ere  n o t  s ign ifi
c a n t. T h e  v a lu e s  fo r to ta l  a n d  d iffe re n tia l leu c o cy te  
c o u n ts ,  p ro th ro m b in  tim e , b lo o d  g lu co se  a n d  b lo o d  
u re a  n itro g e n , S G O T  a n d  S A P  a n d  th e  u r in a ry  f in d 
in g s w ere  a ll w ith in  th e  n o rm a l rr.nges.

T h e  o rg a n  w e ig h ts  o f  th e  d o g s  d isc lo sed  n o  d o se - 
r e la te d  effects. E x p re s se d  a s  a  p e rc e n ta g e  o f  b o d y  
w e ig h t, liv e r w e ig h t w a s  ra is e d  in  o n e  m a le  o n  th e  
lo w e s t a n d  o n e  o n  th e  h ig h e s t d o se  level (4-38 a n d
4-35% , re sp ec tiv e ly , c o m p a re d  w ith  a  m e a n  o f  2-5% 
in  th e  c o n tro ls ) , a n d  in  o n e  fem ale  in  e a c h  o f  th e  
in te rm e d ia te  a n d  h ig h  d o sa g e  g ro u p s  (4-48 a n d  5-59%, 
re sp ec tiv e ly , c o m p a re d  w ith  a  m e a n  o f  2-88%  in  th e  
c o n tro ls ) . V a r io u s  in c id e n ta l fin d in g s  w ere  o b se rv e d  
b o th  g ro ss ly  a n d  m ic ro sc o p ic a lly  in  th e  d o g s, b u t  
th e re  w a s  n o  in d ic a tio n  o f  d o se - re la te d  effects. I t  is 
p a r t ic u la r ly  n o te w o r th y  th a t  th e re  w ere  n o  h is to p a th -  
o lo g ic a l c h a n g e s  in  th e  g a s tr ic  m u c o sa  d e sp ite  th e  
severe  e m e tic  effect o f  E C H  in  th ese  a n im a ls .

Monkey study
A ll m o n k e y s  su rv iv e d  a n d  sh o w e d  n o  b e h a v io u ra l  

a b n o rm a li t ie s .  T h e y  g a in e d  o r  lo s t  o n ly  m in im a l 
a m o u n ts  o f  w e ig h t (0-5 k g  o r  less). T h o u g h  c o n s id e r 
a b le  v a r ia t io n 'w a s  n o te d  in  th e  h a e m a to lo g ic a l a n d  
c lin ica l c h e m is try  d e te rm in a tio n s , n o  s ig n ific a n t 
d e v ia tio n s  fro m  n o rm a l  levels c r  t r e n d s  w ith  tim e  
w ere  n o te d . O rg a n  w e ig h ts  w ere  c o m p a ra b le  o n  a n  
a b so lu te  b a s is  b u t  w h e n  e x p ressed  in  r e la t io n  to  b o d y  
w e ig h t th e  w e ig h ts  o f  th e  b ra in , a d re n a ls  a n d  th y ro id  
g la n d s  o f  th e  E C H -d o se d  m o n k e y s  w ere  s lig h tly  in 
c rea se d . H o w e v e r, n o  g r a d a t io n  w a s  o b se rv e d  a m o n g  
lo w , m id d le  a n d  h ig h  d o sa g e  g ro u p s . T h e  te s te s  o f  
a ll  E C H -d o s e d  m o n k e y s  w e re  sm a lle r  th a n  th o se  o f  
th e  c o n tro ls  b u t  n o  d o se - re la te d  effect w a s  a p p a re n t .

T h e  g ro s s  a n d  m ic ro sc o p ic  e x a m in a tio n s  o f  the  
m o n k e y  tis su e s  d isc lo se d  o n ly  s c a tte re d  f in d in g s  su ch  
a s  a re  c o m m o n ly  seen  in  th is  spec ies, n a m e ly  ev id en ce  
o f  re s id u e s  o f  p u lm o n a ry  a n d  p a ra s i t ic  in fec tio n s . It 
sh o u ld  b e  n o te d  th a t  th e  m o n k e y s  u se d  in  th is  s tu d y  
h a d  b e e n  im p o rte d .

DISCUSSION

F ro m  th e  o b se rv a tio n s  r e p o r te d  h e re , it  is a p p a re n t  
th a t  a t  h ig h  d o sa g e s  E C H  is u n p a la ta b le  to  th e  sp e 
c ies o f  a n im a ls  e m p lo y e d  in  th is  s tu d y . T h e  r a ts  a n d  
m o n k e y s  re ta in e d  a ll d o se s  u p  to  th e  h ig h e s t level 
a d m in is te re d  (67-5 a n d  62-5 m g  E C H /k g  b o d y  w e ig h t/

d ay , respec tive ly ). N o  a d v e rse  effects w ere  n o te d  a t  
d o sa g e  leve ls  u p  to  45 m g /k g /d a y  in  th e  r a ts  o r  a t  
a n y  level in  th e  m o n k ey s . F o o d  in ta k e  a n d  b o d y  
w e ig h ts  w ere  d im in ish e d  a n d  d e a th s  o c c u rre d  in ra ts  
d o se d  a t  67-5 m g /k g /d a y . C lin ic a l f in d in g s  a n d  p o s t
m o r te m  e x a m in a tio n s  in  b o th  spec ies  w e re  n eg ativ e  
e x c e p t in  th e  case  o f  th e  r a ts  th a t  d ie d  (o r w ere  k illed  
in  a  m o r ib u n d  s ta te )  a f te r  a  s h o r t  p e r io d  o f  in tu b a t io n  
w ith  d o se s  o f  6 7 -5 m g /k g ; th ese  sh o w ed  a  h ig h  in c i
d e n ce  o f  m y o c a rd it is  a n d  fa tty  liver. O n  th e  b a s is  o f  
d o se s  r e ta in e d  b y  r a ts  a n d  m o n k ey s , th e re fo re , 45 m g / 
k g  b o d y  w e ig h :/d a y  m a y  b e  re g a rd e d  a s  a  n o -a d v e rse -  
effect level.

D e sp ite  th e  severe  e m e tic  effect, w h ic h  lim ite d  th e  
m e a n  d a ily  in ta k e  o f  th e  d o g s  to  a p p ro x im a te ly  20 m g 
E C H /k g  b o d y  w e ig h t, a ll su rv iv ed . O n ly  th e  lo w e s t 
c o n c e n tra t io n  fed to  th e  d o g s  (600 p p m ) w a s  c o n s is 
te n tly  r e ta in e d  C lin ic a l a n d  p o s t-m o r te m  fin d in g s , in 
c lu d in g  h is to p a th o lo g y , fa iled  to  d e m o n s tra te  a n y  
d o se -re la te d  effects in  th e  d o g s  e v e n  in th e  g a s tr ic  
m u c o sa  o f  th o se  a n im a ls  t h a t  v o m ite d  w ith  g re a t  fre
q u en cy .

W esley , R o u rk e  &  D a rb ish ire  (1965) d e m o n s tra te d  
th e  p re se n c e  o f  c h lo ro h y d r in s  in fo o d s  fu m ig a te d  w ith  
e th y le n e  o x id e  o r  p ro p y le n e  o x id e . E a r l ie r ,  a  2 2 0 -d ay  
feed in g  s tu d y  h a d  b e e n  r e p o r te d  (A m b ro se , 1950) in 
w h ic h  m a le  r a ts  w e re  a b le  to  to le ra te  u p  to  800 p p m  
E C H  in  th e  d ie t  w i th o u t  a d v e rse  effect b u t  sh o w e d  
g ro w th  re ta rd a t io n  w h e n  fed d ie ta ry  c o n c e n tra t io n s  
o f  1200 p p m  o r  m o re . O n  th e  b a s is  o f  c u s to m a ry  
a s su m p tio n s  o f  fo o d  in ta k e  b y  a d u l t  r a ts  ( 5 0 g /k g /  
day), th ese  f in d in g s  in d ic a te s  a  n o -e ffec t level o f  a b o u t  
4 0  m g /k g /d a y . v e ry  c lose  to  t h a t  d e r iv e d  fro m  th e  
p re se n t  9 0 -d a y  s tu d y .

T h e  to x ic o lo g ic a l f in d in g s  r e p o r te d  h ere , to g e th e r  
w ith  a n a ly tic a l  d a ta  o n  E C H  re s id u e s  in e th y le n e  
o x id e -fu m ig a te d  g ro u n d  sp ices ( re p o r te d  b y  R . L . H a ll 
a t  a n  A m e ric a n  C h e m ic a l S o c ie ty  m e e tin g  in  S ep 
te m b e r  1968), c o n s t itu te d  th e  e v id e n ce  u p o n  w h ic h  
th e  F D A  g ra n te d  a  re g u la tio n  p e rm it tin g  th e  u se  o f  
e th y le n e  o x id e  a s  a  fu m ig a n t for g ro u n d  sp ices (C o d e  
o f  F e d e ra l  R e g u la tio n s  1 2 1 .1 2 3 2 ; F e d e ra l  R e g is te r  
1970, 35, 14545) spec ify ing  th e  sa m e  to le ra n c e  lim its  
fo r re s id u es  a s  h a d  p re v io u s ly  b e e n  e s ta b lish e d  for 
w h o le  sp ices s im ila rly  t r e a te d  (C F R  120.151).
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Abstract—Mutagenicity studies have been carried out in CF1 mice and Chinese hamsters after oral 
dosing with HEOD, the major constituent of dieldrin. A dominant lethal assay was carried out in 
which male CF1 mice were dosed orally with 12-5, 25 or 50 mg HEOD/kg. Chinese hamsters of both 
sexes were given single oral doses of 30 or 60 mg HEOD/kg and 8 or 24 hr after dosing, femoral 
bone marrow was obtained and analysed for chromosome changes. Host-mediated assays were carried 
out on male CF1 mice either given a single oral dose of 25 or 50 mg HEOD/kg or dosed orally 
on five successive days with 5 or 10 mg HEOD/kg. Saccharomyces cerevisiae was the test organism 
and the genetic change measured was mitotic gene conversion. The three test systems showed no 
evidence of the induction of dominant lethality, chromosome breakage or gene conversion in animals 
dosed with HEOD. Additional chromosome studies were carried out on short-term lymphocyte cultures 
from workers currently or previously employed in a dieldrin manufacturing plant. The degree of chro
mosome damage did not c'iffer significantly from that found in a control group of workers. These 
findings suggest that HEOD does not present a mutagenic hazard in mammals.

IN T R O D U C T IO N

D ie ld r in  is a  p e rs is te n t  o rg a n o c h lo r in e  in sectic id e , 
a c tiv e  a g a in s t  a  w id e  v a r ie ty  o f  in sec t p ests. T h e  
m a jo r  c o n s t i tu e n t  o f  d ie ld r in  is H E O D  (1,2,3,4,10,10- 
h e x a c h lo ro -6 ,7 -e p o x y -1,4,4 a ,5 ,6 ,7 ,8 ,8a  - o c ta h y d ro  -exo- 
l ,4 -e n d o -5 ,8 -d im e th a n o n a p h th a Ie n e ) . I ts  m e ta b o lism  
in  m ice  a n d  r a ts  h a s  b e e n  s tu d ie d  ex te n siv e ly  (B a ld 
w in , R o b in s o n  &  P a rk e ,  1972) a n d  th ese  a u th o r s  h av e  
in d ic a te d  th a t  th e  m o s t  p ro b a b le  p o in t  o f  m e ta b o lic  
a t t a c k  is th e  e p o x id e  r in g . S u ch  c h e m ic a l c o n f ig u r 
a t io n s  a re  p re s e n t  in  a  n u m b e r  o f  c o m p o u n d s  w ith  
m u ta g e n ic  a c tiv ity  (F ish b e in , F la m m  &  F a lk , 1970).

A  se ries  o f  e x p e r im e n ts  is d e sc rib e d  h e re  in  w h ic h  
th e  m u ta g e n ic  p o te n t ia l  o f  H E O D  w a s in v e s tig a te d  
in  a  n u m b e r  o f  w id e ly  u se d  te s t sys tem s. T h ese  in 
c lu d e  th e  d o m in a n t  le th a l  a ssa y  in  m a le  m ice  a fte r  
sing le  o ra l  doses, c y to g e n e tic  s tu d ie s  o f  th e  b o n e  m a r 
ro w  cells o f  C h in ese  h a m s te r s  a f te r  sing le  o ra l  doses, 
a n d  a  h o s t-m e d ia te d  a ssay . In  a d d it io n , a s  p a r t  o f  
a  h e a lth -s c re e n in g  p ro g ra m m e  a m o n g  w o rk e rs  in a  
d ie ld r in  m a n u fa c tu r in g  p la n t ,  c h ro m o s o m e  s tu d ie s  
w ere  c a r r ie d  o u t  o n  s h o r t - te rm  ly m p h o c y te  c u ltu re s  
o b ta in e d  f ro m  su c h  w o rk e rs .  T h e  su b je c ts  in c lu d e d  
w o rk e rs  c u r re n t ly  e m p lo y e d  in  th e  p la n t ,  w o rk e rs  p r e 
v io u s ly  e m p lo y e d  th e re  a n d , a s  c o n tro ls ,  w o rk e rs  in 
o th e r  a r e a s  w h o  h a d  n o  k n o w n  c o n ta c t  w i th  th e  d ie l
d r in  m a n u fa c tu r in g  p ro c ess .

E X P E R IM E N T A L

Materials. R e c ry s ta lliz e d  d ie ld r in  (p u r i ty  > 9 9 %  
H E O D )  w a s  su p p lie d  b y  W o o d s to c k  L a b o ra to ry ,  
S ittin g b o u rn e  R e se a rc h  C e n tre . E th y l m e th a n e su l-  
p h o n a te  (E M S ) a n d  E n d o x a r  (c y c lo p h o sp h a m id e )

w e re  o b ta in e d  fro m  K o c h -L ig h t  L a b o ra to r ie s ,  C o in -  
b ro o k ,  B ucks., a n d  C o lc e m id  f ro m  C ib a  L a b o r a 
to r ie s  L td ., H o rs h a m , Sussex.

Animals. C a rw o r th  F a rm  N o . 1 s t r a in  (C F 1 ) m ice  
w ere  re a re d  u n d e r  specific  p a th o g e n -f re e  c o n d it io n s  
in  th is  l a b o ra to ry  (W a lk e r  &  P o p p le to n ,  1967). 
C h in ese  h a m s te rs  w ere  o b ta in e d  f ro m  F iso n s  L td ., 
P h a rm a c e u t ic a ls  D iv is io n , L o u g h b o ro u g h , L e ic e s te r
sh ire , o r  d e riv e d  fro m  a  c o lo n y  s ta r te d  in  th is  L a b o r a 
to ry .

Dominant lethal assay
In  E x p e r im e n t 1, 40  m a le  C F 1  m ice  o f  p ro v e n  fer

til i ty  w ere  ra n d o m ly  d is t r ib u te d  in to  th re e  t r e a tm e n t  
g ro u p s  o f  e ig h t m ice  a n d  a  c o n tro l  g ro u p  o f  16. T w o  
g ro u p s  o f  e ig h t m a le s  w e re  d o se d  o ra lly  w ith  12-5 
o r  25 m g  H E O D /k g  in  d im e th y lsu lp h o x id e  (D M S O ) 
so lu tio n . A  p o s itiv e  c o n tro l  g ro u p  o f  e ig h t  m a le s  w as 
d o se d  o ra lly  w ith  100 m g  E n d o x a n /k g  a n d  th e  16 c o n 
tro l  m a le s  w ith  th e  so lv e n t, D M S O . F o llo w in g  d o s 
ing, e a c h  m a le  m o u se  w a s  c a g e d  w ith  th re e  ra n d o m ly  
se lec ted  fem ale  m ice  fo r 7 d ays. T h is  p ro c e d u re  w a s  
re p e a te d  w e ek ly  w ith  new  fem ales fo r a  to ta l  o f  8 w k.

In  E x p e r im e n t 2, 40  m a le  C F 1  m ice  o f  p ro v e n  fer
tility  w ere  a g a in  ra n d o m ly  d is t r ib u te d  in to  th ree  
t r e a tm e n t  g ro u p s  o f  e ig h t  m ice  a n d  a  c o n tro l  g ro u p  
o f  16. T h e  th re e  t r e a tm e n t  g ro u p s  w ere  d o se d  o ra lly  
w ith  12-5, 25 o r  50 m g  H E O D /k g  in  D M S O , a n d  th e  
16 c o n tro l  m a le s  w ith  D M S O . E a c h  m a le  w a s  th e n  
c a g e d  w ith  th re e  ra n d o m ly  se lec te d  fem ale  m ice  fo r 
7 d a y s  a n d  th e  p ro c e d u re  w a s  r e p e a te d  w eek ly  fo r 
a  to ta l  o f  5 w k.

In  a ll g ro u p s , m a tin g  w a s  p re su m e d  to  h av e  
o c c u r re d  b y  th e  m id -w ee k  o f  c a g in g  w ith  th e  fem ales, 
a n d  13 d a y s  a f te r  th e  p re su m e d  m a tin g  th e  fem ales
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w e re  k ille d  a n d  th e  u te ru s  w a s  re m o v e d  fo r e x a m in a 
tio n . N o n -p re g n a n t  a n im a ls  w e re  n o te d , a n d  th e  
n u m b e rs  o f  e a r ly  fo e ta l d e a th s , live fo e tu ses  a n d  la te  
fo e ta l d e a th s  w ere  re c o rd e d  fo r e a c h  p re g n a n t  fem ale. 
T h e  w e ek ly  m e a n  v a lu e s  fo r to ta l  fo e ta l im p la n ta t io n s  
a n d  e a r ly  fo e ta l d e a th s  w e re  a n a ly se d  b y  a  tw o -w a y  
a n a ly s is  o f  v a ria n c e . O n e  o f  th e  a s s u m p tio n s  o f  th e  
a n a ly s is  is th a t  th e  e r ro r  v a r ia n c e  is n o rm a lly  d is t r i 
b u te d . T h is  w a s  so  w ith  th e  v a lu e s  fo r to ta l  im 
p la n ta tio n s . w h ic h  w ere  a n a ly se d  u n tra n s fo rm e d . T h e  
v a r ia te  fo r e a r ly  fo e ta l d e a th s  (E F D )  b a s ic a lly  fo l
lo w e d  a  P o is s o n  d is t r ib u t io n  a n d  to  ach iev e  n o rm a l-  
i ty it w a s  n ec essary  to  tra n s fo rm  th e  d a ta  by  
V/ E F D  +  0-375. D iffe ren ces in  th e  p e rc e n ta g e  o f  
fem ales p re g n a n t,  w h ic h  h a s  a  b in o m ia l  d is tr ib u tio n , 
w ere  te s te d  in  a  tw o -w a y  c o n tin g e n c y  ta b le  u s in g  a  
C h i-sq u a re  test.

Cytogenetic studies in Chinese hamsters
C h in ese  h a m s te rs . 3 - 6  m o n th s  o f  ag e , w ere  r a n 

d o m ly  d is tr ib u te d  in to  th re e  g ro u p s  o f  e ig h t  (fo u r 
m a le s  a n d  fo u r fem ales) a n d  d o se d  o ra lly  w ith  30 o r  
60 m g  H E O D /k g  in D M S O  o r  w ith  D M S O  a lo n e . 
E a c h  a n im a l w a s  in je c te d  ip  w ith  0 0 4 %  C o lc e m id  
s o lu tio n  in  a  d o se  o f  lO m l/k g  b o d y  w e ig h t, 9 0  m in  
b e fo re  te rm in a t io n  o f  th e  e x p e r im e n t. F o u r  a n im a ls  
fro m  e a c h  g ro u p  w ere  k ille d  w ith  a n  o v e rd o se  o f  
so d iu m  p e n to b a rb ito n e  8 o r  24  h r  a f te r  b e in g  d o se d  
w ith  H E O D  a n d  th e  fe m u rs  w ere  re m o v e d . T h e  
m e th o d  for o b ta in in g  c h ro m o s o m e  p re p a ra tio n s  fro m  
th e  fem o ra l m a rro w  o f  sm a ll m a m m a ls  h a s  b e en  d e 
sc rib ed  p re v io u s ly  (D e a n , 1969). A ll p r e p a ra t io n s  w ere  
c o d e d  a n d  e x a m in e d  in  r a n d o m  o rd e r.  C e lls  sh o w in g  
d e v ia tio n  fro m  n o rm a l  c h ro m o s o m e  m o rp h o lo g y  
w e re  n o te d  a n d  p h o to g ra p h e d  fo r la te r  re -a n a ly s is . 
O n e  h u n d re d  cells w ere  a n a ly se d  fro m  th e  b o n e  m a r 
ro w  o f  e a c h  a n im a l.  S ta tis tic a l a n a ly s is  w a s  c a r r ie d  
o u t  a f te r  s q u a re - ro o t  tr a n s fo rm a tio n  o f  th e  d a ta .

Host-mediated assays
T h e  in d ic a to r -o rg a n is m  u se d  in  th ese  a ssa y s  w a s  

th e  y eas t, Saccharomyces cerevisiae, s t r a in  D 4, h e te ro -  
a lle lic  a t  th e  a d e 2 (a d en in e )  a n d  t r p 5 ( t ry p to p h a n )  loci, 
a n d  th e  g e n e tic  c h a n g e  o b se rv e d  w a s  m ito tic  g ene  
c o n v e rs io n . T h e  c u ltu re  m ed ia  u sed , th e  se le c tio n  o f  
su ita b le  c u ltu re s  o f  S. cerevisiae a n d  th e  s ta n d a rd  
a ssa y  p ro c e d u re  h av e  b e e n  d e sc rib e d  in d e ta il  e lse 
w h e re  (D e a n , D o a k  &  F u n n e l,  1972). In  th e  s in g le 
d o se  e x p e rim e n t, a d u lt  m a le  C F 1 m ice  w e re  d o se d  
o ra lly  w ith  25 o r  50  m g  H E O D /k g  in D M S O , 4 0 0  m g 
E M S /k g  o r  D M S O  im m e d ia te ly  b e fo re  in o c u la tio n  
o f  a  b u ffe red  su sp e n s io n  o f  y e a s t ce lls  in to  th e  p e r i
to n e a l cav ity . F o r  th e  se c o n d  p a r t  o f  th e  s tu d y , a d u lt  
m a le  m ice  w ere  d o se d  o ra lly  o n  e a c h  o f  five successive  
d a y s  w ith  5 o r  10 m g  H E O D /k g  in  D M S O  o r  w ith  
D M S O  a lo n e . A fte r  th e  f ifth  d o se , a  su sp e n s io n  o f  
th e  y e as t w a s  in je c te d  in to  th e  p e r ito n e a l  cav ity .

T h e  m ice  w ere  k ille d  b y  le th a l e x p o su re  to  e th e r  
5 h r  a f te r  in t ro d u c t io n  o f  th e  y e a s t  cells, a n d  th e  cell 
su sp e n s io n  w a s  h a rv e s te d . A fte r  r e p e a te d  w a sh in g  o f  
th e  cells in s te r ile  d is til led  w a te r , th e  cell c o n 
c e n tr a t io n  in  e ac h  sa m p le  w a s  a d ju s te d  to  5 x  107 
c e lls /m l a n d  0 1  m l v o lu m e s  w ere  se e d ed  o n  e ig h t  sy n 
th e tic -a g a r  p la te s , fo u r w ith o u t  t ry p to p h a n  a n d  fo u r 
w ith o u t  a d e n in e . T o  m e a su re  y eas t-ce ll su rv iv a l d u r 
ing  th e  e x p e r im e n t, a l iq u o ts  c o n ta in in g  500 cells w ere

a p p lie d  to  th e  su rface  o f  c o m p le te  (Y E P  m e d iu m ) 
a g a r .  A fte r in c u b a t io n  fo r 5 d a y s  a t  25°C , th e  c o lo n ie s  
w ere  c o u n te d  a n d  th e  n u m b e r  o f  p ro to tro p h s /1 0 6 cells 
w a s  c a lc u la te d . R e su lts  w ere  a n a ly se d  b y  s ta n d a rd  
a n a ly s is  o f  v a r ia n c e  a fte r  s q u a re - ro o t  tr a n s fo rm a tio n  
o f  th e  d a ta .

Chromosome studies in dieldrin plant workers
H e p a r in iz e d  b lo o d  sa m p le s  w ere  re ce iv e d  in  th e  

l a b o ra to ry  in  th e  e v e n in g  o f  th e  d a y  o f  c o lle c tio n  a f te r  
b e in g  t r a n s p o r te d  b y  -air fro m  th e  m a n u fa c tu r in g  
p la n t .  C u ltu re s  w ere  p re p a re d  im m e d ia te ly  o n  re c e ip t 
o f  th e  sa m p le s . E a c h  c u ltu re  c o n s is te d  o f  6 m l m e d iu m  
199 (W ellc o m e  R e a g e n ts  L td ., B e ck e n h am , K en t),
3 m l fo e ta l c a lf  se ru m  (F lo w  L a b o ra to r ie s  L td .. 
I rv in e , S c o tla n d )  a n d  0-2 m l p h y to h a e m a g g lu tin in , to  
w h ic h  w a s  a d d e d  0-2 m l h e p a r in iz e d  w h o le  b lo o d . 
D u p lic a te  c u ltu re s  w ere  p re p a re d  fro m  e a c h  sa m p le  
a n d  in c u b a te d  a t  37°C  fo r 68 h r , 0-15 m l o f  a  0-2 m g /  
m l s o lu tio n  o f  C o lc e m id  b e in g  a d d e d  to  e a c h  c u ltu re
4  h r  b e fo re  te rm in a tio n . T h e  h a rv e s tin g  o f  th e  c u l
tu re s , in c lu d in g  h y p o to n ic  t r e a tm e n t,  f ix a tio n  a n d  
slid e  p r e p a ra tio n ,  h a s  b e e n  d e sc rib e d  in  d e ta il  e lse 
w h e re  (D e a n , 1972).

T h e  slid es w e re  c o d e d  b y  a  p e rso n  n o t  ta k in g  p a r t  
in  th e  m ic ro sc o p ic  a n a ly s is  a n d  th e  c o d e  w a s  n o t  
re v ea le d  u n til  a ll k a ry o ty p in g  w a s  c o m p le te . U p  to  
25 ce lls  w ere  p h o to g ra p h e d  fro m  e a c h  c u ltu re , i.e. 50 
c e lls /b lo o d  sam p le . C h ro m o so m e  a b e r r a t io n s  w ere  
r e c o rd e d  d u r in g  m ic ro sc o p y  a n d  c o n f irm e d  d u r in g  
a n a ly s is  o f  p h o to g ra p h s .  K a ry o ty p in g  w a s  c a r r ie d  o u t  
o n  fu ll-p la te  p h o to g ra p h s  u s in g  sy m b o ls  to  id en tify  
p a ir s  o r  g ro u p s  o f  c h ro m o s o m e s . D e v ia tio n s  fro m  th e  
n o rm a l h u m a n  m ale  k a ry o ty p e  w e re  c o n f irm e d  b y  
c o n s tru c tin g  c o n v e n tio n a l  k a ry o g ra m s  fro m  p a ir s  o f  
full p la te  p r in ts .  T w o  p e rso n s  c a r r ie d  o u t  th e  m ic ro 
sc o p ic  a n a ly s is  a n d  m ic ro p h o to g ra p h y  a n d  fo u r p e r 
so n s  w ere  in v o lv e d  in  th e  su b s e q u e n t k a ry o ty p in g .

A fte r a n a ly s is  a ll ce lls  w ere  c lass ified  in to  th ree  
m a jo r  g ro u p s  (B u c k to n , Ja c o b s , C o u r t-B ro w n  &  D oll, 
1962; B u c k to n  &  P ik e , 1964) o n  th e  fo llo w in g  b a s is :  

‘A ’ ce lls : ce lls  w h o se  c h ro m o s o m e s  h a v e  n o  
a p p a r e n t  s t ru c tu ra l  a b n o rm a li ty , b u t  m a y  differ 
n u m e ric a lly  fro m  46.
‘B’ ce lls : cells  w h ic h  a re  s t ru c tu ra lly  n o rm a l 
a p a r t  fro m  c h ro m a tid - ty p e  a b e r ra t io n s ,  i.e. 
c h ro m a tid  g a p s , is o c h ro m a tid  g a p s  o r  c h r o m a 
t id  b re ak s .
‘C  ce lls : cells  w ith  o th e r  ty p es  o f  s t ru c tu ra l  a b 
n o rm a li ty ;  th ese  m a y  be  d iv id e d  in to  C u  cells 
( th o se  w ith  u n s ta b le  c h ro m o s o m e  a b n o rm a li 
ties) a n d  C s  ce lls  ( th o se  w ith  a b n o rm a li t ie s  th a t  
a p p e a r  s ta b le  a n d  m a y  p ersis t). C u  ce lls  in c lu d e  
d ice n tric s , m u lt ic e n tr ic s  a n d  r in g  c h ro m o so m e s , 
w h ic h  in te rfe re  m e c h a n ic a lly  w ith  n o rm a l  cell 
d iv is io n , a n d  a c e n tr ic  f ra g m e n ts  w h ic h , b e ca u se  
th e y  la c k  a  c e n tro m e re , w ill n o t  a t ta c h  to  th e  
m ito tic  sp in d le . C s  cells c o n ta in  a b n o rm a l  
m o n o c e n tr ic  c h ro m o so m e s , w h ic h  sh o u ld  n o t  
in te rfe re  w ith  n o rm a l  m ito s is .

T h e  n u m b e rs  o f  B a n d  C  ce lls  w ere  c o n v e r te d  to  
p e rc e n ta g e s  o f  th e  to ta l  ce lls  a n d  a n a ly se d  u s in g  th e  
S tu d e n t’s t tes t. A ges o f  w o rk e rs  w ere  in c lu d e d  a s  
c o v a r ia te s  to  e x a m in e  a g e -re la te d  d ifferences. T h e  
n u m b e rs  o f  C u  a n d  C s cells w ere  a n a ly se d  u s in g  a  
C h i- s q u a re d  te s t (F o rn i ,  P a c if ico  &  L im o n ta , 1971).
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Table 1. Percentage o f pregnancies in mice mated with males 
dosed orally with HEOD or cyclophosphamide

Dosage

Pregnancy rate (% of mated females)

From mating at wk*
Mean 

(wk 1-8)1 2 3 4 5 6 7 8

Experiment 1
DM SO (control) 83 69 58 60 56 . 65 56 75 65-1
HEOD: 12-5 mg/kg 79 74 58 58 63 63 71 61 65-9

250 mg/kg 67 67 50 63 54 79 67 67 64-3
Cyclophosphamidet 79 62 76 71 67 57 62 81 69-4

Experiment 2
DM SO (control) 88 88 79 65 63 — — — 76-6
HEOD: 12-5 mg/kg' 79 88 92 67 75 — — — 80-2

250 m'g/kg 88 83 88 88 71 — — — 83-6
500 mg/kg 92 75 88 83 88 — — — 85-2

*After dosing of males, 
tin  a dose of 100mg/kg.
Total numbers of males mated weekly (with three females 

in each case) were seven in the cyclophosphamide- 
treated group, eight in each of the HEOD-treated 
groups and 16 in the control groups. Differences between 
values for treated and control groups were tested in a 
two-way table using a Chi-square test and were not sig
nificant.

RESULTS

Dominant lethal assay
Clinical findings. A ll m a le  m ice  su rv iv e d  o r a l  d o s in g  

w ith  12-5, 25 o r  50 m g  H E O D /k g  a lth o u g h  th e  a n i 
m a ls  in  th e  tw o  h ig h e r  d o se  g ro u p s  sh o w e d  c lin ica l 
ev id e n ce  o f  in to x ic a tio n  a f te r  24 h r. T h ese  a n im a ls  
a p p e a re d  c o m p le te ly  re c o v e re d  48 h r  la te r. O n e  o f  th e  
e ig h t  m ice  d o se d  w ith  c y c lo p h o sp h a m id e  d ie d  7 d ay s  
a f te r  d o sin g , b u t  th e  re m a in in g  a n im a ls  su rv iv e d  u n til  
th e  e n d  o f  th e  e x p e rim e n t.

Effect on pregnancy. In  E x p e r im e n t 1, th e  p e rc e n ta g e  
p re g n a n c ie s  in  fem a les m a te d  w ith  c o n tro l  m ales 
v a r ie d  f ro m  56 to  83%  w ith  a  m e a n  o f  6 5 T %  (T ab le  
1). In  fem a les m a te d  to  m ales d o se d  o ra lly  w ith  
H E O D  o r  c y c lo p h o sp h a m id e  th e  p e rc e n ta g e  p re g n a n 

c ies d id  n o t  d iffer fro m  th e  c o n tro l  v a lu e  e x ce p t in 
th e  f irs t  w eek  a fte r  th e  d o s in g  o f  m a le s  w ith  25 m g 
H E O D /k g , w h e n  67%  o f  th e  fem a les w ere  p re g n a n t  
c o m p a re d  w ith  83%  in  th e  c o n tro l  g ro u p , a n  a p p a re n t  
th o u g h  n o t  s ig n ific a n t d ifference . In  E x p e r im e n t 2, th e  
p e rc e n ta g e  p re g n a n c ie s  in  fem ales m a te d  to  c o n tro l  
m a le s  v a r ie d  fro m  63 to  88%  w ith  a  m e a n  o f  76-6% 
(T ab le  1). T h e re  w ere  n o  s ig n if ic a n t d ifferences 
b e tw ee n  th e  H E O D - tr e a te d  a n d  c o n tro l  g ro u p s .

Effect on total number o f foetal implantations. T h e  
n u m b e r  o f  u te r in e  im p la n ta t io n s  w a s  re c o rd e d  fo r 
e a c h  p r e g n a n t  m o u se  a n d  th e  g ro u p  m e a n  v a lu e s  w ere  
d e te rm in e d  w e ek ly  (T ab le  2).

W h e n  th e  w e ek ly  m e a n  v a lu e s  fo r E x p e r im e n t 1 
w ere  a n a ly se d  in d iv id u a lly , few er im p la n ta t io n s  w ere  
r e c o rd e d  fo r fem a les m a te d  to  m a le s  d o se d  w ith  
12-5 m g  H E O D /k g  a t  w k  3 o r  w ith  25 m g  H E O D /k g  
a t  w k  1 th a n  in  th e  c o n tro l  g ro u p . T o ta l  im 
p la n ta t io n s  in  fem a les m a te d  to  m a le s  in  w k  1, 2 o r  
3 a f te r  d o s in g  w ith  100 m g  c y c lo p h o sp h a m id e /k g  w ere  
few er th a n  in  th e  c o n tro l  g ro u p s  fo r th ese  w eeks . T h e  
o v e ra ll  m e a n  v a lu e  fo r th e  8 -w k  p e r io d  sh o w e d  a  sig 
n if ic a n t re d u c tio n  in  fo e ta l im p la n ta t io n s  in  th e  
12-5 m g  H E O D /k g  g ro u p  (P  <  0-05) a n d  in  th e  c y c lo 
p h o sp h a m id e  g ro u p  (P  <  0-001) w h e n  c o m p a re d  w ith  
th e  o v e ra ll  c o n tro l  m ea n .

T h e re  w ere  n o  s ig n if ic a n t d ifferen ces w h e n  d o se  
g ro u p s  in  E x p e r im e n t 2 w ere  a n a ly se d  a t  w e ek ly  in 
te rv a ls  a n d  th e re fo re  o v e ra ll  im p la n ta t io n  m e a n s  w ere  
d e r iv e d  fo r th e  5 -w k p e r io d  fo r e a c h  d o se  g ro u p . T h e  
o v e ra ll  m e a n  for to ta l  im p la n ta t io n s  in  fem ales m a te d  
to  m a le s  in  th e  25 m g /k g  g ro u p  w a s  s ig n ifican tly  
h ig h e r th a n  tn e  o v e ra ll  c o n tro l  m ea n .

Effect on early foetal deaths. T h e  m e a n  n u m b e r  o f  
e a r ly  fo e ta l d e a th s  p e r  p re g n a n t  fem ale  d id  n o t  differ 
fro m  th e  c o n tro l  v a lu e s  in  e ith e r  e x p e r im e n t w h e n  
a n a ly se d  a t  e ac h  w eek ly  in te rv a l o r  w h e n  o v e ra ll  
m e a n  v a lu e s  w e re  d e r iv e d  fo r e a c h  e x p e r im e n t (T ab le
3). F e m a le s  m a te d  to  m a le s  d u r in g  e a c h  o f  th e  f irs t  
3 w k  a fte r  d o s in g  w ith  E n d o x a n  p ro d u c e d  a  h ig h e r 
n u m b e r  o f  d e a d  fo e tu ses  th a n  th e  c o n tro l  m ice.

Table 2. Mean foetal implantations in mice mated with males dosed orally with HEOD or cyclophosphamide

Mean total foetal implantations/pregnancy

From mating at wk* Difference between

Dosage 1 2 3 4 5 6 ' 7 8
Mean 

(wk 1-8)
treated and control 

overall means

DM SO (control) 13-9 11-9 13-3
Experiment 1

12-7 12-1 12-4 11-7 12-2 12-6
HEOD: 12-5 mg/kg 13-1 11-5 10-6** 11-5 12-9 12-2 10-8 11-5 11-8 0-75 + 0-31*

25-0 mg/kg [ 1-4*** 12-1 12-2 12-7 11-8 11-9 11-6 11-6 11-9 0-61 ±  0-32
Cyclophosphamidet 11-9** 8-8*** 11-4* 11-7 11-1 10-9 11-4 12-1 11-2 1-34 ±  0-32***

DM SO (control) 13-7 12-9 13-2
Experiment 2

13-1 11-5 — 12-9
HEOD: 12-5 mg/kg 13-5 12-9 13-2 11-8 13-4 — — — 13-0 0-08 + 0-38

25-0 mg/kg 14-0 14-1 13-8 13-9 12-9 — — — 13-7 0-84 + 0-37*
50-0 mg/kg 13-9 13-4 13-8 12-9 13-2 — — — 13-4 0-54 + 0-37

*After dosing of males, 
tin  a dose of 100 mg/kg.
Total numbers of males mated weekly (with three females in each case) were seven in the cyclophosphamide-treated 

group, eight in each of the HEOD-treated groups and 16 in the control groups. Values marked with asterisks differed 
significantly from those of controls when analysed by two-way analysis of variance using untransformed data: 
*P <  0-05; **P <  0-01; ***P <  0-001.

MMtWf! fvn.nvinni0tn7
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T ab le 3. E a r ly  f o e ta l  d e a th s  in  m ic e  m a te d  w ith  m a le s  d o s e d  o r a l ly  w ith  H E O D  o r  c y c lo p h o s p h a m id e

Mean early foetal deaths/pregnancy

From mating at wk* Overall

Dosage Meanst

DMSO (contrcl) a
b

HEOD: 12-5 mg/kg a
e b

25-0 mg/kg a
b

Cyclophosphamide! a
b

DMSO (control) a
b

HEOD: 12-5 mg/kg a
b

25-0 mg/kg a
b

50-0 mg/kg a
b

1 2 3 4 5

0-98 0-93
Experiment 1

0-93 1-06 0-94
0-76 0-66 0-66 0-92 0-68
0-78 0-87 0-85 0-95 1-06
0-40 0-55 0 51 0-69 0-91
E01 0-79 0-96 0-96 1-03
0-81 0-41 0-71 0-71 0-85
1 78 1-64 1-29 0-81 1-07
2-96*** 2-48*** 1-45** 0-44 0-93

Experiment 2
1-12 1-06 0-93 0-99 1-04
1-07 0-94 0-68 0-79 0-89
1-19 1 06 1 03 0-97 1 07
1-22 0-93 0-87 0-74 0-95
1-13 M l 0-92 1-04 0-93
1-08 1-01 0-65 0-89 0-67
0-99 0-92 0-93 1-19 1-08
0-79 0-65 0-67 1-22 0-97

transformed
6 7 8 means

086 1-09 0-92 096
053 0-98 064
0-81 0-93 083 089
0-44 065 0-48
093 0-98 095 0-95
0-65 075 0-69
098 1-02 1 09 1-09
074 083 0-98

— — — 1-03

— — — 1-07

— — — 1-03

— — — 1-02

*After dosing of males.
ta =  transformed means; b =  detransformed means 
Jin a dose of 100mg/kg.
Total number of males mated weekly (with three females in each case) were seven in the cyclophosphamide-treated 

group, eight in each of the HEOD-treated groups and 16 in the control groups. Values marked with asterisks differed 
significantly from those of controls when analysed by two-way analysis of variance using data transformed by 
V'EFD +  0 - 3 7 5 ;  **p <  0 01; ***P <  0 001.

Cytogenetic studies in Chinese hamsters 
O n ly  th re e  o f  48 0 0  cells a n a ly se d  fro m  48 a n im a ls  

sh o w e d  a b e r r a n t  c h ro m o s o m e s  (T ab le  4). T h ese  w ere  
s ing le  c h ro m a tid  g ap s, e v en ly  d is t r ib u te d  b e tw ee n  
t r e a te d  a n d  c o n tro l  a n im a ls . P o ly p lo id  ce lls  w ere  a lso  
re c o rd e d  a n d  a r ith m e tic  g ro u p  m e a n s  v a rie d  fro m
1-75 to  4-75% . A n a ly s is  o f  t r a n s fo rm e d  g ro u p  m ea n s  
sh o w e d  n o  s ig n ific a n t d ifferen ces b e tw ee n  tre a te d  a n d  
c o n tro l  a n im a ls .

Host-mediated assay
M ic e  d o se d  w ith  10 m g H E O D /k g  fo r 5 d ay s  

re m a in e d  very  le th a rg ic  d u r in g  th e  d o s in g  p e r io d  a n d  
th is  c o n c e n tra t io n  p ro v e d  le th a l to  a  sm all p ro p o r t io n  
o f  th e  a n im a ls . N o  d e a th s  o c c u rre d  a m o n g  m ice  g iv en  
five d a ily  o ra l  d o se s  o f  5 m g /k g . T h e  ra te  o f  m ito tic  
g en e  c o n v e rs io n  in 5. cerevisiae a f te r  r e p e a te d  o ra l  
d o s in g  o f  m a le  m ice w ith  5 o r  10 m g  H E O D /k g  d id  
n o t  d iffer s ig n if ic a n tly  fro m  th e  c o n tro l  v a lu e  in  th e

Table 4. Chromosome analysis o f femoral marrow cells from Chinese hamsters given single oral doses of HEOD

Cells* showing

Interval
before

harvesting
(hr)

Dose
of

HEOD
(mg/kg)

Polyploidy Chromatid gaps

No. °//o
Transformed

meansf
Detransformed

means No. °//o

8 0 9 2-25
Males
1-49 2-23 0 0

30 11 2-75 1-36 1-86 1 025
60 7 1-75 1-29 1-66 0 0

24 0 18 4-50 2-08 4-32 1 025
30 19 4-75 1-89 3-56 0 0
60 9 2-25 1-06 1-12 0 0

8 0 7 1-75
Females
1-31 1-72 0 0

30 7 1-75 1-25 1-56 1 025
60 7 1-75 1-10 1-22 0 0

24 0 11 2-75 1-41 2-00 0 0
30 8 2-00 1-39 1 93 0 0
60 9 2-25 116 1-35 0 0

*In each case a total of 400 cells from four animals was analysed. 
tLowest significant differences between treatment groups = 109.
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Table 5. Mitotic gene conversion in S. cerevisiae D4 in the 
host-mediated assay in male CF1 trice given single or 
repeated oral doses of HEOD or single oral doses of EMS

Experiment
no. Compound

Dosage
(ml/mouset or 

mg/kg)

Convertants/106
survivors

Adenine
locus

Tryptophan
locus

1 DMSOJ 0-2 x 5 26 26
HEOD 5 x 5 26 24

10 x 5 27 29
EMS 400 104*** 52***

2 DMSOJ 0-2 x 5 12 20
HEOD 5 x 5 14 23

10 x 5 12 23
EMS 400 31*** 104***

3 DMSOJ 0 -2 x 5 II 13
HEOD 5 x 5 10 15

10 x 5 13 13
EMS 400 47*** 38***

4 DMSOJ 0-2 9 Q
HEOD 25 10 8

50 10 11
EMS 400 36*** 28***

5 DMSOJ 0-2 8 36
HEOD 25 8 36

50 10 43
EMS 400 20*** 59***

6 DMSOJ 0-2 7 13
HEOD 25 8 13

50 8 15
EMS 400 21*** 26***

f  Doses of DM SO.
^Control groups.
Each group consisted of two mice except the EMS group 

in Experiment 4 (one mouse only), and values are means 
of four replicate cultures per mouse submitted to square- 
root transformation before statistical analysis. Those 
marked with asterisks differ significantly from the corre
sponding control: ***P <  0001.

th re e  re p lic a te  e x p e r im e n ts  (T a b le  5). In  e x p e r im e n ts  
in  w h ic h  m ice  w ere  g iv en  a  s ing le  o ra l  d o se  o f  25 
o r  5 0 m g /k g ,  th e  r a te s  o f  g en e  c o n v e rs io n  a g a in  
sh o w e d  n o  s ig n if ic a n t d iffe ren ces f ro m  th o se  o f  c o n 
tro l  a n im a ls . E M S  w a s  u se d  a t  a  d o se  o f  4 0 0  m g /k g  
in  a ll e x p e r im e n ts  a n d  in  e a c h  c ase  in d u c e d  a  s ign ifi
c a n tly  h ig h e r r a te  o f  gene  c o n v e rs io n  a t  b o th  th e  a d e 2 
a n d  t r p 5 lo c i th a n  o c c u r re d  in y e as t re c o v e re d  fro m  
c o n tro l  a n im a ls  (P  <  0  001).

Chromosome studies on plant workers 
B efore  s ta tis t ic a l  a n a ly s is , th e  cells w ere  a ss ig n e d  

to  o n e  o f  th e  th re e  cell ty p e s  (T ab le  6) a n d  th e  
n u m b e rs  o f  B a n d  C  ce lls  fo u n d  in  b lo o d  sa m p le s  
fro m  fo rm e r  a n d  c u r re n t  p la n t  w o rk e rs  w ere  c o m 
p a re d  s ta tis t ic a lly  w ith  th e  n u m b e rs  fro m  m a tc h in g

Table 6. Cell types in leucocyte cultures from 
dieldrin plant workers

No. of cells found

Code
no.

No. 
of cells 

analysed

Type A Type C

Group (yr) <46 46 >46 Type B Cu Cu

Control 3 55 48 10 37 6 2
workers 5 5e 45 9 35 1 6 1 .

6 50 48 6 42 — 2 1 _
II 40 47 8 38 — 3 — —
12 40 45 9 35 — 3 1 _
13 5¿ 31 6 25 — _ — —
15 35 29 6 23 — _ — —
16 4° 30 5 25 — — — _
17 4 29 9 20 — 3 _ _
25 52 18 5 13 _ 1 ___ _
26 60 33 3 29 I 1 ___
33 43 38 9 29 — — — —
34 49 43 7 36 — — 2 I
35 54 40 6 34 — 3 — —
36 19 36 4 32 — — 1 —
37 23 41 16 25 — — — _
38 30 43 9 33 1 3 1 —

Former 1 44 44 10 34 ___ ___ ___ 1
plant 2 42 45 10 35 — 2 1 —
workers 4 42 49 12 37 — 2 1 —

14 41 39 10 28 — 2 1 —
18 25 38 4 34 — 2 — —
20 43 39 16 23 — — ___ ___
24 35 41 7 34 _ 2 _ _
31 43 49 4 44 — 4 — —
32 39 46 8 37 1 2 — —

Current 7 43 50 6 44 _ 2 ___ 2
plant 8 56 33 8 25 — — — —
workers 9 50 50 15 34 1 2 — —

10 64 49 7 41 1 5 — —
19 30 33 7 26 — 2 — _
21 41 39 13 25 1 1 — —
22 28 51 7 43 1 1 — _
23 50 38 8 30 — 2 — —
27 37 49 16 33 — 2 — —
28 55 50 2 48 — 1 — I
29 35 51 6 44 — 3 — —
30 45 47 12 35 — 2 — —

c o n tro ls  (T ab le  7). C h ro m o so m e s  w ere  a n a ly se d  fro m  
a  to ta l  o f  1574 cells, o f  w h ic h  4-4%  (70  cells) sh o w e d  
c h ro m a tid  ty p e  a b e r r a t io n s  (B cells) a n d  1 1 %  (17 
cells) sh o w ed  c h ro m o s o m e - ty p e  a b e r ra t io n s ,  five cells 
h a v in g  s ta b le  a b e r r a t io n s  (C s) a n d  12 u n s ta b le  
a b e r r a t io n s  (C u). N o  s ig n if ic a n t d iffe ren ces  (P  <  0  05) 
w e re  d e te c te d  b e tw ee n  th e  n u m b e rs  o f  B a n d  C  cells 
re c o rd e d  in  p la n t  w o rk e rs  a n d  in  w o rk e rs  w ith  no  
h is to ry  o f  in d u s tr ia l  e x p o su re  to  d ie ld r in . T h e  
n u m b e rs  o f  C u  a n d  C s ce lls  w ere  to o  sm a ll to  p e rm it 
a  full a n a ly s is  to  b e  c a r r ie d  o u t ,  b u t  d iffe ren ces  w ere  
e x a m in e d  u s in g  a  C h i-sq u a re d  te s t a n d  n o  s ig n if ic a n t 
d ifferen ces w ere  d e te c te d  (P  <  0  05). O f  th e  ce lls  a n a 
ly sed , 20%  h a d  few er th a n  4 6  c h ro m o s o m e s  a n d  th is  
w a s  c o n s ta n t  fo r e a c h  g ro u p . O c c a s io n a l  p o ly p lo id  
a n d  e n d o re d u p l ic a tin g  ce lls  w e re  re c o rd e d  b u t  th ese

Table 7. Incidence of cell types in three groups of workers

No. of 
workers

Mean Incidence of cell types (% of total cells analysed with 95% confidence limits)

Group
age - 
(yr) B cells* C cells* Cu cellst Cs cellst

Control 17 44.4 4-50 (2-70-6-30) 1-34 (0-53-2-15; 1 40 (0-64-2-62) 0-16 (0-0-86)
Former plant

workers 9 39-7 4-03 (1-55-6-51) I -01 (0-2-12) 0-77 (0-16-2-31) 0-26 (0-1-41)
Current plant

workers 12 44-5 4-19 (2-05-6-33) 0-50 (0-1-46) 0 (0-0-68) 0-56 (0-12-1-61)

‘ Differences were analysed using a Student’s f test and were not significan.. 
tDifferences were analysed using a Chi-square test and were not significant.

F.C.T. 13/3— B
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were not increased by occupational exposure to diel- 
drin. The ages of the subjects were included as covar
iates with the data. N o significant age-related differ
ences were detected.

DISCUSSION

The three mammalian test systems reported here 
are those suggested by the report of the United States 
Advisory Panel on Mutagenicity o f Pesticides (1969) 
and are among those recommended by a W HO Scien
tific Group (1971) concerned with the evaluation and 
testing of drugs for mutagenicity.

Dominant lethal mutations in mammalian repro
duction result in non-viable zygotes, early foetal 
deaths and sterility and semi-sterility in Fj progeny. 
Such effects are a result of structural and/or numeri
cal changes in the chromosomes of the germinal cells 
in sexually mature animals (Epstein, Bass, Arnold & 
Bishop, 1970).

In our first study, male mice were mated to females 
for a total of 8wk, a period covering one complete 
spermatogenic cycle in the male mouse (Oakberg, 
1957). In this study, an apparent reduction in the 
number of females pregnant and in the number of 
foetal implantations per pregnant female followed 
mating in wk 1 after dosing of the males with 25 mg 
HEOD/kg. Females in the 12-5 mg HEOD/kg group 
showed a reduction in foetal implantations when 
mated 3 wk after dosing of the males. No increase 
in early foetal deaths occurred at either HEO D con
centration. Considerable weekly variations in preg
nancy rate and foetal implantations occurred in both 
treated and control groups and in order to investigate 
the intermittent low fertility in the early weeks of the 
study, an experiment was instituted to include the 
same doses and a higher dose of HEOD. In addition, 
the animals were housed under improved environ
mental conditions, resulting in increases in the per
centage o f females pregnant and in the number of 
foetal implantations and a reduction in the weekly 
variation in these values in all groups. In the second 
experiment, in which males were dosed with 12-5, 25 
or 50 mg HEOD/kg, no reduction in foetal im
plantations was recorded and the values for early foe
tal deaths did not differ significantly from the control 
value.

The somatic cells of the Chinese hamster contain 
22 individually characteristic chromosomes, making 
it an excellent subject for chromosome studies, and 
most types o f chromosome abnormality are readily 
identified. In the present study only chromatid-type 
aberrations were seen.

The time of maximum chromosome damage follow
ing treatment with chromosome-breaking chemicals 
varies with the nature of the chemical and the 
mechanism leading to chromosome breakage. In an 
evaluation of bone marrow cells as a test system, 
Schmid, Arakaki, Breslau & Culbertson (1971) treated 
Chinese hamsters with cyclophosphamide and 
demonstrated a dose-related increase in chromosome 
damage with a maximum incidence of aberrations at 
6-8 hr. Other alkylating agents are known to exert 
a delaying effect on cell division (Kihlman, 1966). 
Studies with Chinese hamster cells in vitro have 
shown that mitotic delay by mutagens ranges from 
3-4 hr with EMS to 21 hr with ICR-191, an acridine

derivative (Kao & Puck, 1969). To allow for possible 
mitotic delay in the present study, half the animals 
were killed after 8 hr and the remainder 24 hr after 
administration of HEOD.

The oral L D 50 for HEO D in Chinese hamsters is 
120mg/kg. Single oral doses of 30 or 60 mg H E O D / 
kg failed to induce any demonstrable chromosome 
damage in Chinese hamster bone marrow cells.

In the host-mediated assay, the compound being 
studied is influenced by the metabolic processes of 
the host before reaching the indicator organism, in 
this case, a yeast. Thus the activity o f the compound 
may or may not be affected by the host. For example, 
streptozostatin and methylnitronitrosoguanine are 
able to induce mutations in Salmonella typhimurium 
in vitro and in vivo. Dimethylnitrosamine, a potent 
carcinogen, requires metabolic alteration before it is 
able to induce gene mutation, while 2-amino-purine 
nitrate is positive in vitro but is detoxified in vivo 
and is unable to induce mutation in the host- 
mediated assay (Gabridge & Legator, 1969). EMS is 
metabolized at a rate that permits it to reach a rela
tively constant, though short-lived, equilibrium in 
most tissues of the mouse before being hydrolysed 
(Cumming & Walton, 1970) and thus it is an effective 
mutagen in vitro and in vivo.

After single or repeated administration of HEOD  
in high oral doses, which proved lethal to a propor
tion o f the animals, there was no evidence of a genetic 
effect on the test organism in the host-mediated assay.

The short-term culture of peripheral blood offers 
a convenient method for studying the somatic chromo
somes of man and has proved useful for monitoring 
chromosome changes in small populations. The pro
cedure has been used to investigate the effects of 
methylmercury pollution in a fish-eating community 
in Denmark (Mailing, Wassom & Epstein, 1970) and, 
in the industrial health -field, for studying the effects 
on workers of exposure to atmospheric benzene 
(Forni et al. 1971; Tough & Court Brown, 1965; 
Tough, Smith, Court Brown & Harnden, 1970), heavy 
metals (Leonard, Deknudt & Gilliavod, 1974) and 
organophosphate insecticides (Czeizel, Kiraly & 
Ruzicska, 1974). Tough et al. (1970) studied the chro
mosomes of workers at three different factories in 
which benzene was present in the atmosphere. They 
found that while the frequency of chromosome 
aberrations was generally higher than in a normal 
population, they were unable to indicate a direct cor
relation between exposure to benzene and an excess 
of chromosome aberrations in the blood. They con
cluded that other factors, such as the age of the indivi
dual, influenced the frequency of chromosome 
changes.

The normal human karyotype consists of 46 chro
mosomes. Deviation from this number may be due 
to faulty cell division, but more often hypodiploid 
cells (with less than 46 chromosomes) result from the 
loss o f chromosomes during the processing of cell cul
tures for microscopic analysis. It has been suggested 
(Buckton et al. 1962) that X-ray therapy may alter 
the fragility of cell membranes so increasing the loss 
of chromosomes during processing, and it is also 
possible that other agents may have a similar effect. 
In the present study, although the proportion of 
hypodiploid cells was high, it did not differ signifi
cantly between worker groups (Table 7).
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Structural deviations from the normal karyotype 
are due to breakage of chromosomes and the result
ing fragments may or may not rejoin. Breaks or gaps 
in single chromatids at metaphase (B cells) arise sub
sequent to the DNA synthesis and replication stage 
of mitosis and are unlikely to persist through another 
cell division. Chromosome-type breaks, which are in
duced before or during DNA synthesis, may rejoin 
to form new chromosomes. These may be ring-forms, 
dicentrics or tricentrics and, because of mechanical 
difficulties, they are unlikely to survive a further cell 
division. Broken chromosomes may also rejoin to 
form chromosomes with a stable configuration, 
which, because they are monocentric, should be able 
to participate in normal mitosis. Since stable chromo
some aberrations will only be recognized if the new 
monocentric differs morphologically from the normal 
karyotype, counts of Cs cells present an underesti
mate of the true number of such translocations. Cu 
cells, however, are morphologically distinct and pro
vide a more accurate index of the frequency of trans
locations.

In the present study, neither the frequency of Cs 
cells nor that o f Cu cells differed significantly between 
worker groups. When the age of the individual 
workers was introduced as a covariate in the statisti
cal evaluation, again no significant differences were 
recorded.

The results o f the dominant lethal assays reported 
here confirm the findings of Epstein, Arnold, Andrea, 
Bass & Bishop (1972) who found no evidence of 
dominant lethal mutations in male mice after single 
ip injections or repeated oral doses of dieldrin. These 
results, together with the negative results obtained in 
dieldrin plant workers, Chinese hamsters and the 
host-mediated assay suggest that dieldrin does not 
present a mutagenic hazard.

Acknowledgements—The authors wish to thank Dr. C. 
Ottovanger for providing blood samples. Mrs. J. Funnel, 
Mrs. B. D. Perquin. Mrs. H. Pockett, Mrs. K. R. Senner 
and Mrs. C. Whitebread for technical assistance, and Mr. 
W. V. McCarthy and Mr. A. Johnstone for carrying out 
the statistical analyses.

REFERENCES

Advisory Panel on Mutagenicity of Pesticides (1969). 
Mutagenicity of Pesticides. Report of the Secretary’s 
Commission on Pesticides and their Relationship to En
vironmental Health. Part II, p. 565. US Department of 
Health, Education, and Welfare, Washington, D.C. 

Baldwin, M. K„ Robinson. J. & Parke, D. V. (1972). A 
comparison of the metabolism of HEOD (dieldrin) in 
the CF1 mouse with that in the CFE rat. Fd Cosmet. 
Toxicol. 10, 333.

Buckton, Karin E., Jacobs, Patricia A., Court Brown, W.
M. & Doll R. (1962). A study of the chromosome 
damage persisting after X-ray therapy for ankylosing 
spondylitis. Lancet ii, 676.

Buckton, K. E. & Pike, M. E. (1964). Time in culture. 
An important variable in studying in vivo radiation-in
duced chromosome damage in man. Int. J. Radiat. Biol. 
8, 439.

Gumming, R. B. & Walton. Marva F. (1970). Fate and 
metabolism of some mutagenic alkylating agents in the 
mouse. I. Ethyl methanesulfonate and methyl methane- 
sulfonate at sublethal dose in hybrid males. Mutation 
Res. 10, 365.

Czeizel, A., Kiraly, J. & Ruzicska, P. (1975). Studies on 
chromosomal mutations in workers producing organo- 
phosphate insecticides. Abstracts of the Fourth Annual 
Meeting of the European Environmental Mutagen 
Society. Mutation Res. In press.

Dean, B. J. (1969). Chemical-induced chromosome damage. 
Lab. Anim. 3, 157.

Dean. B. J. (1972). The effect of dichlorvos on cultured 
human lymphocytes. Arch. Tox. 30, 75.

Dean, B. J., Doak, S. M. A. & Funnell. J. (1972). Gen
etic studies with dichlorvos in the host-mediated assay 
and in liquid medium using Saccharomyces cerevisiae. 
Arch. Tox. 30, 61.

Epstein, S. S., Arnold, Elsie, Andrea. Joan, Bass, Willa & 
Bishop, Yvonne (1972). Detection of chemical mutagens 
by the dominant lethal assay in the mouse. Toxic appl. 
Phannac. 23, 288.

Epstein, S. S., 3ass, W., Arnold, E. & Bishop. Y. (1970). 
The failure of caffeine to induce mutagenic effects or 
to synergize the effects of known mutagens in mice. Fd 
Cosmet. Toxicol. 8, 381.

Fishbein, L., Flamm, W. G. & Falk. H. L. (1970). Chemical 
Mutagens. Environmental Effects on Biological Systems. 
p. 198. Academic Press, New York.

Forni, Alessandra. Pacifico, Emma & Limonta, A. (1971). 
Chromosome studies in workers exposed to benzene or 
toluene or both. Archs envir. Filth 22, 373.

Gabridge, M. & Legator, M. S. (1969). A host-mediated 
microbial assay for the detection of mutagenic com
pounds. Proc. Soc. exp. Biol. Med. 130, 831.

Kao, F.-T. & Puck, T. T. (1969). Genetics of somatic mam
malian cells. IX. Quantitation of mutagenesis by physical 
and chemical agents. J. Cell. Physiology 74, 245.

Kihlman, B. A. (1966). Actions of Chemicals on Dividing 
Cells. Prentice Hall, Inc., Englewood Cliffs, New Jersey.

Leonard, A., Deknudt, Gh. & Gilliavod. N. (1975). Genetic 
and cytogenetic hazards of heavy metals in mammals. 
Abstracts of the Fourth Annual Meeting of the Euro
pean Environmental Mutagen Society. Mutation Res. In 
press.

Mailing, H. V.. Wassom, J. S. & Epstein, S. S. (1970). Mer
cury in our environment. NewsI. Environ. Mutagen Soc. 
no. 3, p. 7.

Oakberg, E. F. (1957). Duration of spermatogenesis in the 
mouse, Nature, Lond. 180, 1137.

Schmid, W., Arakaki, D. T., Breslau, N. A. & Culbertson, 
J. C. (1971). Chemical mutagenesis: The Chinese hamster 
bone marrcw as an in vivo test system. I. Cytogenetic 
results on basic aspects of the methodology, obtained 
with alkylating agents. Hum. Genet. 11, 103.

Tough, I. M. & Court Brown, W. M. (1965). Chromosome 
aberrations and exposure to ambient benzene. Lancet 
i, 684.

Tough, I. M.. Smith, P. G„ Court Brown. W. M. & 
Harnden, C. E. (1970). Chromosome studies on workers 
exposed to atmospheric benzene. A possible influence 
of age. Eur J. Cancer 6, 49.

Walker, A. I. T. & Poppleton, W. R. A. (1967). The estab
lishment of a specific-pathogen-free (SPF) rat and mouse 
breeding unit. Lab. Anim. 1, 1.

WHO Scientific Group (1971). Evaluation and Testing of 
Drugs for Mutagenicity. Principles and Problems. 
Report of £ WHO Scientific Group. Tech. Rep. Ser. Wld 
Hlth Org. 482.



Fd Cosmet. Toxicol. Vol. 13, pp. 325-329. Pergamon Press 1975. Printed in Great Britain

MYCOTOXINE IN NAHRUNGSMITTELN. IV.
DER EINFLUSS VERSCHIEDENER 

VERPACKUNGSFOLIEN AUF DAS WACHSTUM VON 
A S P E R G I L L U S  F L A V U S  UND DIE BILDUNG DER 

AFLATOXINE Bj UND Gj AUF EINIGEN 
SCHNITTBROTARTEN

J. Reiss

Mikrobiologisches Laboratorium, Grahamhaus Studt KG, 655 Bad Kreuznach, Bundesrepublik Deutschland

(Eingegangen am I Oktober 1974)

Zusammenfassung—Das Wachstum von Aspergillus flavus sowie die Aflatoxinproduktion auf Schnitt
broten wird im wesentlichen von der Sauerstofldurchlässigkeit der Verpackungsfolien bestimmt: je 
geringer diese ist, desto schwächer breitet sich der Pilz aus und desto weniger Aflatoxine werden 
gebildet. Im Extremfall reicht die Sauerstoflkonzentration im engen Raum zwischen Brot und Verpack
ungsfolie zwar noch für ein Wachstum des Pilzes, jedoch nicht mehr zur Synthese von Aflatoxinen 
aus. Sauerstoffmangel hemmt stärker die Bildung von Aflatoxin B, als die von Gt. Säuregrad und 
Zusammensetzung des Brotes beeinflussen ebenfalls das Wachstum von A. flavus und die Aflatoxinpro
duktion.

Abstract—The growth of Aspergillus flavus and the production of aflatoxins on sliced bread largely 
depends upon the oxygen permeability of the packaging foil; the lower this factor, the weaker is 
the growth of the mould and the production of aflatoxins. In the extreme case, the concentration 
of oxygen in the narrow space between bread and foil is sufficient for fungal growth but is too low 
for any aflatoxin synthesis. Oxygen deficiency has a more marked inhibitory effect on the formation 
of aflatoxin B, than on that of G,. The degree of acidity and the composition of the different kinds 
of bread also affect fungal growth and aflatoxin production.

EINFÜHRUNG
Aspergillus flavus w ä c h s t  a u f  d e n  v e rsch ie d en s te n  

L e b e n sm itte ln  p fla n z lic h e r  H e rk u n f t  u n d  b ild e t  d o r t  
a u c h  d ie  h o c h  c a rc in o g e n e n  A fla to x in e  (R eiss, 1972). 
B e m e rk en sw e rte rw e ise  is t ü b e r  e in e  T o x in b i ld u n g  a u f  
B ro t  n u r  v e rh ä ltn ism ä ss ig  w en ig  b e k a n n t,  o b w o h l A. 

flavus a u f  d ie sem  N a h ru n g s m itte l  w a c h se n  k a n n  
(R eiss, 1973a). S o  k o n n te n  in  L e in sa m en -, R o g g e n - 
u n d  W e iz e n v o llk o rn b ro t ,  d ie  m it e in e m  to x in o g e n e n  
A. flavus-S ta m m  b e im p ft w o rd e n  w a re n , d ie  A fla to x 
ine  B , u n d  G [  n a ch g e w iesen  w e rd e n  (F ra n k , 1966 
u . 1968).

Bei U n te rsu c h u n g e n  v o n  s p o n ta n  v e rsc h im m e lte n  
B ro te n  k o n n te n  F r a n k  u. E y r ic h  (1968) A fla to x in  in 
e in e m  V o llk o rn b ro t  n a ch w e ise n , n ic h t  je d o c h  in  
M is c h b ro t ,  P u m p e rn ic k e l  sow ie  in  L e in sa m e n -  u n d  
W e issb ro t. A fla to x in e  B u n d  G  w u rd e n  v o n  B ö se n 
b e rg  u. E b e rh a rd t  (1969) in  e in e m  n ic h t  n ä h e r  
b e z e ic h n e te n  s p o n ta n  v e rsc h im m e lte n  B ro t, v o n  
H a n s s e n  u . H a g e d o rn  (1969) in  L a n d - , W eiss - u n d  
V o l lk o rn b ro t  g e fu n d en . V o n  v e rsch ie d en e n  s p o n ta n  
v e rsc h im m e lte n  B ro ts o r te n  e n th ie lt  M is c h b ro t  a m  
h ä u f ig s te n  A fla to x in  (S p ich er, 1969 u . 1970). In  u n v e r 
p a c k te m , m it A. flavus b e im p fte m  B ro t fa n d  S p ich er 
(1973) n u r  d o r t  d ie  A fla to x in e  B i u n d  G t , w o  a u c h  
P ilzm y c e l n a ch z u w e isen  w ar. V erg le ich e  v o n  P ilz 
w a c h s tu m  u n d  M e n g e  d e r  g e b ild e te n  T o x in e  e rg a b e n  
k e in e  A b h ä n g ig k e it  b e id e r  F a k to re n  v o n e in a n d e r .

E ig e n e  U n te r s u c h u n g e n  zeig '.en , d a ss  in  g e sc h n it
te n e m  u n d  v e rp a c k te m  W e iz e n v o llk o rn b ro t ,  d a s  m it 
e in e m  to x in o g e n e n  S ta m m  v o n  A. flavus b e im p ft

w o rd e n  w a r, e r s t  b e i A n w e se n h e it v o n  S p o re n  in  d e r  
P ro b e  A fla to x in  B , n a c h w e isb a r  is t (R eiss, 1971). 
D iese  E rsc h e in u n g  b e ru h t  m it g ro ss e r  W a h rsc h e in 
l ic h k e it  a u f  d e m  ra sc h  s in k e n d e n  S a u e rs to ffg e h a lt  im  
L u f tra u m  z w isch en  B ro t u n d  V e rp a c k u n g . J e m m a li 
u . L a fo n t (1972) s tu d ie r te n  d a s  V e rh a lte n  v o n  A fla 
to x in  B , w ä h re n d  d e r  e in z e ln e n  P h a s e n  d e r  B ro th e r 
s te llu n g : d e r  T o x in g e h a lt  s in k t  w ä h re n d  d e s  K n e te n s  
d es T e ig es  d e u tl ic h  a b , w ä h re n d  e r  d u rc h  T e ig g ä ru n g  
u n d  B a c k p ro z e s s  n u r  re la tiv  w e n ig  b e e in flu ss t w ird .

D ie  b ish e r  b e k a n n te n  U n te rsu c h u n g s e rg e b n is se  
b e z ie h e n  s ic h  im  w e se n tlic h e n  a u f  L a ib b ro te .  S eit 
lä n g e re r  Z e it  is t je d o c h  zu  b e o b a c h te n , d a ss  d e r  K o n 
su m e n t g e sc h n itte n e s  u n d  v e rp a c k te s  B ro t  b e v o rz u g t. 
E s  e rsc h ie n  d a h e r  a n g ez e ig t, W a c h s tu m  v o n  A. flavus 
u n d  A fla to x in b ild u n g  g e ra d e  a u f  so lc h e n  B ro ta r te n  zu  
u n te rsu c h e n . D a b e i w u rd e  z u n ä c h s t  ü b e rp rü f t ,  o b  die 
D u rc h lä ss ig k e it  d e r  V e rp a c k u n g s fo lie n  fü r W a s se r 
d a m p f  u n d  S a u e rs to ff  d a s  V e rh a lte n  d e s  T o x in p ro d u 
z e n te n  b ee in flu ssen . G e ra d e  w eil d ie  A fla to x in b ild u n g  
v o m  v e rfü g b a re n  S a u e rs to ffg e h a lt  a b z u h ä n g e n  sch ien  
(R eiss, 1971), w a r  e s  d e n k b a r ,  d u rc h  A u sw a h l e in es  
g e e ig n e te n  V e rp a c k u n g sm a te r ia ls  d ie  B ild u n g  v o n  
A fla to x in e n  zu  h e m m e n  o d e r  so g a r  g a n z  zu  u n 
te rd rü c k e n .

EXPERIMENTELLER TEIL

Pilz. Z u r  B e im p fu n g  d e r  B ro te  w u rd e  e in  a f la to x -  
in o g e n e r  S ta m m  v o n  A. flavus (N r  8 9717 ; C o m m o n 
w e a lth  M y c o lo g ic a l In s t i tu te ,  K ew , S u rrey , E n g la n d )
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Table 1. Wasser dampf- und Sauerstoffdurchl'ässigkeit der verwendeten Verpackungsfolien

Verpackungsfolie Abkürzung Hersteller
Dicke
(fim)

Wasserdampfdurchlässigkeit* 
(g/nr/24 h)

Sauerstoffdurchlässigkeit* 
(cm3/m2/24 h)

Cellophan GEB 300 GEB K/W 20 2,5-3,0 c. 15
Trespaphan PCt PNC K/W 20 <1 10
Polypropylen PP T/T 20 c. 2 1455
Polyvinylchlorid PVC DN/T 20 c. 1 100

K/W = Kalle, Wiesbaden T/T =  Tohcello, Tokio 
DN/T =  Dynamit-Nobel, Troisdorf

*Bei 20°C.
tPolyvinylidenchlorid-lackierte Polypropylenfolie.

v e rw en d e t, d e r  a u f  M a lz a g a r  (4%  M a lz e x tra k t ,  0 ,5%  
P e p to n  u n d  2,5%  A g a r)  k u ltiv ie r t  w u rd e .

Brotarten. A ls N ä h r s u b s tr a t  d ie n te n  fo lg en d e  B ro t
a r te n  d e r  e ig e n en  P r o d u k t io n :  G ro b e s  R h e in isc h e s  
V o llk o rn b ro t  (R o g g e n v o llk o rn b ro t) , F e lk e b ro t  (R o g 
g e n v o llk o rn b ro t  m it  A n te ile n  a n  W eize n sc h ro t) , G r a 
h a m b ro t  (W e iz e n v o llk o rn b ro t) , W e iz e n k e im b ro t 
(W e iz e n v o llk o rn b ro t  m it  Z u sa tz  v o n  W eizen k e im en ), 
L e in s a m e n b ro t  (W e iz e n v o llk o rn b ro t  m it 15% L e in 
sam en ), B a u e rn s c h n itte n  (M is c h b ro t  a u s  R o g g e n -  u n d  
W eizen m eh l), F r ü c h te v o l lk o rn b ro t  u n d  P u m p e r 
n ickel.

D ie  B ro te  w u rd e n  m asch in e ll g e sc h n itte n  u n d  je  
d re i S ch e ib e n  in  d e n  in  T a b e lle  1 g e n a n n te n  F o lie n  
v e rp a c k t. E s  w u rd e n  v o n  je d e r  B ro ta r t  in  je d e r  V e r
p a c k u n g  m in d e s te n s  v ie r P a c k u n g e n  h e rg este llt. D ie  
P a c k u n g e n  w u rd e n  v o r  d e r  B e im p fu n g  m it h e isse r 
L u f t s te r ilis ie r :. S c h im m e lv e rh ü tu n g sm itte l w u rd e n  
n ic h t  zu g ese tz t.

Verpackungsfolien. Z u r  Ü b e rp rü fu n g  d e r  A b h ä n g ig 
k e it  v o n  P ilz w a c h s tu m  u n d  A fla to x in b ild u n g  v o n  d e r 
S a u e rs to ff- u n d  d e r  W a s se rd a m p fd u rc h lä s s ig k e it  des 
V e rp a c k u n g sm a te r ia ls  w u rd e n  so lch e  F o lie n  a u s 
g e w äh lt, d ie  sich  in ih ren  D u rc h lä ss ig k e itsw e rte n  
m ö g lic h s t w e it u n te rs c h e id e n  (T ab . 1).

Kontrollen. Z u r  E rm it tlu n g  e in e s  m ö g lic h e n  E in 
flusses e in e r  s ich  ä n d e rn d e n  A tm o s p h ä re  im  e n g en  
R a u m  z w isch en  B ro t u n d  V e rp a c k u n g  a u f  d a s  V e r
h a lte n  v o n  A. flavus w u rd e n  s te r ilis ie r te  S tü c k e  je d e r  
S o r te  b e im p ft u n d  in  fe u ch ten  K a m m e rn  bei 22°C  
b e b rü te t.

Bestimmung des Säuregrades. N a c h  d e r  H e is s lu f t
s te r il is a tio n  w u rd e  v o n  je d e r  B ro tso r te  in  je d e r  V e r
p a c k u n g s a r t  d e r  S ä u re g ra d  (S p ic h er, 1971) d u rc h  
T i t r a t io n  m it 0,1 N -N a O H  g eg en  P h e n o lp h th a le in  
(M e th o d e  n a c h  S c h u le ru d , siehe  Arbeitsgemeinschaft 
Getreideforschung, 1964).

Beimpfung der Brote. A u s d e r  M a lz a g a r -V o rra tsk u l-  
tu r  w u rd e n  e in ig e  S p o re n  ste ril u n te r  d ie  V e rp a c k 
u n g sfo lie  a u f  d a s  Z e n tru m  d e r  jew e ils  v o rd e rs te n  
S ch e ib e  d e r  B ro tp a c k u n g e n  ü b e r tra g e n . D ie  so 
b e im p fte n  B ro tp a c k u n g e n  w u rd e n  b e i e tw a  2 5 °C  im  
D u n k e ln  g e la g ert.

Messung des Pilzwachstums. In  A b s tä n d e n  v o n  24 
S tu n d e n  w u rd e n  ü b e r  e in e n  Z e i t r a u m  v o n  b is  zu  20 
T a g e n  h in w eg  d ie  R a d ie n  d e r  P ilz k o lo n ie n  g em essen . 
A u s d e n  W e r te n  d e r  e in z e ln e n  P a c k u n g e n  w u rd e n  d ie 
D u rc h sc h n it tsw e r te  b e s tim m t.

Halbquantitative Bestimmung der Aflatoxine B , und 
G,. N a c h  e in e r  In k u b a tio n s z e i t  v o n  jew e ils  10 u n d  
20  T a g e n  w u rd e n  d ie  B ro te  a u f  d ie  A n w e se n h e it d e r 
A fla to x in e  B ! u n d  G !  h in  u n te r s u c h t ;  1 g d e r  P ro b e n  
m it s ta rk e r  M y c e lb ild u n g  w u rd e  in  5 m l C h lo ro fo rm

z e rrie b e n , u n d  n a c h  e in e r  E x tra k t io n s z e it  v o n  10 
M in u te n  w u rd e  d a s  C h lo ro fo rm  d e k a n t ie r t  u n d  z u m  
V e rd u n s te n  g e b ra c h t  u n d  d e r  R ü c k s ta n d  in  1 m l 
C h lo ro fo rm  g e lö s t. M it  H ilfe  e in e r  M ik ro k a p il la re  
(D e sa g a , H e id e lb e rg )  w u rd e n  2 pl d iese r L ö su n g  a u f  
e in e  K ie se lg e l-F e r tig p la tte  (P o ly g ra m  Sil N - H R ;  
M a c h e re y -N a g e l &  C o., D ü re n )  a u fg e tra g e n  u n d  a u f 
s te ig e n d  m it  3%  M e th a n o l  in  C h lo ro fo rm  (R eiss, 1970) 
e n tw ic k e lt. A ls S ta n d a rd  w u rd e n  je  2 p\ v o n  L ö su n g e n  
v o n  je w e ils  0,01 m g  A fla to x in  B , u n d  A fla to x in  G i  
(R o th , K a r ls ru h e )  in  2 m l C h lo ro fo rm  m itc h ro m a to -  
g ra p h ie r t.  N a c h  T ro c k n u n g  a n  d e r  L u f t w u rd e n  d ie  
C h ro m a to g ra m m e  u n te r  lan g w e llig e m  U V -L ic h t 
(B lak -R a y , U V L -2 1 ; H o rm u th -V e t te r ,  H e id e lb e rg )  a u f  
f lu o re sz ie re n d e  F le ck e  h in  u n te rs u c h t.

D ie  h a lb q u a n t i ta t iv e  A fla to x in -B e s tim m u n g  
e rfo lg te  u n te r  Z u h ilfe n a h m e  e in es  K o d a k -G ra u k e i ls  
(R eiss, 1973b). A b so lu te  W e r te  k ö n n e n  m it  d iesem  
V e rfa h re n  n ic h t  a n g e g e b e n  w e rd en , je d o c h  lä s s t sich  
e in  en g  b e g re n z te r  K o n z e n tra tio n s b e re ic h  e rm itte ln . 
D ie  u n te r s te n  N a c h w e isg re n z e n  b e tra g e n  fü r b e id e  
A fla to x in e  0 ,002 /tg, d a s  h e iss t 2 p p b  b e i e in e m  A u s
g a n g sg e w ic h t d e r  P ro b e n  v o n  1 g.

ERGEBNISSE

Wachstum von A. flav u s  auf verschiedenen Brotarten 
unter dem Einfluss der einzelnen Verpackungsfolien

A. flavus w u c h s  g u t  a u f  F c ik e - , W eize n k e im -, L e in 
sa m e n -  u n d  G r a h a m b r o t  sow ie  a u f  B a u e rn sc h n itte n  
(A bb . 1), n ic h t  je d o c h  a u f  P u m p e rn ic k e l  (S ä u re g ra d  
ü b e r  12), g ro b e m  R h e in isc h e m  V o llk o rn b ro t  (S ä u re 
g ra d  10,5) u n d  F rü c h te b ro t  (S ä u re g ra d  n ic h t  b e s 
t im m b a r) . A ls b e s te s  S u b s tra t  e rw iese n  sich  
B a u e rn s c h n itte n , g e fo lg t v o n  W e iz e n k e im b ro t;  a u f  
F e lk e - , L e in sa m e n -  u n d  G r a h a m b r o t  g e d ie h  d e r  P ilz  
ä h n lic h  g u t.

V o n  a lle n  F o lie n  re d u z ie r te  G E B  d a s  W a c h s tu m  
v o n  A. flavus a m  s tä rk s te n ;  ä h n lic h  v e rh ie lt  s ich  a u c h  
P N C . A u f  d e r  a n d e re n  Seite  liess d ie  P P -F o l ie  e in  
b e so n d e rs  s ta rk e s  P ilz w a c h s tu m  zu , w ä h re n d  P V C  in 
e tw a  e in e  M itte ls te l lu n g  z w isc h en  G E B  u n d  P N C  
e in e rse its  u n d  P P  a n d e re rs e its  e in n a h m .

Aflatoxinbildung in verschiedenen Brotarten unter dem 
Einfluss der einzelnen Verpackungsfolien

D ie  A b b ild u n g e n  2 a  u n d  2b  fassen  d ie  e rm itte lte n  
K o n z e n tra t io n e n  v o n  A fla to x in  B , u n d  G ,  n a c h  I n 
k u b a tio n sz e ite n  v o n  10 u n d  20  T a g e n  z u sa m m e n . 
G le ic h z e itig  w e rd e n  a u c h  d ie  W erte  d e r  K o n tro l le n  
a n g eg e b en . B ei a lle n  B ro ta r te n  w a re n  d ie  h ö c h s te n
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Abb. 1. W achstum  von A. flams a u f  (a) Felkebro ten , (b) G raham bro ten , (c) W eizenkeim broten, (d) L einsam enbro ten  
und  (e) B auernschnitten  in verschiedenen V erpackungsarten: G EB  (-------), P N C  (-----------), PV C  (----- ) und  P P  (---------- ).

A f la to x in m e n g e n  in  d e n  K o n tro l lb ro te n  o h n e  V e r
p a c k u n g  zu  fin d en . E in e  V e rp a c k u n g  re d u z ie r te  
g en ere ll d ie  T o x in b ild u n g , w o b e i G E B  u n d  P N C  d en  
s tä rk s te n  E in flu ss  h a tte n , g e fo lg t v o n  P V C  u n d  P P .

DISKUSSION

D ie  E ig e n sc h a f te n  d es v e rw e n d e te n  V e rp a c k u n g s 
m a te ria ls  b e e in flu sse n  in  h o h e m  M a sse  P ilz w a c h s tu m

u n d  A fla to x in p ro d u k tio n . S o  w e rd e n  d iese  b e id e n  
F a k to re n  d u rc h  G E B  u n d  P N C  a m  s tä rk s te n  
g e h e m m t, w ä h re n d  P V C  u n d  P P  e in e  s tä rk e re  A u s
b re itu n g  v o n  A. flavus sow ie  e in e  e rh ö h te  T o x in b il
d u n g  z u la ssen . L ed ig lic h  b e im  W e iz e n k e im b ro t w ird  
d a s  P i lz w a c h s tu m  d u rc h  d ie  v e rsc h ie d e n e n  
F o l ie n a r te n  n ic h t  w e se n tlic h  b e e in flu ss t (A bb . lc ). W ie  
a u s  d e r  T a b e lle  d e r  E ig e n sc h a fte n  d e r  F o lie n  zu  
e rk e n n e n  ist, is t d ie  S a u e rs to ffd u rc h lä s s ig k e it  de r
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Abb. 2. Konzentrationen der (a) Aflatoxin B, und (b) Aflatoxin G t nach 10 ( ! )  und 20 ( Q) Tagen auf verschiedenen 
Schnittbrotarten—(1) Felkebrot, (2) Weizenkeimbrot, (3) Leinsamenbrot, (4) Grahambrot und (5) Bauernschnitten. K =  
Kontrolle.

m a ssg e b e n d e  F a k to r  fü r d e n  E in flu ss  e in e r  F o lie  a u f  
P i lz w a c h s tu m  u n d  A fla to x in b ild u n g : G E B  u n d  P N C  
s in d  p ra k tis c h  sa u e rs to ffu n d u rc h lä s s ig , w ä h re n d  P V C  
u n d  in sb e so n d e re  P P  e in e  h o h e  D u rc h lä s s ig k e it  
b e s itz en . V o r  a lle m  P P  e r la u b t  d a n n  a u c h  e in  ra sc h e s  
W a c h s tu m  v o n  A. flavus u n d  e in e  e rh ö h te  A fla to x in -  
P ro d u k t io n .  W a h rsc h e in lic h  w ird  b e i e in e m  B ro t, d a s  
in  s ta rk  s a u e rs to ffu n d u rc h lä s s ig e r  F o lie  v e rp a c k t ist, 
d u rc h  d a s  M y c e lw a c h s tu m  d ie  v e rfü g b a re  S au e rs to ff- 
k o n z e n t r a t io n  se h r b a ld  so  s ta rk  e rn ie d r ig t, d a s s  e in e  
S y n th e se  d e r  A fla to x in e  d e u tl ic h  g e h e m m t o d e r  g a n z  
u n te rd rü c k t  w ird . F ü r  d ie  P ra x is  e rg ib t  sich  d a ra u s , 
d a ss  d ie  s ic h tb a re  A n w esen h e it e in e s  P ilzm y c e ls  n ic h t 
n o tw e n d ig e rw e ise  a u c h  d a s  V o rh a n d e n s e in  v o n  A fla
to x in e n  z u r  F o lg e  h a t. Is t d a s  B ro t h in g eg e n  in 
sau e rs to fT d u rch lä ss ig em  M a te r ia l  v e rp a c k t, d a n n  k a n n  
b e i e in e m  d u rc h  d a s  M y c e lw a c h s tu m  b e d in g te m  
A b s in k e n  d es S a u e rs to ffg e h a lte s  d ie  d e n  P ilz  u m g e 
b e n d e  A tm o sp h ä re  v o n  a u sse n  h e r  im m e r w ied er 
S a u e rs to ff  a u fn e h m e n . E in e  A f la to x in p ro d u k t io n  ist 
d a n n  m ö g lich .

D ie  e n ts c h e id e n d e  R o lle  d e s  S a u e rs to ffg e h a lte s  in 
d e r  d e n  w a c h se n d e n  P i lz  u m g e b e n d e n  A tm o sp h ä re  
w ird  d u rc h  d ie  E rg eb n isse  v o n  A fla to x in -B e s tim 
m u n g e n  in  u n v e rp a c k te m  B ro t u n te r s tr ic h e n :  a lle  
B ro ta r te n , a u f  d e n e n  A. flavus o h n e  d e n  E in flu ss  e in e r 
V e rp a c k u n g  w a c h se n  k o n n te , e n th ie lte n  d ie  h ö c h s te n  
T o x in m e n g e n  (A bb. 2a,b). D ie  b e d e u te n d e  R o lle  d e r  
v e rfü g b a re n  S a u e rs to f fk o n z e n tra t io n  für d ie  A fla to x 
in sy n th e se  ist v o n  v ielen  A u to re n  au fg ez e ig t w o rd e n  
O r th ,  1973) d o c h  k o n n te  h ie r  z u m  e rs te n  M a l  e in e  
so lch e  A b h ä n g ig k e it  be i e in e m  v e rp a c k te n  L e b e n sm it
te l d e m o n s tr ie r t  w e rd en .

E b e n so  w ie  in  flü ssigen  u n d  festen  sy n th e tisc h e n  
M e d ie n  (E p ste in , S te in b e rg , N e lso n  u . W ei, 1970) läss t 
sich  a u c h  b e i a lle n  B ro ta r te n  e in e  P a ra lle l i tä t  
z w isch en  T o x in p ro d u k t io n  u n d  W a c h s tu m  feststellen . 
S o  ist im  a llg e m e in e n  ü b e ra ll  d o r t  e in e  g e s te ig e rte  
T o x in b ild u n g  n a ch z u w e isen , w o  A. flavus a m  
s tä rk s te n  w ä ch s t. E in  Z u sa m m e n h a n g  d e r  K o n z e n tra 

t io n e n  v o n  A fla to x in  B , m it d e n e n  v o n  G ,  e x is tie r t  
n ic h t  (A bb . 2a,b). So w ird  d ie  S y n th e se  v o n  B , d u rc h  
s a u e rs to ffu n d u rc h lä s s ig e  F o lie n  m e is t d e u tl ic h  s tä rk e r  
g e h e m m t a ls  d ie  v o n  G , .

V e rg le ic h t m a n  d ie  n a c h  10 u n d  20 T a g e n  g e fu n 
d e n e n  T o x in m e n g e n  (A bb . 2a,b), d a n n  lä s s t s ich  fest
ste llen , d a ss  in  d e n  m e is te n  F ä lle n  d ie  H ö c h s tm e n g e  
sc h o n  n a c h  10 T a g e n  sy n th e tis ie r t  w o rd e n  is t u n d  b is  
z u m  20. T a g  n u r  n o c h  se lten  e in e  S te ig e ru n g  e in tr i t t .

D ie  u n te rs c h ie d lic h e  I n te n s itä t  v o n  W a c h s tu m  u n d  
A fla to x in b ild u n g  a u f  d e n  v e rsch ie d en e n  B ro ta r te n  bei 
g le ic h e r  V e rp a c k u n g  lie g t n a tu rg e m ä ss  in d e r  Z u s a m 
m e n se tz u n g  d e s  S u b s tra ts  se lb s t b e g rü n d e t.  So is t v e r
m u tlic h  d e r  h ö h e re  S ä u re g ra d  d ie  U rsa c h e  d a fü r , d a ss  
A. flavus a u f  P u m p e rn ic k e l ,  g ro b e m  R h e in isc h e m  
V o llk o rn b ro t  u n d  F rü c h te b ro t  n ic h t  w a c h se n  k a n n . 
A u c h  d e r  P a tu lin  b ild e n d e  P ilz  Pénicillium expansum 
k o n n te  s ic h  a u f  d iesen  B ro ta r te n  n ic h t  e n tw ic k e ln  
(R eiss, 1973c). O b w o h l s ich  L e in sa m e n b ro t  u n d  G r a 
h a m b ro t  n u r  im  L e in sa m e n a n te il  u n te rs c h e id e n , 
w ä c h s t A. flavus a u f  d e r  e rs tg e n a n n te n  B ro ta r t  b e sse r  
a ls  a u f  le tz te re r . D ies  w ird  w o h l a u f  d e m  h ö h e re n  
W a s se rh a lte v e rm ö g e n  d e r  L e in sa m e n  sow ie  d en  
z u sä tz lic h  in d ie sem  P r o d u k t  v o rh a n d e n e n  
N ä h rs to ffe n  b e ru h e n . L e in sa m e n b ro t  w ird  d a d u rc h  zu 
e in e m  e tw a s  g ü n s tig e re n  N ä h rb o d e n ,  a u f  d e m , w ie 
A b b . 2a u n d  2 b  zeigen , a u c h  g rö sse re  M e n g e n  A fla 
to x in  g e b ild e t W erden.
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EMBRYOTOXIC A N D  TERATOGENIC EFFECTS OF CTAB, 
A CATIONIC SURFACTANT, IN  THE M OUSE
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Abstract—Administrations of CTAB, a quaternary ammonium surfactant, to pregnant mice in an ip 
dose corresponding to 10 or 33% of the LD50 (10-5 or 35-0mg/kg) increased the incidence of malforma
tions, principally cleft palate and minor skeletal defects in the skull and sternum. At the higher dose, 
CTAB increased foetal mortality. Foetal body weight was increased by administration of CTAB on 
day 8 of gestation but was reduced by similar treatment on day 12 or 14. Very low levels of radioactivity 
were found in the foetuses after ip administration of [ 14C]CTAB to pregnant mice on day 14 of 
gestation, the amounts probably being too small to cause teratogenic or toxic effects. An appreciable 
amount (about 3%) of the administered radioactivity was found in the placentae 1-8 hr after the injec
tion. Cationic surfactants are known to affect the permeability of cells and tissues and it is possible 
that the embryotoxic and teratogenic effects of CTAB are due to a disturbance of the functional 
integrity of the placenta.

INTRODUCTION

C a tio n ic  s u r fa c ta n ts  e x h ib it  e x ce llen t a n tim ic ro b ia l  
a c tiv ity  a n d  h a v e  a t ta in e d  w id e sp re a d  u se  in  b a c te r i 
c id a l a n d  fu n g ic id a l p re p a ra tio n s .  S a lto n  (1951), R ie- 
m e rs m a  (1966), S a lt  &  W is e m a n  (1968) a n d  o th e rs  
h av e  a t t r ib u te d  th e  a n tim ic ro b ia l  a c tiv ity  o f  c a tio n ic  
s u r fa c ta n ts  to  a  m e m b ra n e -d iso rg a n iz in g  effect. S o m e 
c a tio n ic  s u r fa c ta n ts  h av e  b e e n  fo u n d  to  a l te r  th e  ra te  
o f  t ra n s fe r  o f  c e r ta in  c o m p o u n d s  th ro u g h  th e  in te s 
tin a l w a ll (M o o re , Z a tz m a n  &  O v e ra c k , 1971; T a y lo r , 
1963), p o ss ib ly  b y  a lte r in g  th e  p e rm e a b il ity  o f  th e  in 
te s tin a l e p ith e liu m . T o  m a m m a lia n  tissues, c a tio n ic  
s u r fa c ta n ts  h a v e  b e en  fo u n d  to  ae to x ic  in  c o n 
c e n tra t io n s  ra n g in g  fro m  10 to  503 p p m  (B e n g m a rk  
&  R y d b e rg , 1968; M o o re  et al. 1971; N iss im , 1960; 
T a y lo r ,  1963). In  o u r  l a b o ra to ry  w e fo u n d  c e r ta in  
a lk y ltr im e th y la m m o n iu m  su rfa c ta n ts  to  be  h ig h ly  
to x ic  to  e a r ly  c h ic k e n  e m b ry o s . T h e  L D 50 fo r u n in c u 
b a te d  eggs w a s  fo u n d  to  b e  in  th e  re g io n  o f  50 /¿g/egg 
(a u th o rs ’ u n p u b lis h e d  find ings). N o  in v e s tig a tio n  o f  
th e  e m b ry o to x ic ity  o f  c a tio n ic  s u r fa c ta n ts  in  m a m 
m als  h a s  b e e n  r e p o r te d  to  o u r  k n o w le d g e , a n d  th e  
p re s e n t  s tu d y  w a s  u n d e r ta k e n  to  m e a su re  th e  p o te n 
tia l e m b ry o to x ic  a n d /o r  te ra to g e n ic  effect o f  a n  a lk y l
t r im e th y la m m o n iu m  s u r fa c ta n t  in m ice.

EXPERIMENTAL

Chemicals. C e ty ltr im e th y la m m o n iu m  b ro m id e  
(C T A B ), 99%  p u re , w a s  o b ta in e d  fro m  E. M e rck , 
D a rm s ta d t ,  G e rm a n y . T r im e th y l - [ l - 14C ]c e ty la m - 
m o n iu m  b ro m id e  ( [ 14C ]C T A B ), w i:h  a  ra d io c h e m ic a l 
p u r i ty  o f  99% , w a s  o b ta in e d  fro m  th e  R a d io c h e m ic a l 
C e n tre , A m e rsh a m , B ucks.

Animals. F e m a le  N M R I  m ice, w e ig h in g  2 5 -3 0  g, 
w ere  u se d  in  a ll e x p e rim e n ts . T h e  a n im a ls  w ere  g iven  
c o m m e ric a l p e lle ts  a n d  w a te r  ad lib. a n d  m a in ta in e d  
in  a  12-hr l ig h t-d a rk  se q u e n ce  u n d e r  a m b ie n t  c o n d i
tio n s  o f  20 +  1°C  a n d  60 +  5%  h u m id ity .

Toxicity. C T A B  in  a q u e o u s  s o lu tio n  w a s  g iv en  in 
s ing le  ip  in je c tio n s  to  fo u r g ro u p s  e a c h  o f  e ig h t m ice.

T h e  m e d ia n  le th a l d o se  a n d  its  s ta n d a rd  e r ro r  w ere  
e s t im a te d  a c c o rd in g  to  M ille r  &  T a in te r  (1944).

Embryotoxicity and teratogenicity studies. F e m a le  
m ice  w e re  m a te d  o v e rn ig h t w ith  m a le s  o f  th e  sam e  
s tra in . T h e  p re sen c e  o f  v a g in a l p lu g s  w a s  ta k e n  a s  
e v id e n ce  o f  p re g n a n c y  a n d  th e  d a y  a  v a g in a l p lu g  
w a s  fo u n d  w a s  d e s ig n a te d  d a y  1 o f  g e s ta t io n . A q u e o u s  
C T A B  in  a  d o se  o f  10-5 o r  3 5 -0 m g /k g  b o d y  w e ig h t 
(c a lc u la te d  o n  th e  w e ig h t o f  th e  a n im a l o n  c o n c e p tio n  
d a y ) w a s  a d m in is te re d  a s  a  sing le  ip  d o se  o n  d a y  8, 
10, 12 o r  14 o f  g e s ta tio n . T h ese  d o se s  c o r re s p o n d e d  
to  10 a n d  33%  o f  th e  L D 50. T h e  v o lu m e  a d m in is te re d  
w a s  1 0 m l/k g  b o d y  w e ig h t a n d  c o n tro l  a n im a ls  
re ce iv e d  a n  e q u a l v o lu m e  o f  w a te r . T h e  a n im a ls  w ere  
w e ig h ed  a t  r e g u la r  in te rv a ls  a n d  k ille d  o n  d a y  19 o f  
g e s ta tio n . T h e  fo e tu ses  a n d  p la c e n ta e  w ere  re m o v e d  
a n d  th e  n u m b e rs  o f  liv in g  a n d  d e a d  fo e tu ses  a n d  th e  
sex a n d  w e ig h t o f  e ac h  fo e tu s  w e re  re c o rd e d . T h e  foe
tu se s  w e re  e x a m in e d  fo r e x te rn a l  g ro ss  m a lfo rm a tio n s  
u n d e r  a  s te re o m ic ro sc o p e  a n d  th e n  c le a re d  in  K O E I 
a n d  s ta in e d  w ith  A liz a r in  R e d  S for d e te c tio n  o f  sk e le 
ta l a n o m a lie s  a n d  d e te rm in a tio n  o f  th e  s ta te  o f  o ss ifi
c a tio n . T h e  S tu d e n t’s t te s t w a s  u se d  fo r c o m p a r is o n  
o f  b o d y  w e ig h ts  a n d  th e  b in o m ia l te s t  fo r p r o p o r t io n s  
w a s  u se d  to  e v a lu a te  th e  freq u e n c y  o f  a n o m a lie s  a n d  
re so rp tio n s .

Distribution studies. P re g n a n t  m ice  w ere  g iv en  a n  
ip d o se  o f  C T A 3  (10%  o f  th e  L D 50) c o n ta in in g  a b o u t  
.1 g G  [ 14C ]C T A B  o n  d a y  14 o f  g e s ta tio n . T h e  a n i
m a ls  w ere  d e c a p ita te d  1, 8 o r  24  h r  a f te r  th e  in je c tio n . 
B lo o d  sa m p le s  w ere  c o lle c te d  a n d  th e  p la c e n ta e  a n d  
fo e tu ses  w ere  re m o v e d . F o e ta l  l iv e rs  a n d  sa m p le s  
(0 - l-0 -2 g )  fro m  m a te rn a l  liv e rs  w ere  ta k e n  fo r th e  
d e te rm in a tio n  o f  ra d io a c tiv ity . T h e  p la c e n ta e  a n d  th e  
fo e tu ses  w ere  h o m o g e n iz e d  in  w a te r  (1 :3 )  a n d  a li
q u o ts  (0-2-0-3 g) o f  th ese  h o m o g e n a te s  w ere  ta k e n  for 
th e  d e te rm in a tio n  o f  ra d io a c tiv ity . T is su e s  w ere  d is 
so lv e d  in  P ro to s o l  (N E N  C h e m ic a ls , D re ie ic h e n tia in  
b e i F r a n k fu r t /M .,  G e rm a n y )  b y  in c u b a tin g  o v e rn ig h t 
a t  5 5 ° C -a n d  a  to lu e n e -b a se d  sc in ti l la t io n  flu id  w as 
a d d e d . B lo o d  p la s m a  (0-1-0-2 m l) w a s  c o u n te d  in  
A q u a so l (N E N  C h em ica ls). A ll sa m p le s  w ere  c o u n te d
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Table 2. Distribution of radioactivity in maternal and foetal tissues after ip administration of [ 14C]C714fl in a dose 
of 10-5 mg/kg body weight (about 1 pCi/mouse) to pregnant mice on day 14 of gestation

Tissue

Amount of radioactivity 
(% of administered dose)

injection (hr). . . 1 8 24

Maternal liver 39-25 + 2-55 12-76 + 1-52 2-36 + 0-09
Total placentae 3-01 + 0-10 3-20 + 0-08 1-47 +  0-10
Total foetuses 0-15 + 0-04 0-49 + 0-08 0-43 + 0-03
Total foetal livers 0 05 ±  0-01 0-25 + 0-03 0-14 ±  0-01

Values are means ±  SEM for groups of three or four animals.

in a liquid scintillation spectrometer (LKB-Wallac, 
Turku) and the results were corrected for quenching 
by internal standardization.

RESULTS

Toxicity
The acute ip LD50 for female mice was found to 

be 106 ± 21 mg/kg. Death occurred generally within 
12 hr of administration. The animals that did not die 
recovered within 24 hr, although some delayed deaths 
did occur. Signs of toxicity included convulsions and 
respiratory depression.

Embryotoxicity and teratogenicity
Observations on the foetuses are summarized in 

Table 1. Within the control group, no significant dif
ferences were observed between foetuses from 
mothers injected on different days of gestation. The 
controls were therefore treated as a single group in 
the statistical evaluations. As seen from Table 1, 
CTAB treatment increased the number of dead im
plantations, compared with control animals, when 
administered at the higher dose (35 0 mg/kg) but not 
at the lower dose (10-5 mg/kg). At both dose levels, 
CTAB increased the number of malformed foetuses 
throughout the developmental period studied, and the 
incidence of malformations was dose-dependent. The 
principal anomalies found were clef: palate and minor 
skeletal defects, including incomplete ossification of 
the dorsal bones (frontals and parietals) of the skull 
and irregularities in the sternum. The frequency of 
cleft palate was highest when the surfactant was 
administered on either day 12 or day 14 of gestation. 
Foetuses from mothers given CTAB on day 8 of 
gestation had a higher average body weight than the 
controls. However, administration of CTAB on day 
12 (35-0 mg/kg) or day 14 (10-5 or 35-0 mg/kg) caused 
a decrease in foetal body weight. No significant differ
ences between controls and treated groups were found 
in respect of maternal weight gain.

Distribution o f  radioactivity
Only small amounts of radioactivity were found in 

the foetuses after ip administration of [14C]CTAB to 
pregnant mice on day 14 of gestation. Some 8 hr after 
the injection, a total of about 0-5% of the adminis
tered radioactivity was found in the foetuses from 
each dam (Table 2), about half of this amount being 
present in the foetal livers. About 3% of the adminis
tered dose was present in the placentae 1 hr after in

jection. The concentration of radioactivity in homo
genized foetuses (Fig. 1) was less than 10% of that 
found in placental tissues, suggesting poor placental 
transfer of CTAB. The decline of radioactivity in the 
placentae was slower than that in maternal blood 
plasma and liver, and in both the placentae and foetal 
tissues the peak levels of radioactivity occurred later 
than in the maternal liver and blood plasma. Insuffi
cient radioactive material was present in the foetal 
tissues for the radioactive compounds to be satisfac
torily identified.

DISCUSSION

CTAB is metabolized to some extent in rats and 
rabbits (Hughes, Millburn & Williams, 1973) and it 
is possible that the low levels of unidentified radioac
tive compounds found in the foetuses represented 
metabolized CTAB. It is also possible, however, that 
it represented radioactive impurities with a greater 
ability than CTAB to penetrate the placental barrier.

T me a f te r  in jec tio n , hr

Fig. 1. Concentrations of radioactivity in maternal liver 
(•)  and blood plasma (A), in the placenta (*) and in foetal 
liver (A) and homogenized foetuses (O), after ip 
administration of [ 14C]CTAB (10-5 mg CTAB/kg body 
weight and about 1 /¿Ci/mouse) to pregnant mice on day 
14 of gestation. Values are expressed as means ±  SEM 
for groups of three or four mice.
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A d m in is tr a t io n  o f  C T A B  to  p r e g n a n t  m ice  b y  ip 
in je c tio n  in  a  d o se  c o r re sp o n d in g  to  10 o r  33%  o f  
th e  L D 50 (10-5 o r  35-O m g/kg) in c re a se d  th e  in c id en ce  
o f  d e a d  im p la n ta t io n s  a n d  m a lfo rm a tio n s . T h e  re su lts  
in d ic a te  th a t  C T A B  m a y  b e  c o n s id e re d  a  “c la ss ic a l” 
te ra to g e n  b e ca u se  a t  th e  lo w e r d o se  th e  su r fa c ta n t  
in te rfe re d  w ith  e m b ry o n ic  d e v e lo p m e n t w ith o u t  b e in g  
e m b ry o le th a l.  A t th e  h ig h e r d ose , C T A B  in c re a se d  
fo e ta l m o r ta l ity .  T h e  p r in c ip a l  a n o m a lie s  fo u n d  w ere  
c left p a la te , in c o m p le te  o ss if ic a tio n  o f  th e  d o rsa l  sk u ll 
b o n e s  a n d  i r re g u la r i t ie s  in  th e  s te rn u m .

T h e  su r fa c ta n t  w a s  fo u n d  to  a ffec t fo e ta l b o d y  
w e ig h t in  a  r a th e r  p u z z lin g  w ay . C T A B  a d m in is te re d  
o n  d a y  8 o f  g e s ta t io n  in c re a se d  foe ta l b o d y  w eigh t, 
b u t  w h e n  th e  d o se  w a s  g iv en  o n  d a y  12 o r  14, foe ta l 
b o d y  w e ig h t w a s  re d u ce d . H o w ev e r, q u a te rn a ry  
a m m o n iu m  c o m p o u n d s  a re  k n o w n  to  b e  p o o r ly  
t ra n s fe r re d  a c ro ss  b io lo g ic a l m e m b ra n e s . W h ile  th e  
v ery  sm a ll leve ls  o f  r a d io a c tiv e  c o m p o u n d s  fo u n d  in 
fo e tu ses  a f te r  ip  a d m in is t r a t io n  o f  [ 14C ]C T A B  to  
p re g n a n t  m ice  w ere  p ro b a b ly  to o  sm a ll to  c au se  te r a 
to g e n ic  a n d  to x ic  effects, a n  a p p re c ia b le  a m o u n t  o f  
ra d io a c t iv ity  a c c u m u la te d  in  th e  p la c e n ta e . N o rm a l  
g ro w th  o f  th e  fo e tu s  is d e p e n d e n t u p o n  th e  fu n c tio n a l 
in te g r ity  o f  th e  p la c e n ta  a n d  th e  m a in te n a n c e  o f  a d e 
q u a te  fo e to m a te rn a l  ex ch an g e . C a tio n ic  su rfa c ta n ts  
h a v e  b e en  fo u n d  b y  sev e ra l w o rk e rs  to  a l te r  th e  p e r 
m ea b ility  o f  cells a n d  tis su e s  (M o o re  et al. 1971; S a lt 
&  W ise m a n , 1968; P e n z o tt i  &  M a tto c k s , 1968; U lit-  
z u r, 1970), a n d  it  is p o ss ib le  th a t  th e  e m b ry o to x ic ity  
a n d  te ra to g e n ic ity  o f  C T A B  is d u e  to  a  d is tu rb a n c e  
o f  th e  fu n c tio n a l in te g r ity  o f  th e  p la c e n ta .
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Abstract—Erythema was produced on the skin of hairless mutant mice by a single exposure to low- 
pressure mercury-vapour (germicidal) ultraviolet lamps. The acute reaction was not affected by pretreat
ment of the skin with 20 p.% of a fluorescent whitening agent (FWA). disodium 4,4'-bis-(4,6-dianilino-
l,3,5-triazin-2-yl)-aminostilbene-2,2'-disulphonate, applied topically in 20 p\ methanol. Skin tumours 
were produced in hairless mice during several months of daily exposure to the same lamps. Slightly 
fewer tumours, with a slightly longer latent period, were produced in mice similarly irradiated but 
pretreated daily with FWA as above. Thus, under the test conditions used, the FWA was not phototoxic, 
nor did it enhance photocarcinogenesis.

INTRODUCTION

T h e  a s s o c ia t io n  o f  sk in  c a n c e r  a n d  lo n g - te rm  e x p o 
su re  to  u ltr a v io le t  r a d ia t io n  (U V R ) h a s  lo n g  b e en  
re c o g n iz e d  (B lum , 1959; E m m e tt, 1973; E p s te in , 1970; 
J o h n s o n , D a n ie ls  &  M a g n u s , 1968 K o p f  &  G o rd o n , 
1969). T h e  d e g ree  o f  a c u te  sk in  d a m a g e  a s  w ell a s  
th e  c h ro n ic  c h a n g e s  c a n  be  m o d ifie d  b y  c e r ta in  
c h e m ic a ls  w h ic h  a re  p h o to to x ic .

C o n c e p ts  o f  c h e m ic a l in te ra c t io n  w ith  U V R -p h o to -  
c a rc in o g e n e s is  a re  o f  m o re  re c e n t o rig in . B lu m  (1959) 
a n d  E m m e tt  (1973) re v ie w e d  a  n u m b e r  o f  r e p o r ts  
d e a lin g  w ith  th e  in flu en ce  o f  p h o to to x ic  su b s ta n c e s  
o n  p h o to c a rc in o g e n e s is .  T h e  re su lts  fre q u e n tly  a p p e a r  
to  be  in  d isa g re e m e n t, a  s i tu a t io n  p o ss ib ly  re flec tin g  
d ifferen ces in  te c h n iq u e , in c lu d in g  so lv e n ts , r o u te s  o f  
a d m in is t r a t io n ,  l ig h t  so u rc e s  a n d  c r ite r ia  fo r tu m o u r  
re c o g n itio n , a n d  in  s ta tis t ic a l  e v a lu a tio n  (B lum , 1959). 
In  a d d it io n , c h a ra c te r is tic s  o f  so m e  c o m p o u n d s  ( to x i
c ity , c a rc in o g e n ic ity , in s ta b ility )  re n d e r  th e ir  in te ra c 
tio n s  w ith  l ig h t  c o m p le x  a n d  th e ir  a n a ly s is  d ifficu lt.

In te re s t  in  th e  p h o to b io lo g y  o f  fu ro c o u m a r in s  g rew  
ra p id ly  in  th e  1950s (Journal o f  Investigative Dermato
logy, 1959). A m e m b e r  o f  th is  fam ily  o f  c o m p o u n d s ,
8 -m e th o x y p so ra le n  (8 -M O P )  w a s  sh o w n  to  b e  p h o to 
to x ic  a n d  to  e n h a n c e  th e  a b il i ty  o ? U V R  to  p ro d u c e  
sk in  tu m o u r s  in  m ice  (H a k im , G riffin  &  K n o x , 1960; 
U rb a c h , 1959).

P h o to c a rc in o g e n e s is  c a n  a lso  in v o lv e  n o n -p h o to -  
b io lo g ic a l p ro m o tio n .  E p s te in  &  R o th  (1968) a n d  
P o u n d  (1970) e x p o se d  m ice  to  a  s in g le  d o se  o f  U V R  
w h ic h  b y  its e lf  d id  n o t  p ro d u c e  tu m o u r s ;  su b s e q u e n t 
re p e a te d  p a in t in g  w ith  c ro to n  o il e lic ited  tu m o u r s  in 
th e  i r r a d ia te d  m ice.

F lu o re s c e n t  w h ite n in g  a g e n ts  (F W A s) h av e  b e e n  
p ro d u c e d  in  in c re a s in g  a m o u n ts  fo r m a n y  years. 
E x te n siv e  to x ic o lo g ic a l te s tin g  in  m a n  a n d  a n im a ls  
h a s  sh o w n  m o s t o f  th ese  m a te r ia ls  to  be  in n o c u o u s  
a n d  n o n -se n s itiz in g  (K e p lin g e r, F a n c h e r , L y m a n  &  
C a la n d ra , 1974; S n y d er, O p d y k e  &  R u b e n k o e n ig , 
1963; S te n sb y , 1967; S w ed ish  N a tu ra l  S cience 
R e se a rc h  C o u n c il, 1973). H o w ev e r, o th e r  in v e s tig a to rs  
h av e  c o n c lu d e d  th a t  F W A s e n h a n c e d  th e  c a rc in o 

g en ic  p o te n c y  o f  u l tr a v io le t  l ig h t (B in g h a m  &  F a lk , 
1970; F a lk  &  B in g h am , 1973). B in g h a m  (1972 &  1973) 
h a s  c o n f irm e d  these  o b se rv a tio n s . In  v iew  o f  th e  fact 
th a t  F W A s a re  a d d e d  to  a  v a r ie ty  o f  d o m e s tic  p r o 
d u c ts  a n d  h ave  b e co m e  a  w id e ly  d is t r ib u te d  c o m 
p o n e n t  o f  th e  e n v iro n m e n t, a n y  p h o to b io lo g ic a l  o r  
p ro m o tin g  effect o f  F W A s, in c lu d in g  th e  e n h a n c e m e n t 
o f  p h o to c a rc in c g e n e s is ,  c o u ld  h av e  s ig n if ic a n t im p a c t.

P h o to c h e m ic a l  se n s itiz a tio n  o f  h u m a n  sk in  is  a  
c lin ica l p ro b le m  o f  c o n s id e ra b le  s ig n ifican ce  (H a rb e r  
&  B aer, 1972). P h o to to x ic i ty  a n d  p h o to a l le rg y  c a n  
be  p ro d u c e d  e x p e r im e n ta lly  in  h u m a n  a n d  la b o ra to ry  
a n im a ls  b y  th e  u se  o f  n a tu ra l  o r  s im u la te d  su n lig h t 
(H a rb e r  &  B aer, 1972). H o w ev e r, th e  la b o r a to r y  c o n 
d itio n s  o f  s tu d ie s  c ite d  a b o v e  (B in g h a m  &  F a lk , 1970) 
w ere  q u a li ta t iv e ly  d iffe re n t fro m  a n y  n a tu ra lly  o c c u r 
r in g  c o n d itio n s . F o r  e x am p le , th e  F W A s w ere  su s
p e n d e d  in  a  p h o to a c t iv e  so lv e n t (d im e th y lsu lp h o x id e ), 
a p p lie d  to  th e  d e n se ly -h a ire d  b a c k  o f  m ice , a n d  th e  
a n im a ls  w ere  e x p o se d  to  a  g e rm ic id a l la m p  w h o se  
p r in c ip a l  u l tra v io le t  e m iss io n  (U V -C ; 7. <  280  n m ) is 
n o t  fo u n d  in  e a r th - le v e l su n lig h t. T h e  p o te n t ia l  sign ifi
c a n c e  o f  th e  re su lts  m ad e  it  im p e ra tiv e  to  s tu d y  
F W A s u n d e r  c irc u m s ta n c e s  w h e re  it w a s  p o ss ib le  to  
re d u c e  th e  so u rc e s  o f  a m b ig u ity , w h ile  e m p lo y in g  
c o n d it io n s  re flec tin g  th o se  o f  h u m a n  e x p o su re  to  
c h e m ic a ls  a n d  lig h t. S ince  th e  a c t iv a t io n  sp e c tru m  o f  
a n  u n k n o w n  p h o to se n s itiz e r  c a n n o t  b e  p re d ic te d , 
l ig h t so u rc e s  u se d  fo r p h o to b io lo g ic a l  s tu d ie s  sh o u ld  
c o n ta in  th e  U V R  sp e c tru m  in  r a t io s  a p p ro x im a t in g  
th o se  fo u n d  in  su n lig h t. C o n v e rse ly , th e re  is n o  
o b v io u s  re a s o n  fo r in c lu d in g  p o r t io n s  o f  th e  so la r  
sp e c tru m  th a t  do n o t  o rd in a r i ly  re a c h  th e  su rfa ce  o f  
th e  e a r th  (U V -C , X -ra y  etc.).

T h is  is th e  firs t o f  a  se ries  o f  s tu d ie s  r e p o r t in g  th e  
a l te ra t io n  o f  p h o to c a rc in o g e n e s is  in  m ice. T h e  p u r 
p o se  o f  th e  se ries  is tw o fo ld . F ir s t ,  it  d o c u m e n ts  th e  
d e v e lo p m e n t o f  m e th o d s  fo r e v a lu a tin g  th e  in te ra c 
tio n  o f  U V R  a n d  c h e m ic a ls  in  sk in  c a rc in o g e n e s is , 
u til iz in g  m e th o d s  th a t  in c o rp o ra te  se v e ra l re c e n t 
d e v e lo p m e n ts  in  th e  p ro d u c tio n  a n d  m e a su re m e n t o f  
lig h t. S eco n d , th e  se ries  c o m p a re s  th e  a b il i ty  o f  re p re -
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H a ir le s s  m u ta n t  (H R S /J )  m ice  w e re  p u rc h a s e d  fro m  
th e  J a c k s o n  L a b o ra to ry ,  B a r  H a rb o r ,  M a in e . A n im a ls  
w e re  h o u se d  th ro u g h o u t  th e  e x p e r im e n t in spec ia l 
r a d ia t io n  cag es  (F o rb e s  &  U rb a c h ,  1969) w ith  free 
access to  m o u se  c h o w  a n d  ta p -w a te r . T h e  l ig h t  so u rc e  
w a s  a  b a n k  o f  th re e  g e rm ic id a l (G 1 5 T 8 ) lo w -p re s su re  
m e rc u ry  lam p s , su sp e n d e d  40  c m  a b o v e  th e  i r r a d ia te d  
su rface . T h e  U V R  flux  w a s  4 W /m 2(J-225  m ete r, 
U lt r a v io le t  P ro d u c ts ,  S an  G a b r ie l ,  C al.). C h e m ic a l 
t r e a tm e n t  c o n s is te d  o f  p ip e tt in g  20  p\ re a g e n t-g ra d e  
m e th a n o l,  w ith  o r  w ith o u t  20  gg F W A  o n  to  2 c m 2 
o f  d o rsa l  sk in . T h e  F W A , d iso d iu m  4 ,4 '-b is-(4 ,6 -d ian i- 
l in o - l ,3 ,5 - tr ia z in -2 -y l) -a m in o s tilb e n e -2 ,2 '-d isu lp h o n a te  
(F ig . 1), f ro m  C IB A -G E IG Y , Inc ., A rd sley , N e w  Y o rk , 
w a s  a p p ro x im a te ly  90%  p u re , a s  su p p lie d  to  d e te rg e n t 
m a n u fa c tu re rs .  U V R  e x p o su re  b e g a n  30  m in  a fte r  
c h e m ic a l tre a tm e n t.

F o r  p h o to to x ic ity  tes tin g , te n  a n im a ls  p re tre a te d  
w ith  F W A  a n d  a n  e q u a l  n u m b e r  p r e tr e a te d  w ith  ve
h ic le  o n ly  w ere  im m o b iliz e d  u n d e r  th e  l ig h t  so u rc e . A
1-cm  d ia m e te r  c irc u la r  a re a  o f  sk in  c e n tre d  in  e a c h  
t r e a te d  a re a  w a s  ex p o se d , th e  re m a in d e r  o f  th e  a n im a l 
b e in g  c o v e re d  w ith  a lu m in iu m  foil. T h e se  a n im a ls  
re ce iv e d  a  5 -m in  e x p o su re  o n c e  (1200 J /m 2) a n d  w ere  
e x a m in e d  a t  4, 8, 24, 48 a n d  72 h r  a f te r  ex p so u re .

F o r  th e  c a rc in o g e n e s is  e x p e r im e n t, th e  m ice  w ere  
e x p o se d  w ith o u t  r e s t r a in t  in  th e  c ag e s  d e sc rib e d  
a b o v e  (F o rb e s  &  U rb a c h , 1969). T w e lv e  fem ale  m ice  
w e re  t r e a te d  w ith  F W A  a n d  a n  e q u a l  n u m b e r  o f  m ice  
w e re  t r e a te d  w ith  veh ic le  a lo n e  a n d  h a lf  o f  th e  m ice  
in  e a c h  g ro u p  w ere  e x p o se d  d a ily , o n  M o n d a y s  to  
F r id a y s , to  a  flux  o f  4 W /m 2, s ta r t in g  30 m in  a fte r 
c h em ica l tre a tm e n t.  T h e  a n im a ls  w ere  i r r a d ia te d  for 
5 m in  (1200  J /m 2) fo r e a c h  o f  45 e x p o su res , th e n  fo r 
10 m in  fo r e ac h  o f  th e  n e x t 30 e x p o su re s  a n d  fo r 
20 m in  fo r e a c h  o f  th e  fin a l 125 e x p o su res . T h e  la rg e s t 
sing le  p o ss ib le  d o se  w a s  th u s  72-5 x  106 J /m 2. W ith  
e a c h  m o u se  free to  m o v e  a b o u t  in  a n  8 x  8 x  8 cm  c u b i
cle, th e  a c tu a l  d o se  re ce iv e d  b y  e a c h  a re a  o f  sk in  
v a r ie d  so m e w h a t w ith  th e  a n im a l’s o r ie n ta t io n  d u r in g  
e x p o su re , b u t  th e  tw o  U V R -e x p o se d  g ro u p s  w e re  su b 
je c t  to  th e  sam e  v a ria b ility .

E a c h  a n im a l w a s  e x a m in e d  w eek ly . O n e  sh e e t o f  
p a p e r  w a s  m a d e  u p  fo r e ac h  m o u se , th e  sh e e t b e a r in g  
im ag es  o f  th e  m o u se  v iew ed  d o rsa lly , v e n tra lly  a n d  
fro m  e a c h  side. A n y  c h a n g e  in  sk in  a p p e a ra n c e  w a s  
n o te d  a t  th e  a p p ro p r ia te  lo c a t io n  o n  th e  a n im a l d ia 
g ra m , p h y s ic a l fe a tu re s  a n d  t a t to o  sp o ts  b e in g  u se d

sentatives of two classes of compounds (FWAs and
psoralens) to influence UVR photocarcinogenesis.

Fig. 1. Structure of fluorescent whitening agent used in 
the study.

a s  la n d m a rk s . A tu m o u r  c o u ld  b e  d is t in g u ish e d  fro m  
c y s ts  a n d  o th e r  su rfa ce  fe a tu re s  b y  th e  tim e  th e  
g ro w th  w a s  a p p ro x im a te ly  0-5 m m  in  h e ig h t o r  d ia 
m e te r.

T u m o u rs  a n d  o th e r  le s io n s  w ere  re m o v e d  fo r h is to 
lo g ic a l e x a m in a t io n  fro m  m ice  d y in g  d u r in g  th e  e x 
p e r im e n t,  a n d  f ro m  o th e r  a n im a ls  a t  th e  e n d  o f  th e  
s tu d y  (40  w k).

RESULTS

Phototoxicity experiment
By itself, n e ith e r  so lu tio n  p ro v o k e d  a  v is ib le  c h a n g e  

in  th e  sk in . A re a s  e x p o se d  o n ly  to  th e  v eh ic le  a n d  
U V R  d e v e lo p e d  b a re ly  p e rc e p tib le  e ry th e m a  b y  8 h r  
a f te r  e x p o su re . T h e  e ry th e m a  h a d  d is a p p e a re d  fro m  
so m e  m ice  b y  24 h r  a n d  fro m  th e  re m a in d e r  b y  48 hr. 
T h e  re a c tio n  o f  F W A -tre a te d  a re a s  d id  n o t  d iffer fro m  
th e  re a c tio n  o f  a re a s  p re tre a te d  w ith  veh ic le  o n ly . 
T h u s , th e  F W A  w a s  n e ith e r  a n  i r r i ta n t  n o r  a  p h o to 
to x ic  a g e n t  u n d e r  th e  te s t c o n d itio n s .

Carcinogenesis experiment
H a l f  o f  e a c h  i r r a d ia te d  g ro u p  ( th re e  m ice  o u t  o f  

six) su rv iv e d  to  th e  e n d  o f  th e  4 0 -w k  o b se rv a tio n  
p e r io d . N o  tu m o u r s  a p p e a re d  in  th e  u n i r r a d ia te d  
m ice . A  to ta l  o f  4 0  tu m o u r s  a p p e a re d  in  th e  i r r a d ia te d  
m ice . M o s t  tu m o u r s  te n d e d  to  e n la rg e  a n d  b e co m e  
in c re a s in g ly  c o rn if ie d  o r  n e c ro tic , o r  b o th ;  v e ry  few 
p ro v e d  to  b e  in v as iv e  o r  m e ta s ta t ic .  O f  th e  40  
tu m o u r s  a n a ly se d  h is to lo g ic a lly , o n e  w a s  d ia g n o s e d  
a s  a  h a e m a n g io m a  a n d  tw o  w e re  f ib ro s a rc o m a s ;  th e  
r e m a in d e r  w ere  sq u a m o u s-c e ll  c a rc in o m a s . T u m o u r  
p ro d u c tio n  in  i r r a d ia te d  m ice  w a s  m e a su re d  b y  
sev e ra l p a ra m e te r s  (T ab le  1). C u m u la tiv e  in c id e n ce  
re fe rs  to  th e  p r o p o r t io n  o f  m ice  th a t  d e v e lo p e d  o n e  
o r  m o re  tu m o u r s  d u r in g  th e  s ta te d  o b s e rv a t io n  
p e r io d . L a te n t  p e r io d  is a  m e a su re  o f  tu m o u r  d e v e lo p 
m e n t  tim e , a n d  tu m o u r  y ield  is  e x p re sse d  b o th  a s  
to ta l  tu m o u r s  p ro d u c e d  a n d  a s  th e  a v e ra g e  tu m o u r s  
p e r  a ffec ted  a n im a l. O n  e ac h  c o u n t,  c a rc in o g e n e s is  
w a s  s lig h tly  g re a te r  in  th e  v e h ic le - tre a te d  g ro u p  th a n  
in  th e  F W A -tre a te d  g ro u p . T h e re  is th u s  n o  ev id e n ce  
th a t  th is  F W A  e n h a n c e s  th e  c a rc in o g e n ic  p o te n c y  o f  
sh o r t-w a v e  U V R  in  h a ir le s s  m ice.

Table 1. Tumour induction in mice exposed to G15T8 (ger
micidal) UV lamps following topical pretreatment with FWA 

in methanol or with methanol only

Values for mice treated with

Tumour-induction parameter FWA +  UV-C Vehicle +  UV-C

Latent period to first 
tumour (wk) 17 16

Latent period to 50% 
incidence (wk) 19 17

Mean latent period for all 
tumours (wk) 27 25

Cumulative incidence at 24 
wk* (%) 50 (3/6) 83 (5/6)

Cumulative incidence at 40 
wk (%) 67 (4/6) 83 (5/6)

Total tumours at 40 wk 16 24
Mean no. of tumours/affected 

mouse 40 4-8
Survival at 40 wk (%) 50 (3/6) 50 (3/6)

*Time of first death.
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DISCUSSION

E ry th e m a  a n d  sk in  c a rc in o m a s  w e re  in d u c e d  o n  
h a ir le s s  m ice  b y  e x p o su re  to  U V -C . T h is  r a d ia t io n  
t r e a tm e n t  d id  n o t  c a u se  sk in  u lc e ra tio n . N e ith e r  th e  
e ry th e m a l n o r  th e  c a rc in o g e n ic  p o te n c y  o f  U V -C  w a s 
e n h a n c e d  b y  th e  p re se n c e  o f  th e  F W A . T h e  c irc u m 
s ta n c e s  o f  te s tin g , a lth o u g h  n o t  te c h n ic a lly  re le v a n t 
to  a  p o te n t ia l  h u m a n  h e a lth  p ro b le m , w ere  s im ila r  
to  th o se  u se d  b y  B in g h a m  &  F a lk  (1970); th e  F W A  
w a s  a p p lie d  to p ic a lly  in  a n  o rg a n ic  so lv e n t, a n d  the  
a n im a ls  w ere  th e n  e x p o se d  to  a  g e rm ic id a l la m p . In  
th is  sy s tem , w e fo u n d  n o  e v id e n ce  th a t  th e  F W A  w as 
p h o to b io lo g ic a lly  a c tiv e  o r  c o c a rc i  io g en ic .

I n  o rd e r  to  re la te  l a b o ra to ry  d a ta  to  re a lis tic  c o n d i
t io n s  o f  h u m a n  e x p o su re , w e h av e  d e v e lo p e d  te s t sys
tem s  u tiliz in g  m o re  a p p ro p r ia te  lig h t so u rc e s  (F o rb e s  
&  U rb a c h ,  1974). E x p e r im e n ts  b a se d  o n  th ese  tes t 
sy s te m s a re  p re se n te d  in  c o m p a n io n  r e p o r ts  (F o rb e s  
&  U rb a c h ,  1975a,b) a n d  e lsew h ere  (F o rb e s  &  U rb a c h , 
1975c).
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Abstract—Skin tumours were produced in hairless mice after several months of daily exposure to 
ultraviolet radiation from a solar simulator. The carcinogenic effect was enhanced by pretreating mice 
with 8-methoxypsoralen (tumours appearing sooner and in larger numbers). Other mice were pretreated 
with one of two substituted-stilbene fluorescent whitening agents (FWAs). Neither FWA produced 
phototoxicity or enhanced ohotocarcinogenesis.

INTRODUCTION

S ev era l c h e m ic a l a g e n ts  h a v e  b een  r e p o r te d  to  in 
fluence  th e  c o u rse  o f  p h o to c a rc in o g e n e s is ,  b u t  th e  
m e c h a n ism  o f  th e ir  a c t io n  a n d  e v en  th e  d ire c tio n  o f  
th e ir  in flu e n ce  a re  su b je c t to  d e b a te  (B lum , 1959; 
E m m e tt ,  1973). B in g h a m  a n d  F a lk  (1970) c o n c lu d e d  
th a t  th re e  f lu o re sc e n t w h ite n in g  a g e n ts  (F W A s) c o u ld  
e n h a n c e  th e  c a rc in o g e n ic  p o te n c y  o f  sh o r t-w a v e  
(254 n m ) u l tr a v io le t  r a d ia t io n  (U V R ). T h e ir  lig h t 
so u rc e  w a s  a  lo w -p re s su re  m e rc u ry -v a p o u r  (g e rm ic i
d a l)  lam p .

P h o to b io lo g ic a l  a c tiv ity  in  a s  w id e ly  u se d  a  c lass  
o f  c o m p o u n d s  a s  th e  F W A s w o u ld  b e  o f  c o n s id e ra b le  
im p o r ta n c e . C o n se q u e n tly , w e h av e  e x a m in e d  a  
n u m b e r  o f  su b s ti tu te d -s t i lb e n e  F W A s for su c h  p h o to -  
b io lo g ic a l a c tiv itie s  a s  p h o to to x ic ity , p h o to a lle rg y  
a n d  e n h a n c e d  p h o to c a rc in o g e n e s is  (F o rb e s  &  
U rb a c h ,  1975c). T h e  e x p e r im e n ts  w e re  a d d re s s e d  to  
th e  q u e s t io n s  o f  w h e th e r  F W A s h a d  d e m o n s tra b le  
p h o to b io lo g ic a l  a c tiv ity  in  h u m a n  o r  a n im a l sk in , 
w h e th e r  th e  B in g h a m  &  F a lk  (1970) f in d in g s  c o u ld  
b e  c o n f irm e d  in  a n o th e r  s t r a in  o f  m ice  a n d  w h e th e r  
p h o to c a rc in o g e n e s is  in  m ice  c o u ld  be  e n h a n c e d  by  
F W A s a p p lie d  in  a  m a n n e r  re a lis tic a lly  re p re se n tin g  
th e  c o n d it io n s  o f  use.

T h e  f irs t  r e p o r t  in th is  se ries  p re se n te d  ev id en ce  
th a t  o n e  F W A  w a s n o t  p h o :o to x ic  a n d  d id  n o t  
e n h a n c e  p h o to c a rc in o g e n e s is  in d u c e d  b y  U V R  in th e  
2 5 4  n m  sp e c tra l re g io n  (F o rb e s  &  U rb a c h ,  1975a). 
T h is  r e p o r t  d e sc rib e s  a  s tu d y  n  w h ic h  F W A s w ere  
a p p lie d  in  m e th a n o l  to  th e  b a c k s  o f  h a ir le s s  m ice 
p r io r  to  th e  e x p o su re  o f  a n im a ls  to  th e  U V  p o r t io n  
o f  s im u la te d  su n lig h t.

EXPERIMENTAL

Animals. H a ir le s s  m ice  w ere  in itia lly  p u rc h a se d  
fro m  S a n d ra  B io lo g ica l, In c . (N ew  Y o rk ), w ere  p r o p a 
g a te d  in  o u r  a n im a l c o lo n y  o v e r  sev e ra l g e n e ra tio n s  
a n d  w e re  lis te d  (S k h :h a ir le s s )  a c c o rd in g  to  s ta n d a rd  
n o m e n c la tu re  (F e stin g , R o n d o , L o o s lie , P o ile y  &  
Spiegel, 1972; In s t i tu te  o f  L a b o r a to r y  A n im a l 
R e so u rc es , C o m m itte e  o n  N o m e n c la tu re , 1970). T h is  
o u tb re d  s to c k  o f  a n im a ls  is h o m o z y g o u s  a t  th e  hr

lo cu s , w ith  a ll o ffsp rin g  p h e n o ty p ic a lly  h a irless . 
H e te ro g e n ic ity  w a s  m a in ta in e d  a t  th e  c (a lb in ism ) 
lo cu s , re su ltin g  in  th e  se g re g a tio n  o f  a lb in o  a n d  p ig 
m e n te d  a n im a ls . O n ly  th e  a lb in o  h a ir le s s  (S k h :h a ir -  
less—1) w ere  u se d  in  th e  w o rk  r e p o r te d  h ere . T h ro u g h 
o u t  th e  e x p e r im e n ts  a ll  a n im a ls  h a d  free a cc ess  to  
m o u se  c h o w  a n d  ta p -w a te r .  M ic e  w ere  p u t  in to  th e  
e x p e r im e n ts  a t  6 -8  w k  o f  age.

Light source. F o r  c o n v en ien c e  in d isc u ss io n , th e  U V  
ra n g e  o f  w a v e le n g th s  is  d iv id e d  in to  th re e  re g io n s  
(m o d ifie d  fro m  M e y e r  &  Seitz . 1949): U V -A  (‘lo n g ’- 
w av e  U V R ) ¿-0&-320 n m , U V -B  (‘s u n b u rn ’ U V R ) 3 2 0 -  
2 8 0  n m  a n d  U V -C  (‘s h o r t ’-w av e  U V R ) 280  n m  a n d  
sh o r te r .  T h e  so la r  s im u la to r  w a s  a  m o d if ic a tio n  o f  
th e  B erg er d e s ig n  (B erger, 1969). I t  c o n s is te d  o f  a  
1 k W  x e n o n  c o m p a c t  a rc  la m p  w ith  a n  o p tic a l  sy s tem  
b u ilt  to  d e liv e r  th e  b e a m  to  six  m ice  s im u lta n e o u s ly . 
R a d ia t io n  fro m  th e  la m p  w a s d ire c te d  to  a  d ic h ro n ic  
m ir ro r  th ro u g h  w h ic h  m o s t  o f  th e  in fra -re d  a n d  v isib le  
p o r t io n  o f  th e  sp e c tru m  w a s  d iv e r te d  to  a  h e a t  s in k ;  
th e  U V -B  a n d  U V -A  p o r tio n s , to g e th e r  w ith  som e 
v isib le  l ig h t  r a d ia te d  o n  to  th e  sk in . A S c h o tt 
W G 3 2 0 -2  filte r w a s  in se r te d  in to  th e  b e a m  to  e li
m in a te  U V -C  a n d  to  sh a p e  th e  U V -B  to  c o n fo rm  
to  a  d is t r ib u t io n  fo u n d  in n o o n  su m m e r su n lig h t. 
M ic e  w ere  o o th  h o u se d  a n d  i r r a d ia te d  in sp e c ia lly  
d e s ig n e d  iso la t io n  cag es  (F o rb e s  &  U rb a c h ,  1969), 
w ith  o n e  m o u se  m o v in g  a b o u t  freely  in e a c h  cu b ic le .

Light measurement. U V -B  flux w a s  c a lc u la te d  a s  a  
fu n c tio n  o f  c u r re n t  flow  fro m  a  W e s tin g h o u se  W L 7 6 7  
z irc o n iu m  p h o to tu b e  (B ra c k e tt , K u p e r  &  E ic h o r , 
1941) m e a su re d  w ith  a  K e ith le y  p ic o a m m e te r .  W ith in  
th e  so la r  U V -B  re g io n , th e  W L 7 6 7  p h o to tu b e  h a s  re 
sp o n se  c h a ra c te r is tic s  th a t  c lo se ly  p a ra lle l  th e  a c t io n  
sp e c tru m  fo r ‘m in im a l e ry th e m a ’ o f  u n ta n n e d ,  w h ite  
h u m a n  sk in . T h is  a p p a r a tu s  y ie ld s  in fo rm a tio n  o n  th e  
‘e ry th e m a  effective e n e rg y ’ (E E E ) o f  a p p r o p r ia te  lig h t 
so u rc e s  (R o lle r , 1968).

Chemical agents. T h e  s t ru c tu ra l  fo rm u la e  o f  th e  
F W A s (C IB A -G E IG Y , In c ., A rd s le y , N Y ) u se d  in  th is  
s tu d y  a re  sh o w n  in  F ig . 1. T h e  c o m p o u n d s  w ere  so 
d iu m  2 - (4 -s ty ry l-3 -s u lp h o p h e n y l) -2 f i-n a p h th o [  1,2-ci]- 
tr ia z o le  (F W A -I)  a n d  d iso d iu m  4 ,4 '-b is -([4 -a n ilin o -6 -  
(A f-m e th y l-2 -h y d ro x y e th y la m in o ) - l ,3 ,5 - t r ia z in -2 -y l] -  
a m in o )s t i lb e n e -2 ,2 '-d isu lp h o n a te  (F W A -III) . T h ey
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Fig. 1. Structure of fluorescent whitening agents used in 
the study.

w e re  a p p ro x im a te ly  90%  p u re , a s  su p p lie d  to  d e te rg e n t 
m a n u fa c tu re rs .  T h e  p h o to to x ic  a g e n t  8 -m e th o x y p so r-  
a le n  (8 -M O P ; T h o m a s  B. E ld e r  C o ., B ry an , O h io )  
w a s  u se d  a s  th e  p o s itiv e  c o n tro l .  R e a g e n t-g ra d e  m e th 
a n o l  w a s  u se d  a s  th e  n e g a tiv e  c o n tro l  a n d  veh ic le .

Experimental design. F o r  p h o to to x ic ity  te s tin g , m ice  
w ere  d iv id e d  in to  g ro u p s  o f  ten , a n d  e a c h  g ro u p  w a s  
p r e tr e a te d  w ith  o n e  o f  th e  fo u r so lu t io n s  (see below ). 
T h e  a n im a ls  w ere  th e n  im m o b iliz e d  u n d e r  th e  U V R  
so u rce . A  c irc u la r  a re a  o f  sk in , 1 c m  in d ia m e te r  a n d  
c e n tre d  in  e a c h  c h e m ic a lly  t r e a te d  a re a , w a s  ex p o se d , 
th e  re m a in d e r  o f  th e  a n im a l b e in g  c o v e re d  w ith  a lu -  
m in im u m  foil. T h e  a n im a ls  re ce iv e d  o n e  5 5 -m in  e x p o 
su re  (500  J /m 2 E E E ) a n d  w ere  e x a m in e d  fo r sk in  
e ry th e m a  4, 8, 24, 48, 72 a n d  96  h r  a f te r  ex p o su re .

F o r  th e  c a rc in o g e n e s is  e x p e r im e n t, 120 m ice  w ere  
d is t r ib u te d  in to  fo u r g ro u p s  o f  30  e a c h , w ith  e ac h  
g ro u p  re ce iv in g  o n e  o f  th e  fo llo w in g  t r e a tm e n ts :  
m e th a n o l,  8 -M O P  (0 0 1 % ) o r  F W A -I  o r  F W A -II I  
(each  0 1 %  in m e th a n o l) . A ll a n im a ls  w e re  tre a te d  
w ith  th e  te s t s o lu tio n  in a  v o lu m e  o f  4 0  p\ o v e r  a n  
a re a  o f  a p p ro x im a te ly  20  c m 2 o f  sk in . T h is  left a  re s i
d u e  o f  0-2 m g  8 -M O P /c m 2 o r  2 m g  F W A /c m 2. T h e  
U V  flux  a t  th e  su rfa ce  o f  th e  cag e  w a s  0 T 5 W /m 2 
(E E E ). T h e  a n im a ls  w ere  e x p o se d  fo r 10 m in  d a ily  
fo r a  m a x im u m  su rfa ce  d o se  o f  90  J /m 2 (E E E ). T h e  
a c tu a l  d o se  re ce iv e d  b y  e a c h  a re a  o f  sk in  v a r ie d  so m e 
w h a t  w ith  th e  p o s i t io n  o f  th e  a n im a l d u r in g  th e  i r r a 
d ia t io n  p e r io d . R a d ia t io n  e x p o su re  b e g a n  3 0 -6 0  m in  
a f te r  a p p lic a t io n  o f  th e  so lu t io n  a n d  b o th  w ere  
r e p e a te d  d a ily , o n  M o n d a y s  to  F r id a y s .

Data and analysis. M ic e  w ere  n u m b e re d  c o n se c u 
tiv e ly  b y  to e  c lip p in g  a n d  w ere  ra n d o m iz e d  in to  iso la 
t io n  cag es b y  a g e  a n d  sex. A fte r th e  b e g in n in g  o f  th e  
e x p e r im e n t, e a c h  m o u se  w a s  w e ig h ed  o n c e  w eek ly  
a n d  th e  d is t r ib u t io n  o f  F W A  w a s n o te d  u n d e r  a n  
F 4 0 T 1 2 B L B  b la c k lig h t;  th e  sk in  o f  e ac h  m o u se  w a s  
th e n  e x a m in e d  in  d e ta il  u n d e r  ro o m  lig h t. O n e  sh e e t 
o f  p a p e r  w a s  m a d e  u p  fo r e a c h  m o u se , th e  sh e e t b e a r 
in g  im ag es  o f  th e  m o u se  v iew ed  d o rsa lly , v e n tra lly  
a n d  fro m  e ac h  side. A n y  c h a n g e  in sk in  a p p e a ra n c e  
w a s  n o te d  a t  th e  a p p ro p r ia te  lo c a t io n  o n  th e  d ia g ra m , 
p h y s ic a l fe a tu re s  a n d  ta t to o  sp o ts  b e in g  u se d  a s  la n d 
m a rk s . A tu m o u r  c o u ld  b e  d is tin g u ish e d  fro m  cy sts

a n d  o th e r  su rfa ce  fe a tu re s  b y  th e  tim e  th e  g ro w th  
w a s  a p p ro x im a te ly  0-5 m m  in  h e ig h t o r  d ia m e te r .

B io p sy  sp e c im en s  w ere  ta k e n  fro m  a n im a ls  d u r in g  
th e  c o u rse  o f  th e  p ro je c t.  T u m o u r s  a n d  o th e r  le s io n s  
w ere  re m o v e d  a t  v a r io u s  s ta g es  o f  d e v e lo p m e n t for 
h is to lo g ic a l a n a ly s is . In  re p o r t in g  re su lts , “ tu m o u r  
p re v a le n c e ” is u se d  to  m e a n  th e  p r o p o r t io n  o f  su rv iv 
in g  a n im a ls  b e a r in g  o n e  o r  m o re  tu m o u r s  a t  th e  tim e  
o f  o b se rv a tio n . In  th is  p a ra m e te r ,  n o  w e ig h tin g  fa c to r  
is g iv en  fo r a n im a ls  b e a r in g  m o re  th a n  o n e  tu m o u r , 
o r  fo r th e  le n g th  o f  tim e  th a t  a  tu m o u r  h a d  b e en  
v isib le . A m e a su re  o f  d e v e lo p m e n t tim e  fo r tu m o u r s  
f irs t  a p p e a r in g  o n  a n im a ls  is a v a ila b le  f ro m  p re v a 
len ce  figu res. D iffe ren ces in p re v a le n c e  f ig u res  w ere  
e v a lu a te d  b y  th e  c h i-s q u a re  tes t. T u m o u r  y ie ld  is 
sh o w n  a s  th e  n u m b e r  o f  tu m o u rs  p re s e n t  d iv id e d  by 
th e  n u m b e r  o f  su rv iv in g  m ice  (i.e. a v e ra g e  n u m b e r  
o f  tu m o u rs /m o u se ) .  A t e a c h  o b se rv a tio n  p e r io d , th e  
g ro u p s  w e re  c o m p a re d  b y  m e a n s  o f  th e  W ilc o x o n  
r a n k  su m  te s t  (W ilc o x o n  &  W ilco x , 1964). S u rv iv a l 
is e x p re sse d  a s  th e  a b so lu te  n u m b e r  o f  m ice  a liv e  a t  
th e  tim e  o f  o b se rv a tio n , 30  b e in g  th e  in itia l n u m b e r  
in e a c h  g ro u p .

RESULTS

Phototoxicity experiment
W ith o u t  su b s e q u e n t ir ra d ia t io n ,  n o n e  o f  th e  so lu 

tio n s  p ro v o k e d  a  v isib le  c h a n g e  in  th e  sk in . A re a s  
e x p o se d  o n ly  to  th e  v eh ic le  a n d  U V R  d e v e lo p e d  
b a re ly  p e rc e p tib le  o e d e m a  a n d  e ry th e m a  b y  24  h r 
a f te r  e x p o su re  a n d  th e  a ffec ted  sk in  r e tu rn e d  to  a  n o r 
m al a p p e a ra n c e  b y  72 h r. S k in  p re tre a te d  w ith  8- 
M O P  d e v e lo p e d  a  m o re  sev ere  re sp o n se , w ith  th e  
g re a te s t  in te n s ity  o f  o e d e m a  a n d  in f la m m a tio n  o c c u r 
r in g  b e tw e e n  48 a n d  72 h r  a f te r  e x p o su re . In  c o n tra s t ,  
th e  r e a c tio n  o f  F W A -tre a te d  a re a s  d id  n o t  d iffer fro m  
th a t  o f  a r e a s  p r e tr e a te d  w ith  veh ic le  o n ly . T h u s , 8- 
M O P  w a s  a  p h o to to x ic  a g e n t w h ile  th e  F W A s w ere  
n e ith e r  p r im a ry  i r r i ta n ts  n o r  p h o to to x ic  a g e n ts  in  th e  
p re se n c e  o f  3 0 0 -4 0 0  n m  U V R .

Carcinogenesis experiment
T h e  U V R -e x p o se d  sk in  tre a te d  w ith  8 -M O P  

b e c a m e  d is tin g u ish a b le  fro m  th e  s u r ro u n d in g  sk in  
a f te r  e x p o su re  fo r a b o u t  5 w k , th e  8 -M O P - tre a te d  
a re a s  h a v in g  m o re  e ry th e m a , h y p e rp la s ia  a n d  d ry  d e s
q u a m a tio n .  T h is  effect w a s  n o t  seen  in  F W A -tre a te d  
a re a s . In  fact, F W A -tre a te d  a re a s  w e re  d is tin g u ish a b le  
o n ly  b y  th e ir  flu o resce n ce  u n d e r  ‘b la c k  lig h t’.

T h e se  s h o r t - te rm  effec ts w e re  m ir ro re d  in  th e  la te  
effects, 8 -M O P  m a rk e d ly  e n h a n c in g  p h o to c a rc in o 
genesis , w h ile  th e  F W A s d id  n o t  (F ig . 2). T h e  8 -M O P  
g ro u p  re a c h e d  50%  p re v a le n c e  b e fo re  tu m o u r s  
a p p e a re d  in  th e  o th e r  g ro u p s  (a t w k  14). B y w k  30, 
th e  v e h ic le - tre a te d  g ro u p  h a d  re a c h e d  50%  p re v a le n c e  
(12 /24  affec ted ) a n d  th e  F W A -I I I  g ro u p  h a d  a  sign ifi
c a n t ly  lo w e r p r o p o r t io n  o f  a ffec ted  a n im a ls  (6 /2 7 ; 
P  <  0 0 1 ) . T h e  veh ic le  a n d  F W A -I g ro u p s  d id  n o t  
d iffer s ig n if ic a n tly  f ro m  e a c h  o th e r  (F ig . 2).

T u m o u r  y ie ld  w a s  s ig n if ic a n tly  g re a te r  in  th e  8- 
M O P  g ro u p  th a n  in  a n y  o th e r  g ro u p . A fte r 32 w k , 
th e  F W A  g ro u p s  h a d  a  lo w e r tu m o u r  y ie ld  th a n  th e  
veh ic le  c o n tro l  g ro u p  (P  <  0  01 ). M o s t  o f  th e  tu m o u r s  
d e v e lo p e d  n e a r  th e  m id lin e  o f  th e  b a ck . V ery  few d e -
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Fig. 2. Effects of pretreatment with 8-MOP (------■), FWA-I
(------ ), FWA-III ( ............ ) or tie  detergent-solution
vehicle (----- ) on (a) the survival, (b) the proportion of
mice with tumours at any given time and (c) the average 
no. of tumours/survivor in groups of irradiated mice.

v e lo p e d  o n  th e  h e ad , sn o u t,  ears , e x tre m itie s  o r  
a b d o m e n .

O f  th e  123 tu m o u r s  a n a ly se d  h is to lo g ic a lly , 111 
w ere  sq u a m o u s-c e ll  c a rc in o m a s . T h e  re m a in d e r  w ere  
f ib ro sa rc o m a s , ly m p h o s a rc o m a s , se b a c e o u s  a d e n o m a s  
a n d  h a e m a n g io m a s . M o s t  tu m o u rs  w h e n  left in ta c t  
te n d e d  to  e n la rg e  a n d  b e c o m e  in c re a s in g ly  c o rn if ie d  
o r  n e c ro tic  o r  b o th . V e ry  few p ro v e d  to  b e  a g g re ss i
vely  in v as iv e  o r  m e ta s ta t ic .  T u m o u rs  w ere  ra re ly  lo s t 
sp o n ta n e o u s ly .

S u rv iv a l o f  th e  m ice  w a s  s im ila r  in th e  fo u r g ro u p s  
(F ig . 2).

DISCUSSION

B ecau se  o f  th e  ex te n siv e  u se  o f  F W A s in in d u s try  
a n d  th e ir  in t ro d u c t io n  in to  p r o d u c ts  fo r d o m e s tic  use. 
a  g re a t  d e a l o f  to x ic o lo g ic a l in fo rm a tio n  is a v a ila b le  
o n  th ese  c o m p o u n d s . T h e y  h ave  b e e n  c o n s id e re d  safe 
fo r th e  u se s  a n d  e x p o su re  c o n d it io n s  fo r w h ic h  th ey  
a re  in te n d e d . H o w ev e r, B in g h a m  &  F a lk  (1970) 
r e p o r te d  th a t  th re e  F W A s c o u ld  a u g m e n t  p h o to c a r 
c in o g e n e s is  in  m ice  u n d e r  th e  c o n d it io n s  o f  th e ir  ex 
p e r im e n t.  B riefly , th e ir  p ro c e d u re  in v o lv e d  a p p ly in g  
F W A s in  d im e th y ls u lp h o x id e  (D M S O ) to  th e  b a c k s  
o f  C 3 H  m ice  a n d  th e n  i r r a d ia t in g  th e m  w ith  U V -C  
fro m  a  lo w -p re s su re  m e rc u ry  (g e rm ic id a l)  la m p . T h e y  
o b se rv e d  16—24 tu m o u r s  in g ro u p s  o f  m ice  tre a te d  
w ith  F W A s p lu s  U V -C , tw o  tu m o u r s  in  m ice  t r e a te d  
w ith  D M S O  p lu s  U V -C , a n d  n o  tu m o u r s  in  m ice

t re a te d  w ith  D M S O  a lo n e . N o  a n im a ls  w ere  t r e a te d  
w ith  U V -C  a lo n e .

In  o rd e r  to  e v a lu a te  th e  p o ss ib le  p h o to b io lo g ic a l  
a c tiv ity  o f  so m e  c u r re n t ly  u se d  F W A s, w e h a v e  u n d e r 
ta k e n  a  n u m b e r  o f  s tu d ie s  o n  h a ir le s s  m ice  u tiliz in g  
a  v a r ie ty  o f  U V R  so u rc e s  a n d  e x p o su re  tec h n iq u es . 
T h is  is o n e  o f  a  se ries  o f  r e p o r ts  re su ltin g  fro m  these  
s tu d ie s . T h e  firs t r e p o r t  (F o rb e s  &  U rb a c h , 1975a) 
sh o w e d  th a t  o n e  F W A , u se d  u n d e r  c irc u m s ta n c e s  
s im ila r  to  th o se  d e sc rib e d  b y  B in g h a m  &  F a lk  (1970), 
d id  n o t  e n h a n c e  p h o to c a rc in o g e n e s is .  W e  h a v e  n o w  
sh o w n  th a t  F W A s d o  n o t  e n h a n c e  p h o to c a rc in o 
g en es is  in d u c e d  b y  U V R  in th e  sp e c tra l  re g io n  3 0 0 -  
4 0 0  n m . A  s u b s e q u e n t r e p o r t  (F o rb e s  &  U rb a c h , 
1975b) d e a ls  w ith  a n im a ls  t r e a te d  w ith  F W A s in  a  
la u n d ry - ty p e  so lu tio n , fo llo w ed  b y  e x p o su re  to  full- 
sp e c tru m  s im u la te d  e a r th - le v e l su n lig h t.

W ith  th e  lig h t so u rc e  u se d  in th is  s tu d y , th e  8 -M O P  
s o lu tio n  w a s  p h o to to x ic , a s  in d ic a te d  b y  th e  s in g le 
d o se  re sp o n se  a s  w ell a s  b y  th e  re su lts  o b se rv e d  a f te r  
e x p o su re  fo r 5 w k  in  th e  lo n g te rm  e x p e r im e n t. T h e  
sa m e  so lu tio n  e n h a n c e d  p h o to c a rc in o g e n e s is .  T h e  
F W A s te s te d  w ere  n o t  p h o to to x ic , n o r  d id  th ey  
e n h a n c e  p h o to c a rc in o g e n e s is .
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E X P E R IM E N T A L  M O D IF IC A T IO N  O F  P H O T O C A R C IN O G E N E S IS . III. 
S IM U L A T IO N  O F  E X P O S U R E  T O  S U N L IG H T  A N D  

F L U O R E S C E N T  W H IT E N IN G  A G E N T S

P. D. Forbes and F. Urbach

P h o to h io lo g y  P r o g r a m . T h e  S k in  a n d  C a n c e r  H o s p i ta l .  T e m p le  U n iv e r s i ty  H e a l th  S c ie n c e s  C e n te r ,
3 3 2 2  N .  B r o a d  S t r e e t , P h ila d e lp h ia , P e n n s y lv a n ia  1 9 1 4 0 , U S A

(R e c e iv e d  8  D e c e m b e r  1974)

Abstract—Skin tumours were produced in hairless mice after several months of daily exposure to 
ultraviolet, visible and infra-red radiation from a long-arc xenon-lamp solar simulator. Mice were 
bathed in an aqueous detergent suspension of a test compound (or the vehicle alone) prior to each 
light exposure. The carcinogenic effect was enhanced by pretreatment of mice with 8 -methoxypsoralen 
(tumours appearing sooner and in larger numbers). Pretreatment of mice with any one of four substi- 
tuted-stilbene fluorescent wh tening agents did not produce phototoxicity or enhance photocarcino
genesis.

IN T R O D U C T IO N

It was recently reported (Bingham & Falk, 1970; 
Falk & Bingham, 1973) that three fluorescent whiten
ing agents (FWAs) enhanced the carcinogenic potency 
of germicidal ultraviolet radiation (UVR) in mice. In 
contrast, one of the same FWAs was tested by Forbes 
& Urbach (1975a), and it neither produced phototoxi
city nor enhanced photocarcinogenesis in hairless 
mice. Other FWAs were found to have no phototoxic 
effect in human skin or in the skin of miniature pigs 
or hairless mice (Forbes & Urbach. 1975c). When 
applied in methanol prior to irradiation, the FWAs 
that were tested did not enhance photocarcinogenesis 
in hairless mice (Forbes & Urbach, 1975a,b).

More recently, we have developed techniques for 
more closely simulating or appropriately exaggerating 
the conditions under which man is exposed to chemi
cals and solar radiation. This paper reports the results 
of bathing mice daily in aqueous solutions of test 
chemicals, followed by exposure to the UV, visible 
and infra-red (IR) component of simulated sunlight. 
Two of the tested FWAs had not previously been 
evaluated photobiologically; the other two had been 
tested in a different system (Forbes & Urbach, 1975b).

E X P E R IM E N T A L

The FWAs used, approximately 90% pure as sup
plied to detergent manufacturers, were sodium 2-(4- 
styryl-3-sulphophenyl)-2H-naphtho[l,2-i/] triazole 
(FWA-I; Tinopal® RBS), disocium 4,4'-bis-[(4-ani- 
lino-6-morpholino- 1,3,5-triazin - 2 - yl)amino]stilbene - 
2,2'-disulphonate(FWA-II ; Tinopal AMS), disodium 4, 
4'-bis-([4-anilino-6-((V-methyl-2-hydroxyethylamino)- 
1,3,5 - triazin - 2 - yl] amino) stilber.e - 2,2' - disulphonate 
(FWA-III; Tinopal 5BM) and disodium 4,4'-bis-(2- 
sulphostyryl)biphenyl (FWA-IV; Tinopal CBS). All

were products of CIBA-GEIGY Inc., Ardsley, N.Y., 
and their structures are indicated in Fig. 1.

Hairless mutant mice (Skh: hairless-1) (Forbes & 
Urbach, 1975b) were housed in custom-built stainless- 
steel irradiation cage units (Figs 2a,b). The animals 
were put into the cages when 6-8 wk old and had 
free access to laboratory chow and tap-water

F W A - I

SOaNa

F W A - n

FWA-m

f w a  nr

Fig. 1. Structure of the four fluorescent whitening agents 
used in the study.
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throughout the period of study. The light source was 
a 6-kW long-arc xenon burner (Osram XBF 6000) 
with a filter to eliminate UV shorter than 290 nm 
and to attenuate the IR (Atlas Electric, Chicago. 111.). 
The output curve was a good match for a mid-lati
tude sea-level solar spectrum. The long axis of the 
lamp was hung vertically and animal housing units 
were arranged around the lamp. The UV flux at the 
side (exposed surface) of the cage was monitored with 
a zirconium WL 767 phototube (Forbes & Urbach, 
1975b). The average flux was 0042 W/m2 erythema 
effective energy (EEE) during a daily (Monday to Fri
day) 2-hr exposure period for a maximum surface 
dose of 300 J/nr/day (EEE). The actual skin dose 
was influenced by the position of the mice during 
exposure. The cages on each rack were rotated daily 
to minimize differences related to cage position. Mice 
were moved to clean cages once weekly.

All animals were bathed for 2 min in a test solution 
30-60 min prior to light treatment and those in the 
carcinogenicity study were also treated daily with the 
solution for 2wk prior to the first light treatment. 
The solution was at treatment-room temperature 
(27°C) and was contained in a glass tray. Cage units 
with six mice in individual cubicles were set into the 
glass trays, bringing the fluid level to within 1 cm of 
the top of the unit (Fig. 2c). The mice could swim 
or cling to the unit, with all but the head bathed. 
The animals adapted quickly to this mode of treat
ment; their growth and longevity compared favourably 
with those of untreated conventionally-housed mice 
(P. D. Forbes, in preparation).

All treatment solutions contained XTA-154 bright- 
ener-free detergent (Procter and Gamble Co, Cincin
nati, Ohio) in distilled water in a concentration of 
1 g/litre. One solution contained only detergent and 
was used as the vehicle control. A second solution 
contained the detergent and 0-1 g 8-methoxypsoralen 
(8-MOP)/litre, suspended by heating. The four FWAs 
were tested separately, each at 01 g/litre detergent 
solution. Fresh solutions were made daily.

For the study of phototoxicity, groups of ten mice 
were pretreated once as described above with one of 
the test solutions, and after an interval of 30 min were 
exposed for 2 hr to the long-arc xenon lamp. For the 
photocarcinogenesis study, 24 of the 48 mice treated 
with each solution were exposed to the xenon lamp 
daily, 5 days/wk for 40 wk. The other 24 mice in each 
group were kept as unirradiated controls. Details on 
the examination of mice and the recording of data 
have been described previously (F'orbes & Urbach, 
1975a,b).

RESULTS

P h o t o t o x i c i t y  e x p e r i m e n t

A single 2-hr exposure to the xenon lamp produced 
a moderately severe phototoxic response in mice pre
treated with 8-MOP, but only a barely perceptible 
erythema in all others.

C a r c in o g e n e s i s  e x p e r i m e n t

The fluorescence of the skin of FWA-treated mice 
increased during the first 2 wk of treatment. No direct 
determination was made of the amount of FWA on 
the skin, but the bathed mice were compared under

‘black’ light with mice that had received a single ap
plication of various concentrations of FWAs dis
solved in methanol to controlled areas of skin. The 
FWA residue on bathed mice was estimated to be 
approximately 1 /ig/cm2 skin. Xenon-lamp exposure 
did not alter the skin fluorescence appreciably.

Except for skin fluorescence, the groups of unirra
diated mice were indistinguishable. All irradiated 
mice had transitory erythema during wk 2-3 of UV 
treatment. By wk 10, the mice exposed to 8-MOP 
were distinguishable from all the others. They showed 
areas of more severe erythema, hyperplasia and dry 
desquamation, and later exhibited a marked tendency 
to develop multiple tumours (Figs 2d, e). The 8- 
MOP-treated mice had a higher tumour yield and 
prevalence than the irradiated controls treated only 
with detergent (Figs 3 & 4), but the FWA-treated 
groups had lower tumour yields and prevalence than 
the controls. Most of the tumours developed on the 
animals’ sides, with very few on the midline of the 
back or on the head, ears, snout or abdomen.

DISCUSSION

Two distinct mechanisms for enhancement of pho
tocarcinogenesis are suggested by currently available 
evidence. Photochemical interaction requires the pres
ence of a photoactive agent during light exposure, 
e.g. 8-MOP plus UVR (Hakim, Griffin & Knox, 1960; 
Urbach, 1959). Promotion involves a sub-carcino
genic light exposure, followed by application of a

E3H

Duration of UV treatm ent, wk

Fig. 3. Effects of pretreatment with 8 -MOP (----- ), FWA-I
(-------- ), FWA-III (------) or the detergent-solution
vehicle (------) on (a) the survival, (b) the proportion of
mice with tumours at any given time and (c) the average 
no. of tumours/survivor in groups of irradiated mice.



Fig. 2. (a) Cages on racks facing long-arc xenon solar simulator, (b) Cage unit detail, (c) Cage unit 
with mice in treatment solution, (d) Mouse with multiple tumours, (e) Histology of UV-induced 
carcinoma ; keratin pearls are seen in upper left ; tumour mass is invading musculature towards lower 
right. Haematoxylin and eosin X 100.

[ fa c in g  p a g e  3 4 4 ]
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Fig. 4. Effect of pretreatment with 8 -MOP (-----), FWA-II
(-------- ), FWA-IV (........) or the detergent-solution
vehicle (------) on (a) the survival, (b) the proportion of
mice with tumours at any given time and (c) the average 
no. of tumours/survivor in groups of irradiated mice.

compound capable of eliciting tumours only in irra
diated skin; this is exemplified by studies involving 
UVR and croton oil (Epstein & Rcth, 1968; Pound, 
1970).

An adequate test system for evaluating light and 
chemical interaction in carcinogenesis should ensure 
that adequate light and chemical agent are available 
to an appropriate biological tissue, under circum
stances designed to maximize the possibility of inter
action.

This series of studies demonstrated that chemical 
enhancement of photocarcinogenesis by 8-MOP can 
readily be detected. In the same experiments, there 
was no evidence that the FWAs tested were photo
toxic, nor that they were capable of enhancing photo
carcinogenesis.

This stands in contrast to the reported finding of 
Bingham & Falk (1970) in haired mice. They pointed

out that ulcerations developed in the region of appli
cation of the test material and that the ulcers pro
gressed to tumcurs. Their report does not indicate 
what part was played by the components of treatment 
(UVR. dimethylsulphoxide, FWA, hair removal etc.) 
in the induction of ulcers or in the promotion of the 
ulcers to neoplasia. In a recent review (Falk & 
Bingham, 1973) the same authors stressed the possible 
influence of solvent on the expression of carcino
genesis, but the influence of ulceration (trauma, 
granulation and hyperplasia) was not discussed. In 
our study, neoplasia was not preceded by ulceration. 
Whether FWA-enhanced photocarcinogenesis can 
occur under any circumstances other than those exist
ing in the original study (Bingham & Falk, 1970) has 
not been shown, nor can these authors’ observations 
be generalized to conditions of known or reasonably 
predictable use (or misuse) of FWAs.

A c k n o w le d g e m e n t—This work was supported in part by 
NIH Grant ES 00269 from the National Institute of En
vironmental Health Sciences.
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A B S E N C E  O F  T O X IC  A N D  C A R C IN O G E N IC  E F F E C T S  
A F T E R  A D M IN IS T R A T IO N  O F  H IG H  D O S E S  O F  

C H R O M IC  O X ID E  P IG M E N T  IN  S U B A C U T E  A N D  
L O N G -T E R M  F E E D IN G  E X P E R IM E N T S  IN  R A T S

S. I v a n k o v i c  and R. P r e u s s m a n n

I n s t i t u t  f ü r  T o x ic o lo g ie  u n d  C h e m o th e r a p ie , D e u ts c h e s  K r e b s fo r s c h u n g s z e n tr u m , D -6 9  H e id e lb e r g  1,
B u n d e s r e p u b lik  D e u tsc h la n d

(R e c e iv e d  23  O c to b e r  1974 )

Abstract—The pigment chromic oxide (Cr20 3), which as chromium oxide green (C-green 9) or pigment 
green 17 is used as a cosmetics colouring, was tested in BD rats for subacute toxicity (90-day test) 
and for long-term toxicity and carcinogenicity (2-yr study). Administration of 2 or 5% in the feed 
for 90 days produced no signs of toxic effect and no detectable differences from untreated controls. 
Fertility of the animals was normal during treatment, and the young showed no malformations. Feeding 
of 1, 2 or 5% Cr20 3 in the feec for 2 yr was well tolerated. The animals were observed throughout 
life and there was no reduction in the average life expectancy of the experimental animals. Even 
with the very high oral doses of Cr20 3 given, no carcinogenic action was detected.

IN T R O D U C T IO N

The inorganic pigment, chromic oxide (chromium- 
(III) oxide; dichromium trioxide; Cr20 3) is used in
dustrially, and as chromium oxide green (C-green 
9) or pigment green 17 it is also incorporated 
into eye make-up, particularly as eye-shadow. In the 
classification in the Third Communication of 
the Deutsche Forschungsgemeinschaft, Farbstoff- 
Kommission (1959), the dye is placed in the C group 
of colourings, since it is applied on or near mucous 
membranes. According to the results of toxicological 
studies, C-green 9 is rated in this document as “pro
visionally permissible” in category Ca, data being 
available only on acute toxicity and local tolerance 
following application to the skin and eye.

A Russian paper (Dvizkov & Fedorova, 1967), de
scribed the formation of lung and pleural tumours 
after parenteral administration of an ill-defined chro
mium oxide to rats. The known carcinogenic actions 
of various chromium compounds in man and exper
imental animals have recently been summarized (In
ternational Agency for Research on Cancer, 1973). 
Since further investigation of the long-term toxicity 
of the insoluble pigment appeared to be necessary, 
chromium oxide green was fed to rats in the diet in 
a 90-day test and in a long-term feeding study lasting 
2 yr.

E X P E R IM E N T A L

M a te r ia ls . The substance used in the studies was 
generously made available by Dr. H. Eich, Besigheim, 
who also provided the following information:

Chromium oxide green (Schultz no. 1451; 
Colour Index no. 77288; pigment green 17) was 
obtained by reduction of chromate at about 
600°C. The product, which was washed until all

® Registered trade-name of Altromin GmbH, Lippe, Ger
many.

soluble components, particularly chromate, had 
disappeared, was a fine green powder of pure 
Cr20 3, insoluble in water, alkali and mineral 
acids. The product was in a non-hydrated form. 
Precise analysis of the preparation used in the 
study gave a maximum content of 3 ppm Cr3 + 
with one of three investigators. The preparation 
was free from chromate (detection limits of the 
method of determination) 1 p g  Cr042~). With 
respect to heavy-metal impurities (arsenic, lead, 
mercury, antimony, soluble barium, copper and 
zinc), the product complied with the specifica
tions of the Deutsche Forschungsgemeinschaft, 
Farbstoff-Kommission (1959).

A n im a ls  a n d  d ie ts . The studies were conducted on 
inbred BD rats of both sexes (Druckrey, Dannenberg, 
Dischler & Steinhoff, 1963), about 100 days old and 
weighing on average about 200 g at the start of the 
tests. They were housed in groups of four in Makro- 
lon cages and both test animals and controls were 
given tap-water a d  lib . Untreated controls were fed 
Altromin®, while the test pigment was administered 
in bread, which was made twice weekly by incorpor
ating 1, 2 or 5% Cr20 3 into a dough made from 
2835 g flour, 150 g milk powder, 150 g mixed salts 
(NaCl, CaHP04 and Cu, Zn, Co, Mn and K), 150 
g cooking oil, 150 g cod-liver oil, 300 g malt extract, 
600 g sugar, 80 g yeast and 900 ml water and subse
quently baked. Uneaten bread was weighed in order 
to determine the amount consumed. There were only 
small losses from crumbs.

E x p e r im e n ta l  d e s ig n  a n d  c o n d u c t

9 0 - D a y  te s t. The test pigment was given to two 
groups on 5 days/wk, one group of 14 males and 
five females receiving 2% in the feed and a second 
of five males and ten females being given 5%. At 
weekends, the test animals received the control diet 
with a vegetable supplement. The untreated control 
group consisted cf six males and six females. Uptake
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of food was determined weekly and body weight fort
nightly. The blood picture was determined before the 
beginning of the experiment and monthly during feed
ing. Random samples were taken during the course 
of the study and from all animals in the last week 
of the experiment for urinary determinations of pro
tein, sugar, bilirubin, blood and sediment. During the 
last 30 days of treatment, males and females from 
the same group were paired to test fertility, and the 
number of young in each litter was recorded.

At the end of the feeding period, the animals were 
fasted for 24 hr. Blood samples were taken from the 
retrobulbar plexus for determinations of blood sugar, 
serum protein and serum bilirubin, and from the tail 
vein for counts of erythrocytes and total and specific 
types of leucocytes and for haemoglobin estimations. 
Blood sugar was determined enzymatically, serum 
protein by biuret and serum bilirubin with diazotized 
sulphanilic acid. The animals were killed with ether 
and autopsied, the liver, spleen and kidney being 
weighed in all animals and the brain and ovaries in 
random samples. Samples of these organs and of lung, 
heart, pancreas, stomach, small intestine and urinary 
bladder were fixed in 4% buffered formalin and sec
tions were embedded in paraffin wax and stained with 
haematoxylin and eosin.

C a r c in o g e n ic i ty  (2 - y r  fe e d in g )  s tu d y . Groups of 60 
male and female rats were fed 1, 2 or 5% Cr20 3 
baked in bread on 5 days/wk for 2 yr (600 feeding 
days), the control diet with a vegetable supplement 
being given each weekend. A further group of 60 male 
and female rats served as untreated controls. Intake 
of the test pigment was calculated weekly and the 
animals were weighed monthly. At the end of the 
feeding period, surviving animals were maintained on 
the control diet until they died or became moribund, 
death being induced with ether in the latter case. At 
autopsy, all the important organs, including the brain 
and nervous system, were fixed in 4% formalin solu
tion and studied histologically.

R E S U L T S

9 0 - D a y  te s t

The treatment was well tolerated at both dose 
levels. One male rat fed the 5% Cr20 3 diet died 70 
days after the start of the experiment from acute

* These determinations were carried out by Dr. H. Eich.

pneumonia. Food intake was normal throughout the 
study, averaging 20 g/day for males and 15 g/day for 
females. The total amount of Cr20 3 consumed during 
the whole of the experiment in which 2% was fed 
was 75 g/kg body weight (25 g/animal) for males, and 
72 g/kg for females (18 g/animal). In the experiment 
in which 5 %  was fed, 180 g/kg was consumed by 
males, and 160 g/kg by females. No significant differ
ences in body weight were evident between the two 
experimental groups and the controls (Fig. 1).

The faeces of the treated animals showed an intense 
green coloration throughout the study, indicating sig
nificant excretion of the administered pigment. In a 
subsidiary experiment in which 5 g Cr20 3/kg was 
given in a single dose to four rats, excretion was evi
dent from the green coloration of the faeces about 
16 hr after administration and ended after about 4 
days. A total of 5-95 g Cr20 3 was given to these ani
mals and some 4-9-5 0 g Cr20 3 was excreted un
changed in the faeces*.

Haemoglobin determinations and counts of eryth
rocytes and total and differential leucocytes in blood 
samples from the Cr20 3-treated groups showed no 
significant deviations from the corresponding control 
values (Table 1) and there were no adverse findings 
in determinations of serum protein, serum bilirubin 
and blood sugar (Table 2). These estimations were 
carried out at the end of the Cr20 3 feeding and 
shortly before the death of the animals. Urine analy
ses carried out during the experiment and at termina
tion showed no significant differences between the 
treated and control animals.

Altogether nine females were paired with males 
from the same dosage group 60 days after the start 
of feeding. All the females became pregnant in due 
course, the gestation period was normal (23 days) and 
the young showed no malformations or other adverse 
effects. Litter sizes were in the normal range, averag
ing eight pups. Some of the progeny were retained 
for lifetime observation and so far (600 days) no 
tumours have been detected. It was thus shown that 
no toxic or teratogenic effects were associated with 
Cr20 3 treatment throughout the gestation period and 
fertility was not adversely affected.

All the experimental animals except those from the 
fertility study, which were still suckling, were killed 
within 1 wk of the cessation of Cr20 3 feeding. All 
the major organs were investigated at autopsy. With 
the exception of the weights of the spleen and liver, 
which showed some reduction in the treated animals

D u r a t i o n  o f  f e e d i n g ,  d a y s

Fig. 1. Body-weight curves for (a) male rats and (b) female rats fed Cr20 3 at dietary levels of 0 (control; •), 
2 (A) or 5% (O) on 5 days/wk for a 90-day period.
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Table 1. H a e m a to lo g ic a l  f in d in g s  in B D  r a ts  f e d  d ie ts  c o n ta in in g  0, 2  o r  5 %  Cr20 3 f o r  9 0  d a y s

Sex and 
dietary 
level
(%)

Leucocytes

No.
of

rats
Haemoglobin 

(g/1 0 0  ml)
Erythrocytes
(106/mm3)

Total
(103/mm3)

Differential (%)

N L M E

Males
0 6 16-0 + 0-80 6-2 ±  0-76 12-3 +  2-30 27-2 + 1-8 70-3 +  2-1 M  +  0-3 1-4 +  0-70
2 14 15-9 + 0-77 6-0 + 0-64 14-7 +  1-80 25-7 + F3 71-4 + 0-8 1-0 + 0-2 1-9 + 0-65
5 4 15-1 + 0-60 5-7 + 0-59 10-8 +  M 0 23-6 + 2-0 72-2 ±  0-7 1-8 + 0-4 2-4 +  0-76

Females
0 6 14-8 +  0-50 5-9 + 0-60 11-7 + 2-00 25-5 +  1-1 68-4 + 2-0 3-1 + 0-2 3-0 + 0-88
2 5 13-9 +  0-66 5-5 + 0-63 14-4 + 1-30 30-2 +  1-4 67-1 +  1-8 M  +  0-3 1-6 + 0-70
5 10 15-1 ±  0-55 5-9 ±  0-80 11-9 +  1-60 27-0 + 1-6 70-4 + 2-2 0-9 +  0-44 1-5 + 0-80

N =  Neutrophils L = Lymphocytes M = Monocytes E =  Eosinophils 
Values are means for the numbers of animals stated +  SEM. Those recorded for all three groups initially and at 

the end of months 1 and 2 of the study were closely similar to those reproduced in the table.

(Table 3), there were no macroscopic or histological 
changes. Compared with sections of organs from con
trol animals, no changes could be detected that could 
be attributed to the Cr20 3 treatment.

C a r c in o g e n ic i ty  s tu d y

Feeding of Cr20 3 at all three dose levels was well 
tolerated. As in the 90-day test, the body-weight 
curves for the treated animals did not differ from 
those for the controls. The 60 control rats reached 
an average life expectancy of 890/3o days. Two mam
mary fibroadenomas, one mammary carcinoma and 
two hypophyseal adenomas were observed in this 
group. Of the 60 rats given 1% Cr20 3, the first died 
from a lung infection after 130 days and the last 1315 
days'from the start of the experiment. The average life 
expectancy was 870/ days. The total dose of Cr20 3 
consumed was about 120 g/rat, or about 360 g/kg 
body weight, in 600 days of feeding. Only three mam
mary fibroadenomas were detected in this group. The 
remaining animals showed no macroscopic or micro
scopic signs of benign or malignant growths. The first 
death in the group given 2% Cr20 3 occurred after 
127 days and the last 1230 days from the start of 
feeding. The average survival period was 8802 | q days. 
The total dose of Cr20 3 consumed in 600 days of 
feeding was 240 g/rat, or 720 g/kg body weight. One 
mammary fibroadenoma was the only tumour ob
served. In the group given 5% Cr20 3, the first rat 
died after 113 days and the last after 1295 days. The

average survival was 860/2° days. The total dose of 
Cr20 3 consumed in 600 days of feeding was about 
600 g/animal or 1800 g/kg body weight. Three mam
mary fibroadenomas and one hypophyseal adenoma 
were found, but no other benign or malignant 
tumours appeared.

D IS C U S S IO N

This investigation of the pigment Cr20 3 (C-green 
9) showed no toxic effects in BD rats given high oral 
doses over 90 days or 2 yr. This result is the more 
convincing because the doses used (up to 5% of the 
feed) were. substantially higher than the 1% in feed 
recommended by national (Deutsche Forschungsge
meinschaft) and international (WHO) authorities.

In the 90-day test, there were no statistically signifi
cant differences from the values found in control ani
mals for the haematological determinations (total and 
differential leucocytes, erythrocytes and haemoglobin) 
or for the biochemical measurements of serum protein 
and blood sugar and of blood, sugar, protein, biliru
bin and sediment in the urine. The slightly reduced 
total bilirubin content in serum was within the nor
mal limits for the strain of rat used.

The only striking observation in the subacute study 
was the dose-dependent reduction in the organ 
weights of the liver and spleen. No differences were 
noticed in the other organs. However, no pathological 
changes, either macroscopic or histological, were

Table 2. B lo o d  a n a ly s e s  in B D  r a ts  f e d  d ie ts  c o n ta in in g  0 , 2  o r  5% Cr20 3 f o r  9 0  d a y s

Sex and 
dietary level 

(%)
No. of 

rats
Sugar

(mg/ 100  ml blood)
Protein

(g/1 0 0  ml serum)

Total
bilirubin

(mg/1 0 0  ml serum)

Male/female
0 10 74-1 + 4-8 6-4 +  0-30 0-57 +  0-28

Male
2 13 72-9 + 5-1 6-2 + 0-26 0-19 +  0-11
5 4 75-5 + 4'8 5-7 ±  0-32 0-23 ±0-15

Female
2 4 77-2 +  4-4 6-2 +  0-30 0-36 +  0-20
5 7 73-4 +  5-0 6-2 +  0-28 O'34 ±  0-11

Values are means for the stated numbers of rats ±  SEM.
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Table 3. W e ig h ts  o f  o r g a n s  f r o m  B D  r a ts  f e d  d ie 's  c o n ta in 
ing  0 , 2 o r  5 %  C r 2Os f o r  9 0  d a y s

Sex and 
dietary level 

(%)
No. of 

rats

Organ weights (g)

Liver Spleen Kidneys

Males
0 6 8-9 + 0-7 0-82 ±  0-08 1-6 ±  0-10
2 14 8-8 + 0-6 0-61 ± 0-15 2-2 + 0-10
5 4 7-7 + 0-5 0-52 + 0T2 2-1 ±  0-08

Females
0 6 7-3 + 0-5 0-55 +  0-10 1-3 ±  0-08
2 5 6-7 +  0-7 0-48 + 0-16 1-8 ±  0-09
5 10 5-1 ±  0-6 0-43 + 0-15 1-2 ±  0-08

Values are means for the stated numbers of rats +  SEM.

found in the liver or spleen or any other organ stud
ied. The reduced weights of the liver and spleen could 
therefore not be evaluated as a serious tcxic effect 
without further investigation.

This interpretation is supported by the result of 
the long-term feeding study. Concentrations of 1, 2 
and 5% Cr20 3 in the feed over a period of 2 yr (600 
treatment days) with a total consumption between 
360 and 1800 g Cr20 3/kg body weight were tolerated 
without signs of chronic toxicity. The body-weight 
curves of the treated animals showed no differences 
from those of the untreated controls and the median 
survival times in all three dosage groups were com
parable with that of the controls. No macroscopic 
or histological post-mortem findings could be cau
sally related to the Cr20 3 treatment.

The lack of any carcinogenic action of Cr20 3 is 
of particular importance. The type and frequency of 
the tumours appearing in the experimental and con
trol animals were comparable; mammary fibro
adenomas and the hypophyseal adenomas are ‘spon
taneous’ tumours characteristic of strains of BD rats. 
Orally administered Cr20 3 has no carcinogenic 
action in rats even when excessive doses are given.

In contrast, Dvizkov & Fedorova (1967) described 
the development of malignant tumours (mainly at the 
site of application) after intratracheal, intrapleural 
and ip administration of single doses of 10-50 mg 
Cr20 3/rat. These divergent results can easily be 
explained by the different route of administration, 
since our own studies have shown that most of an 
orally administered dose of Cr20 3 is excreted un
changed in the faeces. It is known that various chro
mium compounds are very poorly absorbed from the 
gastro-intestinal tract of experimental animals (Akat- 
suda & Fairhall, 1934; Aronson & Rogerson, 1972). 
Similar observations have been made in man 
(Schroeder, Balassa & Tipton, 1962). On :he other 
hand, parenterally administered chromium (either in 
ionized or insoluble form) is easily transported and 
distributed, and can be accumulated in the lungs and 
kidneys (Baetjer, Damron & Budacz, 1959; Grogan, 
1957; Kovalchuk, 1966; Visek, Whitney, Kuhn & 
Comar, 1953). The occupationally conditioned sus
ceptibility to lung cancer in workers in the chromium
processing industry may be attributed almost entirely 
to inhalation of chromium-containing dusts, as has 
been established by epidemiological studies from Ger
many (Gross & Kolsch, 1943; Letterer, Neidhardt & 
Klett 1944). the USA (Baetjer, 1950; Brinton, Frasier

& Koven, 1952; Machle & Gregorius, 1948; Mancuso 
& Hueper, 1951) and Great Britain (Bidstrup & Case,
1956).

A possible defect in our studies is that the oral 
route is an inappropriate mode of application for a 
cosmetic product which is applied to the skin, but 
this may be refuted on the grounds of the poor 
resorptive capacity of the skin. It is recognized that 
substances shown to be non-toxic when administered 
orally are generally non-toxic when applied to the 
skin. Far more extensive absorptive surfaces are avail
able in the gastro-intestinal tract, and experience such 
as that reported by Gloxhuber (1970) has shown that 
the skin absorbs less readily than the mucous mem
branes of the gastro-intestinal tract.
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(R e c e iv e d  8 D e c e m b e r  1974)

Abstract—Three oxidation hair dye formulations, mixed with hydrogen peroxide as in use, were tested 
for long-term toxicity and carcinogenic activity by topical application to groups of 100 mice weekly 
or every alternate week for 18 months. Chemical intermediates present in the various formulations 
were p-phenylenediamine, 2,5-toluenediamine sulphate, resorcinol, m-phenylenediamine, 2,4-diaminoani- 
sole sulphate and 2,4-toluenediamine. The latter compound has been shown to produce malignant 
hepatomas when fed to rats in a sub-optimal diet at a level of 0T% for 35 wk. In this study none 
of the formulations produced evidence of systemic toxicity or carcinogenicity.

IN T R O D U C T IO N

The natural vegetable and mineral substances used 
for centuries to colour the hair have largely been re
placed by “permanent” synthetic oxidation dyes. As 
a result of many technical improvements, the use of 
oxidation hair dyes has increased dramatically in the 
last 20 yr, accounting for 75% of the hair colouring 
products sold today.

The dyes are formed inside the hair by the oxi
dation of colourless intermediates, principally aro- 

. matic diamines and aminophenols. to ¡mines which 
react very rapidly with colour modifiers or couplers 
to form indo dyes (Corbett & Menkart, 1973). 
Although these reactions occur rapidly, it has been 
shown (Kiese & Rauscher, 1968) that in small 
amounts (less than 0-2% of the applied dose) un
reacted intermediates may penetrate the skin during 
the dyeing of human hair.

Heavy industrial exposure to certain aromatic 
amines has caused bladder cancer in the past (Clay- 
son & Cooper, 1970). Hueper (1963) has shown that 
although these tumours arose from prolonged skin 
absorption, there was no evidence of any effect of 
these chemicals on the skin itself. The reason for this 
now seems obvious in view of studies showing that 
aromatic amines appear to require metabolic conver
sion to the N-hydroxy derivative to induce cancer 
(Miller & Miller, 1969). We have found no published 
data demonstrating that iV-hydroxylation occurs 
when the aromatic diamines used in permanent hair 
dyes are oxidized and there is no evidence indicating 
an increase in malignancies in the likely target organs 
in women using these dyes regularly for many years 
(National Cancer Institute, 1971).

Evidence that the use of hair dyes is not a signifi
cant factor in the production of scalp malignancies 
has been provided by Dr. F. Urbach, Skin and Cancer 
Hospital of the Temple University School of Medi
cine (personal communication 1973). Over a period 
of 15 yr, Dr. Urbach found only 16 per* ms (eight 
men and eight women) with scalp tumoui. out of

1672 consecutive patients with biopsy-proven cancer 
of the skin. This incidence of primarily sunlight- 
induced basal-cell carcinomas of the haired scalp area 
has not changed since the condition was first reported 
in 1878 (MacDonald & Bubendorf, 1964).

The purpose of this study was to determine whether 
any toxicity is associated with long-term cutaneous 
exposure to important ingredients or reaction pro
ducts in oxidation hair dyes. Included in the study 
was one compound, m-toluene diamine, which has 
been shown to produce hepatoma in rats when fed at 
a level of 0T% in a sub-optimal diet for 35 wk (Ito, 
Hiasa, Konishi & Marugami, 1969). This compound, 
which is no longer used in hair dyeing in the United 
States, was used for a number of years at a con
centration of less than 1% in oxidation dye formula
tions. The extent of its skin penetration and metabo
lism has not been determined. Oxidation dyes, which 
are applied to the hair as a reacting system, can only 
be meaningfully evaluated from the toxicological 
viewpoint by the same route of administration as 
occurs in use, namely skin application.

In hair dyeing, the user is exposed to unreacted 
p a r a  components (p-phenylenediamine, p-amino- 
phenol) and couplers (m-phenylenediamine, 2,4-dia- 
minoanisole, m-aminophenol, resorcinol, hydro- 
quinone), as well as to reactive intermediates, particu
larly quinone ¡mines and the various indo dyes. The 
oxidation of the p a r a  components by hydrogen per
oxide is relatively slow and has been shown to be 
incomplete even after 24 hr. However, the coupling 
reactions are extremely fast and thus there is no sig
nificant build-up in the concentration of the interme
diate quinone imines. Nevertheless, it is important 
that the testing protocol should involve exposure to 
these extremely reactive species. This cannot be done 
by testing with the intermediates themselves since, in 
aqueous media, they undergo rapid polymerization 
and/or hydrolysis (depending on the pH) to give pro
ducts that do not arise in the oxidation dyeing pro
cess. Similarly, if aged reaction mixtures were used, 
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there would be little or no exposure to the quinone 
imines since they are no longer formed once the 
hydrogen peroxide is depleted.

The feeding of aged reaction mixtures may, at first 
sight, appear to be an attractive compromise. How
ever, under conditions prevailing in the stomach (a 
pH around 2 and a temperature of about 38°C), the 
indo dyes would undergo rapid hydrolysis to give a 
mixture of p a r a  components, hydroxybenzoquinones 
and reaction products thereof. The quinone products 
would not arise in other metabolic pathways and the 
ingestion route is thus unrepresentative of the meta
bolism of indo dyes. Furthermore, no intermediate 
quinone imines would be involved in this mode of 
testing. Thus, from the chemical standpoint, topical 
application of fresh reaction mixtures is the only pro
tocol involving exposure to all the materials that are 
inherent in .the application of oxidation hair dyes to 
human subjects. This can only be achieved by careful 
choice of composites not by the use of individual pre
cursors in the presence of peroxide. On the basis of 
these considerations, the protocols and test composi
tions used in this study were selected.

EXPERIM ENTAL

M a te r ia ls . The hair-dye intermediates used in these 
studies were obtained from several suppliers and 
either met standards as purchased or were subjected 
to further purification. p-Phenylenediamine (lot 1143) 
and resorcinol (lot 312), purchased from Nyanza, Inc., 
Lawrence, Mass., were over 99% pure. p-Toluenedia- 
mine (lot K38671) from Naftone, Inc., New York, 
assayed at 98-5%. The 2,4-toluenediamine and m - 
phenylenediamine from Eastman Kodak, Kingston, 
Tenn., were recrystallized from ethanol and isopro
panol to a final purity of over 98%. On a moisture- 
free basis, the 2,4-diaminoanisole sulphate (lot 
A56442) from Lowenstein Inc., Brooklyn, New York, 
assayed at 96-97%.

A n im a ls  a n d  d ie t. Random-bred Swiss Webster mice 
of both sexes, 6-8 wk old, from Charles River Labora
tories were housed individually and were given Ral
ston Purina Laboratory Chow and water a d  lib .

E x p e r im e n ta l  d e s ig n  a n d  p ro c e d u r e

The mice were randomly allotted to nine groups each 
of 100 mice and one group of 250 mice. There were 
equal numbers of each sex in each group. The exper
imental design is shown in Table 1. Three oxidation 
hair-dye formulations were tested (Table 2), each for
mulation being mixed with an equal volume of 6% 
hydrogen peroxide just prior to use. Once weekly or 
once every other week for 18 months, 005 ml of the 
mixture was applied to the skin of the mid-scapular 
area, which was kept free of hair by shaving with 
an electric clipper. The dose was spread just enough 
to prevent run-off. After each application all unused 
material was discarded. The vehicle-control group 
received the base with no added dye intermediate. 
The positive-control group was housed in a separate 
room and received weekly applications of 0 05 ml of a 
solution of 7,12-dimethylbenz[n]anthracene (DMBA) 
in acetone.

It is not always possible in a topical study to select 
the single dose of the positive-control carcinogen that 
will give the best indication of the sensitivity of the

Table 1. E x p e r im e n ta l  d e s ig n  o f  1 8 -m o n th  c a r c in o g e n ic i ty  
s tu d y  o f  h a ir -d y e  fo r m u la t io n s , in v o lv in g  to p ic a l  a p p lic a t io n  

to  m ic e

Group
Test

material*
No. of 

mice/groupt
DoseJ
(ml)

Dosing
frequency

UC None 250 — —

PC DMBA 100 005 W
A PP-7588 100 005 W
B PP-7586 100 005 w
C PP-7585 100 005 w
D PP-7588 100 0-05 F
E PP-7586 100 0-05 F
F PP-7585 100 005 F
G Vehicle 100 005 W
H Vehicle too 005 F

UC =  Untreated control PC = Positive control 
DMBA =  7,12-dimethylbenz[a]anthracene 

W =  Weekly F =  Fortnightly 
*For identification of ‘PP’ samples, see Table 2. 
fEach group consisted of equal numbers of males and 

females.
JThe applied dose of the hair-dye was 0-05 ml of a 1:1 mix

ture of the formulation and 6 % hydrogen peroxide. The 
concentration of the positive control (DMBA in acetone) 
was adjusted so that 005 ml provided a weekly dosage 
of 50 ng DMBA for 6 months, I0pg for 4 months and 
50 p g  for 8 months.

test animal. One may simply apply an overwhelming 
dose producing a high incidence of tumours in a 
short period of time, or it may be more meaningful 
in terms of the usual human exposure to apply small 
doses over longer periods and thus achieve the best 
estimate of the minimal tumorigenic dose. Poel (1956) 
has shown that 125 p g  benzo[a]pyrene applied topi
cally to mice as a single dose is not carcinogenic in 
the normal life span of the mouse, while 1 pig adminis
tered three times weekly for 40 wk (total 120 p g ) pro
duced tumours in nine of 42 mice by wk 40. Klein 
(1956) has shown that as little as 1-2 p g  DMBA 
applied topically to Swiss mice over a 10-month 
period caused a 13% incidence of tumours. In the 
study reported here, a split-dose schedule was used, 
with mice receiving 50 ng DMBA/wk for 6 months, 
followed by 10 pg/wk for 4 months and finally 50 
p g / w k  for the remainder of the study.

The mice were observed daily for signs of toxicity. 
Each week they were weighed, the skin graded for 
irritation and papillomas and other gross lesions were 
noted. The progress of papillomas and other lesions

Table 2. E x p e r im e n ta l  h a ir -d y e  fo r m u la t io n s  t e s t e d  in a n  1 8 -  
m o n th  c a r c in o g e n ic i ty  s tu d y  in  m ic e

Level (%)
in experimental formulation

Ingredient PP-7588 PP-7586 PP-7585

Oleic Acid 5-00 500 500
Isopropanol 300 3-00 300
Sodium sulphite 020 0-20 0-20
Ammonia (29%) 600 600 6-00
2,5-Toluenediaminc sulphate 300 3-00 3 00
p-Phenylenediamine 1 50 1-50 1-50
Resorcinol 0-40 0-40 040
2,4-Toluenediamine base 0-20 __ __
2,4-Diaminoanisole sulphate — 0-38 _
m-Phenylenediamine base — — 0 17
Deionized water 80-70 80-70 80-70
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was charted monthly. Animals that died or that were 
killed because of general debility were autopsied and 
examined histopathologically when possible.

At the termination of the study all survivors were 
weighed and killed and a gross autopsy was per
formed. A sample of blood taken from a random 
selection of at least four mice of each sex in each 
group, except those groups treated only every 
other week, was analysed for haematocrit and hae
moglobin, and mean corpuscular volume and mean 
corpuscular haemoglobin were calculated. A complete 
blood count, including differential, platelet and reticu
locyte counts, was done. The livers of ten animals in 
each group were weighed and liver/body weight ratios 
were calulated. From each animal were taken sections 
of skin, thyroid, lung, gastro-intestinal tract (three sec
tions), spleen, pancreas, liver, kidneys, adrenals, uri
nary bladder, ureter, mesenteric lymph nodes, sternal 
bone marrow and gonads. These tissues were fixed 
in 10% buffered formalin. Slides were prepared from 
haematoxylin/eosin-stained tissues of 13 male and 13 
female mice in each test, vehicle-control and positive- 
control group and of 32 mice of each sex in the un
treated control group and were examined microscopi
cally for evidence of hair dye-induced toxicity. Also, 
every gross tumour-like lesion, regardless of location, 
was examined microscopically and classified.

RESULTS AND DISCUSSION
There were no overt signs of systemic toxicity in 

any of the dye-treated groups. The survival varied 
from 58 to 80%, except in the positive controls in 
which only 21% of the mice were alive after 18 
months. Average body weights were comparable in 
all groups throughout the study. The absolute and 
relative liver weights were in the range of normal 
values for all groups and none of the differences were 
statistically significant by analysis of variance (Snede- 
cor, 1966). All of the haematological data recorded 
were within normal limits. Table 3 shows mean ter
minal body weights, liver/body weight ratios and the 
percentage survival for each group.

Disease processes commonly seen in aged mice of 
this random-bred strain were observed in all groups 
with essentially the same frequency. These included 
chronic murine pneumonia, amyloidosis, chronic

Table 3. S u r v iv a l, m e a n  te r m in a l b o d y  w e ig h ts  a n d  liver  
w e ig h t /b o d y  w e ig h t  r a t io s  in m ic e  t r e a te d  f o r  18 m o n th s  w ith  

to p ic a l ly  a p p lie d  h a ir -d y e  fo r m u la t io n s

Group*

Survival of 
18 months 

(%)

Terminal body 
weight (g)t Liver weight/ 

body weight 
ratiofMales Females

UC 78 37-8 34-5 0060
PC 21 40-6 34-5 0058
A 62 360 31-3 0066
B 65 34-8 311 0067
C 66 37-1 330 0060
D 68 37-7 32-7 0056
E 69 37-4 350 0053
F 80 36-2 32-5 0062
G 59 37-4 30-8 0064
H 62 36-8 331 0062

*For identification of groups, see Table 1. 
tValues for body weights are means for all survivors and 

those for liver weight expressed relative to body weight 
are means for ten mice in each group.

Table 4. In c id e n c e  o f  a lv e o lo g e n ic  a d e n o m a s  a n d  c a rc in o m a s  
in m ic e  t r e a te d  to p ic a l ly  w ith  h a ir -d y e  fo r m u la t io n s  f o r  18 

m o n th s

Group*
No. of 

mice/group Sex

No. of mice with lung 
tumours

Alveologenic Alveologenic 
adenoma carcinoma

UC 125 M 23 4
125 F 14 2

PC 50 M 2 1
50 F 5 2

A 50 M 4 1
50 F 8 I

'B 50 M 6 0
50 F 5 2

C 50 M 8 1
50 F 7 1

D 50 M 6 1
50 F 3 1

E 50 M 9 1
50 F 13 0

F 50 M 18 2
50 F 9 1

G 50 M 12 1
50 F 8 1

H 50 M 11 2
50 F 8 4

*For identification of groups, see Table 1.

focal nephritis, focal lymphoid infiltration in lungs, 
liver and kidneys and testicular atrophy. The inci
dence of alveologenic adenomas and adenocar
cinomas (Table 4) was comparable among the various 
control and test groups and was within the range of 
control values for this strain of mice (Percy & Jonas, 
1971). The type and distribution of all other tumours 
in the groups treated weekly and in the untreated, 
positive-control and vehicle-control groups are shown 
in Table 5.

For the first 5 months of the study, moderate alope
cia occurred in about 50% of the animals of each 
sex in each of the three groups receiving the hair dyes 
once weekly. This was not seen in the groups treated 
every other week or in the vehicle or positive controls. 
The condition diminshed with time and after 11 
months hair growth appeared normal. Microscopic 
examination of sections taken at the final autopsy 
showed that the skin and its appendages were normal 
in all mice in these groups. There were no papillomas 
or carcinomas of the skin except those in the positive 
control group. The other tumours of the skin, in 
whatever groups they occurred, were all outside the 
treated area.

The skins of the mice in the positive control group 
showed no response following the weekly application 
of 50 ng of the carcinogen for 6 months followed 
by 10 ¿ig/wk for an additional 4 months. However, 
when the dose was increased to 50 pg/wk, there was 
an almost immediate response and tumours appeared 
on six animals. This dose proved to be irritating to 
the skin and mortality increased sharply from 18 to 46% 
in 3 months. Although the response was somewhat 
less than expected, it did serve to demonstrate the 
susceptibility of the animals to the action of the car
cinogen.

No evidence of carcinogenic activity was seen in 
the hair dyes tested in this study. The results of a 
companion study which was carried out by the US 
Food and Drug Administration and which included 
groups of mice receiving topical applications of 3% 
m-toluenediamine in water/isopropanol, were also
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Table 5. D is tr ib u t io n  o f  tu m o u r s  o th e r  th a n  a l ie o lo g e n ic  a d e n o m a s  a n d  c a rc in o m a s  in  u n tr e a te d  a n d  p o s i t iv e  c o n tr o ls
a n d  in m ice  t r e a te d  o n c e  w e e k ly  w ith  h a ir  d y e s

No. of mice affected and location of tumours in group*

uc PC A B c G

Type of No. of 
tumour mice/group. . . 250 loot 100 100 100 100

Lymphosarcoma 1 M, liver 1 F, spleen
1 M, kidney 2 F, general
1 F, lung

Fibrosarcoma 1 M, dermis 1 M, dermis 1 F, dermis
1 F, dermis

Fibroma 1 F, dermis 1 F, body wall 1, prostate
1 F. cervix 1 F. dermis
1 F, body wall

Adenocarcinoma 2, mammary 2, mammary 3, mammary
gland gland gland

Granulosa-cell tumour 1. ovary
Leiomyosarcoma 1, uterus 1, uterus
Reticular-cell sarcoma 1 M. kidney 1 F, liver, spleen, 1 M, liver

1, prostate. lung, lymph node
1 F, liver,

lymph node
Myxofibroma 1, uterus
Squamous carcinoma 1 F. skin

and lung
Papilloma 2 M, skin
Adenoacanthoma 1, mammary

gland
Osteogenic sarcoma 1 F. lung
Serosal fibroma 1 F, stomach

*For identification of groups, see Table 1.
(Two positive-control mice with skin papillomas in the treated area were lost as a result of death and autolysis.

negative for carcinogenicity and will soon be pub
lished (H. Blumenthal, personal communication
1974).

Included in these studies was a compound pre
viously shown to be a potent hepatocarcinogen when 
fed to rats. This raises the question again of the rele
vance of testing topical products by oral 
administration and of the significance of studies 
showing the toxic effects of prolonged oral dosing 
with high levels of ingredients of products that have 
been shown to be safe when tested under reasonably 
exaggerated conditions of use. It is often argued that 
oral administration is the means of choice tc achieve 
the exaggerated dosage levels necessary to detect, in 
small numbers of test animals, effects that may occur 
in a few exposed individuals in a large population. 
This oral dosing frequently assumes massive propor
tions bearing no reasonable relationship to normal 
exposure and is often limited only by the amount 
the animal can tolerate while remaining compensated 
and apparently normal. This kind of testing may give 
false and misleading information for a number of rea
sons: (1) Blood levels will undoubtedly occur that 
would never be seen in product use, and may result 
in abnormal metabolism and pathology; (2) due to 
the effects of pH and gut bacteria, there could be 
absorption of molecular species that would never 
occur with topical application; (3) metabolic conver
sion to a more (or less) toxic substance may occur, 
or may occur at a rate quite different from that fol
lowing topical application; (4) chemical reaction with 
essential nutrients in the ingesta can produce toxicity 
as a result of deficiencies and imbalances that bear 
no relationship to any inherent toxicity of the com
pound tested; (5) the normal gut flora may be drasti
cally altered causing additional nutritional problems; 
(6) the target organs and excretory patterns may not 
be representative of those occurring during normal

exposure. As indicated in the Introduction, these con
siderations have particular relevance in the case of 
oxidative hair dyes. They are, however, valid also for 
other systems.

Conclusions
No evidence of toxicity, or carcinogenicity, was 

seen when several oxidative hair-dye formulations 
were tested in an 18-month topical study in mice. 
Included in the formulations were 2,5-toluenediamine 
sulphate, p-phenylenediamine, resorcinol, 2,4-dia- 
minoanisole sulphate, m-phenylenediamine and 2,4- 
toluenediamine. The latter compound has produced 
liver cancer when fed to rats in a sub-optimal diet. 
Safety evaluation studies of products must involve 
actual conditions of use to produce meaningful 
results.

REFERENCES

Clayson, D. B. & Cooper, E. H. (1970). Cancer of the uri
nary tract. A d v . C a n c e r  R e s . 13, 271.

Corbett, J. F. & Menkart, J. (1973). Hair coloring. C u tis  
12, 190.

'Hueper, W. C. (1963). Chemically induced skin cancer in 
man. Conference on Biology of Cutaneous Cancer. N a tn .  
C a n c e r  In s t .  M o n o g r . no. 10, p. 381.

Ito, J., Hiasa, Y., Koniski, Y. & Marugami, M. (1969). The 
development of carcinoma in liver of rats treated with 
m-tolylenediamine and the synergistic and antagonistic 
effects with other chemicals. C a n c e r  R e s . 29, 1137.

Kiese, M. & Rauscher, E. (1968). The absorption of p -  
toluene diamine through human skin in hair dyeing. 
T o x ic ,  a p p l. P h a r m a c . 13, 325.

Klein, M. (1956). Induction of skin tumors in the mouse 
with minute doses of DMBA alone or with croton oil. 
C a n ce r  R e s . 2, 123.

MacDonald, E. & Bubendorf, E. (1964). Tumors of the 
skin. In P r o c e e d in g s  o f  th e  7 th  A n n u a l  C o n fe r e n c e  o n  th e  
E p id e m io lo g ic  A s p e c t s  o f  S k in  C a n ce r , p. 23. Year Book 
Medical Publishers, Chicago.



Toxicity of oxidation hair dyes 357

Miller, Elizabeth C. & Miller, J. A. (1969). Studies in the 
mechanism of activation of aromatic amine and amide 
carcinogens to ultimate carcinogenic electrophilic reac
tants. A n n . N .Y .  A c a d . S c i. 163, 731.

National Cancer Institute (1971). Preliminary Report, 
Third National Cancer Survey. DHEW Publication No. 
72-128, p. 11.

Percy, D. H. & Jonas, A. M. (1971). Incidence of spon
taneous tumors in CD(R)-1 HaM/ICR mice. J .  na tn . 
C a n c e r  In s t .  46, 1045.

Poel, W. (1956). Carcinogens and minimal carcinogenic 
doses. S c ie n c e , N .Y .  123, 588.

Snedecor, G. W. (1966). S ta t is t ic a l  M e th o d s . 5th Ed. p. 291. 
Iowa State College Press, Ames, Iowa.



Fd Cosmet. Toxicol. Vol. 13, pp. 359-363. Pergamon Press 1975. Printed in Great Britain

SHORT PAPERS

A B S O R P T IO N  G A S T R O - IN T E S T IN A L E , C H E Z  L E  R A T ,
D E  L ’A N IS O L E , D U  TRA N S-A N É T H O L E , D U  

B U T Y L H Y D R O X Y A N IS O L E  E T  D U  S A F R O L E

P. Fritsch, G. de Saint Blanquat et R. Derache*
G ro u p e  d e  R e c h e r c h e s  s u r  la T o x ic o lo g ie  d e s  A l im e n ts  e t  d e s  B o is s o n s , I N S E R M , U .8 7 . U n iv e r s i té  

P a u l S a b a tie r , I n s t i t u t  d e  P h y s io lo g ie , 2  R u e  F r a n ç o is  M a g e n d ie , 3 1 4 0 0  T o u lo u s e , F r a n c e

(R e ç u  le  6  d é c e m b r e  1 974 )

Résumé—11 a été étudié, par une méthode de perfusion in  s itu  chez le rat, l’absorption gastro-intestinale 
de quatre additifs alimentaires dérivés du méthoxybenzène: I’anisole, le rrans-anéthole, le butylhydroxy- 
anisole et le safrole. Ces composés sont largement absorbés au niveau du tractus digestif par un 
mécanisme de diffusion passive mais la cinétique d’absorption varie d’un produit à un autre. Ces 
variations sont expliquées, au moins partiellement, par des différences du coefficient de liposolubilité.

Abstract—A method of in  s itu  perfusion in the rat was used to study the gastro-intestinal absorption 
of four food additives derived from methoxybenzene, namely anisole, trans-anethole, butylated hydroxy- 
anisole and safrole. These compounds are largely absorbed from the digestive tract by a mechanism 
of passive diffusion, but the absorption kinetics vary from one product to another. These variations 
are explained, at least partially, by differences in the coefficients of liposolubility.

Introduction
La série chimique des dérivés du méthoxybenzène 

groupe un certain nombre d’additifs alimentaires 
comme des arômes (anéthole, vanilline), un antioxy
dant (butylhydroxyanisole) et des corps utilisés aussi 
en thérapeutique (trithioanéthole, safrole, gaïacole).

Nous avons fait porter notre étude sur quatre de 
ces dérivés intéressants à différents points de vue: le 
méthoxybenzène, ou anisole, origine de la série chimi
que, fait partie de la liste des matières aromatisantes 
artificielles provisoirement admissibles (Conseil de 
l’Europe, 1970; Le Moan, 1973); le p-propényl-1- 
méthoxybenzène (dérivé trans), ou anéthole, est le 
principe naturel responsable du goût anisé; le butyl
hydroxyanisole (BHA), mélange de 3- et 2-butyl-feri-
4-hydroxyanisole, est un antioxydant des plus 
employés dans la conservation des huiles et des corps 
gras alimentaires; enfin, le 4-allyl-l,2-méthylènedioxy- 
benzène, ou safrole, est un exemple d’un arôme 
naturel, longtemps utilisé en confiserie et dans la 
préparation de certaines boissons, qui est désormais 
interdit depuis que Long, Nelson, Fitzhugh et Hansen 
(1963) ont découvert qu’il était un agent cancérigène 
hépatique chez le rat.

La DL50 (per os) de ces dérivés est de l’ordre de
2-3 g/kg chez le rat et la souris (Jenner, Hagan, Tay
lor, Cook et Fitzhugh, 1964); mais des effets hépato- 
toxiques ont été observés pour la plupart de ces corps, 
chez le rat (Creaven, Davies et Williams, 1966; Daly, 
1970).

11 faut admettre que ces additifs alimentaires sont 
absorbés au niveau du tractus digestif car ils sont 
excrétés de façon importante par voie urinaire; ainsi 
l’anisole et le BHA sont éliminés à des taux de 80- 
90% (Astill, Mills, Fasset, Roudabush et Terhaar, 
1962; Bray, James, Thorpe et Wasdell, 1953), l’ané-

* Avec la collaboration technique de M.T. Canal.

thole à plus de 50% (Le Bourhis, 1970). Certes, 
comme tous les composés liposolubles, ces quatre 
dérivés méthoxybenzène doivent traverser les bar
rières gastro-intestinales de façon passive, comme 
beaucoup de médicaments par exemple. Néanmoins, 
le problème des processus et des sites d’absorption 
de ces composés reste entier; aussi, avons-nous pensé 
qu’il était nécessaire de préciser la cinétique d’absorp
tion de ces dérivés au niveau de l’estomac et de l’intes
tin. En outre, pour tenter d’élucider leurs modalités 
d’absorption, nous avons évalué leurs coefficients de 
liposolubilité et nous avons recherché leur éventuelle 
dissociation en fonction du pH.

Méthodes experimentales
Perfusion  gastro -in testin a le . Parmi les nombreuses 

méthodes d’étude de l’absorption digestive d’un 
composé, nous avons choisi la perfusion in situ , en 
circuit fermé, avec recyclages continus du perfusât 
(Doluisio, Billups, Dittert, Sugita et Swintosky, 1969). 
Nous "avons utilisé des rats Wistar, mâles, d’un poids 
moyen de 300 g, mis au jeûne 17 h avant l’opération; 
après l’anesthésie à l’cthyl-uréthane et la pose d’une 
canule intratrachéale, nous avons préparé les animaux 
pour une perfusion simultanée de la cavité gastrique 
et de la cavité intestinale ; pour la perfusion gastrique, 
nous avons placé le cathéter d’entrée au niveau du 
cardia et celui de sortie au niveau du pylore; le 
cathéter d’entrée plonge dans une enceinte thermo- 
statée à 37°C contenant le liquide de perfusion qui 
est entraîné par une pompe péristaltique réglée sur 
un débit de 1 ml/min. Le cathéter de sortie draine 
le liquide de perfusion qui s’écoule par gravité dans 
l’enceinte thermostatée; la perfusion intestinale a été 
effectuée de la même manière et nous avons placé 
le cathéter d’entrée dans la région duodénale post-
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pylorique et le cathéter de sortie dans la région iléale 
précaecale. Après avoir lavé l’estomac et l’intestin 
avec une solution de NaCl à 0-9% à 37°C, on perfuse 
la cavité gastrique avec 30 ml et la cavité intestinale 
avec 50 ml d’une solution de Ringer-bicarbonate, à 
pH 7,4, pendant 1 h, pour équilibrer le montage. L’ex
périence est ensuite réalisée dans les mêmes condi
tions, mais avec addition du produit étudié au milieu 
de perfusion, à la dose de 2 mg/ml. L’osmolarité de 
la solution de perfusion est de 327 mosM au temps 
zéro. L’anisole, l’anéthole et le safrole ont été mis en 
suspension dans du Tween 20 à 1% selon la méthode 
de Regdon-Kiss et Mester (1966) et le BHA dans le 
Tween 80, également à 1% en concentration finale. 
Afin d’établir une cinétique de l’absorption, nous 
avons effectué des perfusions durant 15, 30, 45, 60, 
75, 90, 105 et 120 min.

M é t h o d e  d e  d o s a g e .  Pour chacune des périodes 
expérimentales, nous avons évalué la quantité du pro
duit restant dans le milieu de perfusion de l’estomac 
et de l’intestin, puis par différence avec la dose mise 
au temps zéro, nous avons estimé la quantité 
absorbée. A ce propos, nous avons élaboré une 
méthode d’extraction et de dosage en fluorescence de 
l’anisole, de l’anéthole, du BHA et du safrole: 1 ml 
de la solution contenant de 1-10 p g  de produit est 
agité mécaniquement pendant 10 min, en présence de 
1 g de NaCl, de 1 ml de NaOH-2N et de 10 ml d’hep- 
tane redistillé; après centrifugation, la phase surna
geante heptanique, éventuellement diluée, est dosée 
au spectrofluorimètre en même temps que des essais 
étalons. Les longueurs d’onde optimales d’excitation 
et de fluorescence pour les quatre dérivés du méthoxy- 
benzène étudiés sont les suivantes: Anisole, 275 nm 
(excitation) et 300nm (fluorescence); anéthole, 299 et 
330nm; BHA, 295 et 320nm; safrole, 296 et 322nm.

M e s u r e  d e s  c o e f f i c i e n t s  d e  l i p o s o lu b i l i t é .  Nous 
avons mis en présence 10 ml d’une phase aqueuse 
constituée par la solution de perfusion précédemment 
décrite et 30 ml d’une phase organique contenant 97% 
de cyclohexane et 3% d’alcool octylique primaire. 
Cette phase organique tente de reproduire la légère 
polarité des phospholipides de la muqueuse intes
tinale (Bastide, Rouffiac et Stanislas, 1972). Après agi
tation et décantation, le dosage du dérivé méthoxy- 
benzène a été effectué sur une prise aliquote de la 
phase aqueuse; par différence avec la quantité initiale,

il a été estimé la concentration dans la phase organi
que. Le coefficient de liposolubilité (CL) est le rapport 
entre la concentration de la phase organique et celle 
de la phase aqueuse. Pour étudier la dissociation 
éventuelle en fonction du pH, nous avons mesuré les 
CL aux quatre valeurs de pH (2, 5, 7,4 et 9).

Résultats
A b s o r p t i o n  g a s t r o - i n t e s t i n a l e

Les résultats ont été exprimés, pour chaque temps 
de perfusion, en pourcentage, afin de faciliter la com
paraison des degrés d’absorption. Le Tableau 1 rep
résente les valeurs moyennes des pourcentages de l’ab
sorption gastrique et de l’absorption intestinale des 
dérivés du méthoxybenzène étudiés. Dans le but de 
clarifier ces résultats et surtout de faciliter la compa
raison des taux d’absorption dans nos différentes con
ditions expérimentales, nous avons cherché à déter
miner une relation linéaire entre le taux d’absorption 
y  et le logarithme du temps de perfusion x .  Le Tab
leau 2 regroupe l’ensemble des équations des droites 
de régression relatives à la cinétique de l’absorption 
des dérivés étudiés, pour l’estomac et pour l’intestin. 
11 faut noter que, pour le F  de la régression et le 
test de la pente, le degré de signification est toujours 
de l’ordre de P  <  0,001.

C o m p a r a i s o n  d e s  t a u x  d ’a b s o r p t i o n  g a s t r o - i n t e s t i n a l e

Toutes les comparaisons des cinétiques d’absorp
tion ont été effectuées à partir des équations des 
droites de régression en utilisant le test dit de “com
paraison des pentes” (Schwartz, 1972). Pour chaque 
organe perfusé (estomac ou intestin), nous avons donc 
comparé le taux d’absorption des quatre dérivés 
méthoxybenzène étudiés, par groupe de deux. Pour 
chaque couple de pentes des droites de régression 
relatives aux dérivés correspondants, nous avons 
porté sur le Tableau 3 la valeur algébrique du t  de 
comparaison des pentes, le degré de liberté (n — 2) et 
la limite de signification.

C o e f f i c i e n t s  d e  l i p o s o lu b i l i t é

Les valeurs des CL ne sont pas statistiquement 
modifiées en fonction du pH, quel que soit le corps

Tableau 2. R e la t io n s  e n tr e  le  p o u r c e n ta g e  d 'a b s o r p tio n  e t  le  lo g a r ith m e  du  te m p s  a u  c o u rs  d e  l’a b s o r p tio n  d e s  d é r iv é s  
d u  m é th o x y b e n z è n e  à  la  d o se  d e  2 m g /m l d e  liq u id e  d e  p e r fu s io n

Produits
Equation de la droite de regréssion 

[y =  (a +  Sma).x — (b +  Smb)] n r*

Test de 
F  de la 

regression*

Test 
de la 

pente*

Anisole y  =  (46,94 + 2,05).x
Estom ac

-  (32,08 + 3,49) 50 0,950 522,51 22,90
Anéthole y  =  (56,18 ±  4,34).x -  (63,17 ±  7,35) 44 0,930 167,79 12,95
BHA y  =  (18,28 + 2,49).x -  (19,74 ±  4,16) 44 0,766 53,90 7,34
Safrole y  =  (56,09 ±  2,18)..x -  (58,87 ±  3,14) 48 0,968 663.33 25.75

Anisole y  =  (50,25 + l,93).x
Intestin

-  (27,49 ±  3,32) 50 0,964 679,64 26,04
Anéthole y  =  (63,91 + 4,92).x -  (57,51 ±  8,33) 44 0,928 168,83 12,99
BHA y  = (40,33 +  2,43).x -  (35,47 ±  4,05) 44 0,937 276,13 16,62
Safrole y  =  (60,10 + 2,32).x -  (54,08 + 3,87) 48 0,969 671,22 25,90

y  = pourcentage d’absorption x =  log du temps (en min) 
n =  nombre d’expériences effectuées r  =  coefficient de corrélation 

‘ Limites de signification: toujours P  <  0,001.



362 P. F ritsch, G. de Saint Blanquat et R. Derache

Tableau 3. C o m p a ra is o n  d e s  p e n te s  d e s  d r o i te s  d e  rég re ss io n  
r e p r e s e n ta t iv e s  d e  l 'a b s o rp tio n

Produits

Paramètres

t
(pente)

Degré de 
liberté (n — 2)

Limite de 
signification (P)

Estomac
Anisole/anéthole 2,129 42 <0,05
Anisole/BHA 11,510 42 <0,001
Anisole/safrole 4,197 46 <0,001
Anéthole/BHA 15,221 42 <0,001
Anéthole/safrole 0,041 46 NS
BHA/safrole 17,344 46 <0,001

Intestin
Anisole/anéthole 2,776 42 <0,01
Anisole/BHA 4,082 42 <0,001
Anisole/safrole 4,246 46 <0,001
Anéthole/BHA 9,704 42 <0,001
Anéthole/safrole 1,642 46 NS
BHA/safrole 8,521 46 <0,001

NS = non-significatif

étudié; aussi ne présentons-nous que les m oyen
nes (n  =  8): Anisole, 104,53 ±  3,23; anéthole,
17,22 ±  1,39; BHA, 1,72 ±  0,04; safrole, 15,37 ±  1,06.

Discussion
La méthode de perfusion employée nous a permis 

de mesurer l’absorption in s i tu  chez l’anim al entier 
sans provoquer de grandes perturbations sur la circu
lation ou la motricité gastro-intestinale; l’anesthésie 
reste le principal inconvénient d’une telle technique 
mais ce genre de méthode est souvent utilisé pour 
l’étude de l’absorption de drogues chez la souris (Mit- 
javila, de Saint-Blanquat et Derache, 1970) ou le rat 
(Koizumi, Arita et Kakemi, 1964; M iller et Schedl, 
1970). N ous avons également m aintenu le pH  de la 
solution à une valeur de 7,4 qui se situe dans les 
limites indiquées par Rousseau et Sladen (1971) pour 
favoriser l’absorption.

Les dérivés méthoxybenzène, insolubles dans l’eau, 
ont été mis en suspension grâce à un agent tensio- 
actif de la série des Tweens; certes, la présence de 
ces détergents peut modifier les caractéristiques cellu
laires de l’épithélium gastro-intestinal et par là même 
les potentialités d ’absorption; cependant, dans nos 
conditions, la dose utilisée ne paraît pas exercer d’ef
fets toxiques (Krantz, Carr, Bird et Cook, 1948).

Si on analyse les résultats proprem ent dits, on peut 
tou t d’abord  noter que l’estomac est le siège d’une 
absorption relativement élevée de ces dérivés m éthoxy
benzène. P ar ailleurs, l’anisole est beaucoup plus 
rapidem ent absorbé que les autres composés et cela 
aux deux niveaux gastrique et intestinal (Tableau 1). 
Le BHA, quant à lui, possède l’absorption la plus 
faible, surtout au niveau de l’estomac (20% après 2 h 
de perfusion). Ceci se retrouve dans les tests de com 
paraison des pentes relatives aux “couples” où le 
BHA est impliqué (Tableau 3), tests qui sont tous 
hautem ent significatifs (P  <  0,001). Enfin, si on ana
lyse les taux d’absorption de l’anéthole et du safrole, 
on doit souligner que les pentes des droites de régres
sion correspondantes sont très proches les unes des 
autres (Tableau 2). La non-signification du test des 
pentes (Tableau 3) confirme cette analyse.

Les mesures des CL perm ettent, pour une grande 
part, d’expliquer les différences observées dans l’ab 
sorption gastro-intestinale des dérivés étudiés. L’in

convénient majeur de ces mesures reste que le 
mélange (liquide de perfusion-phase organique) est un 
ensemble statique, en équilibre pour un produit 
donné, dans des conditions bien déterminées de 
volume, de concentration, de tem pérature etc.; par 
contre, au cours de nos perfusions, l’ensemble est dans 
un état dynam ique perm anent. D ans ces conditions, 
il est impossible de rechercher une corrélation stricte 
entre les valeurs brutes des CL et celles de l’absorp
tion effective des mêmes composés au niveau gastro
intestinal. Cependant, les valeurs d’absorption  ou de 
liposolubilité vont dans le même sens, à savoir, par 
ordre croissant: BHA, anéthole et safrole (voisins) et 
anisole. P ar ailleurs, comme les mesures des CL ne 
varient pas en fonction du pH, la constante de disso
ciation ne peut être invoquée ici (Wagner et Sedman, 
1973). Le caractère exclusivement liposoluble de ces 
composés nous apparaît donc comme étan t une des 
clés de l’explication des taux d’absorption observés, 
ceci é tan t valable pour l’estomac comme pour l’intes
tin: en effet, pour les composés liposolubles insen
sibles aux variations de pH, l’absorption aux niveaux 
gastrique (Hogben, Schanker, Tocco et Brodie, 1957) 
et intestinal (Schanker, Tocco, Brodie et Hogben, 
1958; W agner, 1968) s’effectue selon le principe de 
la diffusion passive.

En conclusion, il ne fait aucun doute que ces quatre 
corps étudiés sont largem ent absorbés et au niveau 
gastrique et au niveau intestinal. Cela pose un p ro 
blème nutritionnel et toxicologique pour les composés 
liposolubles largement utilisés comme additifs, dans 
l’alim entation courante. U ne étude corrélative entre 
le taux d ’absorption des composés et leur poids molé
culaire n’a donné aucune signification. En outre, le 
fait qu’ils appartiennent à une même famille chimique 
n’empêche pas qu’ils soient très différents vis-à-vis des 
phénomènes étudiés; on peut simplement noter une 
certaine similitude de l’absorption entre l’anéthole et 
le safrole. En définitive, les différences d’absorption 
observées entre les produits sont difficilement explic
ables, mais deux caractéristiques essentielles apparen t
ent néanmoins, de façon indiscutable, ces quatre 
dérivés: d’une part, ils sont tous à caractère franche
ment liposoluble; d’autre part et corrélativement, ils 
sont absorbés, par diffusion passive, au travers des 
muqueuses gastrique et intestinale, si bien qu’une 
étude approfondie de leur devenir m étabolique et de 
leurs actions physiopathologiques apparaît donc in
dispensable.
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T H E  R E A C T IO N  O F  N IT R IT E  W IT H  P E S T IC ID E S . I I . F O R M A T IO N , C H E M IC A L  
P R O P E R T IE S  A N D  C A R C IN O G E N IC  A C T IV IT Y  O F  T H E  /V-NITROSO 

D E R IV A T IV E  O F  N -M E T H Y L-1 -N A P H T H Y L  C A R B A M A T E  (C A R B A R Y L )

G. E isenbrand, O. U ngerer and R. P reussmann 
I n s t i t u t  f ü r  T o x ik o lo g ie  u n d  C h e m o th e r a p ie  a m  D e u tsc h e n  K r e h s fo r s c h u n g s z e n tr u m . D -6 9  H e id e lb e r g  I ,

B u n d e s r e p u b lik  D e u tsc h la n d

(R e c e iv e d  14 O c to b e r  1974)

Summary—Nitrosation of the insecticide /V-methyl-l-napthyl carbamate (carbaryl) with a fivefold molar 
excess of nitrite was measured at carbaryl concentrations of l ( r 3-10 4 M. The maximum yields of 
the N - nitroso product were about 2 and 1% of the theoretical at the 10-3 and 10“ 4 m levels respectively. 
Dependence of the rate of nitrosation on pH was investigated and the highest yields were found 
to be obtained in 1 n-HCI. The chemical and physicochemical properties of synthesized /V-nitrosocar- 
baryl were determined. When administered in a single sc injection of 1000 mg/kg to Wistar rats, 
Af-nitrosocarbaryl induced local sarcomas at the site of injection. Single oral doses of 200-1500 mg/kg 
produced no tumours in 21 months in a continuing experiment.

Introduction
Form ation o f carcinogenic /V-nitroso com pounds 

from nitrite and nitrosatable substances has been 
dem onstrated under in  v itr o  conditions simulating the 
hum an stom ach and also in anim al experiments. 
These problem s and their implications have been 
reviewed by Sander & Schweinsberg (1972) and 
Preussm ann (1974). N um erous pesticides (including 
carbam ate, dithiocarbam ate, sym-triazine and  phenyl- 
urea derivatives) contain structures that can undergo 
¿V-nitrosation. Residues of such substances in food 
could therefore form /V-nitroso com pounds by reac
tion with nitrite under suitable conditions (Eisen
brand, Ungerer &  Preussm ann, 1974 & 1975; Eles- 
puru &  Lijinsky, 1973; Sen, D onaldson & Charbon- 
neau, 1975; Siebert &  Eisenbrand, 1974). In part I 
o f this series, we described the formation, chemical 
properties and carcinogenic action of the IV-nitroso 
derivative o f the herbicide V-methyl-V '-(2-benzothia- 
zolyl)-urea, known as benzthiazuron (Ungerer, Eisen
brand & Preussm ann, 1974).

Following up this work, we studied the capacity 
o f the insecticidal carbam ate derivative, carbaryl 
(Sevin®)for nitrosation a t low concentration in an 
aqueous medium and under conditions similar to 
those in the stomach. /V-Nitrosocarbaryl was tested 
for carcinogenicity in W istar rats.

Experimental
M a te r ia l s .  Carbaryl (99-9% pure; m.p. 139-140°C) 

was obtained from U nion Carbide Corp., New Y o rk .1 
N -M ethyl-N -nitroso-1 -naphthyl carbam ate (nitroso- 
carbaryl) was synthesized according to the method 
of W hite (1955):

A solution of 0-8 mols dinitrogen tetroxide in 
600 ml dichlorom ethane a t — 50°C was mixed 
w ith 1-6 mols anhydrous sodium acetate. A solu
tion of 0-4 mols carbaryl in 350 ml dichloro-

®Registered trade-name of Union Carbide Corp., New 
York.

m ethane was added dropwise and  the mixture 
was stirred for 18 hr a t — 6°C. After the solution 
had been washed with ice-water, the dichloro
m ethane phase was reduced on a ro tation  eva
porator. The residue was taken up in 30 ml ace
tone and precipitated by addition of 60 ml 
water. The yellow solid was recrystallized from 
dimethylsulphoxide/water, forming light-yellow 
needles. The /V-nitrosocarbaryl, obtained in 81% 
yield, was homogeneous on a thin-layer chrom a
togram  and was characterized as follows: m.p. 
66-67°C; found: C— 62-69, H— 4-55 and
N— 12-07% (calculated for C 12H 10N 2O 3 (mol wt 
230-22): C— 62-61, H—4-38 and N— 12-16%); A 
max in m ethanol: 219, 268, 277 and 402 nm (log 
e =  4-97, 3-85, 3-87 and 2-13, respectively); infra
red (KBr pellet): 1760 cm -1 (CO) and  1520 
cmT 1 (NO).

The mass spectrum agrees with the postulated 
structure, showing a parent peak a t m /e  230. The 
other prom inent signals in the upper mass scale (at 
m/e 144, 143, 127 and 115) are attributable to a frag
m entation pattern  similar in many ways to the 
reported breakdow n o f other 1-naphthyl carbam ates 
(Durden, Stollings, Casida & Slade, 1970). The transi
tion m/e 143 to m/e 115, which gives a distinct m eta
stable signal a t m/e 92-5, is a particularly com m on 
fragm entation pathway of this class of com pound.

N i tr o s a t io n  o f  c a r b a r y l  in vitro. C arbaryl was incu
bated in dilute aqueous solution (10~3 or 10_ 4 m 
containing 10 or 2% acetic acid, respectively) with 
a fivefold m olar excess of nitrite a t 37°C in a closed 
vessel. The desired pH  values were attained by addi
tion of H Q  or N aO H  in a pH -stat and were kept 
constant. The reaction was stopped after 15 or 60 
min by addition of am idosulphonic acid. The reaction 
mixture was extracted with dichlorom ethane and the 
organic phase was reduced to dryness on a rotation 
evaporator after drying over N a2S 0 4. To measure the 
conversion quantitatively, the residue was taken up 
in glacial acetic acid and the /V-nitrosocarbaryl that 
had been formed was determined colorimetrically
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(Eisenbrand & Preussm ann, 1970). Standard curves 
prepared w ith known am ounts o f /V-nitrosocarbaryl 
that had been subjected to the process described were 
linear a t bo th  10"3 and  10"4 M concentrations.

C a r c in o g e n ic i ty  s tu d ie s . N -N itrosocarbaryl in oil 
suspension (10% in Livio oil) was adm inistered to 
eight male and eight female W istar ra ts in a  single 
sc injection of 1000 mg/kg. The same am ount o f oil 
containing no /V-nitrosocarbaryl was injected into 
eight anim als, w hich served as controls. A further 37 
W istar ra ts o f both  sexes (about 90 days old a t  the 
start o f the experiment) were given single oral doses 
o f iV-nitrosocarbaryl ranging from 200 to  1500 mg/kg 
body weight. The substance was suspended in 10% 
starch paste and adm inistered by stomach tube to 
anim als that had been fasted for the previous 24 hr. 
Twenty-two untreated male and female W istar rats 
served as controls. All the anim als were fed Altro- 
min® and given water a d  lib.

Results and Discussion

C h e m ic a l s tu d ie s

Carbaryl reacted with nitrite in acidic aqueous 
solution (under conditions similar to those in the sto
mach) to form the corresponding /V-nitroso com 
pound. N itrosation in approxim ately 01 n - H C I  a t a 
constant pH  of 1 and with a carbaryl concentration 
of 10" 3 m led, after 15 and  60 min respectively, to 
the formation of 1-2 and 1-7% of the maximum poss
ible conversion to nitrosocarbaryl. An increase in pH 
greatly reduced the yield, the corresponding yields 
after 15 and  60 min a t pH 2 being 0-1 and 0 2% and 
a t pH  3 ,0  05 and 01%  of the theoretical. H igher yields 
were obtained from nitrosation in stronger acid; in 
a 15-min nitrosation o f 1 0 '3 M carbaryl in 1 N-HCI, 
the yield was 3-2% o f the theoretical. Reaction for 
1 hr under the same conditions produced a yield of 
only 2-2%, however. This smaller yield despite longer 
incubation may be explained by the decreased stabi
lity o f the com pound in strongly acid medium. M axi
mal stability o f the /V-nitroso com pound is found 
between pH  3 and 5 and  the com pound is consider
ably more unstable a t pH 1. As would be expected 
from an /V-nitroso-amide, it decomposes very rapidly 
under alkaline conditions. The actual half-lives o f the 
com pound determined in unbuffered aqueous media 
containing 20% methanol were 62, 320, 360, 67 and
1-5 min a t pH  1, 3, 5, 7-2 and 9, respectively.

Lowering the concentrations of the two reactants, 
carbaryl and sodium nitrite, by a factor of 10 reduced 
the percentage yield by about half. N itrosation of 
10"4 M-carbaryl (21 ppm) with 23 ppm  nitrite a t pH 
1 gave 0-9% of the theoretical yield after reaction for 
60 min.

C a r c in o g e n ic  a c t io n  o f  U - n itr o s o c a r h a r y l

O f the 16 rats given a single sc dose o f 1000 mg N -  
nitrosocarbaryl/kg, 14 had died by day 450. All 14 
had developed local tum ours a t the injection site (Fig. 
1). The neoplasms were shown histologically to be 
polymorphic-cell sarcomas. A spindle-cell sarcoma 
was diagnosed in one case. N o tum ours were

®Registered trade name of Altromin GmbH, Lippe, Ger
many.

observed in o ther organs and neither autopsy nor his- 
topathological investigation yielded evidence o f any 
o ther toxic effects. O f the two surviving animals, one 
has a palpable plum-sized growth a t the injection site 
and the other has no tum ours so far (630 days). No 
control anim als have any tum ours.

The findings following sc adm inistration of N -  
nitrosocarbaryl are thus unequivocal (15/16 anim als 
w ith local tumours). Although the doses applied were 
relatively high, it m ust be noted that this high tum our 
yield resulted from only a  single injection. O n  the 
o ther hand, orally adm inistered single doses of 200- 
1500 m g/kg have shown no toxic effects and  have so 
far induced no tum ours (21 m onths after treatm ent). 
Investigations are a t present being carried ou t on the 
long-term oral adm inistration of this com pound 
( 130 mg/kg twice weekly). The first anim als to  die in 
this study showed all stages o f m alignant transform a
tion in the fore-stomach, from hyperplasia to  squa
mouscell carcinoma. These studies, carried ou t with 
D. Schmähl, will be reported separately when com 
pleted.

The yields obtained by interaction of nitrite with 
carbaryl under the conditions described are low and 
the potential health risk of this and similar reactions 
is difficult to evaluate at present. It should be borne 
in mind, however, that /V-nitrosocarbaryl is a potent 
carcinogen as well as an extremely effective mutagen, 
as has been shown by Siebert &  E isenbrand (1974) 
and  Elespuru, Lij insky & Setlow (1974).
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A CASE FOR USING  INBRED STRAINS OF LABORATORY  
ANIMALS IN  EVALUATING THE SAFETY 

O F DRUGS
M. F. W. Festing

M e d ic a l  R e s e a r c h  C o u n c il  L a b o r a to r y  A n im a ls  C e n tre , W o o d in a n s te rn e  R o a d ,
C a rs h a lto n , S u r re y , S M 5  4 E F ,  E n g la n d

(R e c e iv e d  21 O c to b e r  1974)

Summary—The case for evaluating the safety of drugs by using several inbred strains of a laboratory 
animal species arranged in a factorial design of experiment rather than a single outbred stock is 
discussed. It is concluded that the factorial design should give a more powerful experiment, produce 
more information and have a more valid basis for extrapolation to man. This extra information will 
be obtained at the expense of a more complex statistical analysis and will present some practical 
problems in obtaining a supply of several different inbred strains, although the total size of the 
experiment should not increase. It is shown that the differences between inbred strains may be a 
valuable aid in interpreting the results of toxicity tests.

Introduction
Little serious consideration has been given to gen

etic aspects of the type of laboratory animal most 
suitable for use in studying drug toxicity, although 
it is well established that there are important genetic 
differences in responses to a number of drugs (Kalo, 
1962; Meier. 1963). Boyland (1958) considered that 
pure-line (i.e. inbred strain) mice might be more suit
able for chronic toxicity tests than stock mice (i.e. 
outbred ones), although a possible drawback was that 
“the strain chosen might be specifically resistant to 
the carcinogenic action of a particular compound. By 
using stock mice in which there is some genetic varia
tion, the chance of all members of the group being 
resistant is reduced.” Strasser (1973) emphasized the 
importance of using genetically defined animals in 
drug testing, without specifically favouring inbred 
strains or outbred stocks. Most of the animals used 
in toxicity testing by a contract research organization 
are outbred (Mawdesley-Thomas, 1973—see particu
larly unpublished appendices), though in some speci
fic instances, inbred strains are preferred. Falconer 
& Bloom (1962) showed that genetic factors 
accounted for over 80% of the variation in susceptibi
lity to urethane-induced lung tumours in two outbred 
stocks of mice.

Types of experiment
Festing (1971) recognized the following three dis

tinct types of animal experiment, each of which 
required a genetically different type of animal: 

B io lo g ic a l a s s a y . In this case the animal is used 
as a measuring tool to assess the potency of a sub
stance (such as insulin) with a known effect on the 
animals. The animals are of no direct interest, and 
the experimenter is free to choose those that give 
the most economical results after conducting pilot 
trials in different strains and species. In some cases, 
advances in analytical technique may supersede the

need for animals. This could not happen in evaluat
ing the safety of a drug, although in some cases 
drugs might be rejected as unlikely to be safe on 
the basis of in v i tr o  tests. Outbred stocks may be 
justified in biological assay largely because their 
low cost may more than compensate for the larger 
numbers likely to be required than would be the 
case if an inbred strain or F! hybrid were to be 
used.
E x p e r im e n ts  in w h ich  th e  ta r g e t  p o p u la tio n  is  a v a i l 
a b le . In this case, the research worker is interested 
in the effect of a treatment on a particular group 
of animals, the ‘target population’. Samples of this 
population (which could be a single strain, several 
strains or a whole species) are available, and no 
attempt is made to extrapolate the results rigor
ously to another population. Fundamental research 
may come into this category, since the scientist is 
often content to be able to make some authorita
tive statement about a particular strain of rat, for 
example, rather than attempt to extrapolate to man 
or other species. A single inbred strain of labora
tory animal may be chosen as the target population 
in this type of research.
E x p e r im e n ts  in  w h ich  th e  ta r g e t  p o p u la tio n  is  n o t  
a v a ila b le  f o r  re sea rch . In toxicity testing the aim 
is usually to make some statement about the safety 
of a compound or ‘drug’ in man (the target popula
tion) but the experiments needed to establish safety 
levels of the drug cannot be carried out in man 
for obvious reasons. The usual procedure is to ex
trapolate to man from the results of experiments 
conducted on at least two different species of labor
atory animal.
The purpose of this paper is to consider genetic 

aspects of the choice of animals within a species. It 
must be emphasized that the first and second cate
gories of experiment listed above are excluded from 
further consideration in this paper.
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Table 1. P r im a q u in o n e  s e n s i t iv i ty  in m a n *

Group
No.

tested
Percentage

reac:ors

Negro 144 146
Oriental 51 2-0
European, white 30 0-0
Ashkenazi Jews 203 0-0
Sephardic Jews 267 1 1 2
Sardinian 61 13 1
Peruvian Indians 238 0 0

*Data from Kalo (1962).

Strains and stocks

D e f i n i t i o n  o f ' i n b r e d  s t r a in s ’ a n d  ‘o u t b r e d  s t o c k s ’

Inbreeding may be defined as the probability that 
the two genes at a single locus in an individual are 
alike by descent (Falconer, 1960). But by interna
tionally agreed convention (Festing & Staats, 1973; 
Staats, 1968), an inbred strain is one that has been 
maintained by brother x sister mating (or its genetic 
equivalent) for more than 20 generations with all ani
mals being descended from a single pair in generation 
20.

In such strains all animals are virtually genetically 
identical (isogenic) and the probability of tie two 
genes at a locus being alike by descent is more than 
0-986.

Rules for the nomenclature of outbred stocks (the 
term now used in preference to ‘random-bred strains’ 
or ‘random-bred stock’) have only recently been for
mulated (Festing, Konda, Loosli, Poiley & Spiegel, 
1972). These rules are designed to ensure that such 
stocks should be closed colonies maintained so as to 
have less than 1 % inbreeding per generation, with no 
directional selection. The aim is to maintain the stock 
without any genetic change for as long as possible. 
No statement is made about the level of inbreeding 
in the stock; it is a mating system that is defined 
and the genetic consequences of outbreeding depend 
on the previous genetic history. Some stocks are gene
tically variable, while others are nearly isogenic due 
to previous inbreeding. For example, two commonly 
used outbred mouse stocks, CFW (also called LACA) 
and CF-1, have a history of more than 20 generations 
of brother x sister mating (Carworth Handbook, 
Anglia Laboratory Animals Ltd., Alconbury, Hunt
ingdon; p. 1. 4).
U n s u i t a b i l i t y  o f  u s in g  a  s in g l e  s t r a i n  o r  s t o c k

The use of a single outbred stock in drug testing 
is sometimes justified on the grounds that humans 
are random bred, so in order to model humans realis
tically, an outbred stock of laboratory animals should
Table 2. Im m u n o lo g ic a l r e s p o n se  to  d e x t r a n  in  g u in e a -p ig s*

Strain or 
breed

No.
tested

Percentage
reactors

Abyssinian 19 58
Pirbright 14 7
Hartley 16 0
Peruvian 9 0
Strain 13 2 0

be used. However, humans are not random bred. Not 
only is the human race divided geographically and 
culturally into a large number of distinct races and 
ethnic groups, but even within a single ethnic group, 
mating does not occur at random, there being a high 
positive correlation between mates in a range of per
sonality and physical characteristics (Vandenberg, 
1972). Racial groups can differ markedly in their re
sponse to drugs. Table 1 shows the incidence of pri- 
maquinone sensitivity among males in various popu
lations (Kalo, 1962). European whites, for example, 
are by no means typical of the human race. Kalo 
(1962) also recorded racial differences in the metabo
lism of isoniazid, the pupillary reaction to sympatho
mimetic drugs and the effects of atropine on pulse 
rate. Inbreeding, selection and assortative mating all 
act on man and are known to increase overall genetic 
variability compared with true random mating, so no 
random-bred laboratory animal population can logi
cally be compared with the human race, or even with 
a single ethnic group.

Similarly, there are important stock and strain dif
ferences among laboratory animals. Table 2 shows 
the immunological response of a number of strains 
or breeds of guinea-pig to dextran (Battisto, Chiap- 
petta & Hixon, 1968). The proportion of reactors in 
the Abyssinian breed was high, but it was low in 
all other colonies tested. The commonly used outbred 
Hartley and Pirbright stocks have a low proportion 
of animals capable of reacting to this antigen. A simi
lar type of result was obtained by Battisto (1960) with 
regard to a naturally occurring serum factor, showing 
that races or breeds of laboratory animals often do 
not contain many of the genotypes typical of the spe
cies as a whole.

Wide within-group variability may, in any case, be 
a disadvantage since it may reduce the precision of 
the statistical analysis. This can be seen from an exa
mination of the formula for Student’s f test, a statistic 
commonly used to evaluate the difference between the 
means of two groups of animals, where the data is 
normally distributed:

S j  - v

when X x and X 2 are the means of the treatment and 
control groups, and Sx-i _ ¡¡2 is the standard error of 
the difference between the means.

If an outbred stock did have greater within-group 
variability, the result would be a reduction in the 
power of the experiment to detect a true difference 
between treated and control groups, since Sv 
would be larger and therefore Student’s t  would be 
smaller.

Thus, a single outbred stock may not contain a 
wide range of types, and even if it did, such within- 
group variability may be undesirable. Fortunately, 
both these problems may be overcome by using 
several inbred strains in a factorially designed exper
iment. Different strains of animal provide a substan
tially wider range of genotypes than are present in 
a single outbred stock, and high statistical precision 
is obtained by using strains with a low within-group 
variability. The total number of animals used in the 
experiment remains the same.*Data from Battisto e t  a l. (1968).
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S in g le  f a c to r  e x p e r im e n t

Treatment N Total

1 N N
2 N N

K N N
K N

F a c to r ia l  e x p e r im e n t

Treatment 1 2 Strain X Total

1 n n n N
2 n n n N

K n n n N
K N

Fig. 1. The single-factor experiment using a single stock 
with N  animals per treatment and K  treatments, therefore 
using a total of K N  animals, and the factorial design using 
X  different strains with n animals per treatment-by-strain 
subclass, such that X n  =  N  and, with K  treatments, giving 
a grand total of K N  animals altogether.

Factorial experiments
The principle of a factorial design of experiment 

(Cochran & Cox, 1957) is illustrated in Fig. 1. In a 
typical single factor toxicity test there might be four 
treatments with, say, 20-50 or more animals per treat
ment, depending on the type of test (Kirkby, Salmond 
& Davies, 1972; Mawdesley-Thomas, 1973). With a 
factorial design the same total size of experiment 
would be used, but the sub-group would be split up 
so that more than one strain or stock would be used. 
Treatment means are estimated by averaging over 
strains, strain means by averaging over the treat
ments, and a strain by treatment interaction effect 
is estimated which would give an indication of 
whether all strains behave uniformly with respect to 
the treatment. The simplest possible example of a fac
torial design employing two treatments (in this case 
diets) and two strains is given in Table 3. It will be 
noted that had only a single strain been used it might 
have been concluded incorrectly that one diet was 
better than the others. As it is, it was concluded

Table 3. G ro w th  r a te  o f  tw o  s tr a in s  o f  m ic e  ( in b re d  C B A  
a n d  o u tb r e d  L A C  A )  o n  tw o  d ie ts  d e s ig n a te d  F F G  a n d  C D D *

Growth rate (g/wk)

Strain
on

FFG
diet

CDD
Strain
meant

LACA 3-88 3-72 3-80
CBA 3-37 3-67 3-52

Diet meant ■ ■ ■ 3-63 3-70

*Data from Porter & Festing (1969). 
fStatistical analysis indicated that there was no significant 

difference between diets, but a highly significant differ
ence between strains, and a highly significant strain by 
diet interaction. Thus, LACA grew best on diet FFG 
whereas CBA grew best on CDD.

that different strains have different dietary require
ments for maximum growth.

Fisher (1960) emphasized that factorial experiments 
have three main advantages over single-factor exper
iments; in relation to drug testing these may be inter
preted as follows:

(1) Greater efficiency, in that if the drug were to 
be tested in one strain first and then in another 
strain, instead of in a factorial design, the exper
iment would have to be twice as large.
(2) Greater comprehensiveness, in that the exper
iment gives information on the strain by treatment 
interactions, which may be of great importance in 
the response to drugs.
(3) The conclusions reached as a result of the exper
iment have a wider inductive basis than would be 
the case with a single factor experiment.
In toxicity testing there is usually no direct interest 

in the differences between strains, but a conclusion 
reached on the basis of the response to a drug in 
a number of different strains would be more valuable 
than one based on only a single stock. The advantage 
of the factorial design is that the experiment does 
not have to be any larger to obtain this additional 
information.

The main disadvantages of the factorial design are 
the logistical difficulties of using several additional 
strains and the statistical analysis of the results. The 
latter is relatively straightforward when all subgroups 
are the same size, but in the case of unequal numbers 
an electronic computer will usually be required to 
carry out the more sophisticated statistical analysis, 
though standard computer programmes are readily 
available. A statistician may become an essential 
member of any team working on drug testing.

Inbred strains

T h e  a d v a n ta g e s  o f  s tr a in s  c o m p a r e d  w i th  s to c k s  

The main objection to the use of inbred strains 
is that the strain chosen may be resistant to the drug 
being examined (Boyland, 1958). However, if the ex
perimental design includes a number of inbred strains 
the chance of them all being resistant is low, and 
it becomes worthwhile to consider some of the advan
tages of inbred strains compared with outbred stocks.

I s o g e n ic i ty . All individuals of a properly main
tained inbred, strain will be genetically identical. This 
means that the genetic characteristics of the strain 
may be determined by examining a single or a very 
small sample of individuals. In contrast, a large 
sample is required in an outbred stock since the fre
quency of the different genotypes would have to be 
determined. Many inbred strains have been character
ized for important Mendelian traits, such as blood 
groups and isozymes. These are discussed later. All 
individuals of an inbred strain will react in the same 
way to any drug in which the reaction is dependent 
on a single Mendelian gene. For example, Kouri, 
Salerno & Whitmire (1973) and Thomas, Hutton & 
Taylor (1973) have shown that the inducibility of the 
liver enzyme aryl hydrocarbon hydroxylase depends 
on a single Mendelian gene. All individuals of an in- 
bred strain react identically to the enzyme inducer 
(within the limits of experimental error). This is 
shown in Fig. 2 where the 14 strains fell into two
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C57BL/I0

Carcinogenic index,mice treated with MCA

Fig. 2. Correlation between susceptibility to 3-methylcho- 
lanthrene (MCA) and the inducibility of hepatic aryl 
hydrocarbon hydroxylase in different mouse strains 
(Kouri e t  a l. 1973).

non-overlapping groups with either a non-inducible 
or an inducible type of enzyme.

In contrast, any level of reaction between 0 and 
100% may be observed, depending on gene frequency 
in an outbred stock, as shown in Tables 1 and 2. 
Outbred stocks may also contain rare genotypes 
leading to low repeatability of experiments if sample 
sizes are small.

In the case of polygenically determined character
istics of low heritability, inbred strains may be more 
sensitive to the environment than outbred stocks 
(Lerner, 1954) leading to increased within-strain var
iability. However, the factors that make a strain sensi
tive to minor environmental effects may also increase 
their sensitivity to drugs, so that on balance there 
is no good evidence that for this type of character 
inbred strains would be less useful than outbred 
stocks.

In the case of highly heritable characters, inbred 
strains will be more uniform than outbred stocks, and 
therefore inbred strains should be more powerful 
tools in detecting a true adverse effect.

I d e n t i f ia b i l i ty . Until recently (Festing, 1973) there 
has been no practical way of identifying outbred

stocks, which had to be taken on trust. Festing (1974) 
has shown that such trust cannot always be justified. 
In the past, stocks have clearly become muddled 
together, and it is doubtful whether generic names, 
such as ‘Wistar’, ‘Sprague-Dawley’ or ‘Swiss’ have any 
meaning in the UK. In contrast, inbred strains can 
be identified by their biochemical and immunological 
characteristics (Moutier. 1971), and undetected low 
levels of genetic contamination are improbable in the 
long run provided the strain is maintained by con
tinued brother x sister mating. This is because all 
breeding stock in a given generation traces back to 
a common ancestral breeding pair within about 5-10 
generations. If that pair were illegitimate, there would 
be a substantial genetic change in the whole colony, 
which would almost certainly be detected. Thus, the 
literature on the genetic characteristics of inbred 
strains is substantially more reliable than that of 
outbred stocks. This is particularly so in the case of 
single gene characters, and in cases where the inbred 
strain has an unusual coat colour and may therefore 
be recognized easily.

L o n g - te r m  g e n e t ic  s ta b i l i ty . Inbred strains can only 
change genetically as a result of mutation with sub
sequent fixation of the mutant alleles (Falconer, 1960). 
The chance of a mutation occurring and becoming 
fixed in the population is independent of the popula
tion size, and hence change due to mutation is likely 
to be about equal in strains and stocks. However, 
stocks are also subject to genetic changes due to selec
tion, genetic sampling at transfer to new laboratories, 
inbreeding and possibly genetic contamination at a 
low level as noted above. Hence, stocks are likely 
to be less stable than strains. Unfortunately, no data 
are available to show the long-term stability of stocks, 
particularly in view of their genetic unreliability. 
The stability of strains is demonstrated for a 
behavioural characteristic in Fig. 3. The correlation 
in open-field exploration activity between two in
vestigations using the same strains but working in 
different laboratories and separated by at least 13 yr 
was 0-86. Moreover, the immediate history of these 
strains is not known, and they may well have been 
separated for a considerably longer period. Relatively 
high long-term stability in strains was also demon
strated by Festing (1973) and Taylor (1972). However,

Fig. 3. Correlation between mouse strain means for the behaviour trait ‘open-field activity’ (number 
of squares entered in a fixed time) in two studies separated by a period of at least 13 yr.
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some characters also depend on environmental fac
tors, which may alter. Thus, the incidence of spon
taneous tumours is not constant (Miihlbock & Teng- ^ 
bergen, 1971). This can be attributed to changes in s 
the environment and genetic changes in oncogenic 
viruses. Genetic constancy is important since it makes § 
it possible to collect background information for 1 
future use. £

B a c k g r o u n d  in fo r m a tio n  o n  s tr a in  c h a r a c te r is t ic s . A m 
great deal of information is available on the charac- § 
teristics of inbred strains. Many strains have been h 
characterized for single gene loci, e.g. erythrocyte and >, 
leucocyte antigens, immunoglobulin allotypes, hae- g 
moglobin, immune response genes, isozymes and ab- o 
normalities such as retinal degeneration in mice 
(Staats, 1972). Such data are not available for outbred 
stocks. Many quantitative characters have also been 
studied in mice (Green, 1966), rats (Robinson, 1963) 
and hamsters (Hoffman, Robinson & Magalhaes,
1968) , and strain differences have been noted.

A d v a n ta g e  o f  s to c k s

Outbred stocks are usually more prolific breeders 
and are therefore cheaper. In some cases, considerable 
background information is also available. In these cir
cumstances a factorial experiment using both inbred 
strains and the most valuable outbred stocks may be 
used. Outbred stocks may also have advantages over 
inbred strains in biological assay (Festing, 1971), in 
which they are used as a measuring tool.

F ,  h y b r id s

F[ (i.e. first generation) crosses between two inbred 
strains have most of the advantages of inbred strains, 
with the added advantage of increased vigour. This 
extra vigour could be used in studies where a high 
breeding performance is needed (such as in terato- 
genesis).

C h o ic e  o f  sp e c if ic  s tr a in s

At present, a single outbred stock is usually chosen 
for drug testing on the basis of availability and known 
incidence of spontaneous disease of various types. In 
the case of a new drug, which may have entirely un
suspected adverse effects, there appears to be no 
rational basis for choosing any particular strains with 
which to set up the factorial experiment, so strains 
should be chosen at random and according to avail
ability. In practice, although many strains are known, 
most research involves relatively few strains (Festing,
1969) . Background information is available on lifespan 
and cause of death of a number of inbred strains of 
mice (Festing & Blackmore, 1971; Smith, Walford & 
Mickey, 1973; Storer, 1966), although little informa
tion is available on rat strains. Strains with a high 
incidence of a particular type of disease or abnor
mality at an early age will usually be rejected for 
long-term studies. Coat colour may be used in some 
cases as a practical method of identifying the different 
strains, though it should be emphasized that there 
is usually no correlation between coat colour and 
strain characteristics. The number of different strains 
to be included in the study will depend on the size 
and complexity of the experiment, but it is suggested 
that for a typical experiment up to ten different 
strains should be included. Strains of mice may be 
located through Staats (1972), of rats through Festing

Fig. 4. Correlation between strain means in the latency 
of tumour development caused by 3-methylcholanthrene 
(MCA) and 7,12-dimethylbenz[a]anthracene (Kouri e t al. 
1973).

& Staats (1973) and of all species through Festing 
& Conn (1971).

Strain differences as an aid to interpreting the results 
of an experiment

If an experiment can be performed with five or 
more different strains it may be possible to use the 
strain differences in the interpretation of the results. 
The main ways in which this might be done are:

(1) C o m m o n  m o d e  o f  r e s is ta n c e  to  tw o  d ru g s . Figure 
4 shows that there is a high correlation between 
mouse strains in their resistance (as judged by 
latency) to 3-methylcholanthrene and 7,12-dimeth- 
ylbenz-[a]anthracene (Kouri e t  a l. 1973), suggest
ing that the mechanism of resistance to these two 
carcinogens is similar. If the strain pattern of sus
ceptibility to a new drug follows that of one pre
viously tested, this suggests a common mode of 
absorption and/or metabolism, and thus may give 
a lot of information very quickly. The observation 
that the strains susceptible to a drug not previously 
investigated are also susceptible to a drug with a 
known strain-pattern of susceptibility and v ice  
v e r s a  could be helpful in the interpretation of 
results.
(2) A s  a n  a id  in  e x t r a p o la t in g  to  m a n . Suppose 
strains differ in the observed severity of an adverse 
effect, and this can be correlated with the rate of 
metabolism of the drug (say, the blood levels 24 hr 
after administration of the drug), then a possible 
causal relationship might be established. In such a 
case, it may be possible to obtain data on the meta
bolism of the same drug in man using very low 
dose levels, and also in the other species tested. 
The likely adverse effect in man might then be pre
dicted from a knowledge of the rate of metabolism 
in man and the predicted and observed sensitivity 
in the other test species could be calculated. If the 
predicted adverse effect in the other test species 
is in good agreement with the observed adverse 
effect, a safer extrapolation to man should be poss
ible. Although there would still be considerable
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Fig. 5. Correlation between susceptibility to tumour induc
tion with 1-ethyl-1-nitrosourea (ENU) and the expression 
of C-type RNA tumour-virus antigen in controls (Diwan 
e t  a l. 1973).

hazards in extrapolating from animals to man in 
this way, at least such extrapolation would be 
based on a more rational method than is used at 
present. These techniques might be refined by using 
multiple correlations (Cooley & Lohnes, 1971) if 
data on other relevant strain characteristics are 
available. Kouri e t  a l. (1973) have shown that the 
susceptibility to tumour induction with 3-methyl- 
cholanthrene is correlated with the inducibility of 
the enzyme aryl hydrocarbon hydroxylase (Fig. 2). 
In this case, the inducibility of this enzyme in man 
might be relevant in deciding how dangerous 3- 
methylcholanthrene is to man.
(3) A s  a n  a id  in  in te r p r e t in g  re su lts . In some cases, 
an adverse effect may be associated with a condi
tion that is not relevant to man. Suppose that in 
testing a drug a high tumour incidence was 
observed in some strains, but these strains were 
known to have high titres for oncogenic viruses. 
It might be argued that the drug itself was not 
causing the tumours but was acting as a co-car- 
cinogen since in the absence of the virus, the drug 
had no adverse effect. Data of this type were 
obtained by Diwan, Meier & Huebner (1973), who 
showed a strong correlation between the tumour 
incidence in mouse strains treated transplacentally 
with 1-ethyl-1-nitrosourea and the expression of C- 
type RNA tumour-virus antigen in control mice 
(Fig. 5).

Practical difficulties
Some practical difficulties associated with these 

proposals clearly prevent their immediate imple
mentation. Although a number of inbred strains of 
mice of category 3 or 4 health status (Medical 
Research Council, 1974) are readily available in the 
UK, inbred rats, hamsters and guinea-pigs are not 
yet commercially available on a large scale, a situ
ation due largely to the low current demand for them. 
Inbred strains of other species are not generally avail
able, and in all cases inbred animals are three or four 
times as expensive as outbred ones, although again 
this is largely a function of the sporadic demand.

Users wishing to breed their own animals would 
have to become involved in breeding a much wider 
range of strains, and there may be logistical problems 
in supplying uniform groups of animals from several 
strains rather than from one outbred stock, as is done

at present. However, these logistical problems may 
not be as great as those involved in conducting 
within-litter experiments (Kirby e t  a l. 1972), which 
may no longer be necessary if inbred strains are used.

There are other, semi-philosophical, problems. As 
each strain will grow at a different rate the animals 
cannot be matched for both age and weight, though 
this is not a serious problem. In some cases the high 
dose level is set at the maximum tolerated dose. If 
strains differ in this, there may be some difficulties 
in deciding what dose levels should be given. In prac
tice this might have to be the maximum tolerated 
dose for the most susceptible strain, to avoid intro
ducing the complication of different doses for each 
strain. This might require discussion with Govern
ment authorities.

None of these problems is insuperable, given time, 
and the potential benefits are likely far to outweigh 
the practical difficulties.

O th e r  p r o b le m s  in in te r p r e tin g  r e s u l ts

If a very low incidence of an adverse effect (such 
as a tumour) is noted in the treated group, but not 
in the controls, this can pose severe problems if only 
a single outbred stock is used. The appearance of one 
or two tumours in the treated group is not ‘statisti
cally significant’ however large the experiment, yet it 
is difficult to claim that the experiment has shown 
the test compound to be safe. A good compound may 
thus be rejected even though the adverse effect may 
have been a spontaneous condition depending on a 
rare genetic combination occurring in the outbred 
stock. The trial can never be repeated since it will 
be impossible to produce animals with exactly the 
same genotype as the affected animals.

If a factorial design is used and one or two tumours 
are noted in the treated group in one particular strain, 
further experiments can be conducted on that particu
lar strain in order to clarify the situation. Thus, the 
possibility of identifying and repeating the genotype 
of an animal showing an adverse effect is an impor
tant additional advantage of the factorial design of 
experiment.

Conclusion

Most studies on the safety of drugs are performed 
on a single outbred stock on the (probably false) 
grounds that such a stock contains a wide range of 
genetically different individuals, thus increasing the 
chance of detecting an adverse effect. However, the 
variation within a stock is considerably smaller than 
the variation between different inbred strains. Thus, 
the inclusion of a range of different strains gives an 
even better chance of detecting an adverse effect and 
a much broader basis for extrapolating to man than 
the use of a single stock. The use of a factorial design 
makes it possible to include a number of different 
strains without enlarging the total size of the exper
iment. The main difficulties are the logistical ones of 
having to obtain animals from a number of strains, 
and the increased complexity of the statistical analy
sis. These practical problems may prevent the imme
diate adoption of these proposals, but are certainly 
not insuperable in the long term.

Inbred strains are genetically more stable than 
outbred stocks, they can be characterized more easily,
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and more effective use can be made of published in
formation about them. The inclusion of a number of 
different strains in one study gives a broader base 
for extrapolation to man and makes it possible to 
study the pattern of response to the drug, and to 
correlate this with biochemical or physiological data 
obtained in the same experiment or from the pub
lished literature. Where correlations are observed, it 
may be possible to develop a more rational basis for 
extrapolation to man. Thus, the case for using several 
different inbred strains rather than a single outbred 
stock in drug testing is overwhelming.
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Biological Effects of Asbestos. IARC Scientific Publi
cations No. 8. Edited by P. Bogovski, J. C. Gilson, 
V. Timbrell and J. C. Wagner. International Agency 
for Research on Cancer, Lyon, 1973. pp. xxi + 346. 
Sw fr. 80 (available from HMSO).

This volume represents the proceedings of a work
ing conference on asbestos held at the International 
Agency for Research on Cancer in Lyon in 1972. 
The papers presented at the conference are drawn 
together under 13 headings dealing with the various 
aspects of the asbestos problem and providing in each 
case an assessment of some aspect of methodology 
or an area of research. For example, four sections 
forming a composite group review in turn the metho
dologies of clinical research, pathology, experimental 
pathology and environmental studies. Asbestosis and 
mesothelioma are considered in relation to the type, 
shape and nature of the asbestos particle, occupation 
and duration of exposure of the patients and various 
other factors.

This book assembles in a fairly logical and compre
hensive manner a large amount of information hither
to distributed widely over the scientific literature, 
and each section concludes with a discussion sum
mary provided by the session rapporteur. The text 
certainly cannot be classified as bedtime reading, but 
for anyone with an interest in asbestos, it presents 
the bulk of the known relevant data, appears to be 
reasonably adequately referenced, and effectively 
demonstrates the complexities of the asbestos prob
lem.

Toxic Constituents of Animal FoodstufTs. Edited by 
I. E. Liener. Academic Press, New York, 1974. pp. 
x + 222. £6.80.

In these days of concern about the intentional addi
tion of a variety of chemicals to our diet, it is useful 
to be reminded that all that is natural is not safe. 
This book, a companion volume to one published 
in 1969 ( C i te d  in F .C .T . 1971, 9, 872) concerned with 
the toxins occurring in foods of plant origin, itself 
covers the toxins that occur in foods derived from 
animals—both those that occur naturally and those 
that are introduced either intentionally or as an inad
vertent result of man’s activities.

The second, third and fouth chapters provide a 
comprehensive review of naturally-occurring animal 
toxins that are likely to occur in food, dealing in 
turn with the toxic components of avian eggs, fish 
eggs, and shellfish, fish and algae. References to plant 
toxins at various points in this volume may appear 
at first to conflict with the title, but because many 
of our food animals are herbivorous, there is often 
the problem of the animal acting as a vehicle for 
bringing plant toxins and contaminants (such as pesti
cides and radionuclides) to the consumer. This point 
is particularly underlined in the first chapter, which

deals with a variety of toxins likely to be found in 
meat and dairy products.

The general approach of the final chapter of this 
book has little in common with those preceding it. 
The problem pinpointed in this contribution is that 
of the nitrosamines, but the justification for this 
choice is far from clear and the subject is reviewed 
without any consideration of the broader context of 
environmental carcinogens. Admittedly the nitrosa
mines, as the many current research programmes 
show, are a topic of great interest and importance. 
However, with the widespread investigations at pres
ent in hand, any review is likely to suffer premature 
ageing as new facts come to light and new ideas 
emerge. This is not necessarily a sound reason for 
refraining from writing reviews on this or any other 
subject, but in this particular context, the review 
—while reasonably comprehensive as it stands—is 
likely to become outdated long before the subject 
matter of most of the rest of the book shows any 
sign of change. As a whole, however, this book should 
make useful background reading for anyone with an 
interest in nutritional toxicology.

Residue Reviews. Residues of Pesticides and Other 
Contaminants in the Total Environment. Vol. 47. 
Edited by F. A. Gunther. Springer-Verlag, Berlin, 
1973. pp. vii + 198. DM48.10.

This issue of a familiar series contains four reviews 
on various aspects of the use of pesticides or herbi
cides.

The first considers ways in which the bioactivity 
of pesticides may be affected by the properties of 
the soils with which they come in contact. Primarily 
the behaviour of a pesticide in the soil depends on 
the extent of its adsorption on soil colloids, which 
are acidic and therefore serve as base exchangers. 
This interaction is affected not only by the soil pH, 
but also by other soil properties such as the content 
of clay and organic matter, the temperature and the 
moisture capacity. The summary of this contribution 
makes the interesting point that, in view of the 
number of factors that may affect pesticide activity, 
restrictive regulations setting maximum usage levels 
for pesticides irrespective of the environmental condi
tions cannot be satisfactory and serve only to penalize 
the good producer, who could, when necessary, use 
more than the specified amounts without giving rise 
to the environmental problems that less efficient pro
ducers would probably cause even when using permit
ted levels. The general rate and dose limitations are 
seen as an oversimplified approach to a complex 
problem, ignoring much of the knowledge that has 
accumulated in the past 20 years.

A related contribution reviews the effect of a speci
fic soil condition, namely flooding, on the microbial 
degradation of various insecticides. Some organo- 
chlorine insecticides, including lindane, DDT and
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endrin, are known to degrade rapidly under the rela
tively anaerobic conditions in flooded soil, while 
others, such as TDE, dieldrin and aldrin, are less 
readily biodegradable in such a situation. Flooded 
rice culture usually involves first the flooding and 
then the drying of the soil during the production 
of one crop, so that compounds or metabolites stable 
at one stage may be broken down at the next and 
problems of pesticide persistence encountered under 
normal soil conditions may be less severe under the 
fluctuating conditions associated with rice growing.

A major part of this issue is occupied with a 
detailed paper on the degradation of vinyl phosphate 
insecticides in plants, soils, water and animals. The 
biodegradation pathways of six members of this class 
and their metabolic fate in animals are described with 
the aid of numerous schematic diagrams and formu
lae, which are clear and helpful. Metabolism is dis
cussed in the light of the known toxicity of the com
pounds and information is also given on the stability 
and degradation of residues of the compounds during 
food processing.

The book concludes with a short review of elec
tron-microscope studies on the effect of various herbi
cides on the ultrastructure of plant cells. This work, 
aimed at elucidating the mechanism by which herbi
cides modify or inhibit plant growth, demonstrated 
the similarity between the ultrastructural changes 
associated with herbicide-induced plant death and 
those encountered in death from senescence and other 
causes. These ultrastructural changes were always de
tectable before visible changes were apparent, and 
the authors offer some constructive suggestions about 
the design of future electron-microscope studies for 
investigating the primary sites and mechanism of 
herbicide action. The electron micrographs are a new 
departure for R e s id u e  R e v ie w s , but their reproduction 
maintains the standard we have come to expect in 
other aspects of this series.

Residue Reviews, Residues of Pesticides and Other 
Contaminants in the Total Environment. Vol. 48. 
Edited by F. A. Gunther. Springer-Verlag, Berlin, 
1973. pp. v + 168. DM38.20.

Volume 48 in this excellent series presents, once 
again, concise critical reviews of a high standard on 
a variety of subjects of topical interest.

The opening chapter surveys the literature relating, 
on a world-wide basis, to cadmium residues in the 
environment. Soil, water, vegetation and food are 
considered in detail. On the basis of these data the 
authors conclude that uncontrolled or only partially- 
controlled emissions from industrial operations pro
vide the largest single source of environmental cad
mium, and that the accumulation of residues in exces
sive amounts occurs largely in areas close to these 
sources of emission. Existing data relating to the 
extent to which environments adjacent to residue 
sources are contaminated are considered to be frag
mentary and inadequate. To assess adequately poten
tial problems in the field of public health, the authors 
suggest that more information is needed on the 
cycling of cadmium in the environment and on the 
effects of long-term low levels of exposure. A consider
ation of natural occurrence, world production and

uses of cadmium and a summary of its toxic effects 
in man complete the chapter.

While an examination of the available literature 
suggests that most plants, animals and micro
organisms are likely to metabolize a foreign com
pound in the same general way. it is still necessary 
to investigate the metabolism of each new pesticide 
in several biological systems. Although certain pre
dictions about metabolites and the metabolic route 
can be made, it is not yet possible to decide without 
specific investigation which metabolic products will 
be the significant terminal metabolites and which will 
be only transitory intermediates in a metabolic route. 
This is the conclusion drawn by the author of a 
contribution entitled “Biological oxidation and conju
gation of pesticidal chemicals”, on the basis of a con
sideration of oxidation and conjugation reactions in
volved in the metabolism of a representative selection 
of widely-used pesticides in animals and plants. Meta
bolism by glutathione-dependent enzyme systems is 
also considered in detail.

The complexity of the problems associated with 
the evaluation of carcinogenic hazards of pesticide 
residues are highlighted in a chapter entitled “The 
carcinogenicity of pesticides”. This complexity is illus
trated with reference to the organochlorine pesticides, 
particularly DDT, aldrin and dieldrin. The discussion 
ranges not only over the validity of extrapolating 
animal data to man but also over such aspects as 
the synergistic effects of pesticides as they relate to 
carcinogenicity, the carcinogenic potential of photo
decomposition products of pesticides and the associ
ation between the induction of microsomal enzymes 
by pesticides and the development of liver tumours.

The Plant Protection Institute is the key authority 
in the implementation of the Pesticide Act in Finland. 
In addition to outlining the provisions of the Act 
and the procedure for obtaining approval for a prod
uct, this chapter describes the extent of use of pesti
cides in Finland and provides lists of safety intervals 
for pesticide use and the tolerances for these materials 
in foodstuffs. Finally, the remaining chapter in this 
issue presents a consideration of the apparently some
what neglected subject of the stability of pesticides 
in foodstuffs and other substrates kept under condi
tions of cold storage prior to extraction or analysis.

Residue Reviews. Residues of Pesticides and Other 
Contaminants in the Total Environment. Vol. 49. 
Edited by F. A. Gunther. Springer-Verlag, Berlin, 
1973. pp. vii + 158. DM32.90.

Editorial reference to the extensive and varied in
terests covered by R e s id u e  R e v ie w s  is well illustrated 
by the four chapters included in this 49th volume 
in the series.

Of topical interest, particularly in the light of the 
present publicity surrounding North Sea oil and its 
repercussions, is a chapter entitled “Fate and effects 
of polluting petroleum in the marine environment”. 
This review attempts to assess the extent of the prob
lem and define its impact on the marine environment. 
It is of interest to note that although the much-publi
cized major spills generally occur near the shore and 
cause dramatic and highly visible damage, chronic 
low-level pollution derived from so-called “normal”
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o p e ra t io n s  c o n tr ib u te s  th e  b u lk  o f  th e  o il p o llu tin g  
th e  sea  o n  a  w o rld -w id e  b asis . A v a ila b le  e v id en ce  
su g g e sts  th a t  th e  la rg e s t  so u rc e  o f  m a r in e  o il p o llu tio n  
e m a n a te s  f ro m  sh ip s, a n d  fro m  o il ta n k e rs  in  p a r t ic u 
la r , r a th e r  th a n  fro m  sh o re -b a s e d  so u rc es . T h e  g re a t  
c o m p le x ity  o f  c ru d e  o il, w h ic h  c o n s is ts  o f  a  m ix tu re  
o f  sev e ra l h u n d re d  id en tif ie d  a n d  m a n y  u n id e n tif ie d  
c o m p o u n d s , h a s  p re se n te d  a  se rio u s  o b s ta c le  to  
s tu d ie s  o f  th e  fa te  a n d  effec ts o f  o il p o llu tio n . T h e  
ro le s  o f  p h y s ic a l, c h e m ic a l a n d  b io c h e m ic a l p ro c esses  
in  th e  e lim in a t io n  o f  o il fro m  m a r in e  e n v iro n m e n ts  
a re  c o n s id e re d  in  d e ta il  in  th is  c o n tr ib u t io n ,  w h ic h  
a lso  su m m a riz e s  th e  p a th w a y s  a n d  p ro d u c ts  o f  th e  
m ic ro b ia l  d e g ra d a tio n  o f  v a r io u s  p e tro le u m  c o m 
p o n e n ts .  T h e  p o ss ib il ity  o f  o il re m o v a l b y  s tim u la te d  
b io d e g ra d a t io n  is d isc u sse d  in  th e  c o n te x t  o f  o th e r  
p o l lu t io n  a b a te m e n t  a n d  p re v e n t io n  tec h n iq u es .

U n lik e  so m e  c o u n tr ie s ,  N e w  Z e a la n d  h a s  n o t  c o n 
so lid a te d  its  p e s tic id e  le g is la tio n  u n d e r  o n e  a ll-  
e m b ra c in g  re g u la tio n . L a rg e ly  fo r h is to r ic a l re a so n s , 
sev e ra l d iffe re n t A c ts  o f  P a r l ia m e n t  a re  in v o lv ed , 
a m o n g  th e m  T h e  A g r ic u ltu ra l  C h e m ic a ls  A c t a n d  T h e  
A n im a l R e m e d ies  A ct. F o r  ease  o f  re fe ren ce , th e  c u r 
r e n t  p e s tic id e  le g is la tio n  is re v ie w e d  in  th e  fin a l 
c h a p te r  o f  th is  v o lu m e  u n d e r  five h e ad in g s , c o v e r in g  
in  tu r n  th e  a g r ic u ltu ra l  c h e m ic a ls  a n d  a n im a l re m e 
d ie s  leg is la tio n , b o th  o f  w h ic h  a re  a d m in is te re d  by  
th e  M in is t ry  o f  A g ric u ltu re  a n d  F ish e rie s , th e  p o iso n s  
a n d  th e  fo o d  a n d  d ru g  le g is la tio n , b o th  th e  re sp o n s i
b ility  o f  th e  D e p a r tm e n t  o f  H e a lth , a n d  re le v a n t 
a sp e c ts  o f  m o re  g e n e ra l le g is la tio n . T h is  c h a p te r  
sh o u ld  b e  a  g re a t  h e lp  to  th o se  try in g  to  f in d  th e ir  
w a y  a r o u n d  th e  c o m p le x itie s  o f  N e w  Z e a la n d ’s p e s ti
c id e  c o n tro l .

V o la ti l iz a t io n  a n d  v a p o u r-p h a se  t r a n s p o r t  p la y  a  
s ig n if ic a n t p a r t  in  th e  d is s ip a tio n  o f  p e s tic id e s  fro m  
p la n t ,  w a te r  a n d  so il su rfaces. E v id e n ce  is p re se n te d  
in  s u p p o r t  o f  th is  view  a n d  th e  su b je c t is rev iew ed  
in  c o n s id e ra b le  d e ta il  in  a  c h a p te r  h e a d e d  “P e s tic id e  
v o la ti l iz a t io n ” . T h is  c o n c lu d e s  th a t  a l th o u g h  c o n 
s id e ra b le  p ro g re s s  h a s  b e e n  m a d e  in  q u a n tify in g  th e  
fa c to rs  a ffe c tin g  v o la ti l iz a t io n  a n d  in  d e v e lo p in g  
m a th e m a tic a l  m o d e ls  fo r p re d ic tin g  its  ra te , m u c h  
a d d it io n a l  w o rk  is n e e d e d  to  p re d ic t  m o re  a c c u ra te ly  
th e  r a te s  o f  v o la t i l iz a t io n  u n d e r  fie ld  c o n d itio n s .

F in a lly  a  c o m p a ra t iv e  s tu d y  is m a d e  o f  th e  p o s s ib i
lit ie s  o f  u s in g  c o m p u ta tio n  m o d e ls  in  th e  q u a n ti ta t iv e  
s tu d y  o f  p e s tic id e  t r a n s p o r t  in  so il. T h e  n a tu re  o f  
th e  b a s ic  d a ta  a v a ila b le  fo r a  q u a n ti ta t iv e  a p p ro a c h  
is d isc u sse d  briefly , a n d  a u g m e n te d  b y  re fe re n ce  to  
m o re  d e ta i le d  rev iew s.

Contact Dermatitis. 2 n d  ed . B y A. A. F ish e r . L ea  
&  F e b ig e r , P h ila d e lp h ia , 1973. p p . x i +  448. £8.75.

A  w e a lth  o f  new  m a te r ia l  a n d  ex ten siv e  re sh a p in g  
o f  th e  o ld , a n d  th e  c o n s e q u e n t  124 e x tra  p a g es , 14 
c o lo u r  p la te s  a n d  th re e  a d d it io n a l  c h a p te rs ,  m a k e  th is  
se c o n d  e d it io n  o f  Contact Dermatitis su b s ta n tia l ly  b e t 
te r  th a n  th e  firs t. T o  c h a p te r s  o n  i r r ita n c y  d u e  to  
chem ica ls , e x c re tio n s  a n d  se c re tio n s , o n  c o n ta c t  d e r 
m a titis  d u e  to  c lo th in g , sh o es, ru b b e r ,  a sh e s iv es  a n d  
g u m s, m eta ls , c o sm e tic s , p la n ts  a n d  sp ices, o n  c o n ta c t  
d e rm a ti t is  in  c h ild h o o d  a n d  in  a to p ic  su b je c ts , o n  
p h o to d e rm a ti t is  a n d  o n  v a r io u s  o th e r  a sp e c ts  h av e

b e e n  a d d e d  c o n s id e ra tio n s  o f  in d u s tr ia l  d e rm a ti t is  
a n d  th e  ro le  o f  p a tc h  te s tin g  in  th is  a re a , th e  use  
o f  p a tc h - te s t  series, d e rm a ti t ic  re sp o n se s  o f  a ll m u c o u s  
m e m b ra n e s , a n d  a q u a t ic  c o n te n t  d e rm a titis .  T h e  
i llu s t r a tio n s  in  th e  l a t te r  c h a p te r  w o u ld  d e te r  th e  m o s t  
p e r s is te n t  b e a c h c o m b e r!

T h e  new  se c tio n  o n  in d u s tr ia l  d e rm a ti t is  d ra w s  
to g e th e r  n o te s  o n  m a n y  o f  th e  c o m p o u n d s  to  w h ic h  
w o rk e rs  m a y  b e  e x p o se d , in c lu d in g  v a r io u s  ty p es  o f  
re sin , r u b b e r  a n d  p la s tic s  c o m p o u n d s  a n d  th e ir  a d d i 
tives, a s  w ell a s  so lv e n ts  a n d  p e s tic id es . P a tc h - te s t  
p ro c e d u re s  in  in d u s try  a re  d isc u sse d  in  a  u sefu l fa sh 
io n . B riefe r c o n s id e ra tio n  is g iv en  to  p a tc h  te s tin g  
o f  th e  m u c o u s  m e m b ra n e s  in  c o m p a r is o n  w ith  
c u ta n e o u s  re a c tio n s . H o w ev e r, th e  n ew  se c tio n  o n  
m u c o u s  m e m b ra n e s  is w e lco m e, th e  fo rm e r  c h a p te r  
o n  c h e ilit is  a n d  s to m a ti tis  h a v in g  b e e n  e x te n d e d  to  
c o v e r  eye  i r r i ta t io n  a n d  c o n ju n c tiv itis ,  v a g in a l ir r i 
ta t io n  a n d  b a la n itis ,  a s  w ell a s  th e  effec ts o f  d e n tu re s  
a n d  d en tifrice s . T h e  p ra c tic e  o f  g ro u p in g  re fe ren ces 
a c c o rd in g  to  c o m p o u n d  a t  th e  e n d  o f  th e  c h a p te rs  
h a s  b e e n  in tro d u c e d  in  th is  v o lu m e  w h e re  re le v an t, 
a n d  is h e lp fu l fo r th o se  w h o  w ish  to  lo o k  in to  som e 
o f  th e  c ases  d isc u sse d  in  m o re  d e ta il.

T h e  b o o k  la rg e ly  re ta in s  i ts  o r ig in a l  fo rm a t,  d e a lin g  
w ith  re la te d  p ro b le m s  in  a  se ries  o f  in te r l in k e d  m o n o 
g ra p h s  o n  in d iv id u a l a lle rg e n s . O u t l in e s  o f  s ta n d a rd  
p a tc h - te s t  tra y s  a n d  p ro c e d u re s  w ill be  o f  in te re s t  
to  th e  p ra c tis in g  d e rm a to lo g is t ,  a s  w ill th e  v a r io u s  
lis ts  o f  p ro d u c ts  th a t  c o n ta in  o r  a re  free f ro m  c e r ta in  
p o te n t ia l  sen sitize rs . A t te n t io n  is a lso  p a id  to  th e  
re lie f  o f  c u ta n e o u s  re a c tio n s .

L ik e  its  p re d e c e s so r , th is  v o lu m e  is. w ell p ro d u c e d  
a n d  re fe re n ce d  a n d  in c lu d e s  a n  a p p e n d ix  re fe rr in g  
to  o v e r  800  c o n ta c t  a lle rg e n s , w ith  d e ta i ls  o f  th e ir  
o c c u r re n c e  a n d  a n y  c ro ss -s e n s itiz e rs  a n d  su g g e s tio n s  
fo r su ita b le  v eh ic les  a n d  c o n c e n tra t io n s  fo r p a tc h - te s t  
p ro c e d u re s . U n fo r tu n a te ly , th e  p ra c tic e  o f  p la c in g  
‘b u z z  w o rd s ’ a n d  k e y  p h ra s e s  in  b la c k -o u tl in e d  b o x e s  
s c a tte re d  o v e r  th e  p a g e s  h a s  b e e n  re ta in e d . W h ile  
th is  m a y  b e  h e lp fu l fo r th e  p u rp o s e  o f  q u ic k  re fe ren ce , 
it is a n  ir r i ta t in g  e y e so re  in  a n  o th e rw ise  w ell p r e 
se n te d  a n d  e m in e n tly  re a d a b le  tex t.

Progress in Medicinal Chemistry. V o l. 10. E d ite d  b y
G . P . E llis  a n d  G . B. W e s t. N o r th - H o l la n d  P u b lish in g  
C o ., A m ste rd a m , p p . x +  294. $30.00.

T h e  a im  o f  th is  se ries  is to  p re s e n t  c o m p re h e n s iv e  
rev iew s o n  to p ic s  r e la te d  to  th e  d e v e lo p m e n t, s tu d y  
a n d  d isc o v e ry  o f  d ru g s . E m p h a s is  is  p la c e d  o n  new  
d isco v eries , so  t h a t  th e  a c tiv e  re se a rc h  w o rk e r  o r  
te a c h e r  m a y  k e e p  a b re a s t  o f  c u r re n t  d e v e lo p m e n ts . 
T h e  p re s e n t  v o lu m e  c o n ta in s  six  a r tic le s  o n  th ese  
lines, c o v e r in g  a  v a r ie ty  o f  su b je c ts .

O n e  rev iew , b y  D r .  G . F e u e r  o f  th e  U n iv e rs ity  
o f  T o r o n to  C lin ic a l B io c h e m is try  D e p a r tm e n t ,  d e a ls  
w ith  th e  m e ta b o lism  a n d  b io lo g ic a l a c t io n s  o f  c o m 
p o u n d s  c o n ta in in g  th e  c o u m a r in  m o ie ty . T o p ic s  s u r 
v ey ed  in  i ts  58 p a g e s  in c lu d e  to x ic ity , c a rc in o g e n ic ity  
a n d  a n tic a rc in o g e n ic  a c tiv ity , e ffec ts o n  p la n ts ,  a n t i 
b io tic  a n d  a n tic o a g u la n t  p ro p e r t ie s ,  effec ts o n  m u sc le  
a n d  th e  c e n tra l  n e rv o u s  sy s te m  a n d  p h o to s e n s i t iz a 
tio n , in v o lv in g  th e  c i ta t io n  o f  581 re fe re n c e s  d a tin g  
f ro m  1820 o n w a rd s . W o rk  o n  c o u m a r in  m e ta b o lism
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a n d  o n  th e  effec ts o f  c o u m a r in  o n  liv e r e n zy m es 
rece iv es d u e  m e n tio n , b u t  u n fo r tu n a te ly  th e  G e rm a n  
r a t  s tu d y  im p u tin g  h e p a to c a rc in o g e n ic ity  to  c o u m a r in  
(B ä r &  G r ie p e n tro g , Medizin Ernähr. 1967, 8, 244) 
h a s  b e e n  w ro n g ly  c ited . I t  w o u ld  a lso  seem  so m e w h a t 
a g a in s t  th e  p ro fe sse d  a im  o f  th e  se ries  th a t  th e  rev iew  
w a s  a p p a re n tly  w r i t te n  in  1 9 7 0 -1 9 7 1 ; a re a s  o f  
re s e a rc h  w h ic h  h av e  e x p a n d e d  ra p id ly  in  th e  la s t  few 
y ears , su ch  a s  th e  effects o f  th e  c o u m a r in -b a s e d  m y co - 
to x in s , th u s  rece iv e  re la tiv e ly  s c a n t  a tte n tio n ,  a n d  
re c e n t e p id e m io lo g ic a l s tu d ie s  o n  th e  h e p a to to x ic ity  
o f  a f la to x in  in m a n  a re  a b s e n t  a lto g e th e r .

A n o th e r  in te re s tin g  to p ic  is th e  re la tio n s h ip  
b e tw ee n  th e  s tru c tu re  a n d  c a rc in o g e n ic ity  o f  p o ly c y c 
lic h y d ro c a rb o n s , a n  e ru d ite  su rv e y  o f  w h ic h  is p re 
se n te d  b y  tw o  u n iv e rs ity  c h em ists , D rs  D . W . Jo n e s  
a n d  R . S. M a tth e w s . P e rh a p s  w isely , th is  c o n tr ib u t io n  
d o e s  n o t  a t te m p t  to  rev iew  th e  v a s t  l i te ra tu re  o n  
c a rc in o g e n ic ity , b u t  r a th e r  a p p ra is e s  c u r re n t  th e o r ie s  
o f  m e c h a n ism  a n d  th e ir  in te r re la tio n sh ip s . I t  is so m e 
w h a t  d is a p p o in t in g  th a t  th e  ro le  o f  a ry l h y d ro c a rb o n  
h y d ro x y la se s  ( a d m itte d ly  still u n c e r ta in )  is n o t  d is 
cu ssed . H o w ev e r, th e  p a p e r  is d o u b tle s s  c o r re c t  in 
its  c o n c lu s io n  th a t  “o n e  c a n n o t  h o p e  y e t to  p ro v id e  
u n e q u iv o c a l  c h em ica l c r ite r ia  o f  c a rc in o g e n ic  p o 
te n c y ” .

D r. W . G . S m ith , o f  th e  C a n a d ia n  E n v iro n m e n ta l  
H e a l th  D ire c to ra te ,  su rv e y s  th e  u se  o f  e n zy m o lo g y  
in  p h a rm a c o lo g ic a l  a n d  to x ic o lo g ic a l in v es tig a tio n s . 
In te n d e d  a s  a  l a b o ra to ry  g u id e , th is  c o n tr ib u t io n  te r 
m in a te s  w ith  a  lis t o f  m o re  th a n  100 e n zy m es  o f  
sp ec ia l s ig n ifican ce  to  p h a rm a c o lo g ic a l  s tu d ies , 
to g e th e r  w ith  a  b a s ic  b ib lio g ra p h y  fo r e a c h  o n e . I t  
is d a u n tin g  to  re a liz e  th a t  th is  l is t  re p re se n ts  less 
th a n  10%  o f  th e  e n zy m es d isc o v e re d  u p  to  th e  e n d  
o f  1971. A n o th e r  p a p e r , e n ti t le d  “L in e a r  free e n e rg y  
re la tio n s h ip s  a n d  b io lo g ic a l a c t io n ” , b y  D r. K . C. 
J a m e s  o f  th e  W elsh  S c h o o l o f  P h a rm a c y , a im s  to  
sh o w  h o w  p h y s ic a l p ro p e r t ie s  m a y  b e  c o r re la te d  w ith  
b io lo g ic a l a c tio n , a n d  to  d efine  a n d  e x p la in  th e  free 
e n e rg y  p a ra m e te r s  th a t  a re  u sed . G u id a n c e  is a lso  
g iv en  o n  th e  c h o ic e  o f  th e  m o s t  su ita b le  p a ra m e te r s  
a n d  th e  re c o g n itio n  o f  th e ir  l im ita tio n s . A sh o r t  
a r tic le  a t  th e  b e g in n in g  o f  th e  v o lu m e  u se fu lly  rev iew s 
th e  M E D L A R S  c o m p u te r  in fo rm a tio n  re tr ie v a l sys
te m  a n d  in c lu d e s  a  sa m p le  se a rc h  o n  th e  c h e m o 
th e ra p y  o f  a lle rg y  to  d e m o n s tra te  th e  use  o f  th is  se r
vice, w h ile  th e  fin a l p a p e r  is d e v o te d  to  re ce n t 
a d v a n c e s  in  th e  sy n th e s is  o f  n itriles .

A s in te n d e d , th e  p a p e rs  in  th is  v o lu m e  sh o u ld  be 
o f  v a lu e  to  a n y o n e  e m b a rk in g  o n  re se a rc h  in o n e  
o f  th e  r e le v a n t fie ld s o r  to  le c tu re rs  se e k in g  c o m p re 
h en siv e  b a c k g ro u n d  in fo rm a tio n  o n  a  p a r t ic u la r  
to p ic . H o w ev e r, th e  a p p a re n t  d e la y s  b e tw ee n  w ritin g  
a n d  p u b lic a tio n , in  o n e  case  a s  lo n g  a s  3 y ears , m u s t  
d e tr a c t  fro m  th e  a im  to  p ro v id e  in th is  se ries  su rv ey s  
o f  th e  c u r re n t  s ta te  o f  k n o w le d g e .

P a t h o b i o l o g v  o f  D e v e l o p m e n t  O r  O n t o g e n y  R e 
v i s i t e d .  A m e ric a n  A sso c ia tio n  o f  P a th o lo g is ts  a n d  B ac
te r io lo g is ts , C in c in n a ti , O h io , 1972. E d ite d  b y  E . V.
D . P e r r in  a n d  M . J. F in e g o ld . T h e  W illia m s  &  W il
k in s  C o m p a n y , B a ltim o re , 1973. p p . xi +  151. $19.75.

I t  is n o t  o ften  th a t  p a th o lo g is ts  s tr a y  fro m  th e ir  
p o ts  a n d  th e ir  s lid es— so  w h e n  th e y  d o  th e re  m u s t

be  a  v ery  g o o d  re a so n , a s  w a s  c le a r ly  th e  c ase  w h e n  
a  re c e n t e x c u rs io n  to o k  th e m  in to  th e  fie ld  o f  te ra 
to lo g y . T h e  m a lfo rm a tio n s  th a t  c a n  o c c u r  in  th e  d e v e 
lo p in g  fo e tu s  o ffer a  te m p tin g  h u n t in g -g ro u n d  fo r th e  
m o rp h o lo g is t  v e rsed  in  v e rb a l d e sc rip tio n s  o f  th e  
a b n o rm a l,  b u t— d e sp ite  th is  te m p ta t io n — p a th o lo 
g ists, w ith  a  few b r i ll ia n t  e x ce p tio n s , h av e  ta k e n  o n ly  
a  lim ite d  in te re s t  in  th is  a re a  o f  s tu d y . O n e  re ca lls  
h e re  R . A. W illis , w h o  a tte m p te d  to  d e fin e  th e  b o r d e r 
line  b e tw ee n  e m b ry o lo g y  a n d  p a th o lo g y , a n d  C . T a r -  
uffi w h o , a s  e a r ly  a s  1881, c o m m e n c e d  h is  e ig h t-  
v o lu m e  d e sc r ip tio n  o f  th e  h is to ry  o f  te ra to lo g y , a  
ta s k  w h ic h  a p p a re n tly  to o k  h im  w ell in to  1894.

T h e  d e c is io n  to  in v ite  sp e a k e rs  fro m  d isc ip lin e s  
o th e r  th a n  p a th o lo g y  to  p re s e n t  th e ir  v iew s a t  a  sy m 
p o s iu m  o n  th e  p a th o b io lo g y  o f  d e v e lo p m e n t, 
o rg a n iz e d  b y  th e  C o u n c il o f  th e  A m e ric a n  A sso c ia t io n  
o f  P a th o lo g is ts  a n d  B a c te r io lo g is ts  in  c o n ju n c tio n  
w ith  th e  P e d ia tr ic  P a th o lo g y  C lu b , w a s  n o  d o u b t  
a  re fle c tio n  o f  th e  C o u n c il’s re c o g n itio n  o f  th e  l im i
ta t io n s  o f  th e  a r t  o f  p u re  d e sc rip tio n . T h e  c o n tr ib u 
tio n s  to  th is  sy m p o s iu m , w h ic h  w a s  h e ld  in  C in c in n a ti  
in  1972, h av e  b e e n  c o lle c te d  in  a  s lim  v o lu m e  o f  
u n d e r  150 p ag es . D e sp ite  th e  re s tr ic tio n s  o n  sp ace  
w h ic h  th is  m u s t  h a v e  im p o se d  o n  th e  a u th o r s ,  e a c h  
h a s  m a n a g e d  to  p re se n t  a  c le a r  su m m a ry  o f  th e  p r o b 
lem  o f  m a ld e v e lo p m e n t a s  seen  fro m  h is p a r t ic u la r  
v iew p o in t. F u r th e rm o re ,  th e  e d ito rs  h av e  su c c ee d ed  
in  s lo ttin g  in  a  d isc u ss io n  a f te r  so m e  o f  th e  c h a p te rs .

T h e  f irs t  c h a p te r  g iv es a  b r ie f  b u t  in te re s t in g  
a c c o u n t  o f  th e  h is to ry  o f  te ra to lo g y , s tre ss in g  th e  
su p e rs t i t io u s  beliefs a n d  m isc o n c e p tio n s  th a t  h av e  
s u r ro u n d e d  th e  a e tio lo g y  o f  m a lfo rm a tio n s  in  m a n  
a n d  a n im a ls  since  th e  d a w n  o f  h is to ry . D e sp ite  th e  
g re a te r  d e g ree  o f  e n lig h te n m e n t in  o u r  ag e , so m e  o f  
th e  less  o b v io u s  su p e rs t i t io n s  a p p a re n tly  su rv iv e  n o t  
o n ly  a m o n g  la y m e n  b u t  in  p ro fe s s io n a l c irc le s  a s  w ell.

T h is  c o n tr ib u t io n  is fo llo w ed  b y  a  lu c id  a c c o u n t  
o f  th e  p r in c ip le s  u n d e r ly in g  te ra to lo g y  te s tin g , a  
c h a p te r  t h a t  w ill b e  o f  g re a t  v a lu e  to  to x ic o lo g is ts . 
I t  s tre sse s  th e  im p o r ta n c e  o f  k n o w in g  th e  p re c ise  d a y  
o f  fe rtil iz a tio n  a n d  th e  p e r io d  o f  o rg a n  d e v e lo p m e n t 
if te ra to lo g ic a l  te s ts  a re  to  b e  in te rp re te d  w ith  a n y  
v a lid ity . I t  a lso  u n d e r lin e s  th e  im p o r ta n c e  to  te r a 
to lo g y  o f  o th e r  to x ic o lo g ic a l p r in c ip le s  w ith  a  m u c h  
w id e r  a p p lic a tio n , n a m e ly  th e  g e n o ty p e  o :  th e  sp ec ie s  
u n d e r  e x a m in a tio n  (o r, c o m m o n ly , species specificity), 
th e  ty p e  o f  m e ta b o lic  b re a k d o w n , th e  tis su e  levels 
o f  th e  te s t su b s ta n c e  a n d  th e  n e e d  to  b e a r  in  m in d  
th e  p o ss ib ility  th a t  m in o r  d e v ia tio n s  m a y  o c c u r  in 
a d d it io n  to  a n d  so m e tim e s  w ith o u t  re a d ily  d e te c ta b le  
g ro ss  a b n o rm a li t ie s .

T w o  c h a p te r s  d e a l w ith  th e  m o re  th e o re tic a l  
a sp e c ts  o f  n o rm a l o rg a n  d e v e lo p m e n t a n d  th e  p o s s 
ib le  d e ra n g e m e n t in  th is  p ro c e ss  t h a t  c o u ld  le a d  to  
m a lfo rm a tio n s . T h e n  fo llow  tw o  c h a p te r s  o n  th e  ro le  
o f  v iru se s  a n d  ra d ia t io n  in  th e  p r o d u c tio n  o f  m a lfo r 
m a t io n s  in in fan ts . T h e  la t te r  p a ir  a re  c o m m e n d a b ly  
w ell b a la n c e d  a n d  k e ep  th e  r isk s  a n d  h a z a rd s  w ell 
in  p e rsp ec tiv e . S o m e  c o n tr a s t  is o ffered  b y  th e  fo llo w 
ing  c o n tr ib u t io n ,  w h ic h  d e a ls  w ith  th e  te ra to g e n ic  
effec ts o f  c h e m ic a ls  a n d  p re se n ts  a  p ic tu re  p a in te d  
in  so m b re  c o lo u rs . T h e  u n re lie v e d  g lo o m  is c a r r ie d  
o v e r  in to  th e  d isc u ss io n , d u r in g  w h ic h  th e  a u th o r ,  
in  e lo q u e n t  a n d  o f te n  e m o tiv e  te rm s, a p p e a r s  to  h av e  
v a n q u is h e d  a n y  a t te m p t  a t  a  so b e r  a p p ra is a l  o f  th e  
h a z a rd s .
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. T h e  p e n u lt im a te  c h a p te r  tac k les  a  su b jec t o f  g re a t  
in te re s t  to  p a th o lo g is ts , d isc u ss in g  th e  h is to g en e sis  
o f  th o se  ty p e s  o f  m a lfo rm a tio n  m o s t freq u e n tly  lin k e d  
w ith  m a lig n an c y . W h ile  th e  a u th o r  c o n s id e rs  th a t  
th e re  is a  c le a r  c a u sa l re la tio n s h ip  b e tw ee n  m a lfo rm a 
t io n  a n d  tu m o u r  in  m a n y  cases, he  r e g a rd s  th e  n o w  
fam ilia r s t i lb o e s tro l-a s so c ia te d  a d e n o c a rc in o m a  o f  th e  
v a g in a  a s  a n  im p o r ta n t  e x ce p tio n . A lth o u g h  he  a c 
k n o w le d g e s  th a t  th is  tu m o u r  o r ig in a te s  in a  m a lfo rm a 
t io n  o f  th e  M u lle r ia n  d u c t,  he  still, o d d ly  e n o u g h , 
a p p e a rs  to  a t t r ib u te  i ts  o c c u rre n c e  d ire c tly  to  th e  
c a rc in o g e n ic  a c tio n  o f  s tilb o e s tro l.

T a k e n  a s  a  w h o le , th is  little  v o lu m e  is in te re s tin g  
a n d  in fo rm a tiv e  a n d  is free o f  th e  ja r g o n  th a t  m ak e s  
m a n y  p u b l ic a tio n s  o n  te ra to lo g y  a lm o s t  u n re a d a b le . 
I t  does, h o w e v er, re flec t th e  im m a tu r i ty  o f  te ra to lo g y  
a s  a n  a p p lie d  sc ience, ju s tify in g  th e  In tro d u c t io n ’s 
p ic tu re s q u e , th o u g h  h a rd ly  sc ien tific , d e sc r ip tio n  o f  
te ra to lo g y  a s  “a  p a tc h w o rk  o f  c o n c e p ts  fro m  d e v e lo p 
m e n ta l  b io lo g y  a n d  a llie d  sc iences, e m b ro id e re d  h e re  
a n d  th e re  w ith  p o litic s , so c io lo g y , a n d  th e  h is to ry  
o f  id eas, sp la sh e d  w ith  th e  b r i ll ia n t  in s ig h ts  o f  g e n e 
tics, th re a d b a re  in  th e  m a n y  sp o ts  w h e re  c o n je c tu re  
a n d  e x tra p o la t io n  a re  s u b s ti tu te d  fo r d a ta ” .

C h e m i c a l  M u t a g e n s .  P r i n c i p l e s  a n d  M e t h o d s  f o r  T h e i r  
D e t e c t i o n .  V ol. 3. E d ite d  b y  A . H o lla e n d e r . P le n u m  
P re ss , N ew  Y o rk , 1973. p p . xxii 4- 304. £10.35.

R a p id  e x p a n s io n  in  th e  fie ld  o f  m u ta t io n  re se a rc h  
in  re c e n t y e a rs  h a s  p ro d u c e d  a  m y r ia d  o f  p o te n tia l ly  
u sefu l p ro c e d u re s  fo r e v a lu a tin g  th e  m u ta g e n ic  a c t i 
v ity  o f  e n v iro n m e n ta l  ch em ica ls . T h e  m o s t  im p o r ta n t  
o f  th ese  m e th o d s  h a v e  b e en  se lec ted  to  fo rm  th e  b a s is  
o f  th e  e x ce lle n t se ries  o f  b o o k s  o n  c h e m ic a l m u ta g e n s  
sp o n s o re d  b y  th e  E n v iro n m e n ta l  M u ta g e n  S ociety .

F o r  m o s t  p e o p le , th e  p r im a ry  v a lu e  o f  th ese  b o o k s  
w ill lie in  th e ir  p ro v is io n  o f  a  sing le  so u rc e  o f  re fe r
e n ce  fo r th e  d e ta i le d  m e th o d o lo g y  o f  th e  v a r io u s  tests . 
H o w ev e r, th e re  a re  c h a p te r s  o n  o th e r  a sp e c ts  o f  m u ta 
g e n ic ity , su ch  a s  th e  c o r re la t io n s  b e tw ee n  m u ta g e n i
c ity , c a rc in o g e n ic ity  a n d  te ra to g e n ic ity , a n d  th is  th ird  
v o lu m e  c a r r ie s  a n  in te re s t in g  in tro d u c to ry  c h a p te r  b y  
D r . C h a r lo t te  A u e rb a c h  o n  th e  h is to ry  o f  re se a rc h  
o n  c h em ica l m u ta g e n e s is . T h is  v o lu m e  a lso  in c lu d e s  
m o re  d e ta i le d  d isc u ss io n s  o f  so m e  o f  th e  to p ic s  
c o v e re d  in  th e  e a r l ie r  issues, in c lu d in g  th e  te c h n iq u e s  
a v a ila b le  fo r m o n ito r in g  h u m a n  p o p u la t io n s  for 
m u ta g e n esis , a n d  th e re  is a n  e x ce lle n t su m m a ry  o f  
th e  n u m e ro u s  m e th o d s  d e v e lo p e d  fo r te s tin g  c h e m i
c a ls  fo r m u ta g e n ic  a c tiv ity  u s in g  y e a s t system s.

A ll in  a ll, th e  c o n tr ib u to r s  to  V o lu m e  3 h av e  m a in 
ta in e d  th e  h ig h  s ta n d a rd s  se t in  i ts  p re d e c e s so rs  a n d  
th e  b o o k  c a n  be  th o ro u g h ly  re c o m m e n d e d .

I n b o r n  E r r o r s  o f  M e t a b o l i s m .  E d ite d  b y  F . A. 
H o m m e s  a n d  C . J. V a n  D e n  B erg . A c a d e m ic  P re ss , 
L o n d o n , 1973. p p . xv  +  375. £7.

T h is  v o lu m e  p re se n ts  th e  p ro c e e d in g s  o f  a  sy m 
p o s iu m  o n  th e  r e la tio n s h ip  b e tw ee n  d e v e lo p m e n ta l 
b io c h e m is try  a n d  in b o rn  e r ro r s  o f  m e ta b o lism , h e ld  
a t  W a rf lu m  in th e  N e th e r la n d s  in  A u g u s t 1972. T h e  
te x t  in c lu d e s  20  p a p e rs  b y  38 c o n tr ib u to r s  ra n g in g  
fro m  b io c h e m is ts  to  c lin ic ia n s  w ith  p a r t ic u la r  e x p e r i

e n ce  o f  in b o rn  e r ro r s  a s so c ia te d  w ith  b ra in  d a m a g e .
T h is  b o o k  is n o t  a  c o m p re h e n s iv e  te x t o n  th e  su b 

je c t, b u t  is r a th e r  a  c o lle c tio n  o f  c o n tr ib u t io n s  d e s 
c r ib in g  a  d iv e rs ity  o f  re s e a rc h  p ro je c ts  in  th is  field . 
R e a d e rs  u n fa m ilia r  w ith  th e  b a c k g ro u n d  to  th is  im 
p o r ta n t  a n d  c o m p le x  su b je c t a re  like ly , th e re fo re , to  
f in d  th e  c o n te n ts  o f  l im ite d  va lue . H o w e v e r, w o rk e rs  
a c tiv e ly  in v o lv e d  sh o u ld  g a in  m u c h  u sefu l a n d  in te r 
e s tin g  in fo rm a tio n  o n  th ese  p ro b le m s .

T h e  d isc u ss io n  se c tio n s  fo llo w in g  th e  p a p e rs  a re  
p a r t ic u la r ly  to  b e  c o m m e n d e d . R e p ro d u c in g  th is  p a r t  
o f  a  sy m p o s iu m  a lw ay s  p re se n ts  c e r ta in  d ifficu lties  
fo r e d ito rs , b u t  th e  e ffo rt in v o lv e d  is o ften  w ell w o r th  
w h ile , a n d  in  th is  c ase  th e  d isc u ss io n s  p re s e n te d  a re  
s t im u la tin g , w id e -ra n g in g  a n d  o b v io u s ly  o f  c o n s id e r 
a b le  m erit.

T h e  S t r i a t e d  M u s c l e .  I n t e r n a t i o n a l  A c a d e m y  o f  P a t h o 
l o g y  M o n o g r a p h .  E d ite d  b y  C . M . P e a r s o n  a n d  F .
K . M o s to f i. T h e  W illia m s  &  W ilk in s  C o m p a n y , B a lti
m o re , 1973. p p . x iii +  518. $32.00.

T h e  ra p id i ty  w ith  w h ic h  th e  b io lo g ic a l sc ien ces a re  
a d v a n c in g  m a k e s  it  d ifficu lt fo r th e  s c ie n tis t  to  k eep  
a b re a s t  in  a ll fields, a n d  th e  ta s k  is m a d e  m o re  diffi
c u lt  b y  th e  fac t th a t  th e  in fo rm a tio n  o n  a n y  o n e  
to p ic  is sc a tte re d  a m o n g  a  la rg e  n u m b e r  o f  jo u rn a ls .  
F o r tu n a te ly  m o s t  w o rk e rs  a re  a w a re  o f  th is  a n d  fre
q u e n t  a t te m p ts  a re  m a d e  to  c o lle c t to g e th e r  re c e n tly  
a c q u ire d  in fo rm a tio n  in  th e  fo rm  o f  m o n o g ra p h s .

T h e  m o n o g ra p h  o n  s t r ia te d  m u sc le  n a m e d  a b o v e  
re p re se n ts  o n e  su ch  e ffo rt to  g a th e r  to g e th e r  u p - to -  
d a te  in fo rm a tio n  a n d  p re se n t  it  in a  c o n d e n s e d  m a n 
n er. I t  is in te n d e d  m a in ly  fo r th e  d ia g n o s tic  p a th o lo 
g ist, a n d  a  su b s ta n tia l  p r o p o r t io n  o f  th e  c h a p te r s  
d e a ls  w ith  c u r re n t  v iew s o n  th e  p a th o lo g ic a l  in te rp re 
ta t io n  o f  m usc le  b io p sie s . A p a r t  f ro m  h is to lo g y , w h ic h  
is g iv en  d u e  p ro m in e n c e , th e re  a re  d e sc r ip tio n s  o f  
u l tr a s t ru c tu r a l  a n d  h is to c h e m ic a l c h an g e s , w h ic h  m ay  
su p p le m e n t c la ss ica l h is to lo g y  in  th e  d ia g n o s is  o f  
m u sc le  d isease . I t  is in d e e d  re fre sh in g  to  f in d  th a t  
th e se  tw o  te c h n iq u e s  a re  u se d  w id e ly  a n d  effectively  
in  th is  field .

I t  h a s  n o t  b e en  a ssu m e d , h o w e v er, th a t  a ll h is to lo 
g is ts  a re  fa m ilia r  w ith  th e  h is to c h e m is try  a n d  u l tr a -  
s t ru c tu ra l  a p p e a ra n c e  o f  s t r ia te d  m u sc le . D e sc r ip tio n s  
o f  th e se  tw o  a sp e c ts  o f  m a m m a lia n  s t r ia te d  m u sc le  
b o th  u n d e r  n o rm a l c o n d it io n s  a n d  a f te r  e x p e r im e n ta l 
in ju ry  o c c u p y  th e  firs t h a lf  o f  th e  b o o k . M e th o d s  
o f  b io p sy  a n d  f ix a tio n  fo r u l t r a s t ru c tu r a l  s tu d ie s  a re  
d e a l t  w ith  in  d e ta il  a s  a re  so m e  c o m m o n  a r te fa c ts . 
H is to c h e m is try  is  a ls o  g iv en  d e ta i le d  tr e a tm e n t,  in 
c lu d in g  a  d isc u ss io n  o n  a r te fa c ts  a n d  a  se c tio n  o n  
th e  ra t io n a le  for th e  se le c tio n  o f  th e  g ro u p  o f  e n zy m es 
w id e ly  u se d  in th e  d ia g n o s is  o f  m u sc le  d isease .

T h e  g re a t  v a lu e  o f  th is  b o o k  lie s  in  th e  fact th a t  
h is to lo g y  is in te g ra te d  w ith  h is to c h e m is try  a n d  e lec 
t r o n  m ic ro sc o p y  in  a ll th e  c h a p te rs ,  so  th a t  th e  r e a d e r  
b e c o m e s  fu lly  a w a re  o f  th e  p o te n t ia l  v a lu e  o f  th ese  
n e w er te c h n iq u e s  w ith o u t  e x p e c tin g  to o  m u c h  fro m  
th e m . T o o  o f te n  in  th e  p a s t, in o rd in a te  c la im s  h av e  
b e e n  m a d e  a n d  su b s e q u e n tly  sh o w n  to  h a v e  lit t le  
fo u n d a tio n , a n d  th is  h a s  te n d e d  to  d is c re d it  th ese  
new  p ro c e d u re s .

T h e  e x p e r im e n ta l a p p ro a c h  to  a n  u n d e rs ta n d in g  
o f  m u sc le  p a th o lo g y  h a s  n o t  b e e n  n eg lec ted . I n  fac t
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th is  a p p ro a c h  h a s  b e e n  successfu lly  b le n d e d  in  so m e  
c o n tr ib u t io n s  w ith  th e  p a th o lo g y  o f  n a tu ra lly  o c c u r 
r in g  d ise ases  in  m an , g iv in g  a  m o re  c re d ib le  a n d  
se c u re  fo u n d a tio n  to  th e  o p in io n s  a n d  v iew s 
e x p ressed  o n  th ese  d iseases . T h e re  is a  lesso n  h ere  
th a t  a u th o r s  in  o th e r  fie ld s  o f  h u m a n  p a th o lo g y  c o u ld  
le a rn  w ith  p ro fit.

T h e  te x t  is c le a r ly  w r i t te n  th ro u g h o u t,  d e sp ite  th e  
fac t th a t  it c o n s is ts  o f  in d iv id u a l c o n tr ib u t io n s  fro m  
28 sp ec ia lis ts , a n d  is a d e q u a te ly  i llu s tra te d . I t  m a y  
b e  re c o m m e n d e d  to  a ll  th o se  w h o  a re  in te re s te d  in 
m u sc le  p a th o lo g y , w h e th e r  o r  n o t  th e y  a re  p ro fe s 
s io n a l p a th o lo g is ts .

B io lo g y  D a t a  B o o k .  V o l. I. 2 n d  ed . E d ite d  b y  P.
L . A ltm a n  a n d  D o ro th y  S. D it tm e r . F e d e ra t io n  o f  
A m e ric a n  S o c ie ties  fo r E x p e r im e n ta l  B io lo g y , 1972. 
p p . xv ii +  606. $30.00.

B io lo g y  D a t a  B o o k .  V o l. II . 2 n d  ed . E d ite d  b y  P .
L . A ltm a n  a n d  D o ro th y  S. D it tm e r . F e d e ra t io n  o f  
A m e ric a n  S o c ie ties  fo r E x p e r im e n ta l  B io lo g y , 1973. 
p p . x ix +  826. $30.00.

T h e  a p p e a ra n c e  o f  a d d it io n a l  v o lu m e s  o r  rev ised  
e d it io n s  in  th e  B io lo g ica l H a n d b o o k  se ries  w ill a lw ay s  
be  w e lco m e. T h is  se ries  h a s  filled  a  re a l n e e d  a s  a  
so u rc e  o f  b io lo g ic a l d a ta  a n d  th e  p a r t ic u la r  e d it io n s  
n a m e d  a b o v e  c o n ta in  a  g re a t  d iv e rs ity  o f  in fo rm a tio n .

T h e  f irs t  v o lu m e  p re se n ts  d a ta  re la tin g  to  g e n e tic s  
a n d  cy to lo g y , r e p ro d u c t io n ,  d e v e lo p m e n t a n d  g ro w th , 
a n d  c o n c lu d e s  w ith  a  se c tio n  o n  m a te r ia ls  a n d  
m e th o d s  fo r a  v a r ie ty  o f  s tu d ie s , in c lu d in g  inter alia 
d e ta ils  o f  a n im a l d ie ts  a n d  c u ltu re  m e d ia . A p p e n d ice s  
in c lu d e  lis ts  re la tin g  c o m m o n  n a m e s  o f  a n im a ls  a n d  
p la n ts  to  th e  c o r re s p o n d in g  sc ien tific  n a m e s, o u tlin e s  
o f  a n im a l a n d  p la n t  c la ss if ica tio n s , c o n v e rs io n  fo rm u 
la e  a n d  fa c to rs  a n d  p h y s ic a l c o n s ta n ts .  T h e  v o lu m e  
sh o u ld  be  o f  u se  to  m a n y  p ra c tis in g  b io lo g is ts . S ec
t io n s  o f  p a r t ic u la r  in te re s t  to  th e  re v ie w e r w e re  th e  
su rv e y  o f  c h a ra c te r is tic s  o f  sp ec ified  m o u se  s tra in s , 
th e  p h e n o ty p ic  e x p re ss io n  o f  g en e  lin k a g e s  a n d  th e  
c o m p o s it io n  o f  v a r io u s  c u ltu re  m ed ia . In  g e n e ra l, th e  
se c tio n  e n ti t le d  “M a te r ia ls  a n d  M e th o d s ”  w ill be  o f  
w id e  u se  a n d  m a y  w ell o b v ia te  th e  n e ce ss ity  o f  r e s o r t 
in g  to  sev e ra l d iffe re n t p u b lic a tio n s  fo r th e  ra n g e  o f  
in fo rm a tio n  th a t  m a y  be  re q u ire d  fo r a  p a r t ic u la r  
p u rp o se .

T h e  fo u r  m a in  se c tio n s  o f  V o lu m e  I I  a r e  c o n c e rn e d  
w ith  b io lo g ic a l r e g u la to r s  a n d  to x in s , th e  e n v iro n 
m e n t a n d  su rv iv a l, p a ra s i t is m  a n d  se n so ry  a n d  n e u ro 
b io lo g y . A p p e n d ic e s  a g a in  p ro v id e  c ro ss-re fe re n ce s  
b e tw e e n  th e  sc ien tific  a n d  c o m m o n  n a m e s  o f  th e  a n i 
m a ls  a n d  p la n ts  re fe rre d  to  in  th e  v o lu m e — a n  a d m ir 
a b le  in c lu s io n .

In  g e n e ra l, th e  d a ta  in  th ese  v o lu m e s  a re  c le a rly  
p re se n te d  a n d  e asy  to  use, th e  a r ra n g e m e n t  o f  e ac h  
se c tio n  fo llo w in g  th e  s ta n d a rd iz e d  ta b u la r  fo rm a t 
a d o p te d  in  th e  e a r l ie r  p u b l ic a tio n s  in  th is  series. 
W h e n  th e  fac ts  g iv en  a re  p re d o m in a n t ly  n u m e ric a l 
th is  fo rm a t is idea l, b u t  it  h a s  severe  l im ita t io n s  w h e n  
th e  in fo rm a tio n  is q u a li ta t iv e  o r  d e sc rip tiv e . In  th e  
su b se c tio n  o n  a n im a l to x in s , fo r in s ta n c e , th e  sig n s 
a n d  sy m p to m s  o f  p o iso n in g  in  m a n  a re  p re se n te d  
in  n o te  fo rm  a n d  m u s t  h a v e  in v o lv e d  th e  ex erc ise  
o f  c o n s id e ra b le  p e rso n a l  c h o ic e  o n  th e  p a r t  o f  th e  
c o m p ile r . T h is  is n o t  a  d is a d v a n ta g e  if  th e  o r ig in a l

re fe re n ce s  a re  c o n su lte d , b u t  th e  c la r ity  w ith  w h ic h  
d a ta  a re  p re se n te d  m a y  te m p t  so m e  to  n e g le c t th is  
c o u rse  o f  a c tio n . T h e re  is a n  e x c e lle n t a n d  ex ten siv e  
re fe ren ce  system , h o w e v er, a n d  if  p u t  to  g o o d  use, 
th is  w ill a llo w  th e  re a d e r  to  a c q u ire  a  s o u n d  b a c k 
g ro u n d  to  a n y  o f  th e  d a ta  g iv en  o n ly  in  o u tlin e .

A lth o u g h  th e  d a ta  p re se n te d  a re  ex ten siv e , it  w o u ld  
b e  u n ju s t  to  a s su m e  th a t  th e y  a rc  e x h a u s tiv e . T h u s  
a  se a rc h  fo r a  p a r t ic u la r  fa c t sh o u ld  b e  m a d e  o n  
th e  b a s is  o f  e x p e c ta t io n  ra th e r  th a n  c e r ta in ty . N e v e r 
th e le ss  in so m e  ‘te s t ru n s ’ in fo rm a tio n  w a s  fo u n d  o n  
a  h ig h  p ro p o r t io n  o f  r a n d o m ly  se lec te d  q u e s tio n s . 
T h e re  is a lso  a  p o ss ib ility  th a t  th e  in fo rm a t io n  
re q u ire d  m a y  b e  c o n ta in e d  in  a  s is te r v o lu m e , a n d  
in  th is  c o n n e x io n  it w o u ld  be  he lpfu l to  h a v e  th e  
h e a d in g s  o f  th e  m a jo r  se c tio n s  p r in te d  o n  th e  sp in e s  
o f  e a c h  v o lu m e  a n d  d u s t  ja c k e t  fo r ra p id  lo c a t io n  
o f  th e  c o n te n ts .  A n o th e r  p o ss ib le  im p ro v e m e n t m ig h t 
be  th e  p u b l ic a tio n  o f  a n  in d ex  c o v e r in g  m o re  th a n  
o n e  v o lu m e . H o w ev e r, th ese  su g g e s te d  m o d if ic a tio n s  
w o u ld  m ere ly  a d d  to  th e  a lr e a d y  e s ta b lish e d  v a lu e  
o f  th is  series . I n  th e ir  p re s e n t  fo rm  th e y  sh o u ld  n o t  
o n ly  b e  in v a lu a b le  to  m a n y  w o rk in g  in th e  p u re  a n d  
a p p lie d  fie ld s o f  b io lo g y  b u t  th e y  a lso  re p re se n t  very  
g o o d  v a lu e  fo r m o n ey .

D r u g  R e s i s t a n c e  a n d  S e l e c t iv i t y .  B i o c h e m i c a l  a n d  
C e l l u l a r  B a s i s .  E d ite d  b y  E . M ih ic h . A c a d e m ic  P re ss , 
N e w  Y o rk , 1973. p p . xii +  529. £15.20.

T h is  b o o k  g iv es a  d e ta ile d  a c c o u n t  o f  th e  b io lo g i
cal. p h a rm a c o lo g ic a l  a n d  b io c h e m ic a l a sp e c ts  o f  d ru g  
re s is tan c e , se lec tiv ity  o f  d ru g  a c tio n , c o lla te ra l  sen si
tiv ity  a n d  d ru g  d e p e n d e n c e . T w e lv e  se p a ra te  se c tio n s , 
e a c h  w ith  d iffe re n t a u th o rs ,  d e a l in  tu rn  w ith  th e  
d y n a m ic  m u lt ifa c to r ia l  b a s is  fo r th e  se lec tiv ity  o f  a n ti -  
c a n c e r  a g e n ts , th e  g e n e tic s  o f  d ru g  re s is tan c e , c ro s s 
re s is ta n c e  a n d  c o lla te ra l  sen sitiv ity , re s is ta n c e  to  a n t i 
b io tic s , th e  b io c h e m ic a l b a se s  o f  d ru g  re s is ta n c e  in 
p ro to z o a ,  re s is ta n c e  a n d  d e p e n d e n c e  in v ira l c h e m o 
th e ra p y , e n zy m e  c h a n g e s  in r e s is ta n t  tissu es, th e  
u p ta k e  o f  d ru g s  a n d  re s is tan c e , n a tu ra l  re s is ta n c e  o f  
tu m o u r s  to  se lec tiv e  m e ta b o lic  a n d  h o rm o n a l  im b a 
lan ces , tu m o u r  im m u n o g e n ic ity  in  th e ra p e u tic s ,  sp e 
c ie s  a n d  tis su e  d ifferen ces in  d ru g  se lec tiv ity  a n d  c lin i
ca l re s is ta n c e  to  c a n c e r  c h e m o th e ra p y .

T h u s  ‘re s is ta n c e ’ is  th e  k e y w o rd  o f  th is  b o o k  a n d  
o n e  o f  th e  m a in  o b je c tiv e s  is to  illu s tra te  th e  re le v a n c e  
o f  th e  in te r - re la te d  p h a rm a c o lo g ic a l  a n d  b io c h e m ic a l 
fa c to rs  th a t  a ffec t th is  p h e n o m e n o n . D ru g  re s is ta n c e  
m a y  be  n a tu ra l  o r  a c q u i r e d ;  re s is ta n c e  a n d  d ru g  se n 
s itiv ity  a re  in te r- re la te d . T h is  b o o k  sh o w s h o w  th is  
is p a r t ic u la r ly  c r itic a l in c a n c e r  th e ra p e u tic s ,  in  w h ic h  
th e  se lec tiv ity  o f  a n t i - tu m o u r  a c t io n  d e p e n d s  la rg e ly  
o n  th e  q u a n ti ta t iv e  d ifferen ces in  p h a rm a c o k in e tic s  
a n d  c e llu la r  m e ta b o lism  b e tw ee n  tu m o u r s  a n d  n o rm a l 
tissues.

D ru g  re s is ta n c e  is c o n s id e re d  a t  th e  c e llu la r  level 
in  m a n , a n im a ls , p ro to z o a  a n d  b a c te r ia .  T h e  p a r ts  
p la y e d  b y  g e n e tic  c h an g e s , b y  e n zy m e  c h a n g e s  in  b o th  
a n a b o l ic  a n d  c a ta b o lic  p a th w a y s  a n d  b y  d iffe ren ces  
in  th e  a n tig e n ic ity  o f  th e  p la sm a  m e m b ra n e  a re  d is 
c u sse d . T h e  m e ta b o lic  in te ra c t io n  b e tw e e n  v iru s  a n d  
h o s t  cell is a ls o  c o n s id e re d .

S ev e ra l c o n tr ib u t io n s  a re  c o n c e rn e d  w ith  re s is ta n c e  
a n d  i ts  re la tio n s h ip  to  th e  se lec tiv ity  o f  effects, b o th
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in  m a n  a n d  in  a n im a ls , p a r t ic u la r  re fe re n ce  b e in g  
m a d e  to  a n ti - c a n c e r  d ru g s . T h e  re a so n s  fo r spec ies  
d ifferen ces in  d ru g  se lec tiv ity  a n d  th e  p h e n o m e n a  in 
v o lv ed  in  n a tu r a l  re s is ta n c e  to  h o rm o n a l  a n d  m e ta 
b o lic  im b a la n c e s  a re  d isc u sse d . T h e  la s t  c h a p te r  is 
d e v o te d  to  th e  c lin ic a l b a s is  fo r re s is ta n c e  to  c a n c e r  
c h e m o th e ra p y  a n d , w h e re  p o ss ib le , th is  is re la te d  to  
p re -c lin ic a l d a ta .

T h is  b o o k  is e x tre m e ly  w ell a r ra n g e d . E a c h  c h a p te r  
is d iv id e d  in to  n u m e ro u s  se c tio n s  b u t  a lw a y s  in c lu d e s  
a n  in tro d u c t io n ,  a  c o n c lu s io n  a n d  a  lis t o f  re fe rences, 
a n d  th e  full te x t is r o u n d e d  o ff  w ith  a n  a u th o r  a n d  
a  su b je c t index . A lth o u g h  th e  b o o k  is b o th  c o m p li
c a te d  a n d  d e ta ile d , i ts  c le a r  a r ra n g e m e n t  g re a tly  e ases  
th e  ta s k  o f  lo c a tin g  a n y  p a r t ic u la r  a sp e c t  o f  th e  s u b 
je c t .  B ecau se  it  e m b ra c e s  m a n y  d isc ip lin es , th e  te x t 
sh o u ld  b e  e q u a lly  u se fu l to  b io c h e m is ts , m o le c u la r  
b io lo g is ts , im m u n o lo g is ts , p h a rm a c e o lo g is ts  a n d  to x i
co lo g is ts .

T h e  H a z a r d s  o f  W o r k :  H o w  to  F i g h t  T h e m .  B y  P .
K in n e rs ly . W o rk e rs ’ H a n d b o o k  N o . 1. P lu to  P re ss , 
L o n d o n , 1973. p p . 394. £0.90.

T h is  b o o k  is n o t ,  a s  i ts  tit le  m a y  su g g est, a  m a n u a l 
o n  w o rk  a v o id a n c e  fo r th e  w o rk -sh y . O n  th e  c o n tra ry ,  
i t  is  a  se lf-defence  m a n u a l w h ic h  sh o u ld  b e  in  th e  
p o c k e t  o f  e v e ry  m a n  o n  th e  sh o p  floo r. I t  is a  d ire c 
to ry  o f  in d u s tr ia l  sa fe ty  in te n d e d  n o t  fo r th e  to x ic o lo 
g is t b u t  fo r th o se  w h o  m a y  b e  a t  risk .

In d u s tr ia l  to x ic o lo g y  is a n  a r e a  in  w h ic h  th e  w o r k 
m a n  n e e d s  to  b e  m a d e  m o re  a w a re  o f  so m e  o f  th e  
risk s  h e  m a y  b e  facing , a n d  th is  lit t le  b o o k  g ives 
so m e so u n d  a d v ic e  to w a rd s  th is  e n d . A  u se fu l d ire c 
to ry  o f  to x ic  su b s ta n c e s  in d ic a te s  th e  p a r t ic u la r  
h a z a rd s  o f  in d iv id u a l  c h e m ic a ls  c o m m o n ly  m e t  in  in 
d u stry . Specific  p ro b le m s  su c h  a s  c a n c e r  r isk s , sk in  
effects a n d  e ffec ts o n  th e  lu n g  a re  a lso  d e a l t  w ith  
fa irly  th o ro u g h ly . T h e  w rit in g  is g e n e ra lly  c le a r  a n d  
s tra ig h tfo rw a rd , s im p le  d e f in it io n s  b e in g  g iv en  fo r 
n e ce ssa ry  m ed ic a l te rm s  w h e re  th e y  o c c u r , a l th o u g h  
th e  s ty le  o f  w rit in g  o c c a s io n a lly  su p p lie s  so m e  p r o b 
a b ly  u n in te n d e d  h u m o u r . H o w e v e r , th e  c o m m o n se n se  
a p p ro a c h  o f  m u c h  o f  th is  p a p e rb a c k  m a k e s  it a  u se fu l 
te x t  fo r th e  la y m a n  c o n c e rn e d  w ith  in d u s tr ia l  to x i
co lo g y .
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C O S M E T IC S  L E G IS L A T IO N  IN  E U R O P E — A P E R S O N A L  V IE W *

by

R. J. L. A l l e n

B r e n tfo r d ,  M id d le s e x

T h e re  a re  36 c o u n tr ie s  in  E u ro p e  w ith , in  p rin c ip le , 
a s  m a n y  d iffe re n t a p p ro a c h e s  to  th e  re g u la tio n  o f  
c o sm e tic s  (in  w h ic h  I in c lu d e  to ile tries ). O fficial a t t i 
tu d e s  to  th e  n e e d  fo r c o n tro l  v a ry  fro m  laissez-faire 
to  d e ta i le d  in te rv e n tio n . S o m e  sy s te m s o f  re g u la tio n  
a re  o ld , so m e  new . S o m e  a re  s im p le  a lm o s t  to  th e  
p o in t  o f  n o n -e x is te n c e , so m e  c o m p le x  a n d  specific. 
M o s t  h av e  e v o lv e d  o v e r  th e  y e a rs  w ith , u n til  q u ite  
re ce n tly , l i t t le  o r  n o  re g a rd  to  u n ifo rm ity  o r  th e  n eed s  
o f  in te rn a t io n a l  tra d e . N e v e rth e le ss , a m id s t  th is  d iv e r 
s ity  th e re  is a  p e rc e iv a b le  p a tte rn .  I t w o u ld  seem  
th a t  th e re  is a t  p re s e n t  w ith in  E u ro p e  a  fa irly  w id e 
sp re a d  a c c e p ta n c e  o f  a  sy s te m  o f  c o n tro l  b a se d  o n  
th e  fo llo w in g  e le m e n ts :

(1) A prohibition o f  the manufacture or sale o f  
cosmetics that may be a danger to health. A s in 
th e  U K , w h ic h  h a s  n o  specific  c o sm e tic s  law , 
th is  m a y  s te m  fro m  th e  c o m m o n  law  d u ty  th a t  
th e  se lle r o w e s  to  th e  b u y e r  a n d  th a t  e n a b le s  
th e  c o n s u m e r  to  re c o v e r d a m a g e s  fo r h a rm  d o n e . 
A lte rn a tiv e ly  it m a y  b e  sp e lled  o u t  in  c o sm e tic s  
le g is la tio n , a s  fo r e x a m p le  in  th e  N e th e r la n d s 1, 
B e lg iu m 2 a n d  (fro m  J a n u a ry  1975) th e  F e d e ra l  
R e p u b lic  o f  G e rm a n y 3. In  S w itz e r la n d 4 a n d  
S p a in 5 a n  a t te m p t  h a s  b e e n  m a d e  to  e x p ress  
th is  c o n c e p t in  m o re  c o n c re te  fo rm  b y  spec ify ing  
m in im u m  L D 50 v a lu e s  fo r co sm etics .
(2) A ‘negative list’ o f substances that must not 
be used in cosmetics. In  th e  U K  th e  re g u la tio n s  
g o v e rn in g  th e  r e ta il  sa le  o f  p o iso n s , d a n g e ro u s  
d ru g s  a n d  th e ra p e u t ic  su b s ta n c e s  a re  ta n ta m o u n t  
to  a  p ro h ib i t io n  o n  th e  u se  in  c o sm e tic s  o f  so m e 
7000  su b s ta n c e s , th e  v a s t  m a jo r i ty  o f  w h ich , I 
h a s te n  to  say , w o u ld  n e v e r  be  c o n s id e re d  for 
u se  in  c o n su m e r  g o o d s . In  F ra n c e  a n d  th e  I r ish  
R e p u b lic  th e  a p p ro a c h  is s im ila r  in p r in c ip le  b u t  
q u i te  d iffe re n t in  d e ta il. E lsew h ere , a  g re a t  v a r ie ty  
o f  fo rb id d e n  su b s ta n c e s  a n d  c la sses  o f  su b s ta n c e s  
a re  se t o u t  in  c o sm e tic s  le g is la tio n , fo r  e x a m p le  
in  th e  N e th e r la n d s , D e n m a rk , S p a in , B e lg iu m  
a n d  S w itz e rla n d . T h e re  a p p e a rs  to  b e  little  a g re e 
m e n t b e tw e e n  c o u n tr ie s  o n  w h a t  su b s ta n c e s  
sh o u ld  b e  p ro h ib ite d .
(3) A ‘positive list' o f substances that can he used 
only in specified maximum concentration and/or 
applications. E x a m p le s  o f  th ese  p o s itiv e  lis ts , a ll

‘ Paper read at the International Federation of Societies 
of Cosmetic Chemists 8th International- Congress, Lon
don, 26 August 1974.

d iffe re n t a n d  u su a lly  q u ite  s h o r t  in  c o n tr a s t  to  
th e  n e g a tiv e  lis ts , a re  to  be  fo u n d  in  D u tc h , 
D a n ish , B elg ian , Sw iss a n d  S p a n ish  leg is la tio n . 
C o sm e tic s  c o n ta in in g  these  su b s ta n c e s  so m e tim es 
h a v e  to  be  sp e c ia lly  lab e lle d . O fte n  th e re  a re  
sp e c ia l p ro v is io n s  fo r th e  c o n tro l  o f  c o lo u rin g s , 
fo r e x a m p le  in th e  N e th e r la n d s , B elg ium , S p a in  
a n d  n o ta b ly  G e rm a n y .

T h e  E u ro p e a n  E c o n o m ic  C o m m u n ity  C o sm e tic s  
D ire c tiv e 6, n o w  b e fo re  th e  C o u n c il o f  M in is te rs , fo l
lo w s  th ese  p rin c ip le s . A se ries  o f  A rtic le s  se ts  o u t  
th e  g e n e ra l c o n d it io n s  fo r m a rk e tin g  c o sm e tic s  w ith in  
th e  C o m m u n ity , in c lu d in g  a  re q u ire m e n t  t h a t  c o s 
m e tic s  m u s t  n o t  b e  c a p a b le  o f  c a u s in g  d a m a g e  to  h e a lth  
w h e n  a p p lie d  a s  d ire c te d . T h e se  A rtic le s  a r e  g iv en  
m o re  specific  a p p lic a t io n  in five A n n ex es . A n n e x e  II 
is a  ‘n e g a tiv e  lis t' o f  o v e r  4 0 0  su b s ta n c e s  t h a t  c a n n o t  
be  u se d  in  c o sm etics . A n n ex e  I I I  is  a  ‘p o s itiv e  lis t’ 
o f  27 su b s ta n c e s  th a t  c a n  be  u se d  su b je c t  to  v a r io u s  
r e s t r ic tio n s  a s  to  fie ld  o f  a p p lic a tio n , m a x im u m  c o n 
c e n tr a t io n  a n d  sp e c ia l lab e llin g  re q u ire m e n ts ,  p lu s  
so m e  84  c o lo u r in g s  fo r u se  in  p ro d u c ts  t h a t  c o m e  
in c o n ta c t  w ith  m u c o u s  m e m b ra n e s . A n n e x e  IV  is 
a  fu r th e r  ‘p o s itiv e  lis t’ o f  49  su b s ta n c e s  ( in c lu d in g  
27 c o lo u r in g s )  p ro v is io n a lly  a d m it te d  fo r a  p e r io d  
o f  3 y ears , a g a in  su b je c t to  r e s t r ic tio n s  a s  to  field  
o f  a p p lic a tio n , c o n c e n tra t io n  a n d  lab e llin g .

A p p lic a tio n  o f  th e  D ire c tiv e  w ith in  th e  C o m m u n ity  
a t  th e  n a tio n a l  level sh o u ld  n o t  r e q u ire  fu n d a m e n ta l  
c h a n g e s  in  th e  leg isla tiv e  f ra m e w o rk  n o w  e x is tin g  in 
th e  m e m b e r  S ta te s . T h e  D ire c tiv e  w o u ld  seem  to  be  
c o m p a tib le  in  p r in c ip le  w ith  th e  new  G e rm a n  law  
a n d  w ith  th e  re ce n tly  p u b lis h e d  I ta l ia n  d ra f t  C o s 
m e tic s  L a w 7. O n ly  in F ra n c e  a re  th e re  p ro p o s a ls  fo r 
new  le g is la tio n  w h ic h  m u s t  su re ly  r e q u ire  m o d if ic a 
t io n  in  th e  in te re s t  o f  h a rm o n iz a tio n .

In  m y  ju d g e m e n t, a d o p t io n  o f  th e  D ire c tiv e  a s  a t  
p re se n t  d ra f te d  sh o u ld  c a u se  few se r io u s  p ro b le m s  
fo r th e  U K  in c u s try  a n d  th is  w o u ld  seem  a ls o  to  
b e  tru e  e lsew h ere  in  E u ro p e . M o s t  m a n u fa c tu re rs  
sh o u ld  su re ly  w e lco m e  a  s te p  th a t  w o u ld  re d u c e  th e  
m u lt ip lic ity  o f  s e p a ra te  n a tio n a l  law s th a t  a t  p re se n t  
se rio u s ly  h in d e r  in te rn a t io n a l  tra d e . In d e e d  th e re  a re  
a lr e a d y  sig n s th a t ,  u n le s s  th e  D ire c tiv e  is  a d o p te d  
w ith o u t  m u c h  fu r th e r  d e lay , e x is tin g  p la n s  fo r  d o m e s 
tic  le g is la tio n  in  a  n u m b e r  o f  c o u n tr ie s  w ill g o  a h e a d  
a n d  th u s  p e rp e tu a te  a n d  e x te n d  th e  d ifferen ces th a t  
a lr e a d y  ex is t. I t  w o u ld  b e  u n fo r tu n a te  if  th e  p a t te rn  
o f  c o sm e tic s  le g is la tio n  w ith in  th e  C o m m u n ity  b e c a m e  
a s  u n c o -o rd in a te d  a s  it n o w  is w ith , fo r  e x am p le ,
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p h a rm a c e u tic a ls .  D iv e rs ity  in  re g u la to ry  a ffa irs , o n c e  
e s ta b lish e d , is h a r d  to  rec tify . T h e  J o in t  F A O /W H O  
C o d e x  A lim e n ta r iu s  C o m m is s io n  h a s  b e e n  s tru g g lin g  
fo r o v e r  a  d e c a d e  to  b r in g  so m e  d e g ree  o f  in te r 
n a tio n a l  h a rm o n y  in to  fo o d  le g is la tio n  w ith  n o t  very  
m u c h  so  fa r to  sh o w  for its  e ffo rts.

I t  a lso  seem s to  m e th a t  th e  c o n su m e r’s in te re s ts  
h av e  in p ra c tic e  b e e n  w ell lo o k e d  a f te r  u n d e r  th e  
p re s e n t  system . C u r re n t  c o sm e tic s  le g is la tio n  sh o u ld  
n o t  be  v iew ed  in  iso la t io n  b u t  r a th e r  w ith in  th e  
g e n e ra l f ra m e w o rk  o f  law  re la tin g  to  m ed ic in a l p r o 
d u c ts , w e ig h ts  a n d  m ea su re s , t ra d e  d e s c r ip tio n s  a n d  
a d v e r t is in g  a n d  n o t  le a s t  th e  h ig h  d e g ree  o f  re sp o n s i
b ility  w ith  w h ic h  th e  v a s t m a jo r i ty  o f  f irm s  o p e ra t in g  
in  th e  in d u s try  a p p ro a c h  p ro b le m s  o f  p r o d u c t  safety.

N e v erth e le ss , th e re  is g ro w in g  p re s su re  fro m  
v a r io u s  q u a r te r s  in sid e  a n d  o u ts id e  th e  E E C  to  d e 
v e lo p  th e  D ire c tiv e  in to  a  w h o lly  p o s itiv e  lis t fo rm . 
In  g iv in g  th e ir  o p in io n s  o n  th e  D ire c tiv e , b o th  th e  
E c o n o m ic  a n d  S oc ia l C o m m it te e 8 a n d  th e  E u ro p e a n  
P a r l ia m e n t9 p re sse d  fo r sp e e d y  a c t io n  in th is  d ire c 
tio n  a n d  s im ila r  v iew s h av e  su b se q u e n tly  b e en  
e x p re sse d  in  th e  C o u n c il o f  M in is te rs  b y  c e r ta in  o f  
th e  m e m b e r  g o v e rn m e n ts  w ith  th e  b a c k in g  o f  c o n 
su m e r  o rg a n iz a tio n s . A c c o rd in g  to  re p o r ts ,  th e  C o m 
m iss io n  h a s  g iv en  a n  u n d e r ta k in g  th a t  if  th e  D ire c tiv e  
is a d o p te d  in its  p re se n t  fo rm  it w ill a t  o n c e  s ta r t  
w o rk  o n  th e  p r e p a ra tio n  o f  p o s itiv e  lis ts  a n d  w ill 
in v ite  p ro p o s a ls  fro m  th e  m e m b e r  S ta te s . I u n d e r 
s ta n d  th a t  th e re  is a  m o v e  to  w rite  th is  u n d e r ta k in g  
in to  th e  D ire c tiv e , w ith  spec ified  d a te s  fo r c o m p le tio n  
o f  w o rk  o n  v a r io u s  c a te g o r ie s  o f  in g red ien ts , a n d  th a t  
d ra f t  lis ts  o f  p re se rv a tiv e s  a n d  su n sc re e n s  h av e  
a lr e a d y  b e e n  s u b m itte d  to  th e  C o u n c il o f  M in is te rs . 
P a ra lle l  w ith  th is  a c tiv ity  a t  th e  C o m m u n ity  level, 
th e  C o u n c il o f  E u ro p e  P u b lic  H e a l th  C o m m itte e  h a s  
se t u p  a  W o rk in g  P a r ty  o n  th e  P o s s ib le  T o x ic ity  
o f  C o sm e tic s  w h ic h  h a s  s ta r te d  w o rk  a lo n g  th e  sam e  
lines. W h ile  th e re  is  n o  fo rm a l lin k  b e tw ee n  th e  C o m 
m u n ity  a n d  th e  C o u n c il o f  E u ro p e , a n y  lis t p re p a re d  
b y  th e  C o u n c il o f  E u ro p e  c o u ld  e as ily  fo rm  th e  b a s is  
fo r a  rev ised  D ire c tiv e  a n d  it w o u ld  o f  c o u rse  in 
a d d it io n  p o te n tia l ly  a p p ly  o v e r th e  w id e r  m e m b e rsh ip  
o f  th e  C o u n c il o f  E u ro p e  w h ic h  e m b ra c e s  e ig h t  S ta te s  
in  a d d it io n  :o  th e  m e m b e rs  o f  th e  E E C .

I t  w o u ld  b e  p o in tle s s  a s  w ell a s  u n w ise  to  ig n o re  
th e  s t ro n g  tid e  o f  o p in io n  in  E u ro p e  to w a rd s  p o s itiv e  
lis tin g , b u t  th is  is a  p ro sp e c t  I view  w ith  so m e  a p p r e 
h e n s io n , fo r th e  fo llo w in g  re a so n s :

(1) I t  h a s  b e en  e s t im a te d 10 th a t  u p w a rd s  o f
13,000 in g re d ie n ts  a re  u se d  in c o sm e tic s . T o  
n a m e , lis t, c h a ra c te riz e , specify  a n d  e v a lu a te  fo r 
sa fe ty  th is  v a s t a r ra y  o f  su b s ta n c e s  a n d , p re su m 
ab ly , d e c id e  a t  w h a t  c o n c e n tra t io n s  a n d  e v en  in 
w h a t  p r o d u c ts  th e y  c a n  be  u sed , w o u ld  im p o se  
o n  g o v e rn m e n t a n d  in d u s try  a  severe  w o rk  lo a d  
o v e r  m a n y  y e a rs  a n d  u se  sc a rc e  a n d  ex p en s iv e  
re so u rc e s  w ith o u t  c o m m e n s u ra te  p u b l ic  benefit. 
In  th e  U K , it  h a s  ta k e n  h a lf  a  c e n tu ry  to  in t ro 
d u ce  p o s itiv e  lis ts  fo r th e  c o n tro l  o f  less  th a n  
300  fo o d  a d d itiv e s , a n d  f la v o u rin g  su b s ta n c e s  
h av e  y e t to  be  tac k led . T h e  p ro c e ss  s t a r t e d 11 
in  1925 a n d  w a s  o n ly  c o m p le te d 12 th is  year.
(2) A n y  p o s itiv e  list, o n c e  c o m p ile d , w o u ld  p ro v e  
a  b a r  to  p ro g re s s  w ith o u t  th e  p r io r  e s ta b lish m e n t 
o f  effective a n d  sp e e d y  m a c h in e ry  fo r m a k in g

a d d it io n s . U K  ex p e rien c e  w ith  fo o d  a d d it iv e s  in 
th is  re g a rd  is n o t  e n c o u ra g in g .
(3) T h e  in tro d u c t io n  o f  a  p o s itiv e  l is t  sy s te m  
w o u ld  n o t  s ig n ific a n tly  re d u c e  th e  in c id e n ce  o f  
a lle rg ic  r e a c tio n s  b y  in d iv id u a ls  se n sitiv e  to  sp e 
cific c o sm e tic s  in g red ien ts .
(4) T h e  in c lu s io n  in a  p o s itiv e  lis t o f  new  c o m 
p o u n d s  d e v e lo p e d  b y  a  m a n u fa c tu re r  o r  a  s u p 
p lie r  c o u ld  d ire c tly  o r  in d ire c tly  re v ea l to  c o m p e 
t i to r s  th e  re su lts  o f  ex p en s iv e  re sea rc h . T h is  
c o u ld  d isc o u ra g e  in n o v a tio n .
(5) W h a te v e r  m a y  be  th e  th e o re tic a l  o b je c tio n s  
to  n e g a tiv e  lis tin g , I a m  u n a w a re  o f  a n y  e v id e n ce  
th a t  p u b lic  h e a lth  r e q u ire m e n ts  h a v e  n o t  b e e n  
a d e q u a te ly  m e t b y  th e  p re se n t  sy s te m  o f  c o n tro l  
b a se d  p r im a r ily  u p o n  th is  sy s te m  w ith in  th e  
f ra m e w o rk  o f  g e n e ra l law . I t  is s ig n if ic a n t th a t  
n o  c o u n try  a t  th e  p re se n t  t im e  h a s  a  c o m p re h e n 
sive p o s itiv e  lis t sy s te m  fo r c o sm e tic s  in g re d ie n ts .

I f  g o v e rn m e n ts , fo r p o lit ic a l  o r  o th e r  n o n -sc ien tific  
c o n s id e ra tio n s , d ec id e  th a t  th e  p re se n t  sy s te m  m u s t 
be  o v e r tly  s tre n g th e n e d  in  th e  c o n su m e r  in te re s t, I 
v e ry  m u c h  h o p e , th e re fo re , th a t  a ll p o ss ib le  a l te rn a 
tiv e s  a re  c a re fu lly  c o n s id e re d  b e fo re  a n y  ir re v o c a b le  
c o m m itm e n t  to  c o m p re h e n s iv e  p o s itiv e  lis tin g  is 
m ad e . T h e  p re se n t  sy s te m  in  th e  U n ite d  S ta te s 13 is 
o n e  su ch , c o m b in in g  m a n d a to ry  in g re d ie n t d e c la r 
a t io n  w ith  v o lu n ta ry  re g is tr a tio n  o f  m a n u fa c tu r in g  
e s ta b lish m e n ts ,  su b m iss io n  o f  in g re d ie n t  in fo rm a tio n  
a n d  filing  o f  p r o d u c t  e x p erien ce . W h e th e r  a r ra n g e 
m e n ts  a lo n g  th ese  lin e s  w o u ld  be  p re fe rre d  b y  E u ro 
p e a n  in d u s try  to  p o s itiv e  lis tin g  re m a in s  to  b e  e s ta b 
lish ed . P ro d u c t  lic e n sin g  a s  w ith  m ed ic in a l p ro d u c ts  
h a s  a lso  b e e n  p u t  fo rw a rd  a s  a n  a lte rn a tiv e . P o w e rs  
to  licen se  p ro d u c ts  a lr e a d y  ex is t in th e  U K  in m e d i
c in e s  le g is la tio n  a n d , it  w o u ld  seem , in  th e  n ew  G e r 
m a n  c o sm e tic s  law . In  m y  e x p e rien c e  o f  th e  p h a r m a 
c e u tic a l in d u s try , a n y  su ch  sy s tem  w o u ld  b e  q u i te  in 
c o m p a tib le  w ith  th e  h ig h  ra te  o f  p ro d u c t  in tro d u c t io n  
th a t  c h a ra c te r iz e s  th e  c o sm e tic s  in d u s try .

If, in  sp ite  o f  a ll, p o s itiv e  lis tin g  is to  c o m e , I 
th in k  th a t ,  a t  th e  v e ry  m in im u m , th e  in d u s try  is 
e n ti t le d  to  d e m a n d — a n d  m u s t d e m a n d  if i t  is to  
su rv iv e  in  its  p re s e n t  fo rm — th e  fo llo w in g :

(1) T h e  lis ts  m u s t  be  in tro d u c e d  g ra d u a lly  in  
a n  o rd e r ly  a n d  lo g ica l w a y  w ith  p ro p e r  re g a rd  
to  le g itim a te  c o m m e rc ia l c o n s id e ra tio n s .
(2) T h e  c r ite r ia  fo r sa fe ty -in -u se  a p p lie d  in  c o m 
p ilin g  th ese  lis ts  m u s t  b e  r e a so n a b le  a n d  re a lis tic  
a n d  g ive  d u e  w e ig h t to  p a s t  e x p e rie n c e  w ith o u t  
a d v e rse  effec ts a s  w ell a s  to  benefit.
(3) T h e  lis ts  m u s t  be  p re p a re d  w ith  c lo se  a n d  
re a l c o lla b o ra t io n  b e tw ee n  g o v e rn m e n t a n d  in 
d u s try , n o t  b y  o ffic ia ls  a n d  a c a d e m ic s  w o rk in g  
in  iso la tio n .
(4) T h e re  m u s t  be  p r o p e r  p ro v is io n  n o t  o n ly  fo r 
q u ic k ly  e v a lu a tin g  a n d  a p p ro v in g  new  c o m 
p o u n d s  b u t  a lso — a n d  th is  is b y  n o  m e a n s  th e  
sa m e  th in g — fo r in c o rp o ra tin g  th e m  in  th e  o ffi
c ia l p e rm it te d  list.
(5) T h e re  m u s t  b e  p ro p e r  p ro v is io n  fo r th e  p r o 
te c tio n  o f  in d u s tr ia l  p ro p e r ty  a r is in g  f ro m  in v e s t
m e n t in  in n o v a tio n , to  g ive  th o se  w h o  d e v e lo p  
new  c o m p o u n d s  a n  a d e q u a te  p e r io d  in  w h ic h  
to  p ro f i t  f ro m  th e ir  in v e n tio n s  b e fo re  th e se  p a ss  
in to  th e  p u b lic  d o m a in .
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T h e  r e g u la to ry  e n v iro n m e n t  in w h ic h  th e  E u ro p e a n  
c o sm e tic s  in d u s try  o p e ra te s  is e n te r in g  a  p e r io d  o f  
ra p id  a n d  e v e n  b e w ild e r in g  c h a n g e  a t  th e  n a tio n a l  
a n d  in te rn a t io n a l  levels. S c ien tis ts  in  th e  in d u s try  
m u s t  b e  p r e p a re d  to  p a r t ic ip a te  in  th e  w o rk  th a t  
w ill in e v ita b ly  b e  g e n e ra te d  in  th e  d ifficu lt a re a  w h e re  
sc ience, law  a n d  c o m m e rc e  m ee t. In te rn a tio n a l  l ia iso n  
a n d  c o -o p e ra tio n  w ill be  e sse n tia l if  in d u s try  is  to  
p la y  i ts  p ro p e r  ro le  in  th ese  d e v e lo p m e n ts , w h ic h  
c o u ld  c ru c ia lly  a ffec t c o m m e rc ia l o p e ra tio n s .
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S M O K I N G  M O T H E R S

H a r la p  &  D a v ie s  (Lancet 1974, I , 52 9 ; idem, Br. 
med. J. 1974, 2. 610) h av e  d e m o n s tr a te d  th a t  th e  
c h ild re n  o f  W est J e ru sa le m  m o th e rs  w h o  sm o k e d  d u r 
in g  p re g n a n c y  w ere  m o re  o f te n  a d m it te d  to  h o sp ita l 
w ith  b ro n c h it is  a n d  p n e u m o n ia  d u r in g  th e  firs t y e a r  
o f  life th a n  w ere  c h ild re n  o f  n o n -sm o k e rs . A d o se -  
re sp o n se  effect c o u ld  b e  sh o w n  b e tw e e n  th e  in fa n t 
m o rb id ity  a n d  th e  n u m b e r  o f  c ig a re tte s  sm o k e d  by  
th e  m o th e r .  T h e  a u th o r s  a t t r ib u te  th is  effect, h o w ev er, 
to  p a ss iv e  in h a la tio n  o f  to b a c c o  sm o k e  b y  in fa n ts  
a f te r  b ir th , a n d  u rg e  c a u t io n  a g a in s t  th e  a s s u m p tio n  
th a t  lo n g - te rm  a d v e rse  effec ts a m o n g  c h ild re n  o f  
sm o k in g  w o m e n  a re  n e ce ssa rily  o r  p r im a r ily  d u e  to  
p re n a ta l  e x p o su re , s ince  c o n tin u in g  e x p o su re  to  
to b a c c o  sm o k e  in th e  a tm o s p h e re  m a y  w ell h ave  a n  
effect o n  th e  c h  Id’s h e a lth . J a m e s  (Br. med. J. 1974. 
2 , 610) p o in ts  to  th e  fu r th e r  p o ss ib il ity  t h a t  th e  life
sty le  a n d  m e n ta l  e n v iro n m e n t  o f  c h ild re n  o f  sm o k in g  
m o th e r s  m a y  p ro v id e  a n  e x p la n a t io n  fo r  th e  in te llec 
tu a l  im p a irm e n t th a t  h a s  so m e tim e s  b e e n  a lle g e d  to  
o c c u r  in  su ch  c h ild re n  (Cited in F.C.T. 1973, 11, 674). 
A sse r tin g  th a t  h o u se h o ld s  o f  sm o k e rs  a re , in  g e n e ra l, 
c h a ra c te r iz e d  b y  u n re s t  a n d  a  se a rc h  fo r n o v e lty  a n d  
e x c ite m e n t, w ith  a  c o n s e q u e n t  la c k  o f  e m p h a s is  u p o n  
th e  a c a d e m ic  a t ta in m e n ts  o f  c h ild re n , J a m e s  (loc. cit.) 
c o m m e n ts  th a t  it  w o u ld  a lso  be  in te re s t in g  to  k n o w  
w h e th e r  m o th e r s  w h o  sm o k e  a r e  in  fa c t less  in te llig e n t 
th a n  th o se  w h o  d o  n o t. In  th is  c o n n e x io n , he  c ite s  
a  r e p o r t  in th e  Sunday Times (28 A p ril 1974, p . 32) 
in d ic a tin g  th a t  sm o k e rs  w h o  d is c o n tin u e  th e  p ra c tic e  
h a v e  b e e n  sh o w n  to  p o sse s s  h ig h e r  th a n  a v e ra g e  in te l
ligence , b u t  o n e  feels t h a t  th is  h y p o th e s is  is lik e ly  
to  p ro v o k e  e m o tio n a l  r a th e r  th a n  sc ien tific  a rg u m e n t.

O n  th e  q u e s tio n  o f  c h ild  d e v e lo p m e n t su b s e q u e n t 
to  p e r in a ta l  su rv iv a l, B u tle r  &  G o ld s te in  (Br. med. 
J. 1973, 4 , 5731 h a v e  re p o r te d  s ig n if ic a n t d ifferen ces 
in  h e ig h t a n d  re a d in g  a b il i ty  b e tw e e n  c h ild re n  o f  
sm o k e rs  a n d  n o n -sm o k e rs  a t  th e  a g e  o f  7 y e a rs . T a k 
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in g  in to  a c c o u n t  th e  fa c to rs  o f  th e  m o th e r ’s ag e  a n d  
h e ig h t, so c ia l c la ss  b y  fa th e r’s o c c u p a tio n , th e  n u m b e r  
o f  y o u n g e r  a n d  o ld e r  c h ild re n  in  th e  h o u se h o ld  a n d  
th e  sex  o f  th e  c h ild , th e re  w a s  a  defic it in b o th  h e ig h t 
a n d  re a d in g  a b ility  a m o n g  th e  o ffsp rin g  o f  sm o k ers . 
B e tw een  c h ild re n  o f  n o n -sm o k e rs  a n d  th o se  o f  
sm o k e rs  o f  ten  o r  m o re  c ig a re tte s  d a ily , th e re  w as 
a n  a v e ra g e  d ifference  o f  1 c m  in h e ig h t a n d  4  m o n th s  
in  re a d in g  a t ta in m e n t ,  a lth o u g h  su c h  effec ts w ere  
sm a ll in  c o m p a r is o n  w ith  th o se  a s so c ia te d  w ith  so m e 
o f  th e  o th e r  fa c to rs . R e p e ti tio n  o f  th e  a n a ly s is  w h e n  
th e  sam e  c h ild re n  re a c h e d  11 y e a rs  sh o w e d  a  m e a n  
d ifferen ce  o f  1 c m  in  h e ig h t (1-6 c m  b e fo re  a d ju s tm e n t 
fo r th e  sa m e  a s so c ia te d  fa c to rs  a s  w e re  c o n s id e re d  
a t  a g e  7), 3 m o n th s  in  g e n e ra l s c h o la s tic  a b il i ty  (8 
m o n th s  b e fo re  a d ju sm e n t) , 4  m o n th s  in  re a d in g  a b il i ty  
(9 m o n th s  b e fo re  a d ju s tm e n t)  a n d  5 m o n th s  fo r m a th 
e m a tic a l  a b il i ty  (8 m o n th s  b e fo re  a d ju s tm e n t) .  T h e  
a u th o r s  in te rp re t  th e ir  fin d in g s  a s  e s ta b lish in g  th a t  
sm o k in g  d u r in g  p re g n a n c y  h a s  a  c o n tin u in g  effect 
o n  th e  o ffsp rin g , th o u g h  w ith o u t  a n y  w id e n in g  o f  
th e  d ifferen ce  b e tw ee n  th e  sm o k e rs ’ a n d  n o n -sm o k e rs ’ 
c h ild re n  b e tw e e n  th e  a g e s  o f  7 a n d  11 years . T h e  
re su lts  fail to  s u p p o r t  th e  h y p o th e s is  th a t  i t  is  th e  
ty p e  o f  m o th e r  r a th e r  th a n  th e  sm o k in g  w h ic h  is 
re sp o n s ib le , b u t  it  is im p o r ta n t  to  re m e m b e r  th a t  
p e r so n a li ty  fa c to rs  w ere  n o t  a m o n g  th e  re le v a n t in 
fluences fo r w h ic h  a llo w a n c e  w a s  m ad e . T h is  s tu d y  
w a s  b a se d  o n  a  sa m p le  o f  sev e ra l th o u s a n d  c h ild re n , 
b u t  te s ts  b a se d  o n  m u c h  sm a lle r  g ro u p s , su c h  a s  th a t  
o n  o n ly  88 p a ir s  r e p o r te d  e a r l ie r  b y  H a rd y  &  M e llits  
(Cited in F.C.T. 1973, 11, 674) w o u ld  p ro b a b ly  fail 
to  d e te c t  a n y  ex is tin g  c au se -a n d -e ffe c t re la tio n s h ip  
s in ce , a s  D o n o v a n  (Lancet 1973, I ,  376) h a s  p o in te d  
o u t, th e  effect o f  m a te rn a l  sm o k in g  o n  d e v e lo p m e n t 
w o u ld , if  it  e x is ts  a t  a ll, be  v e ry  sm all in c o m p a r is o n  
w ith  in d iv id u a l v a r ia tio n s . W h e th e r  it e x is ts  a t  all, 
h o w ev er, is a  m u c h -d isp u te d  q u e s tio n  (B u rch , Br. med. 
J. 1974, 1, 4 0 ; Nature, London 1973, 245 , 61).

Perinatal mortality and toxaemia

G o ld s te in  (ibid 1973, 246 , 540) h a s  sh o w n  th a t  a n  
in c re ase  in  m o r ta l i ty  a s so c ia te d  w ith  lo w e r b ir th  
w e ig h ts  a m o n g  th e  in fa n ts  o f  sm o k e rs  d o e s  n o t  h o ld  
tru e  if  o n ly  th o se  in fan ts  w e ig h in g  2500  g  o r  less 
a re  c o n s id e re d . H o w ev e r, th e  ev id e n ce  th a t  th e  lo w - 
b ir th -w e ig h t in fa n ts  o f  sm o k in g  m o th e r s  h a v e  a  b e tte r  
su rv iv a l ra te  th a n  th o se  o f  n o n -sm o k in g  m o th e r s  m ay  
in d ic a te  n o t  th a t  m a te rn a l  sm o k in g  c a u se s  few er p e r i 
n a ta l  d e a th s  b u t  th a t  su c h  sm o k in g  is less le th a l 
to  in fa n ts  th a n  o th e r  c a u se s  o f  low  b ir th  w e ig h t, 
w h ich , w h e re  w e ig h ts  o f  2500 g  o r  less a re  c o n c e rn e d , 
m a y  c a r ry  a  16-fold in c re ase  in  l ia b ility  to  p e r in a ta l  
d e a th  (Jam es , ibid 1973, 246 . 235). T h e  effect o f  sm o k 
ing  is th u s  to  a u g m e n t  th e  <  2 500-g  g ro u p  w i th  so m e  
re la tiv e ly  h e a lth y  b a b ie s , w h o  w o u ld  o th e rw ise  be  
in a  h ig h e r  w e ig h t g ro u p .

In  a  s tu d y  in v o lv in g  n e a r ly  40 0 0  b ir th s , P a lm g re n  
et al. (Acta obstet. gynec. scand. 1973, 52 , 183) h av e  
re p o r te d  in c id e n c e s  o f  p r e m a tu r i ty  o f  6-5%  w ith  a  
m a te rn a l  sm o k in g  ra te  o f  less  th a n  ten  c ig a re tte s  d a ily  
a n d  6-2%  w ith  m o re  th a n  te n  c ig a re tte s  da ily , c o m 
p a re d  w ith  a n  in c id e n ce  o f  3-3%  in n o n -sm o k in g  
m o th e rs .  T h e  m e a n  b i r th  w e ig h t w a s  220  g  lo w e r 
in  th e  in fan ts  o f  sm o k e rs . P la c e n ta l  b lee d in g  a n d  in 
fa rc tio n  w e re  m o re  c o m m o n  a m o n g  n o n -sm o k e rs

(23-5 a n d  16-2% resp ec tiv e ly ) th a n  a m o n g  m o d e ra te  
sm o k e rs  (14-4 a n d  11-3%) o r  h e a v y  sm o k e rs  (18-2 a n d
4-6% ) a n d  te n d e d  to  o c c u r  m o re  o f te n  in  w o m e n  
w ith  to x a e m ia , th e  in c id en ce  o f  w h ic h  w a s  10-5, 8-3 
a n d  5-9%, re sp ec tiv e ly  in  th e  th re e  g ro u p s . T h e  
a u th o r s  su g g e st th a t  th e  r e d u c tio n  in  m a te rn a l  to x a e 
m ia  a s so c ia te d  w ith  sm o k in g  m a y  re flec t th e  h y p o te n 
sive a n d  re n a l-s t im u la tin g  effec ts o f  th io c y a n a te  p r o 
d u c e d  b y  th e  d e to x ic a tio n  o f  c y a n id e  p re se n t  in 
sm o k e , o r  p e rh a p s  th e  a b o r tifa c ie n t  effect in  sm o k in g , 
w h ic h  c o u ld  re d u c e  th e  n u m b e r  o f  p o te n tia l ly  to x ae -  
m ic  m o th e rs .  T h e  f req u e n c y  o f  a b o r t io n  w a s  tw ice  
a s  h ig h  in  sm o k e rs  o f  m o re  th a n  te n  c ig a re tte s  d a ily  
a s  in n o n -sm o k e rs . T h e  fac t th a t  p e r in a ta l  m o r ta l i ty  
in p r e m a tu re  in fa n ts  (d e fin ed  a s  th o se  w e ig h in g  less 
th a n  250 0  g  a t  b ir th )  w a s  h ig h e r  in  th e  n o n -sm o k in g  
g ro u p  (29-5% ) th a n  in th e  sm o k in g  g ro u p s  (16-5 a n d  
18-2%) c o u ld  th u s  be  re la te d  in  so m e  d e g ree  to  th e  
re la tiv e  o c c u rre n c e  o f  p la c e n ta l  b le e d in g  a n d  in fa rc 
tio n  a n d  m a te rn a l  to x a e m ia  a n d  th e re fo re  p ro v id e d  
so m e  s u p p o r t  fo r th e  fo reg o in g  c o m m e n ts  o f  J a m e s  
(1973, loc. cit.).

T h e  effect o f  sm o k in g  o n  th e  fo e ta l h e a r t  r a te  w a s  
s tu d ie d  in  22 p re g n a n t  w o m e n  a g e d  15-41  y e a rs  b y  
C lo e re n  et al. (Arch. Gynaek. 1974, 216 , 15). T a c h y c a r 
d ia  w a s  d e te c te d  te n  tim e s  d u r in g  27 s e p a ra te  in v e s ti
g a tio n s , d e c re a se d  f lu c tu a tio n s  seven  tim es, a n d  a  
c o m b in a tio n  o f  th e  tw o  e ig h t tim es. M o n ito r in g  o f  
th e  fo e ta l h e a r t  w a s  c a r r ie d  o u t  fo r 30 m in u te s  u n d e r  
re s t  c o n d it io n s , a n d  th e n  fo r a  fu r th e r  30  m in u te s  
a f te r  th e  4 -1 2  m in u te s  d u r in g  w h ic h  a  c ig a re tte  w a s  
sm o k e d . T h e  effect o f  sm o k in g  o n  th e  u te ro p la c e n ta l  
a n d  c a rd ia c  b lo o d  p o o ls  w a s  s tu d ie d  in  te n  o f  th ese  
p a tie n ts .  I n  a ll c a ses  th e re  w a s  a n  in c re a se  in  th e  
u te ro p la c e n ta l  b lo o d  p o o l, a l th o u g h  in  h a lf  th is  w a s  
p re c e d e d  b y  a  tr a n s ie n t  d e cre ase . R e c ip ro c a l c h a n g e s  
w ere  r e c o rd e d  in  th e  c a rd ia c  b lo o d  p o o ls  in  six  o f  
th e  p a tie n ts .  T h ese  effec ts m a y  re p re se n t  a  d ire c t 
a c t io n  o f  n ic o tin e  o n  th e  sy m p a th e tic  n e rv o u s  system , 
o r  a n  in d ire c t  a c t io n  re su ltin g  fro m  a  d e c re a se  e ith e r  
in p la c e n ta l  c irc u la t io n  o r  in  th e  c o n c e n tra t io n  o f  
o x y g e n  in  th e  m a te rn a l  a r te r ia l  b lo o d .

M a te rn a l  c ig a re tte -s m o k in g  h a s  a ls o  b e e n  sh o w n  
to  re su lt  in  a  t r e n d  to w a rd s  lo w e r  s e ru m -b il iru b in  levels 
in th e  fo e tu s  a n d  n e w b o rn  (N y m a n d , Lancet 1974, 
I I ,  173). T h u s  in  1459 n e w b o rn  o ffsp rin g  o f  n o n -  
sm o k e rs , th e  p ro p o r t io n  w ith  less th a n  100 ¿¡moIs 
b i liru b in /l i tre  s e ru m  (th e  level o f  c lin ica l o b se rv 
a b ility )  w a s  61-3%, a  s ig n ific a n tly  lo w e r in c id e n ce  th a n  
th e  69-0%  in  1024 n e o n a te s  b o rn  to  sm o k e rs . A t th e  
o th e r  e n d  o f  th e  scale , 12-6% o f  th e  n e o n a te s  in  th e  j 
n o n -sm o k in g  g ro u p  c o m p a re d  w ith  8-5%  o f  th o se  in  
th e  sm o k in g  g ro u p  h a d  a  level a b o v e  200  ¿ ¡m ols/litre . 
T h e  c y an id e  in to b a c c o  sm o k e  h a s  b e en  im p lic a te d  
a ls o  in  th is  effect, w ith  th e  te n ta tiv e  su g g e s tio n  th a t  
i ts  d e to x ic a tio n  in  th e  fo e ta l liv e r re su lts  in  th e  in d u c 
tio n  o f  g lu c u ro n y l tra n s fe ra se  a n d  th e  c o n s e q u e n t  e n 
h a n c e m e n t o f  th e  e x c re tio n  o f  c o n ju g a te d  b i liru b in  
fro m  th e  liver.

Animal studies

T h e  effect o n  p re g n a n t  m ice  o f  c h ro n ic  e x p o su re  
to  c ig a re tte  sm o k e  h a s  b e e n  in v e s tig a te d  b y  W a g n e r  
et al. (Eur. J. din. biol. Res. 1972, 17, 943). T h e  effect 
o f  a  fix ed  d a ily  e x p o su re  a t  d iffe re n t p h a se s  o f  th e  
g e s ta t io n  p e r io d  w a s  s tu d ie d  a n d , in  a d d it io n ,  m ice
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w ere  e x p o se d  to  v a r io u s  c o n c e n tra t io n s  o f  sm o k e  o v e r 
th e  e n tire  g e s ta t io n  p e r io d . T h e  d iffe re n t e x p o su re  
g ro u p s  sh o w e d  n o  s ig n if ic a n t d ifferen ces in th e  
n u m b e rs  o f  fo e tu ses  p ro d u c e d  o r  in  foe ta l w eigh ts . 
E v en  w ith  e x p o su re  to  th e  sm o k e  fro m  30  c ig a re tte s  
b u rn e d  fo r 8 m in u te s  o n  2 -5  o c c a s io n s  d a ily  fro m  
2 w e e k s  b e fo re  m a tin g  to  d a y  14 o f  g e s ta tio n , n o  
fo e ta l a b n o rm a li t ie s  a p p e a re d .  T h e re  w as, h o w ev er, a  
m a rk e d  re d u c t io n  in  m a te rn a l  w e ig h t g a in  a m o n g  th e  
e x p o se d  a n im a ls  a n d  th is  w a s  p a ra lle le d  in  n o n -p re g 
n a n t  m ice  e x p o se d  to  th e  sam e  c o n c e n tra t io n s  o f  sm o k e .

S ta r tin g  fro m  th e  o b s e rv a t io n  o f  a  s ig n ific a n t n e g a 
tiv e  c o r re la t io n  b e tw e e n  th e  b i r th  w e ig h t o f  in fan ts  
a n d  th e  c a rb o x y h a e m o g lo b in  (C O H b )  c o n c e n tra t io n  
o f  m a te rn a l  b lo o d  in  176 sm o k e rs  a n d  177 n o n -  
sm o k e rs  in  D e n m a rk ,  A s tru p  et al. (Lancet 1972, I I , 
1220) s tu d ie d  th e  effec ts o f  c a rb o n  m o n o x id e  (C O ) 
o n  p r e g n a n t  r a b b its .  E x p o su re  to  180 p p m  C O , w h ic h

p ro d u c e d  c o n c e n tra t io n s  o f  16 -1 8 %  C O H b , o r  to  90 
p p m  C O , w h ic h  p ro d u c e d  8 -9 %  C O H b , w a s  m a in 
ta in e d  th ro u g h o u t  g e s ta t io n  u n til  d a y  30. A m e a n  
re d u c tio n  in  b ir th  w e ig h t o f  a b o u t  20%  a n d  a  n e o 
n a ta l  m o r ta l i ty  ra te  o f  35%  in  th e  f irs t  24 h o u rs  (c o m 
p a re d  w ith  1%  in  th e  c o n tro ls )  r e su lte d  f ro m  th e  
h ig h e r level o f  e x p o su re . T h e  lo w e r  e x p o su re  level 
c a u se d  a n  11% re d u c t io n  in b ir th  w e ig h t a n d  a  24- 
h o u r  n e o n a ta l  m o r ta l i ty  o f  9-9%. In  th e  g ro u p  
e x p o se d  to  180 p p m  C O , th re e  o ffsp rin g  f ro m  18 
r a b b its  h a d  lim b  a b n o rm a li t ie s .

T h e  c o n c lu s io n s  to  b e  d ra w n  fro m  th e  ev id e n ce  
a t  p re s e n t  a v a ila b le  seem  to  b e  th a t  sev e ra l d iffe ren t 
fa c to rs  in  th e  sm o k in g  m o th e r ’s e n v iro n m e n t  m a y  
d e te rm in e  d e le te r io u s  effec ts o n  th e  in fa n t  a n d  th e  
g ro w in g  c h ild , a n d  th a t  a n y  p ro n o u n c e m e n t  o n  th e  
re la tiv e  im p o r ta n c e  o f  th ese  fa c to rs  m u s t  ta k e  in to  
a c c o u n t  se lec tio n  a t  th e  p e r in a ta l  s tage.

[P. Cooper—BIBRA]

S T A R C H  I N  T H E  P E R IT O N E U M , L U N G  A N D  K N E E  J O I N T

P o s t-o p e ra tiv e  re a c tio n s  to  c o rn  s ta rc h  d e riv e d  
fro m  th e  g lo v es  o f  su rg e o n s  h av e  b e e n  d isc u sse d  in  
so m e  d e ta il  in  r e c e n t v o lu m e s  (Cited in F.C.T. 1974, 
11, 261). I t  h a s  b e e n  su g g ested , in  v iew  o f  th e  d e la y  
in  th e  a p p e a ra n c e  o f  th e  re a c tio n  a n d  its  re sp o n se  
to  s te ro id  a n d  a n ti - in f la m m a to ry  tre a tm e n t,  th a t  
c o rn -s ta rc h  g ra n u lo m a  m a y  c o n s t i tu te  a  h y p e rse n s i
tiv ity  re a c tio n .

E h rlic h  et al. (Sth. med. J., Nashville 1974 6 7 , 443) 
h av e  re p o r te d  tw o  fu r th e r  c ases  o f  s ta rc h  p e r ito n itis .  
T w o  w o m e n , a g e d  29 a n d  35 y ears , w ere  a d m it te d  
fo r su rg e ry  o n  S ta g e  I I-B  sq u a m o u s  cell c a rc in o m a  
o f  th e  cerv ix . E x p lo ra to ry  la p a ro to m y  a n d  se lec tive  
ly m p h a d e n e c to m y  w ere  c a r r ie d  o u t  u n e v e n tfu lly  in 
b o th  cases, a n d  b o th  su b s e q u e n tly  re ce iv e d  r a d ia t io n  
th e ra p y  in  th e  p e lv ic  a re a . H o w e v e r, 33 d a y s  a fte r  
h e r  o p e ra t io n ,  th e  y o u n g e r  p a tie n t  d e v e lo p e d  d iffuse 
a b d o m in a l  p a in , w h ic h  d id  n o t  re s p o n d  to  a n tib io tic s .  
W h e n  a  se c o n d  e x p lo ra to ry  la p a ro to m y  w a s  c a r r ie d  
o u t ,  m u lt ip le  d en se  a d h e s io n s  a n d  sm a ll w h ite  
n o d u le s  w ere  fo u n d  o n  th e  v iscera l a n d  p a r ie ta l  p e r i 
to n e u m . C o n s id e ra b le  b lo o d  w a s  lo s t  in  th e  c o u rse  
o f  su rg e ry  a n d  th e  p a tie n t  d ie d  d u r in g  th e  o p e ra tio n . 
T h e  se c o n d  p a tie n t  w a s  m o re  fo r tu n a te  in  t h a t  she 
re m a in e d  a s y m p to m a tic  fo r 3 m o n th s  u n t i l  a  h y s te re c 
to m y  w a s  c a r r ie d  o u t .  A t th is  o p e ra t io n  m u ltip le  
a d h e s io n s  a n d  n u m e ro u s  w h ite  n o d u le s  w ere  fo u n d  
o n  th e  p e r i to n e a l  tis su e  a n d  u te ru s . T h is  p a tie n t  r e 
c o v e re d  u n e v en tfu lly .

H is to lo g y  o n  p o s t-o p e ra t iv e  sp e c im en s  fro m  b o th  
w o m e n  re v e a le d  sm a ll, w e ll-o rg a n iz e d  g ra n u lo m a s  
c o n ta in in g  e p ith e lia l ce lls  a n d  fo re ig n -b o d y  g ia n t  
cells. E n tr a p p e d  in f ib r in  in  th e  in fla m e d  a re a s  w ere  
n u m e ro u s  p a r tic le s , w h ic h  w e re  id en tif ie d  a s  s ta rc h  
b y  s ta in in g  w ith  L u g o ls  s o lu tio n  a n d  b y  in sp e c tio n  
u n d e r  p o la r iz e d  lig h t. S y m p to m s  o f  a  s ta rc h  re a c tio n  
g e n e ra lly  a p p e a r  1 0 -4 0  d a y s  a f te r  a n  o p e ra t io n ,  a n d  
c a n  u su a lly  b e  d ia g n o s e d  b y  th e  p re sen c e  o f  s ta rc h  
g ra n u le s  in  a s p i r a te d  a sc itic  flu id . E h r lic h  et al. (loc. 
cit.) r e p o r t  t h a t  d u r in g  su rg ic a l p ro c e d u re s  a s  m a n y  
a s  22-6%  o f  su rg ic a l g lo v es  sh o w  a  p e r fo ra tio n , 
th ro u g h  w h ic h  s ta rc h  c a n  e sc ap e  in to  th e  w o u n d  ev en  
w h e n  th e  o u te r  su rfa ce  o f  th e  g lo v es  h a s  b e e n  w a sh e d  
a n d  w ip e d  w ith  a  w e t sp o n g e . A b s o rp tio n  o f  th e

s ta rc h  m a y  be  d e la y e d  b y  c lu m p in g  a n d  th e  re su ltin g  
p ro lo n g a t io n  o f  e x p o su re  to  th e  i r r i ta n t  m a y  le a d  
to  th e  d e v e lo p m e n t o f  g ra n u lo m a s  h is to lo g ic a lly  in 
d is tin g u ish a b le  ( a p a r t  f ro m  th e  p re se n c e  o f  s ta rc h )  
f ro m  tu b e rc u la r  ies io n s . T h e se  a u th o r s  a d v o c a te  t r e a t 
m e n t  o f  th e  c o n d it io n  w ith  s te ro id s  o r  a n ti- in f la m m a 
to ry  a g en ts .

W a rsh a w  (Lancet 1972, I I ,  1054) r e p o r te d  h is  ex
p e r ie n c e  o f  re a c tio n s  to  s ta rc h  in  th e  p e r ito n e a l  c av ity  
a n d  h a s  fo llo w ed  th is  w ith  a  p a p e r  d e sc rib in g  a  case  
o f  p le u r i t is  a t t r ib u te d  to  a  s ta rc h  re a c tio n  (W a rsh a w  
&  M ills , Surgery, St, Louis 1974, 75 , 296). A 4 4 -y ear- 
o ld  m a n  u n d e rw e n t a  r ig h t  lo w e r lo b e c to m y  fo r c a r 
c in o m a . A f in d in g  o f  p le u ra l  th ic k e n in g  o n  d a y  4 
a f te r  th e  o p e ra t io n  w a s  fo llo w ed  b y  c o m p la in ts  o f  
p a in  a n d  w o u n d  d isc o m fo r t  a c c o m p a n ie d  b y  a  ra is e d  
te m p e ra tu re  o n  d ay  8. T h o ra c e n te s is  (re m o v a l o f  flu id  
th ro u g h  a  p u n c tu re  in  th e  th o ra c ic  w all) p ro d u c e d  
a  s te r ile  se ro sa n g u in o u s  flu id  c o n ta in in g  m a n y  
m o n o n u c le a r  leu c o cy te s  a n d  b ire f r in g e n t g ra n u le s  
c h a ra c te r is tic  o f  s ta rc h . A fte r d ra in a g e  o f  300  m l o f  
flu id , th e  fever a b a te d  a n d  th e  p a t ie n t ’s re c o v e ry  w a s  
u n e v en tfu l. P le u ra l  flu id  fro m  o th e r  th o ra c o to m y  
p a tie n ts ,  w h o se  re c o v e ry  w a s  n o t  c o m p lic a te d  b y  th is  
ty p e  o f  re a c tio n , d id  n o t  c o n ta in  s ta rc h  g ra n u le s . 
W a rsh a w  &  M ills  (loc. cit.) su g g est t h a t  th is  sy n d ro m e  
is a n a lo g o u s  to  th a t  o f  s ta rc h  p e r i to n i t is  a n d  sh o u ld  
su b s id e  sp o n ta n e o u s ly . T h e se  a u th o r s  a re  n o t  c o n 
v in ce d  o f  th e  efficacy o f  a n ti - in f la m m a to ry  t re a tm e n t.

In  o rd e r  to  a sse ss  its  e ffec ts o n  sy n o v ia l tissue , 
v a r io u s  q u a n ti t ie s  o f  s ta rc h  w e re  im p la n te d  in  th e  
k n e e  jo in t  o f  a d u lt  m o n g re l d o g s. S in g h  et al. (Clin. 
Orthop. 1974, 99 , 285) e s t im a te d  th a t  th e  a m o u n t  o f  
g lo v e  p o w d e r  th a t  c a n  be  re m o v e d  f ro m  a  su rg ic a l 
g love  b y  w ip in g  is 200  m g. A ssu m in g  th a t  n o t  a ll 
o f  th is  w o u ld  n e ce ssa rily  be  d e p o s ite d  u n d e r  a c tu a l  
c o n d it io n s  o f  su rg e ry , th e y  im p la n te d  25, 50  o r  100 
m g  s ta rc h  in to  th e  le ft s u p ra p a te l la r  p o u c h  o f  th re e  
g ro u p s  o f  e ig h t d o g s. In  a d d it io n ,  th e  s u p ra p a te l la r  
p o u c h  o f  th e  r ig h t  k n e e  o f  e a c h  d o g  w a s  o p e n e d  
a n d  th e  sy n o v iu m  w a s  ru b b e d  w ith  a  c le a n  g lo v ed  
fin g er to  s im u la te  th e  su rg ic a l t r e a tm e n t  o f  th e  te s t 
k n ee . T w o  a n im a ls  f ro m  e a c h  g ro u p  w e re  k ille d  a fte r  
3 d a y s  a n d  1, 2 a n d  4  w eeks , a n d  sa m p le s  o f  flu id
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a n d  se c tio n s  o f  re p re se n ta tiv e  a re a s  w ere  ta k e n  fro m  
th e  sy n o v ia l c a p su le s  o f  e a c h  knee.

T h e  c o n tro l  jo in ts  sh o w e d  so m e  in f la m m a to ry  re 
sp o n se  a n d  a  p o ly m o rp h o n u c le a r  in f iltra te  d u r in g  
w eek  1 a f te r  tre a tm e n t,  b u t  b y  th e  e n d  o f  w e ek  2 
th is  h a d  la rg e ly  su b s id e d , lea v in g  o n ly  so m e  fib ro s is  
a t  w eek  4. A v ery  severe  in f la m m a to ry  re sp o n se  w a s  
o b se rv e d  in  a n im a ls  t r e a te d  w ith  100 m g  g love  
p o w d e r . T h e  cell lin in g  o f  th e  sy n o v iu m  w a s  lo s t  
c o m p le te ly  a n d  in f iltra tio n  w ith  p o ly m o rp h o n u c le a r  
le u c o c y te s  a n d  a  m a rk e d  in c re ase  in v a sc u la r ity  w ere  
n o te d  in  th e  f irs t  2 w eeks . S o m e  ly m p h o c y te  in 
f i ltra tio n , w ith  h a e m o rrh a g e  a n d  h a e m o s id e r in - la d e n  
m a c ro p h a g e s  a n d  f ib ro b la s t ic  a c tiv ity , w a s  n o te d  a t  
th is  s tag e . G ra n u le s  o f  s ta rc h  w e re  s till id en tif ia b le  
a t  th e  e n d  o f  4  w eeks , a t  w h ic h  tim e  ro u n d -c e ll  in 
f ilt ra tio n  o f  th e  sy n o v ia l la y e rs  w a s  n o te d . M o d e ra te  
in f la m m a tio n  a n d  th e  in c re ase  in  v a sc u la r ity  s till p e r 
sis ted . S im ila r  b u t  less severe  re sp o n se s  w ere  o b ta in e d  
fo llo w in g  im p la n ta t io n  o f  50 o r  25 m g s ta rc h  p o w d e r. 
S m e a rs  o f  sy n o v ia l flu id  w ere  s te r ile  a n d  sh o w ed  
d o se - re la te d  c o u n ts  o f  p o ly m o rp h o n u c le a r  leu c o cy te s  
d u r in g  w e ek s  1 a n d  2 a fte r  tre a tm e n t.

S in g h  et al. (loc. cit.) in fer t h a t  in f la m m a tio n  is 
d ire c tly  re la te d  to  th e  q u a n ti ty  o f  s ta rc h  p re s e n t  a n d  
th a t  h ig h e r levels d e la y  reco v e ry . T h e re  w a s  n o  e v i

d e n ce  o f  a  g r a n u lo m a to u s  re sp o n se  to  th e  p o w d e r  
in  th e  jo in ts .  T h e y  su g g e st th a t  c o n ta m in a tio n  o f  a  
h u m a n  jo in t  w ith  g lo v e  p o w d e r  d u r in g  su rg e ry  w o u ld  
a g g ra v a te  th e  sy n o v ia l in f la m m a to ry  re sp o n se , a n d  
th a t  su rg e o n s  sh o u ld  b e  m e tic u lo u s  a b o u t  w ip in g  a ll 
tra c e s  o f  p o w d e r  fro m  th e ir  g lo v es  b e fo re  o p e ra tin g . 
S u c h  a  re c o m m e n d a tio n , h o w ev er, fails to  so lve  th e  
p ro b le m  m e n tio n e d  b y  E h rlic h  et al. (loc. cit.) r e g a rd 
in g  th e  p e r fo ra t io n  o f  su rg ic a l g loves. T h e  su g g e s tio n  
th a t  in  a b o u t  23%  o f  cases, c o rn -s ta rc h  c o n ta m in a tio n  
o f  a  w o u n d  w o u ld  be  lik e ly  to  o c c u r  w h e th e r  o r  
n o t  th e  e x te r io r  o f  a  g love  h a d  b e en  w ip e d , a g a in  
ra ise s  th e  q u e s tio n  o f  w h e th e r  th e  p o w d e r in g  o f  su rg i
ca l g lo v es  is re a lly  n e ce ssa ry  a t  a ll (Cited in F.C.T. 
1974, 12, 264). I t  is s till n o t  c le a r  w h e th e r  h u m a n  
p e r ito n e a l  r e a c tio n s  to  c o rn  s ta rc h  a re  iso la te d  r e 
sp o n se s  in  c e r ta in  h y p e rsen s itiv e  in d iv id u a ls . T h e  
fin d in g  o f  a n  a sy m p to m a tic  g r a n u lo m a to u s  re sp o n se  
b y  E h rlic h  et al. (loc. cit.) in d ic a te s  t h a t  th ese  re a c 
t io n s  m a y  b e  sy m p to m -fre e , a n d  W a rsh a w  &  M ills  
(loc. cit.) su g g est th a t  so m e  s ta rc h  re a c tio n s  w ill c le a r  
sp o n ta n e o u s ly , tw o  fa c to rs  th a t  w o u ld  c o m p lic a te  
a t te m p ts  to  e s ta b lish  th e  a c tu a l  in c id e n ce  o f  su c h  
re a c tio n s .

[F. A. Charlesworth—BIBRA]

A C R Y L IC  C E M E N T  R E A C T IO N S

A llerg ic  r e a c tio n s  to  a c ry lic  d e n tu re s  h av e  b e en  
a t t r ib u te d  to  m o n o m e ric  m e th y l m e th a c ry la te  (M M ), 
w h ile  a c ry lic  d o u g h  c o n ta in in g  th is  m o n o m e r  h a s  
b e e n  sh o w n  to  be  a  p r im a ry  i r r i ta n t  in  r a b b i t s  (Cited 
in F.C.T. 1971, 9, 145; ibid 1972, 10, 596). In  a  c o m 
p a ra tiv e  s tu d y  o f  th e  e m b ry o to x ic  p o te n t ia l  o f  v a r io u s  
m e th a c ry la te  e s te rs  (ibid 1973, 11, 1151), so m e  in 
c rea se  in re s o rp t io n s  a n d  g ro ss  m a lfo rm a tio n s  w a s  
a s so c ia te d  w ith  a d m in is t r a t io n  o f  th e  m e th y l e ste r. 
H o w ev e r, th e  c a rd io v a s c u la r  r e a c tio n s  to  a c ry lic  im 
p la n ts  u se d  in  o r th o p a e d ic  su rg e ry  o f  th e  h ip  a re  
e v o k in g  p a r t ic u la r  in te re s t  a t  p re se n t, a n d  h av e  
p ro m p te d  m a n y  re c e n t re p o rts ,  a s  e v id e n c e d  by  th e  
h ig h  p ro p o r t io n  o f  1 9 7 2 -1974  re fe re n ce s  in  th e  lis t 
te rm in a t in g  a  re c e n t S p ec ia l A rtic le  o n  th is  su b je c t 
(Lancet 1974, I I ,  1002). T h ese  r e p o r ts  h a v e  p u t  fo r
w a rd  a n  e x tr a o rd in a ry  v a r ie ty  o f  su g g e s tio n s  r e g a rd 
ing th e  p o ss ib le  fa c to rs  in v o lv e d  in  th e  d e v e lo p m e n t 
o f  th e  c a rd io v a s c u la r  r e a c tio n s  d e sc rib e d .

Clinical observations

F ro m  a  s tu d y  o f  58 p a tie n ts  w h o  u n d e rw e n t  h ip  
o r  fe m o ra l-h e a d  re p la c e m e n ts , C a d le  et al. (Br. med. 
J. 1972, 4 , 107) c o n c lu d e d  th a t  m o n o m e ric  M M  
a b s o rb e d  in to  th e  c irc u la t io n  fro m  th e  re s in  su rface  
m ig h t be  re sp o n s ib le  fo r th e  c a rd io v a s c u la r  re a c tio n s  
so m e tim e s  o b se rv e d  a f te r  th e  p a c k in g  o f  th e  b o n e  
c a v ity  w ith  th e  p a r t ly  p o ly m e riz e d  m ix tu re  o f  
m o n o m e r, p o ly m e r  p o w d e r  a n d  c a ta ly s t, b u t  th ey  
th rew  lit t le  l ig h t o n  th e  m e c h a n ism  in v o lv ed . T h e y  
p o in te d  o u t  th a t  v a sc u la r  c o lla p se  h a d  b e e n  o b se rv e d  
g e n e ra lly  in  th e  o ld e r  a n d  less  fit p a tie n ts  u n d e rg o in g  
fe m o ra l-h e a d  re p la c e m e n t a n d  su g g e s te d  th a t  a n y  
p o te n tia l ly  h y p o te n s iv e  a n a e s th e tic  a g e n t, su c h  a s  
h a lo th a n e ,  w a s  lik e ly  to  in c re ase  th e  h y p o te n s io n  in 

d u c e d  b y  a c ry lic  re s in  u sag e . F o w le r  (ibid 1972, 4, 
108), o n  th e  o th e r  h a n d , h a s  s tre sse d  th e  im p o r ta n c e  
o f  a v o id in g  th e  c o m p lic a tio n  o f  fa t e m b o lism  in  su ch  
p a tie n ts  b y  e x tra c tin g  a ll th e  fa t fro m  th e  re a m e d  
b o n e  c a v ity  b e fo re  in se r tin g  th e  c em en t. E llis  (ibid 
1973, 1, 236) q u e s tio n e d  a n  a s se r t io n  (B ritta in  &  
R y a n , ibid 1972, 4 , 667) th a t  c a re fu l p r e p a ra tio n  a n d  
a n  a p p ra is a l  o f  th e  d e g ree  o f  p la s tic ity  o f  th e  c e m e n t 
b e fo re  in se r tio n  in to  th e  fe m o ra l sh a ft w ere  im p o r ta n t  
fa c to rs  in  re d u c in g  h y p o te n s io n  a n d  re je c te d  su g g e s
tio n s  th a t  a e r a t io n  o f  th e  m ix tu re  to  d isp e rse  re s id u a l 
M M  m o n o m e r  w a s  o f  p r im e  im p o rta n c e .

M o d ig  et al. (Acta anaesth. scand. 1973, 17, 276) 
h av e  re p o r te d  th e  case  o f  a  51-y e a r-o ld  w o m a n  w ith  
n e c ro s is  o f  th e  r ig h t  fe m o ra l h e ad , in w h o m  a c ry lic  
c e m e n t w a s  u se d  to  fix a n  a c e ta b u la r  p ro s th e s is . C a re  
w a s  ta k e n  to  a llo w  p a r t ia l  s e ttin g  o f  th e  c e m e n t b e fo re  
in se r tio n , to  d im in ish  a b s o rp t io n  o f  free m o n o m e r  
in to  th e  g e n e ra l c irc u la t io n . T h e  fe m o ra l p ro s th e s is  
w a s  in se r te d  a b o u t  15 se c o n d s  a fte r  in tro d u c t io n  o f  
th e  c e m e n t in to  th e  cav ity . T h e  p a tie n t’s m e a n  p u l
m o n a ry  a r te r ia l  p re s su re  ro se  fro m  25 to  31 m m  H g  
d u r in g  th e  2 0 -4 5  se c o n d s  fo llo w in g  th e  p ro s th e s is  in 
se r tio n , h e r  b lo o d  p re ssu re  fell f ro m  100 to  50 m m  
H g  in  th e  p e r io d  b e tw e e n  25 a n d  9 0  se c o n d s  a f te r  
th e  in se r tio n  a n d  h e r  a irw a y  re s is ta n c e  ro se . W ith in  
3 m in u te s , a r te r ia l  o x y g en  te n s io n  fell f ro m  60  to  
35 m m  H g  a n d  a r te r ia l  s a tu r a t io n  f ro m  95 to  
74% . S u c h  c h a n g e s  w e re  in d ic a tiv e  o f  p e r ip h e ra l  v a so 
d i la ta t io n  w ith  in c re a se d  p u lm o n a ry  v a sc u la r  re s is 
ta n c e  a n d  b ro n c h io la r  c o n s tr ic t io n , b u t  th e  a u th o r s  
d id  n o t  c o m m it th em se lv es  o n  th e  c o u rse  o f  e v e n ts  
b e y o n d  su g g e stin g  th a t  th e se  effects m ig h t b e  a t t r i b u 
ta b le  to  th e  e sc ap e  o f  b o n e -m a rro w  e le m e n ts  o r  
m o n o m e r ic  M M  in to  th e  c irc u la t io n . M iln e  (Anaes
thesia 1973, 28 , 538) r e p o r te d  c a rd ia c  a r re s t  a n d
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h y p o te n s io n  re sp ec tiv e ly  in  tw o  p a tie n ts  in  w h o m  
a c ry lic  c e m e n t h a d  b e e n  u se d  fo r h ip  p ro s th e s is . T h e  
te m p o ra ry  u se  o f  a  to u rn iq u e t  to  re d u c e  a b s o rp t io n  
o f  h y p o te n s iv e  m a te r ia ls  w a s  ineffective. T w o  d e a th s  
fro m  c a rd io p u lm o n a ry  c o lla p se  d u r in g  h ip  o p e ra t io n  
a n d  in se r tio n  o f  a n  a c ry lic  p ro s th e s is ,  r e p o r te d  by  
K e p e s  et al. (J. Am. med. A ss. 1972, 222, 576), w ere  
fo llo w ed  u p  b y  a n  a u to p s y  e x a m in a tio n  o f  o n e  
p a tie n t,  w h ic h  re v e a le d  w id e sp re a d  m a rro w  e m b o li 
in  th e  p u lm o n a ry  a r te r ie s .  H o w e v e r, C o v e n try  (ibid 
1973, 22 3 , 442), p o in tin g  o u t  th a t  su c h  e m b o li a re  
c o m m o n ly  fo u n d  in  p a tie n ts  w ith  fe m o ra l-n e c k  frac 
tu re , fa v o u re d  a b s o rp t io n  o f  M M  a s  th e  c a u se  o f  
c a rd ia c  a r re s t  r a th e r  th a n  fa t o r  a ir  e m b o lism .

A m o re  d e ta i le d  s tu d y  o f  45 p a tie n ts  (F e a rn  et 
al. Acta orthop. scand. 1972, 43 , 318) h a s  sh o w n  a  
b ip h a s ic  effect o n  b lo o d  p re ssu re . W h e n  th e  a c e ta b u 
lu m  w a s  p a c k e d  w ith  a c ry lic  c em en t, 16 p a tie n ts  
sh o w e d  a n  in itia l r ise  in  sy s to lic  b lo o d  p re ssu re  fol
lo w e d  in  e ig h t  o f  th e m  b y  a  fall, w h ile  a n  in itia l 
fall in  2 4  w a s  fo llo w ed  in  12 b y  a  r ise ; n o  c h a n g e  
o c c u r re d  in  five. W h e n  th e  fe m u r w a s  p a c k e d  w ith  
c e m e n t a n  in itia l rise  in  sy s to lic  p re ssu re  o c c u rre d  
in  24  p a tie n ts ,  ten  o f  w h o m  sh o w e d  a  su b s e q u e n t 
fall, in  20  th e re  w a s  a n  in itia l fall fo llo w ed  in 16 
o f  th e m  b y  a  rise , a n d  o n e  p a t ie n t  sh o w e d  n o  c h an g e . 
I t  w a s  c o n s id e re d  th a t  th e  c a rd io v a s c u la r  re sp o n se  
to  th e  th e rm a l,  m e c h a n ic a l o r  c h e m ic a l s t im u lu s  d e 
r iv e d  f ro m  th e  u se  o f  m e th a c ry la te  m ix tu re  w a s  in 
f lu en c ed  b y  th e  p a tie n t ’s b lo o d  p re ssu re  a t  th e  s ta r t  
o f  t r e a tm e n t  a n d  b y  th e  c o n c e n tra t io n  o f  h a lo th a n e  
in  th e  a n a e s th e tic  g a s  u sed . M o re  re ce n tly , M c M a s te r  
et al. {Clin. Orthop. rel. Res. 1974, n o . 98, p . 254) h ave  
su g g e ste d  a  re la tio n s h ip  b e tw e e n  th e  d e v e lo p m e n t o f  
a  h y p o te n s iv e  re sp o n se  a n d  a  b lo o d -v o lu m e  deficit. 
T h e y  c o n s id e r  th a t  a d e q u a te  b lo o d -v o lu m e  re p la c e 
m e n t  d u r in g  th e  o p e ra t io n  c a n  m in im iz e  a  lo ss  o f  
v a sc u la r  to n e  d u e  to  c irc u la t in g  m o n o m e r.

Animal studies

V a rio u s  a u th o rs ,  in c lu d in g  M c M a s te r  et al. (loc. 
cit.), h a v e  so u g h t  th e  a n sw e r  to  th is  p ro b le m  o r  s u p 
p o r t  fo r th e ir  p a r t ic u la r  th e o r ie s  in  a n im a l stu d ies .

T h re e  p h a rm a c o lo g ic a l  s tu d ie s  o f  12 d iffe re n t m e th 
a c ry la te  e s te rs  h a v e  b e e n  p u b l is h e d  b y  a n  A m e ric a n  
g ro u p . T h e  f irs t  (M ir  et al. J. pharm. Sci. 1973, 62, 
778) w a s  a n  in v e s tig a tio n  in to  th e  effect o f  th e  e s te rs  
o n  th e  iso la te d  p e rfu se d  r a b b i t  h e a r t  in  c o n 
c e n tra t io n s  o f  0 T , 0  01 a n d  0  0 01%  in  L o c k e ’s so lu 
tio n . D im e th y la m in o e th y l m e th a c ry la te  w a s  th e  m o s t 
a c tiv e  p h a rm a c o lo g ic a lly  a n d  p ro d u c e d  c a rd ia c  a r re s t  
a t  0  01% . L a u ry l  m e th a c ry la te  w a s  th e  le a s t  a c tiv e  
a s  a  c a rd ia c  d e p re sso r . M o s t  e s te rs  s ig n ifican tly  
re d u c e d  b o th  c a rd ia c  r a te  a n d  fo rce  o f  c o n tra c t io n ,  
b u t  th e  e ffec t o n  c o ro n a ry  flow  w a s  less  m a rk e d , 
a n d  th e  m a g n itu d e  o f  th e  c h a n g e s  p ro d u c e d  b y  th e  
e s te rs  in  th e se  th re e  re sp e c ts  p re c lu d e d  a n y  single  
c r ite r io n  w h ic h  m ig h t d e n o te  to x ic ity . M M  h a d  a n  
irre v e rs ib le  e ffec t o n  th e  iso la te d  h e a r t  a t  a ll  th re e  
c o n c e n tra t io n s  te s te d . A t th e  0-01%  level it  re d u c e d  
th e  h e a r t  ra te , fo rce  o f  c o n tr a c t io n  a n d  c o ro n a ry  flow  
b y  56, 74 a n d  51% , re sp ec tiv e ly , w h ile  th e  h ig h e r 
c o n c e n tra t io n  c a u se d  c a rd ia c  a rre s t .

T h e  se c o n d  o f  th ese  p a p e rs  (idem, ibid 1973, 62, 
1258) r e p o r ts  th e  e ffec ts o f  m e th a c ry la te s  o n  th e  c o n 
tra c tio n  o f  iso la te d  g u in e a -p ig  ileum , w h e n  a p p lie d

in  d ilu tio n s  b e tw ee n  0-2 a n d  0 0 0 1 % . M o s t  o f  th e  
e s te rs  in h ib ite d  sp o n ta n e o u s  ileal c o n tr a c t io n  a n d  
a n ta g o n iz e d  th e  s t im u la n t  effect o f  a c e ty lc h o lin e  a n d  
b a r iu m  c h lo r id e , b u t  th e  effec ts w ere  re a d ily  re v e rs ib le  
e x c e p t in  th e  case  o f  1 ,3 -b u ty len e  d im e th a c ry la te .  M M  
a c te d  in  th is  w ay . O f  th e  o th e r  m e th a c ry la te s  s tu d ied , 
th e  d im e th y la m in o e th y l e s te r  s t im u la te d  c o n tra c t io n  
o f  th e  p r e p a ra tio n  e v en  in  th e  p re se n c e  o f  a tro p in e . 
T h e  a u th o r s  o f  th is  r e p o r t  su g g est th a t  r e d u c t io n  in 
th e  to n e  o f  th e  sm o o th  m u sc le  o f  th e  a r te r io le s  a n d  
th e  re su ltin g  v a so d ila ta t io n  m a y  b e  a  fa c to r  in  th e  
h y p o te n s io n  a s so c ia te d  c lin ica lly  w ith  th e  u se  o f  a c ry 
lic c em en ts .

In  th e ir  th ird  p a p e r  (idem, ibid 1974, 63 , 376), these  
a u th o r s  r e p o r t  th e  effec ts o f  iv in fu s io n s  o f  m e th a c ry 
la te s  in to  a n a e s th e tiz e d  do g s. A ll e s te rs  in c re a se d  th e  
r e s p ira t io n  ra te ,  d e c re a se d  th e  h e a r t  r a te  a n d  a lte re d  
th e  e le c tro c a rd io g ra p h ic  p a tte rn .  W ith  th e  lo w e r 
e s te rs , in c lu d in g  M M , th e re  w a s  a  b ip h a s ic  re sp o n se  
c o m p r is in g  a n  a b r u p t  fall in  b lo o d  p re s su re  fo llo w ed  
b y  a  rise . T h e  lo n g e r -c h a in  c o m p o u n d s  e lic ite d  o n ly  
a  h y p o te n s iv e  re sp o n se , w h ile  a n  a n o m a ly  w a s  a g a in  
p re se n te d  b y  d im e th y la m in o e th y l m e th a c ry la te ,  w h ic h  
c a u s e d  h y p e r te n s io n .

M c L a u g h lin  et al. (J. Bone J t Surg. 1973, 55A , 
1621) p e rfo rm e d  s im u la te d  h ip  a r th r o p la s ty  in  d o g s, 
u s in g  a  c e m e n t c o n ta in in g  14C -la b e lle d  M M  
m o n o m e r  to  tra c e  d iffu sio n  o f  th e  m o n o m e r  in to  th e  
c irc u la t io n . C o n c e n tra t io n s  o f  [ 14C ]M M  in  th e  b lo o d  
o f  th e  in fe rio r  v en a  c a v a  w ere  m a x im a l 3 m in u te s  
a f te r  im p la n ta t io n  o f  th e  c e m e n t in th e  a c e ta b u lu m  
a n d  fem u r a n d  fell g ra d u a lly  o v e r  th e  n e x t 16 m in u te s . 
O n ly  a b o u t  0-5% o f  th e  to ta l  a m o u n t  o f  im p la n te d  
m o n o m e r  w a s  d e fe c te d  in  th e  v e n o u s  c irc u la t io n  a n d  
n o n e  a p p e a re d  in  th e  a r te r ia l  b lo o d . W h e n  la b e lle d  
m o n o m e r  w a s  in je c te d  iv  in  d o se s  o f  25 o r  50 m g /k g  
in to  do g s, m a x im a l a r te r ia l -b lo o d  c o n c e n tra t io n s  
w e re  re a c h e d  in  30  se c o n d s  a n d  n o  m o n o m e r  w a s  
d e te c ta b le  a f te r  3 m in u te s . A fte r a  d o se  o f  75 m g /k g , 
m o n o m e r  p e rs is te d  in  th e  a r te r ia l  b lo o d  fo r 5 m in u te s . 
T h e  lu n g s  a p p e a re d  to  a c t  a s  a  m a jo r  c le a r in g  o rg a n  
fo r M M . A d e c re a se  in  p u lm o n a ry  fu n c tio n  o c c u rre d  
o n ly  a fte r  in je c tio n  o f  a  d o se  e q u iv a le n t  to  35 tim e s  
th e  d o se  o f  m o n o m e r  c a lc u la te d  to  be  a b s o rb e d  in to  
th e  c irc u la t io n  d u r in g  to ta l  h ip  re p la c e m e n t in  m en .

T h e  re a c tio n s  p ro d u c e d  in  d o g s  b y  p lu g  im p la n ts  
o f  a c ry lic  re s in  in th e  lo n g  b o n e s  h av e  b e e n  d e sc rib e d  
b y  H o m s y  et al. (Clin. Orthop. rel. Res. 1972, n o . 
83, p . 317). T w o  sa m p le s  o f  re s in  m ixes, w ith  a n d  
w ith o u t  15%  p o v /d e re d  s ta in le ss  steel o r  15%  t i ta n iu m  
d io x id e  a s  a n  in e r t h e a t-a b s o rb in g  filler, w e re  tes te d . 
A le a k  o f  m o n o m e r  in to  th e  c e n tra l  v e n o u s  sy s tem , 
su ffic ien t to  p ro d u c e  a  m a x im a l c o n c e n tr a t io n  o f  1-2 
m g /1 0 0  m l, w as d e te c te d  a fte r  im p la n ta t io n  w ith in  
3 m in u te s  w ith  a n  im p la n t/b o d y  w e ig h t r a t io  o f  L9 
g /k g . S im ila rly , s tu d ie s  in  p a tie n ts  u n d e rg o in g  s ta n 
d a r d  fe m o ra l-h e a d  a r th ro p la s ty  re v e a le d  m o n o m e r  
levels in  th e  c e n tra l  v e n o u s  sy s te m  a s  h ig h  a s  1-3 
m g /1 0 0  m l. W h e n  m o n o m e r  w a s  in je c te d  iv in to  do g s, 
lo w  d o se s  p ro d u c e d  h y p o te n s io n  a n d  la rg e  o n e s  (125 
m g /1 0 0  m l) c a u se d  re s p ira to ry  a r re s t  a n d  p u lm o n a ry  
h a e m o rrh a g e , b u t  n o  o th e r  p a th o lo g y  w a s  d e te c te d  
a t  a u to p s y . T ra n s ie n t  b lo o d  leve ls  b e lo w  50 m g  M M / 
100 m l w e re  n o t  fo u n d  to  c a u se  a n y  c a n in e  m o rb id ity , 
a n d  a l th o u g h  th e  a c tu a l  b lo o d  level lik e ly  to  e v o k e  
a  to x ic  re sp o n se  in  m a n  c a n n o t  be  d e fin ed , th e  e v i
d e n c e  su g g e sts  th a t  it  m u s t  g re a tly  e x ce ed  th e  level
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(e s tim a te d  a t  a b o u t  1 m g /1 0 0  m l) to  w h ic h  a  p a tie n t  
u n d e rg o in g  a c ry lic  a r th ro p la s ty  w o u ld  b e  ex p o sed .

S u p p o r t  fo r th is  view  o f  a n  effec tive  d o se  som e 
50  tim e s  h ig h e r  th a n  th e  leve ls  e n c o u n te re d  c lin ica lly  
c a m e  fro m  a  h is to p a th o lo g ic a l  a n d  h a e m o d y n a m ic  
s tu d y  o f  m o n o m e ric  M M  in  d o g s  re p o r te d  b y  H o l
la n d  et al. (ibid 1973, n o . 90, p . 262). A n a e s th e tiz e d  
d o g s  w ere  g iven  th re e  d o ses, e a c h  o f  0-05 m l M M /k g . 
a t  3 0 -m in u te  in te rv a ls , th e  in je c tio n s  b e in g  g iv en  v ia 
th e  p o r ta l  v e in  to  o n e  g ro u p  o f  th re e  d o g s , v ia  th e  
c a ro t id  a r te ry  to  a  se c o n d  g ro u p  a n d  v ia  th e  th o ra c ic  
a o r ta  to  a  th ird . T h e  a n im a ls  w e re  k ille d  fo r e x a m in a 
tio n  30 m in u te s  a f te r  th e  fin a l in je c tio n , h a v in g  b e en  
k e p t o n  a  r e s p ira to r  in  th e  in te rim . A t a u to p s y  the  
lu n g s  sh o w e d  sm a ll lo b a r  h a e m o rrh a g e s , m o re  m a rk e d  
a f te r  th e  c a ro t id  a r te ry  in je c tio n s  th a n  a f te r  th o se  b y  th e  
o th e r  tw o  ro u te s . M ic ro sc o p ic a lly , foci o f  c o n g e s tio n , 
o e d e m a , in tra -a lv e o la r  a n d  in tra b ro n c h ia l  h a e m o r r 
h a g es , n e c ro s is  a n d  d is ru p t io n  o f  th e  a lv e o la r  w a lls  
w e re  seen . In  th e  liv e r th e re  w e re  su b c a p s u la r  h a e m 
o r rh a g e s  in  a ll  th re e  a n im a ls  g iv en  th e  p o r ta l  vein  
in je c tio n , w ith  less sev e re  h a e m o rrh a g e s  in  tw o  o f  
th o se  in je c te d  in  th e  th o ra c ic  a o r ta .  A c u te  s in u so id a l 
c o n g e s tio n  w ith  sc a tte re d  h a e m o rrh a g ic  foci a n d  
h e p a tic  cell n e c ro s is  a p p e a re d , e sp e c ia lly  in  th e  s u b 
c a p s u la r  re g io n . In  th e  k id n ey s , le s io n s  w ere  a p p a r e n t  
o n ly  a f te r  in je c tio n s  v ia  th e  th o ra c ic  a o r ta  a n d  c o m 
p rise d  w id e sp re a d  m ic ro sc o p ic a lly  a p p a r e n t  d a m a g e  
to  th e  g lo m e ru li a n d  to  so m e  e x te n t  to  a d ja c e n t  p ro x i
m a l tu b u le s . T h e  g lo m e ru la r  le s io n s  ra n g e d  fro m  
a c u te  c o n g e s tio n  a n d  focal n e c ro s is  to  c o m p le te  n e c 
ro s is . N o  d a m a g e  w a s  o b se rv e d  in  th e  b ra in , sp leen  
o r  g a s tro - in te s t in a l  tra c t.

H e p a to to x ic  effec ts o f  M M  h av e  a lso  b e en  d e m o n 
s tra te d  in  m ice  b y  M a llo ry  et al. (ibid 1973, n o . 93, 
p . 366), w h o  a d m in is te re d  so lu t io n s  o f  1 -2 0 %  M M  
in  o liv e  o il b y  o e so p h a g e a l  in s t il la t io n  o f  a  s ing le  
d o se  o f  0 1  m l a n d  e x a m in e d  th e  liv e r h is to lo g y  o f  
th e  m ice  72  h o u r s  la te r .  D o sa g e  c o n c e n tra t io n s  b e lo w  
6%  c a u se d  n o  liv er c h an g e s , b u t  a b o v e  th is  level, 
th e  d e g ree  o f  liv e r d a m a g e  a n d  th e  n u m b e rs  o f  m ice  
a ffec ted  w e re  d ire c tly  re la te d  to  th e  d o se , c o n 
c e n tr a t io n s  o f  1 5 -20%  c a u s in g  m assiv e  fa tty  in 
f i lt r a tio n  w ith  a l te ra t io n  a n d  d is ru p t io n  o f  liv e r n u c le i 
in 7 0 -8 0 %  o f  th e  a n im a ls .

A p a r t  fro m  th e  p a th o lo g ic a l  f in d in g s  in  th e  d o g  
s tu d y  re p o r te d  b y  H o lla n d  et al. (loc. cit.). m a rk e d  
fa lls  in  b lo c d  p re s su re  fo llo w ed  e a c h  o f  th e  in je c tio n s  
la s tin g  o n  a v e ra g e  3, 2 a n d  0-6 m in u te s  a f te r  th e  
firs t in je c tio n  in to  th e  p o r ta l  ve in , c a ro t id  a r te ry  a n d  
th o ra c ic  a o r ta ,  re sp ec tiv e ly , a n d  p ro g ress iv e ly  lo n g e r 
a f te r  th e  se c o n d  a n d  th ird  in je c tio n s  b y  e a c h  ro u te . 
T h e  r a p id  h y p o te n s iv e  re sp o n se  to  th o ra c ic  a o r ta  in 
je c t io n  w a s  fo llo w ed  b y  a  s t ro n g  re b o u n d  h y p e r te n 
sive re a c tio n  a f te r  th e  f irs t  in je c tio n  a n d  b y  a  s im ila r  
b u t  less m a rk e d  effect a f te r  th e  seco n d .

H ig h e r  d o se s  o f  M M  m o n o m e r  (0-5 m l/k g ) w ere  
g iv en  to  d o g s  in  a  se rie s  o f  iv  in je c tio n s  a l te rn a t in g  
w ith  c o n tro l le d  in c re m e n ta l h a e m o rrh a g e s  (M c M a s te r  
et al. loc. cit.) in  c o n n e x io n  w ith  th ese  a u th o r s ’ a lre a d y  
m e n tio n e d  c o n te n t io n  th a t  th e  d e g ree  o f  h y p o ten s iv e  
re sp o n se  in o r th o p a e d ic  su rg e ry  c o u ld  be r e la te d  to  
th e  e x te n t  o f  th e  b lo o d  v o lu m e  defic it. S e lec tin g  th is  
d o se  a s  th e  sm a lle s t w h ic h  g a v e  c o n s is te n tly  r e p ro 
d u c ib le  b lo o d -p re s su re  re sp o n se s  w h e n  a d m in is te re d  
v ia  th e  e x te rn a l  ju g u la r  ve in  to  d o g s  w ith  a  n o rm a l 
b lo o d  v o lu m e , th ese  a u th o r s  d e m o n s tra te d  so m e  c o r 

re la tio n  b e tw ee n  th e  re d u c tio n  in b lo o d  v o lu m e  a n d  
th e  d e g ree  o f  h y p o te n s iv e  re sp o n se  to  th e  M M  in jec 
t io n . T h e  h e ig h te n e d  re sp o n se  d id  n o t  p e rs is t  b e y o n d  
a  2 0 %  v o lu m e  d e p le tio n  h o w e v er. A s im ila r  effect 
w a s  r e p o r te d  by B e rm a n  et al. (Clin. Orthop. rel. Res. 
1974, n o . 100, p. 265), w h o  sh o w ed  th a t  iv in je c tio n  
o f  M M  m o n o m e r  d e c re a se d  p e r ip h e ra l  re s is ta n c e  a n d  
b lo o d  p re s su re  b o th  in  n o rm a l d o g s  a n d  in th o se  
in  w h ic h  th e  b lo o d  v o lu m e  h a d  b e e n  re d u c e d , b u t  
th e  fin a l m e a n  b lo o d  p re ssu re  w a s  lo w e r a n d  th e  
h y p o te n s io n  w a s  m o re  p e rs is te n t  in  th e  l a t te r  g ro u p . 
M o re o v e r , w h ile  c a rd ia c  o u tp u t  w a s  in c re a se d  b y  th e  
M M  in je c tio n  in  d o g s  w ith  a  n o rm a l b lo o d  v o lu m e , 
it w a s  d e c re a se d  in th e  h y p o v o le m ic  d ogs.

Other possible factors

T h e  p a p e rs  re v ie w e d  so  far in  th is  a r tic le  h ave  
in  g e n e ra l s u p p o r te d  th e  c o n te n t io n  th a t  w h a te v e r  
c o n d it io n s  m a y  in flu en ce  th e  d e g ree  a n d  in c id e n ce  
o f  th e  h y p o te n s iv e  re sp o n se  so m e tim e s  seen  in  su rg e ry  
in v o lv in g  th e  use  o f  a c ry lic  c em en t, it  is th e  M M  
m o n o m e r  w h ic h  is a c tu a lly  re sp o n s ib le  fo r e lic itin g  
th is  re a c tio n . In d e e d , E llis  &  M u lv e in  (J. Bone Jt 
Surg. 1974. 56B , 59) h av e  r e p o r te d  a  s tu d y  w h ic h  
th e y  c o n s id e r  p u ts  th e  re sp o n s ib ility  fo r th is  effect 
c le a r ly  o n  th e  M M  m o n o m e r  r a th e r  th a n  o n  a n y  
o th e r  c o n s t i tu e n t  o f  th e  a c ry lic  c em en t. D o g s  w ere  
g iven  th re e  success ive  in je c tio n s  c o n s is tin g , re sp e c t
ively. o f  th e  liq u id  c o m p o n e n t  o f  a  c o m m e rc ia l  a c ry lic  
re sin , p u re  M M  m o n o m e r  a n d  w a te r  (1 m l in  e a c h  
case), th e  o rd e r  o f  th e  in je c tio n s  b e in g  d iffe re n t in  
e a c h  d o g  a n d  tim e  b e in g  a llo w e d  b e tw e e n  e a c h  fo r 
th e  d o g ’s c a rd io v a s c u la r  s ta te  to  r e tu rn  to  n o rm a l. 
W h ile  th e  effec ts o f  th e  w a te r  in je c tio n  w e re  n eg li
g ib le . b o th  th e  te s t m a te r ia ls  r e d u c e d  m e a n  a r te r ia l  
p re s su re  a n d  in c re a se d  h e a r t  r a te  a n d  c a rd ia c  o u tp u t  
to  a  c lo se ly  c o m p a ra b le  deg ree . T h e re  w a s  th e re fo re  
n o  ev id e n ce  to  su g g est th a t  m in o r  c o n s titu e n ts ,  
a c c o u n tin g  to g e th e r  fo r o n ly  a b o u t  0 1 %  o f  th e  liq u id  
c o m p o n e n t  o f  th e  c em en t, p la y e d  a n y  p a r t  in th e  
effec ts p ro d u c e d .

N e v erth e le ss , th e re  a re  c e r ta in  in c o n s is te n c ie s  in  
th e  re su lts  o b ta in e d  b o th  w ith  a c ry lic  c e m e n t a n d  
w ith  M M  m o n o m e r  in jec tio n s , e v en  in  th e  sa m e  sp e 
c ies o f  e x p e r im e n ta l  a n im a l,  a n d  th e  w h o le  p ro b le m  
is s till fa r  fro m  so lv ed . T h e  su g g e s te d  in v o lv e m e n t 
o f  a i r  o r  fa t e m b o lism  h a s  a lr e a d y  b e e n  m e n tio n e d  
a n d  c e r ta in  p h y s ic a l effec ts o f  th e  su rg ic a l p ro c e d u re  
a re  a lso  c o n te n d e rs  fo r c o n s id e ra tio n . T h e  h e a t  g e n e r 
a te d  b y  th e  p o ly m e r iz a tio n  p ro c e ss  rece iv ed  so m e  
e a r ly  a t te n t io n  (F ro s t,  Br. tried. J. 1970, 3 , 524) b u t  
P e llin g  &  B u tte rw o r th  (ibid 1973. 2 , 638) h a v e  sh o w n  
th a t  th is  is  u n lik e ly  to  p la y  a  s ig n if ic a n t p a r t  a n d  
th a t  th e  im p la n ta t io n  p ro c e ss  its e lf  m a y  b e  h a rm fu l. 
T h e y  s tu d ie d  in  r a b b its  a n d  c a ts  th e  c a rd io v a s c u la r  r e 
sp o n se  to  fo rce d  in se r tio n  o f  a c ry lic  b o n e  c e m e n t  
p la s tic in e  o r  so ft p a ra ff in  w a x  in to  th e  m e d u lla ry  
c a v ity  o f  th e  fem u r, th e  m a te ria ls ,  a ll o f  s im ila r  c o n s is 
tency , b e in g  ta m p e d  d o w n  w ith  a  s ta in le ss -s te e l ro d . 
W ith  e a c h  su b s ta n c e  th e re  w a s  a n  a c u te  fall in  b lo o d  
p re ssu re  w ith in  a  few se c o n d s  o f  th e  in se r tio n  in  b o th  
species. In  11%  o f  a ll th e  in se r tio n s  in  ra b b its ,  th e re  
w a s  a  se c o n d  fall in  b lo o d  p re s su re  o f  v a r ia b le  
d u r a t io n  u su a lly  a c c o m p a n ie d  b y  a  r ise  in  c e n tra l  
v e n o u s  p re ssu re  a n d  a  c h a n g e  in r e s p ir a t io n  ra te . 
T h u s , a s  a p p e a rs  to  be  th e  case  w ith  th e  c lin ica l
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use  o f  a c ry lic  c em en t, th e  c a rd io v a s c u la r  re sp o n se  
to  in se r tio n  o f  m a te r ia l  in to  th e  fe m o ra l c av ity  is 
a  c o m p le x  re a c tio n  in v o lv in g  v a r io u s  fa c to rs , b u t  th e  
h y p o te n s iv e  re sp o n se  in  th ese  a n im a ls  w a s  c le a r ly  u n 
r e la te d  to  th e  e n try  o f  M M  m o n o m e r  in to  th e  c irc u la 
tio n , s in ce  i t  w a s  a s  re a d ily  in d u c e d  b y  m e th a c ry la te -  
free m a te ria ls .  I n  th is  a n d  a  re la te d  p a p e r  (B u tte r-  
w o r th  &  P e llin g , B r . J .  P h a r m a c . 1973, 48, 330P), 
th ese  a u th o r s  c o m m e n t o n  th e  p re se n c e  o f  fa t a n d  
m a rro w  cells  in  th e  c irc u la t io n  a n d  lu n g s  o f  m a n y  
o f  th e  t r e a te d  a n im a ls  a n d  su g g est th a t  w h ile  th e  
c a rd io v a s c u la r  re sp o n se  a p p e a rs  to  b e  p ro d u c e d  p r i 
m a rily  b y  a  n e rv o u s  m e c h a n ism , th e  o c c a s io n a l  r e 
sp o n se  o f  lo n g e r  d u ra t io n  m a y  be  a t t r ib u ta b le  to  s u b 
se q u e n t e m b o lic  effects.

A  fin a l fa c to r , w h ic h  sh o u ld  n o t  be  o v e r lo o k e d , 
h a s  b e en  p u t  fo rw a rd  b y  B lo c h  e t  a l. (M e d . J .  A u s t .  
1973, I ,  1037), w h o  h a v e  s tre sse d  th a t  th e  g re a te s t  
th r e a t  to  th e  success o f  to ta l  h ip  re p la c e m e n t is in fec
tio n . I f  th is  o c c u rs  i t  m a y  n e ce ss ita te  v ery  severe  sa l
v age  o p e ra tio n s . T h e ir  e x p e r im e n ts  d e m o n s tra te d  th e  
su rv iv a l o f  S ta p h y lo c o c c u s  a u r e u s  a n d  B a c illu s  s u h t i l is  
in  sa m p le s  o f  M M  m o n o m e r , th u s  in d ic a tin g  th a t  
M M  c a n n o t  b e  re g a rd e d  a s  se lf-s teriliz in g  a n d  th a t  
th e  h a z a rd  o f  in fe c tio n  o f  th e  su rg ic a l w o u n d  m u s t 
be  m in im iz e d  b y  c a re fu lly  c o n tro lle d  a se p s is  in  th e  
o p e ra t in g  e n v iro n m e n t. A n o th e r  a p p ro a c h  to  th is  
p ro b le m  seem s to  b e  th e  in c o rp o ra tio n  o f  a n tib io tic s  
in to  th e  a c ry lic  c em en t. A re c e n t r e p o r t  (G a rd n e r  
&  M e d c ra f t,  L a n c e t  1974, I I ,  891) in d ic a te s  t h a t  fuci- 
d ic  a c id  h a s  sh o w n  p ro m is e  in  th is  c o n n e x io n , h a v in g  
a  n eg lig ib le  effect o n  th e  m e c h a n ic a l p ro p e r t ie s  o f  
th e  c e m e n t a n d  lea c h in g  o u t  fro m  th e  s t ru c tu re  o v e r

a  p e r io d  o f  tim e. F u r th e r  t r ia ls  o n  a n tib io tic -b o n e  
c e m e n t m ix tu re s  a re  in  h a n d .

T h e  p ro b le m  o f  in fec tio n  w a s  o n e  o f  th e  a sp e c ts  
o f  a c ry lic -c e m e n t su rg e ry  e x a m in e d  b y  th e  W o rk in g  
P a r ty  o n  A cry lic  C e m e n t in  O r th o p a e d ic  S u rg ery . 
S et u p  in  1971, th is  g ro u p  h a s  re c e n tly  s u b m itte d  
its  fin a l r e p o r t  to  th e  D e p a r tm e n t  o f  H e a l th  a n d  
S o c ia l S e c u rity  (L a n c e t  1974, I I ,  1002). T h e  r e p o r t  
c o n c lu d e s  th a t  u se  o f  a c ry lic  b o n e  c e m e n t in  to ta l  
h ip  re p la c e m e n ts  fo r a r th r i t ic  c a ses  is n o t  a s so c ia te d  
w ith  a n y  g re a te r  r isk  o f  c a rd ia c  a r re s t  th a n  o th e r  
m a jo r  su rg e ry  in  th a t  a g e  g ro u p , b u t  e x a m in e s  in  
d e ta il  th e  p o ss ib le  a e tio lo g y  o f  th e  c a rd io v a s c u la r  
r e a c tio n s  a s so c ia te d  w ith  f e m o ra l-h e a d  re p la c e m e n t. 
I n  a d d it io n  to  th e  fa c to rs  d isc u sse d  a b o v e , it  c o n s id e rs  
th e  p o ss ib le  in v o lv e m e n t o f  p h a rm a c o lo g ic a lly  a c tiv e  
su b s ta n c e s  re le a se d  fro m  tis su e s  a s  a  re s u l t  o f  c y to to x 
ic ity  o r  e v o lu tio n  o f  h e a t, ra is e d  in tra m e d u l la ry  p re s 
su re  a n d  h y p e rsen s itiv ity . I t  a ls o  c o m m e n ts  o n  th e  
la c k  o f  r e p o r ts  a s so c ia tin g  c a rd io v a s c u la r  re a c tio n s  
w ith  th e  in  s i tu  p o ly m e r iz a tio n  o f  a c ry lic  c e m e n t in  
fa c io m a x illa ry  su rg ery . I n  th e  a b se n c e  o f  a n y  c o n c lu 
s io n  a b o u t  th e  a c tu a l  c au se  o f  th e  r e a c tio n s  th a t  
o c c u r, th e  r e p o r t ’s r e c o m m e n d a tio n s  fo r th e  u se  o f  
a c ry la te  c e m e n ts  a re  a im e d  a t  e lim in a tin g  o r  re d u c in g  
th o se  fa c to rs  w h ic h  m a y  p la y  so m e  p a r t  in  in d u c in g  
o r  e x a c e rb a tin g  a d v e rse  effec ts a n d  a t  e n c o u ra g in g  
a  s ta te  o f  re a d in e s s  fo r c o m b a t t in g  th e  effects w h e n  
th e y  d o  o c c u r. O n e  a w a its  w ith  in te re s t  th e  re su lts  
o f  fu r th e r  in v e s tig a tio n s  in  th is  fie ld , s a id  to  b e  in  
p ro g re s s  in  a t  le a s t  th re e  c e n tre s  in  th e  U K .

[P. Cooper—BIBRA]

F L U O R O C A R B O N  P R O P E L L A N T S  I N  P L A Y  A G A IN

W e  re c e n tly  rev iew ed  th e  f lu o ro c a rb o n  q u e s tio n  
a n d  fo u n d  th a t ,  in  sp ite  o f  m u c h  c o n tro v e rsy , th ese  
p ro p e lla n ts  h a d  a q u i t te d  th em se lv es  re la tiv e ly  w ell 
a n d  w e re  e x p e c te d  still to  b e  a ro u n d  a t  th e  e n d  o f  
th e  d a y  ( C i te d  in  F .C .T . 1974, 12, 554). H o w ev e r, 
a  new  te a m  h a s  e n te re d  th e  fie ld  w ith  a  se t o f  five 
p a p e rs  p re se n tin g  a  so m e w h a t d iffe re n t o u tlo o k .

T h e  f irs t  o f  th is  se t d e a ls  w ith  c a rd ia c  a r rh y th m ia  
in  th e  m o u se — a n  a p p ro a c h  a lre a d y  g iv en  a  fa ir  sh a re  
o f  a t te n t io n  ( ib id  1974, 12, 551). A v ia d o  &  B elej ( T o x i 
c o lo g y  1974, 2, 31) h a v e  c o n tr iv e d , h o w ev er, to  tac k le  
th e  p ro b le m  in  a  s lig h tly  d iffe re n t w ay . A n a e s th e tiz e d  
Sw iss m ice , w e ig h in g  2 5 -3 5  g, w ere  e x p o se d  fo r 6 
m in u te s  to  a  p ro p e lla n t  g a s  th ro u g h  face m ask s . A 
se c o n d  g ro u p  w a s  g iv en  a  c h a lle n g e  d o se  o f  6 p g  
a d re n a lin e /k g  iv 2 m in u te s  a f te r  th e  s ta r t  o f  th e  in h a 
la t io n  o f  th e  p ro p e lla n t .  C o n t in u o u s  e le c tro c a rd io 
g ra m s  (E C G s)  w ere  re c o rd e d . A tr io v e n tr ic u la r  b lo c k  
o r  e c to p ic  v e n tr ic u la r  b e a ts  o c c u r re d  w ith  six o f  th e  
15 g ases  te s te d  ( t r ic h lo ro f lu o ro m e th a n e  (F I  1) a t  a n  
a tm o s p h e r ic  c o n c e n tra t io n  o f  10% , d ic h lo ro m o n o -  
f lu o ro m e th a n e  (F 2 1 ) a n d  tr ie  h lo ro tr if lu o ro e  th a n e  
(F I  13) e a c h  a t  10%, v iny l c h lo r id e  a t  20%  a n d  m e th y 
len e  c h lo r id e  a n d  t r ic h lo ro e th a n e  a t  40% ). T h e  
re m a in in g  n in e  g a se s  fa iled  to  p ro d u c e  a r rh y th m ia s  
in  c o n c e n tra t io n s  u p  to  40% , o r  60%  in  th e  case  
o f  m o n o c h lo ro d if lu o ro e th a n e  (F I4 2 b ).

A d d it io n a l  t r e a tm e n t  w ith  a d re n a lin e  p ro v o k e d  a r 
rh y th m ia s  d u r in g  in h a la t io n  o f  10%  p ro p a n e ,  20%  iso 
b u ta n e , d ic h lo ro te t ra f lu o ro e th a n e  ( F I  14), o c ta f lu o ro -  
c y c lo b u ta n e  (F C -3 1 8 ) o r  c h lo ro p e n ta f lu o ro e th a n e  
(F I  15) o r  40%  c h lo ro d if lu o ro m e th a n e  (F22). F 1 1 5  
a lso  p ro d u c e d  v e n tr ic u la r  f ib r illa tio n . T h e  th re e  
re m a in in g  p ro p e lla n ts  (d ic h lo ro d if lu o ro m e th a n e  
(F12), d if lu o ro e th a n e  (F 1 5 2 a) a n d  F 1 4 2 b ) d id  n o t  
sen sitize  th e  h e a r t  to  a d re n a lin e  in  c o n c e n tra t io n s  
o f  40  o r  60% . P r e t r e a tm e n t  w ith  c h o lin e rg ic  o r  /?- 
a d re n e rg ic  b lo c k in g  a g e n ts  h a d  n o  e ffec t o n  th e  in c i
d en ce  o f  a r rh y th m ia ,  su g g e stin g  th a t  th e  effec ts o f  
th e  f lu o ro c a rb o n s  w ere  n o t  m e d ia te d  th ro u g h  these  
re c e p to rs . O n  th e  b a s is  o f  th ese  fin d in g s , A v ia d o  &  
B elej ( lo c . c it.) re c lass ifie d  th ese  f lu o ro c a rb o n s  in to  
th re e  g ro u p s  a c c o rd in g  to  th e ir  a b il i ty  to  c a u se  c a r 
d ia c  a r rh y th m ia  in  th e  m o u se .

T h ese  o p e n in g  m o v es  w e re  fo llo w ed  b y  a n  exerc ise  
o n  th e  a c u te  effec ts o f  f lu o ro c a rb o n s  o n  th e  r e sp ir 
a t io n  a n d  b r o n c h o p u lm o n a ry  sy s te m  o f  th e  ra t.  F r ie d 
m a n  e t  a l. ( ib id  1973, 1, 345) p la c e d  tra c h e o to m iz e d  
a n d  a n a e s th e tiz e d  M e n d e l-O s b o rn e  ra ts ,  f i tte d  w ith  
p le u ra l  sp a c e  c a th e te rs , in  w h o le -b o d y  p le th y sm o - 
g ra p h s . P u lm o n a ry  re s is ta n c e  a n d  c o m p lia n c e , tra n s -  
p u lm o n a ry  p re ssu re , r e s p ira to ry  ra te , a ir  flow , t id a l 
a n d  m in u te  v o lu m e s  a n d  e le c tro c a rd io g ra p h ic  d a ta  
w ere  a ll re c o rd e d . T h e  p ro p e lla n ts  (seven  c o m p o u n d s
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in  a ll— F 2 1 , F I  1, F I  14, F 1 2 , F I  15, F C -3 1 8  a n d  is o b u 
tan e )  in c lu d e d  re p re se n ta tiv e s  o f  e a c h  o f  th e  th ree  
g ro u p s  d e fin e d  b y  A v ia d o  &  B elej (loc. cit.) a n d  w ere  
a d m in is te re d  in in c re as in g  c o n c e n tra t io n s  u n til  d e a th  
o c c u rre d .

L e th a l  c o n c e n tra t io n s  ra n g e d  b e tw ee n  19%  (F 2 1 ) 
a n d  48 %  (F C -318). D is a p p e a ra n c e  o f  e le c tr ic a l a c t i 
v ity  fro m  th e  h e a r t  w a s  re la te d  to  th e  le th a l  c o n 
c e n tr a t io n  in m o s t  cases, a s  w a s  b ra d y c a rd ia .  F I  14 
a n d  F I  15 c a u s e d  tr a n s ie n t  ta c h y p n o e a , w h ile  th e  
re m a in in g  five p ro p e lla n ts  a p p e a re d  to  h av e  a  s lig h tly  
d e p re ss in g  effect o n  re s p ira to ry  ra te .  R e d u c e d  tid a l 
v o lu m e , u n re la te d  in  o n s e t  to  th e  le th a l  c o n c e n tra t io n ,  
w a s  o b se rv e d  w ith  a ll  seven  f lu o ro c a rb o n s  te s te d . F 1 2  
a n d  F21 d id  n o t  in c re a se  a irw a y  re s is tan c e , u n lik e  
th e  o th e r  five c o m p o u n d s . E ffec ts  o n  p u lm o n a ry  c o m 
p lia n c e  w ere  re la te d  to  th e  tid a l v o lu m e  a n d  p u lm o n 
a ry  re s is ta n c e . A n a ly s is  o f  th ese  re su lts  e n a b le d  F r ie d 
m a n  et al. (loc. cit.) to  r e g ro u p  th e ir  sev en  f lu o ro c a r 
b o n s , a n d  to  d e d u c e  th a t  th e  c a rd ia c  e ffec ts o f  th ese  
c o m p o u n d s  w ere  n o t  n e ce ssa rily  a s so c ia te d  w ith  a  
le th a l  c o n c e n tra t io n . N e v e r th e le s s  th e  a u th o r s  c o n 
s id e r th e  use  o f  F l l  a n d  F21 a s  a e ro so l  p ro p e lla n ts  
in a d v isa b le , b o th  o n  a c c o u n t  o f  th e ir  re la tiv e ly  low  
le th a l c o n c e n tra t io n s  in  th e  r a t  a n d  b e c a u se  th e y  a re  
m o re  p o te n t  th a n  o th e r  f lu o ro c a rb o n s  in in d u c in g  
c a rd ia c  a r rh y th m ia  in  th e  m o u se .

H a v in g  in v e s tig a te d  b ro n c h o p u lm o n a ry  effec ts in 
th e  ra t,  th is  g ro u p  o f  w o rk e rs  n e x t tu rn e d  th e ir  a t t e n 
t io n  to  c a rd io p u lm o n a ry  to x ic ity  in  th e  m o u se  (B ro d y  
et al. ibid 1974, 2 , 173). T h e  th re e  c o m p o u n d s  in v e s ti
g a te d  in  th is  c ase  w ere  F l l ,  w h ic h  in d u c e d  c a rd ia c  
a r rh th m ia  in th e  m o u se  a n d  in c re a se d  p u lm o n a ry  
re s is ta n c e  a n d  d e c re a se d  p u lm o n a ry  c o m p lia n c e  a n d  
tid a l v o lu m e  in th e  r a t,  F I 2, w h ic h  d id  n o t  in d u ce  
a r rh y th m ia  in  th e  m o u se  b u t  d e c re a se d  p u lm o n a ry  
c o m p lia n c e  a n d  tid a l v o lu m e  in th e  ra t,  a n d  F I5 2 a ,  
w h ic h  h a d  n o n e  o f  th ese  effects a t  th e  c o n c e n tra t io n s  
tes ted . A c a n n u la  w a s  in se r te d  in  th e  t ra c h e a  o f  e ac h  
o f  96  a n a e s th e tiz e d  m ice , w h ic h  w ere  th e n  p la c e d  
in  w h o le -b c d y  p le th y sm o g ra p h s . T h e  p a ra m e te r s  
m e a su re d  w ere  th e  v e lo c ity  o f  tra c h e a l  a ir  flow , tra n s p u l-  
m o n a ry  p re ssu re , t id a l v o lu m e  a n d  p u lm o n a ry  re s is
ta n c e  a n d  c o m p lian c e . M e te re d  v o lu m e s  o f  p ro p e lla n t  
w e re  a d m in is te re d  d ire c tly  in to  th e  tra c h e a . A  se c o n d  
se ries  o f  r e s p ira to ry  m e a su re m e n ts  w a s  c a r r ie d  o u t  
2 4  h o u r s  a f te r  in tr a t r a c h e a l  in je c tio n  o f  0-2 m g  p a p a in  
to  p ro v o k e  lu n g  le s io n s  a n d  th e  m ic e  w e re  su b se 
q u e n tly  k ille d  a n d  e x a m in e d  h is to lo g ic a lly . E C G s  
w e re  e x a m in e d  in o th e r  p a p a in - tr e a te d  a n im a ls  u n d e r  
f lu o ro c a rb o n  ex p o su re .

U n e x p e c te d ly , it w a s  fo u n d  th a t  fa r lo w e r  c o n 
c e n tra t io n s  c f  F l l  a n d  F 1 2  (1 -2 % ) w e re  re q u ire d  
to  in c re ase  p u lm o n a ry  re s is ta n c e  a n d  d e c re a se  c o m 
p lia n c e  th a n  w ere  n e ce ssa ry  to  p ro d u c e  c a rd ia c  a r 
rh y th m ia  (1 0 -  >  40% ). T h e  re sp o n se s  o f  th e  m o u se  re s 
p i r a to ry  tree  to  a g e n ts  (h a lo th a n e  a n d  a c e ta ld e h y d e )  
k n o w n  to  p ro v o k e  a  d e c re a se  in  p u lm o n a ry  re s is tan c e  
in  o th e r  sp ec ie s  w ere  te s te d  a n d  it  w a s  fo u n d  th a t  
w h ile  h a lo th a n e  in c re a se d  p u lm o n a ry  re s is ta n c e  a n d  
d e c re a se d  p u lm o n a ry  c o m p lia n c e  in  th e  m o u se , a c e t
a ld e h y d e  h a d  th e  re v e rse  effects, in d ic a tin g  th a t  
m o u se  lu n g s  re s p o n d  b y  in c re a s in g  o r  d e c re a s in g  
re s is ta n c e  o r  c o m p lia n c e . P r e t r e a tm e n t  w ith  a tro p in e  
re d u c e d  o r  b lo c k e d  th e  c h a n g e s  in  p u lm o n a ry  re s is 
ta n c e  c a u s e d  b y  F l l  a n d  F I 2, su g g e s tin g  th a t  th e  
re sp o n se  w a s  m e d ia te d  b y  th e  v ag u s, b u t  d id  n o t

a ffec t th e  d e c re ase  in  p u lm o n a ry  c o m p lia n c e . T h e  
o v e r t  effects o f  in tr a t r a c h e a lly  a d m in is te re d  p a p a in  
w ere  th e  fu n c tio n a l sy m p to m s  o f  p u lm o n a ry  c o n g e s 
tio n  a n d  o e d e m a , w h ic h  w ere  su b s e q u e n tly  d e m o n 
s tra te d  h is to lo g ic a lly , b u t  th e  effects o f  a  4 -m in u te  
in h a la tio n  o f  2 -5 -5 %  f lu o ro c a rb o n  w ere  n o t  a g g ra 
v a te d  b y  th e  les io n s .

C o n c e n tra t io n s  o f  10%  F l l  w e re  a g a in  fo u n d  to  
p ro d u c e  sp o n ta n e o u s  c a rd ia c  a r rh y th m ia ,  w h ile  c h a l
len g e  w ith  6 ng  a d re n a lin e /k g  s h o r te n e d  th e  tim e  o f  
o n se t  a n d  e n h a n c e d  th e  r e d u c t io n  in h e a r t  r a te  a n d  
d e p re ss io n  o f  th e  Q R S  c o m p le x . I n  p a p a in -p re tre a te d  
a n im a ls  th is  e n h a n c e d  effect a p p e a re d  w ith o u t  
a d re n a lin e  c h a llen g e , a n d  in je c tio n  o f  a d re n a lin e  h a d  
n o  a d d it io n a l  effect. E x p o su re  to  40 %  F I 2 fo r 4 
m in u te s  d id  n o t  c a u se  a r rh y th m ia  a lth o u g h  E C G  
c h a n g e s  w ere  o b se rv ed , n o ta b ly  a  r e d u c tio n  in  h e a r t  
r a te  a n d  a n  in c re a se  in th e  h e ig h t o f  th e  Q R S  c o m 
plex . T h e  in te n s ity  o f  th e  h e a r t - r a te  c h a n g e  w a s  
re d u c e d  b y  a d re n a lin e  in je c tio n  o r  p a p a in  p r e t r e a t 
m e n t. C o m b in a t io n  o f  a ll th re e  tre a tm e n ts  p ro d u c e d  
a  c o n sp ic u o u s  in c re ase  in  Q R S  h e ig h t. E x p o su re  o f  
p a p a in - tr e a te d  a n im a ls  to  40%  F I5 2 a  fo r 4  m in u te s  
c a u s e d  c a rd ia c  a r rh y th m ia ,  a l th o u g h  th is  w a s  n o t  in 
d u c e d  b y  F I 5 2 a  a lo n e  o r  w ith  a n  a d re n a lin e  c h a l
lenge.

T h e  re la tiv e  se n s itiv ity  o f  th e  th re e  ty p e s  o f  r e 
sp o n se  c o u ld  be  a sse ssed  f ro m  th is  sing le  e x p e rim e n t. 
C a rd ia c  a r rh y th m ia  a p p e a re d  w ith  c o n c e n tra t io n s  o f  
10 o r  40% , b ro n c h o p u lm o n a ry  fu n c tio n  w a s  a ffec ted  
b y  a b o u t  1 -2% , a n d  re s p ira to ry  t id a l  v o lu m e , r a te  
a n d  m in u te  v o lu m e  w e re  a ffec ted  b y  2-5-5% . T h e  
a u th o r s  su g g e st th a t  “ th ese  e x p e r im e n ts  seem  to  c o n 
firm  e a r l ie r  c la im s  th a t  th e  use  o f  c e r ta in  p ro p e lla n ts  
to  a d m in is te r  b r o n c h o d ila to r  d ru g s  in a e ro s o l  fo rm  
to  p a tie n ts  w ith  b ro n c h o p u lm o n a ry  d ise ase  c o u ld  
c o n c e iv a b ly  le a d  to  d e a th  b y  c a rd ia c  a r re s t” .

M o v in g  o n  fro m  th e  m o u se , th e  fo u r th  p a p e r  in  
th is  se ries  p re se n ts  a n  in v e s tig a tio n  in to  th e  c a rd io -  
to x ic ity  o f  15 p ro p e lla n ts  in m o n k e y s  (B elej et al. 
ibid 1974, 2 , 381). T h e  h e a r ts  o f  a n a e s th e tiz e d  m o n 
keys, c a n n u la te d  fo r a r tif ic ia l r e s p ira t io n , w ere  
e x p o se d  a n d  a  s t r a in  g a u g e  w a s  su tu re d  to  th e  left 
v e n tr ic u la r  su rface  fo r m e a su re m e n t o f  m y o c a rd ia l  
c o n tra c t io n .  E C G s  a n d  a o r t ic  b lo o d  p re ssu re  w ere  
re c o rd e d , th e  la t te r  b y  m e a n s  o f  a  c a n n u la  in  th e  
fe m o ra l a r te ry . F l l  w a s  u se d  a s  a  re fe re n ce  c o m 
p o u n d , m o n k e y s  b e in g  e x p o se d  to  0-5, 1 -25, 2-5 a n d  
5%  for 5 -m in u te  p e r io d s  a l te rn a t in g  w ith  10 m in u te  
e x p o su re s  to  u n c o n ta m in a te d  ro o m  a ir . T h e  effec ts 
o f  in fu s io n  w ith  0-5 o r  1-0 fig a d re n a lin e /k g /m in u te  
d u r in g  f lu o ro c a rb o n  e x p o su re  a n d /o r  o f  m y o c a rd ia l  
isc h a e m ia  d u e  to  o c c lu s io n  o f  th e  left a n te r io r  d e 
sc e n d in g  c o ro n a ry  a r te ry  fo r 20  m in u te s  b e fo re  p r o p e l 
la n t  a d m in is t r a t io n  w ere  s tu d ie d  in  so m e  a n im a ls .

T re a tm e n t  w ith  F l l  p ro v o k e d  a  d o se - re la te d  fall 
in  a o r t ic  b lo o d  p re s su re  a n d  d e p re sse d  m y o c a rd ia l  
c o n tra c ti li ty ,  w h ile  th e  E C G  sh o w e d  a  h e a r t - r a te  a c 
c e le ra t io n , w h ic h  w a s  n o t  d o se -re la te d . W ith  5%  F l l ,  
v e n tr ic u la r  p re m a tu re  b e a ts  a n d  a tr io v e n tr ic u la r  
b lo c k  a p p e a re d  in tw o  o u t  o f  seven  a n im a ls .  In fu s io n  
o f  a d re n a lin e  re d u c e d  th e  th re s h o ld  fo r th e  a p p e a r 
a n c e  o f  a r rh y th m ia  to  2-5%, a n d  its  s y m p a th o m i
m e tic  effect p re v e n te d  th e  a p p e a ra n c e  o f  h y p o te n s io n  
o r  re d u c e d  m y o c a rd ia l  c o n tra c ti li ty .  O c c lu s io n  o f  th e  
c o ro n a ry  a r te ry  fu r th e r  re d u c e d  th e  p ro a r rh y th m ic  
c o n c e n tra t io n  o f  F l l  to  1-25%, C o m b in a t io n  o f  th ese
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tw o  tr e a tm e n ts  d e p re sse d  th e  m in im a l p ro a r rh y th m ic  
c o n c e n tr a t io n  fu r th e r , to  0 5 % , a n d  a ls o  p ro v o k e d  
a  s ig n if ic a n t d e p re s s io n  in  m y o c a rd ia l  c o n tra c ti li ty .  
T h e  re m a in in g  14 p ro p e lla n ts  w e re  s im ila rly  tes ted , 
a n d  th e n  c la ss ified  a c c o rd in g  to  th e ir  effec ts o n  th e  
p r im a te  h e a r t.

F l l ,  F 2 1 , F I  13, t r ic h lo ro e th a n e  a n d  m e th y le n e  
c h lo r id e  w ere  g ro u p e d  in  C lass  1, c o n s is tin g  o f  p r o 
p e lla n ts  c a u s in g  a r rh y th m ia  a n d  m y o c a rd ia l  d e p re s 
s io n  w ith  in h a le d  c o n c e n tra t io n s  o f  2 -5-5% . C la ss  2 
c o m p r is e d  c o m p o u n d s  c a u s in g  a r rh y th m ia  a n d  m y o 
c a rd ia l  d e p re s s io n  w ith  in h a le d  c o n c e n tra t io n s  o f  5 -  
10%, n a m e ly  F I  14, F 1 2  a n d  iso b u ta n e . N o  a r rh y th 
m ia  b u t  m y o c a rd ia l  d e p re s s io n  w ith  in h a la t io n  o f  2 -5 - 
10%  w ere  c h a ra c te r is tic s  o f  C lass  3, to  w h ic h  v inyl 
c h lo rid e , F 2 2  a n d  F 1 4 2 b  b e lo n g e d . F in a lly  F C -3 1 8 , 
F I  15 a n d  F I 5 2 a  (C lass  4) c a u s e d  n o  a r rh y th m ia  a n d  
n o  m y o c a rd ia l  d e p re s s io n  in  c o n c e n tra t io n s  o f  1 0 - 
20% . W h e n  a r ra n g e d  f ro m  F l l  th ro u g h  to  F I5 2 a  
in  o rd e r  o f  th e ir  a b il i ty  to  p ro d u c e  a r rh y th m ia  a n d  
to  d e p re ss  m y o c a rd ia l  c o n tra c ti li ty ,  th e  lis tin g  o f  th e  
c o m p o u n d s  is n o t  e sse n tia lly  d iffe re n t fro m  th a t  fo u n d  
in  s im ila r  s tu d ie s  in  th e  d o g  (R e in h a rd t  et al. Archs 
envir. Filth 1971, 2 2 , 265) a n d  m o u se  (A v ia d o  &  Belej, 
loc. cit.), a l th o u g h  th e  se n sitiv ity  o f  th e  d iffe re n t sp e 
c ies to  th e  v a r io u s  g ro u p s  d iffers  in  deg ree . W h ile  
th e  m e c h a n ism  o f  th ese  c a rd io v a s c u la r  effec ts is still 
u n c e r ta in , B elej et al. (loc. cit.) s ta te  th a t  d e p re ss io n  
o f  m y o c a rd ia l  c o n tra c t i l i ty  is  a  d ire c t  effect o f  f lu o ro 
c a rb o n  o n  th e  h e a r t ,  a s  w a s  p re v io u s ly  in d ic a te d  b y  
th e  a c t io n  o f  F I 2 o n  r a t  v e n tr ic u la r  m u sc le  in vitro 
(Cited in F.C.T. 1974, 12, 554), w h ile  a r rh y th m ia  
a p p e a rs  to  b e  a  c o m b in a tio n  o f  a  d ire c t  effect o n  
th e  h e a r t  a n d  a n  in d ire c t  effect^ in v o lv in g  th e  a d re n a ls .

In  v iew  o f  th e  re su lts  o f  th e  s tu d y  in  m o n k ey s , 
it  w a s  d e c id e d  to  u se  c a n in e  h e a r t- lu n g  p re p a ra tio n s  
to  s tu d y  six p ro p e lla n ts ,  F C -3 1 8 , F 1 1 5 , F 1 5 2 a , F l l ,  
F I  13 a n d  t r ic h lo ro e th a n e  (A v ia d o  &  B elej, Toxico
logy 1975, 3 , 79). T h e  h e a r t - lu n g  p r e p a ra t io n s  w ere  
p ro d u c e d  b y  th e  c la ss ic a l m e th o d  o f  K n o w lto n  &  
S ta r lin g  (J. Physiol. 1912, 4 4 , 206) a n d , in  a d d it io n , 
c o ro n a ry  s in u s  o u tf lo w  a n d  a o r t ic  b lo o d  flow  (jo in tly  
a  m e a su re  o f  c a rd ia c  o u tp u t) ,  h e a r t  ra te  a n d  m y o c a r 
d ia l c o n tra c ti le  fo rce  (d e te rm in e d  w ith  a  W a lto n  
s t r a in  g a u g e  a rc h )  a n d  left a tr ia l  p re s su re  w ere  
m e a su re d  d u r in g  e x p o su re  to  2-5, 5 -0 ,1 0  o r  20%  p ro p e l-  
la n t /a i r  m ix tu re s . C a rd ia c  o u tp u t  w a s  c o n tro l le d  by  
v a ry in g  th e  h e ig h t o f  th e  v e n o u s  re se rv o ir , a s  th e re  
is n o  fu n c tio n a l  in n e rv a tio n  in  th is  ty p e  o f  p r e p 
a ra t io n ,  a n d  a  v e n tr ic u la r - fu n c tio n  cu rv e  w a s  d e riv e d  
b y  ra is in g  th e  re se rv o ir  to  a  se ries  o f  k n o w n  h e ig h ts  
a n d  p lo tt in g  a g a in s t  e a c h  o th e r  th e  re su ltin g  c a rd ia c  
o u tp u t  a n d  left a tr ia l  p re s su re  (filling  p re ssu re ) . A 
sh ift to  th e  r ig h t  in d ic a te d  d e p re ss io n — a  re d u c t io n  
in  o u tp u t  fo r th e  sam e  filling  p re ssu re .

T h re e  C la s s  1 c o m p o u n d s , F l l ,  F I  13 a n d  t r ic h lo ro 
e th a n e  a ll a ffec ted  v e n tr ic u la r  fu n c tio n  in  a  d o se - 
r e la te d  m a n n e r , a l th o u g h  o n ly  F I  1 c a u s e d  a  re d u c t io n  
in  m y o c a rd ia l  c o n tra c t io n .  T h e  re m a in in g  th re e  p r o 
p e lla n ts , F C -3 1 8 , F I  15 a n d  F 1 5 2 a , w ere  te s te d  a t  
h ig h e r  c o n c e n tra t io n s  o f  10 a n d  20%  in s te a d  o f  2-5 
a n d  5%. A g a in  a ll  th re e  c a u s e d  a  sh ift in  th e  v e n tr ic u 
la r- fu n c tio n  c u rv e  to  th e  r ig h t  c o m p a re d  w ith  c o n 
tro ls . In  a d d it io n ,  20%  F C -3 1 8  d e p re sse d  th e  fo rce  
o f  m y o c a rd ia l c o n tra c t io n ,  a s  d id  10 a n d  20%  F I5 2 a , 
b u t  F I  15 h a d  n o  e ffec t o n  th is  p a r a m e te r  a t  e ith e r  
c o n c e n tra t io n . I t  is o f  n o te  t h a t  w h ile  n o t  e v e ry  c o m 

p o u n d  d e p re sse d  m y o c a rd ia l  c o n tra c ti li ty ,  a ll p r o 
d u c e d  a  c h a n g e  in  th e  v e n tr ic u la r - fu n c tio n  c u rv e . In  
effect, m e a su re m e n t o f  fu n c tio n  o f  th e  w h o le  h e a r t  
w a s  m o re  in fo rm a tiv e  th a n  d e te rm in a tio n  o f  th e  a c t i 
v ity  o f  a  se g m e n t o f  m u sc le  o n  th e  h e a r t  su rface . 
T h e  a u th o r s  su m  u p  th e ir  s tu d y  in  th e  fo llo w in g  s ta te 
m e n t:  “A t th e  p re s e n t  tim e , th e re  is n o  k n o w n  p ro p e l
la n t  fo r a e ro so ls  w h ic h  d o e s  n o t  d e p re ss  v e n tr ic u la r  
fu n c tio n  in  th e  c a n in e  h e a r t” . U n fo r tu n a te ly , th e y  a d d  
n o  c o ro lla ry  a s  :o  th e  s ig n ifican ce  o f  th ese  re su lts  
w ith  r e g a rd  to  th e  h u m a n  s itu a tio n , a n d  o m it  to  d ra w  
a t te n t io n  to  th e  c o n c e n tra t io n s  to  w h ic h  th is  c o m 
m e n t  is re le v an t.

O th e r  w o rk e rs  (T h o m p s o n  &  H a rr is ,  Toxic, appl. 
Pharmac. 1974, 29 , 242), h a v in g  a lre a d y  o b se rv e d  c a r 
d ia c  a r rh y th m ia s , a r te r ia l  h y p o te n s io n  a n d  d ire c t  
d e p re s s io n  o f  m y o c a rd ia l  c o n tra c t i li ty  d u e  to  f lu o ro 
c a rb o n s , h a v e  in v e s tig a te d  th e  tim e  c o u rse  o f  th e  d is 
a p p e a ra n c e  o f  so m e  o f  th e  c e llu la r  effec ts in  th e  h e a r t  
a f te r  th e  te rm in a t io n  o f  e x p o su re  o f  c a ts  to  th e  p r o 
p e lla n t.  T h e y  felt t h a t  se n s it iz a tio n  to  in je c te d  a d re n a 
line , a s  r e p o r te d  b y  R e in h a rd t  et al. (loc. cit.), w o u ld  
be  a n  effective m e a su re  o f  su c h  p r o p e l la n t  effects. 
T h e  e x p e r im e n ts  w ere  c o n f in e d  to  a  s in g le  f lu o ro c a r 
b o n , F 1 2 , to  w h ic h  13 a n a e s th e tiz e d  c a ts  w ere  
e x p o se d  v ia  t ra c h e a l  c a n n u la e . T h e  fe m o ra l v e in  w a s  
c a th e te r iz e d  fo r  a d re n a lin e  a d m in is t r a t io n  a n d  th e  
fe m o ra l a r te ry  fo r a r te r ia l  p re s su re  m e a su re m e n ts , 
a n d  E C G s  w ere  re c o rd e d . In  p re lim in a ry  w o rk , 0-25 -
2-0 pg  a d re n a lin e /k g  in je c te d  im m e d ia te ly  a f te r  th e  
e n d  o f  a  4 -m in u te  in h a la t io n  o f  a  m ix tu re  o f  F I 2, 
o x y g e n  a n d  n itro g e n  (2 5 :2 5 :5 0 , b y  vo l.) p ro v o k e d  
fa ta l v e n tr ic u la r  f ib r il la t io n  o r  sev e re  m u ltifo c a l 
ta c h y c a rd ia , so  in  su b s e q u e n t e x p e r im e n ts , 4  o r  8 
pg  a d re n a lin e /k g  w a s  in je c te d  3, 5, 8 o r  10 m in u te s  
a f te r  th e  e n d  o f  a  4 -m in u te  in h a la t io n  o f  37%  F 12 . 
T h re e  o r  m o re  v e n tr ic u la r  p re m a tu re  c o n tra c t io n s  
(V P C s) in  10 se c o n d s  w ere  u se d  a s  th e  in d e x  o f  m y o 
c a rd ia l  se n s itiz a tio n . A d re n a lin e  a lo n e  c a u s e d  tw o  iso 
la te d  V P C s  o r  less in u n e x p o se d  a n im a ls .  T h e  in c i
d e n c e  o f  v e n tr ic u la r  ta c h y a r rh y th m ia s  in d u c e d  by  
a d re n a lin e  v a r ie c  in v erse ly  w ith  th e  tim e  a f te r  th e  
e n d  o f  F 1 2  in h a la tio n . M e a s u re m e n t  o f  b lo o d  c o n 
c e n tra t io n s  o f  F I 2 sh o w e d  a  p e a k  2 m in u te s  a f te r  
th e  b e g in n in g  o f  th e  in h a la t io n  a n d  th e  m a in te n a n c e  
o f  a  c o n s ta n t  level fo r th e  re m a in in g  2 m in u te s  a t
11-5 ±  l-7 5 m g /1 0 0 m l.  T h e  levels fell to  0-08 +  0 0 1 6  
m g /1 0 0  m l 10 m in u te s  a f te r  c e s sa tio n  o f  e x p o su re . 
T h e re  w ere  n o  s ig n if ic a n t d ifferen ces b e tw e e n  t r e a te d  
a n d  u n t r e a te d  a n im a ls  in  a r te r ia l  p re s su re  o r  s in o 
a tr ia l  h e a r t - r a te  re sp o n se s  to  a d re n a lin e .

T h o m p s o n  &  H a r r is  (loc. cit.) c o n c e d e  th a t  th is  
m e th o d  m a y  b e  a n  a rtif ic ia l w a y  o f  d e te c tin g  c e llu la r  
e ffec ts in d u c e d  b y  F I 2 in  th e  h e a r t. H o w e v e r, it c o n 
firm e d  th a t  s e n s it iz a tio n  o f  th e  h e a r t  to  th e  effects 
o f  a d re n a lin e  c o n tin u e s  to  a  g ra d u a l ly  d e c re a s in g  
e x te n t  fo r  u p  to  10 m in u te s  a f te r  e x p o su re  to  37%  
F I 2. W h ile  a d re n a lin e  c o n tr ib u te s  to  th e  se v e rity  o f  
th ese  a r rh y th m ia s ,  th is  d o e s  n o t  a p p e a r  to  p ro v id e  
a n y  e x p la n a t io n  fo r th e  fa llin g  in c id e n ce  d u r in g  th e  
p o s t-e x p o su re  p e r io d  o r  fo r th e  v a r ia tio n  in  in d iv id u a l 
su sce p tib ility . I t  w o u ld  seem  to  b e  o f  v a lu e  to  d e te r 
m in e  w h e th e r  c u m u la tiv e  tis su e  effec ts d u r in g  
r e p e a te d  d o s in g  m ig h t c o n tr ib u te  to  so m e  o f  th e  
s u d d e n  d e a th s  o c c u rr in g  ju s t  a f te r  c e s sa tio n  o f  p ro p e l
la n t  in h a la t io n  (Cited in F.C.T. 1971, 9 , 730).

I t  h a s  b e e n  c la im e d  (C h io u , J. Am. med. A ss. 1974,
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22 7 , 658) t h a t  th e  b io lo g ic a l ha lf-life  o f  f lu o ro c a rb o n  
in m a n  is lo n g e r  th a n  h a s  u su a lly  b e e n  th o u g h t.  T h e  
s h a rp  d eclin e  in  th e  b lo o d  c o n c e n tra t io n  o f  a  d ru g  
in  th e  e a r ly  p h a se  is p r im a r ily  d u e  to  i ts  d is t r ib u t io n  
to  o th e r  tissues, a n d  b ip h a s ic  c h a n g e s  in F 11 b lo o d  
levels h a v e  b e e n  a p p a r e n t  in  m a n  a f te r  in h a la tio n  
o f  th e  f lu o ro c a rb o n  (D o lle ry  et al. Lancet 1970, I I ,  
1164). C h io u  (loc. cit.) su g g e s te d  th a t  th e  b io lo g ic a l 
ha lf-life  o f  F l l  m a y  b e  90  m in u te s , a n d  he  a lso  
p o in te d  o u t  t h a t  th e  m assiv e  d ifferen ces in  th e  a b s o r p 
t io n  a n d  e l im in a tio n  o f  p ro p e lla n ts  in  d ifferen t 
p a tie n ts  c a n  c o m p lic a te  th e  in te rp re ta t io n  o f  a v a ila b le  
d a ta .

D o lle ry  et al. (Clin. Pharmac. Ther. 1974, 15, 59) 
h a v e  since  r e p o r te d  fu r th e r  w o rk  o n  b lo o d  levels o f  
f lu o ro c a rb o n  a f te r  th e  u se  o f  p re ssu r iz e d  a e ro so ls  for 
d ru g  a d m in is t r a t io n  b y  a s th m a tic  su b je c ts . B lo o d  
sa m p le s  w ere  ta k e n  f ro m  e ig h t su b je c ts  a f te r  o n e  o r  
tw o  puffs o f  a  p ro p r ie ta ry  in h a le r  c o n ta in in g  sa lb u ta -  
m o l o r  iso p ro te re n o l,  e a c h  in h a la tio n  c o in c id in g  w ith  
th e  e a r ly  p a r t  o f  a  d e ep  in sp ira t io n . T h e  sa m p le s  
w e re  c a p p e d , k e p t  o n  ice a n d  th e n  p re p a re d  fo r a n a ly 
sis b y  g a s  c h ro m a to g ra p h y  u s in g  h a lo th a n e  a s  a n  
in te rn a l  s ta n d a rd .  B lo o d /g a s  a n d  b lo o d /m u sc le  p a r t i 
t io n  co effic ien ts  w ere  e s t im a te d  in vitro. A c o m p u te r  
p ro g ra m m e  h a d  b e e n  w r i t te n  to  d e riv e  th e  a r te r ia l  
a n d  m y o c a rd ia l  c o n c e n tra t io n s  o f  a  f lu o ro c a rb o n  fo l
lo w in g  a n y  cycle  o f  p u ffs  o r  b re a th -h o ld in g  p a tte rn .  
O th e r  v a r ia b le s  w ere  lu n g  v o lu m e , t id a l v o lu m e , m y o 
c a rd ia l  b lo o d  flow  a n d  b lo o d /g a s  a n d  b lo o d /h e a r t  
m u sc le  p a r t i t io n  coeffic ien ts . M a k in g  c e r ta in  a s s u m p 
t io n s  re g a rd in g  th e  a m o u n t  o f  a n  e x p e lle d  do se  
a c tu a lly  in h a le d , it  w a s  fo u n d  th a t  th e  c o m p u te r  
m o d e l d e sc rib e d  q u i te  w ell th e  c lin ica lly  o b se rv e d  
e l im in a tio n  o f  F l l  a n d  F 1 2 , th e  f lu o ro c a rb o n s  tes te d . 
P e a k  a r te r ia l  levels o f  F l l  d e te rm in e d  in th e  a s th 
m a tic  p a tie n ts  ra n g e d  fro m  0-53 to  4-5 ¿ig/m l (tw o  
puffs) a n d  fro m  0-26 to  1-9 /(g /m l (o n e  puff), w h ile  
th o se  o f  F 1 2  ra n g e d  fro m  0-2 to  4-7 ¿ig/m l ( tw o  puffs) 
a n d  fro m  0  to  2-3 yug/ml (o n e  puff), th e  p e a k s  o c c u r 
r in g  in  a ll c ases  a b o u t  1 0 -2 0  se c o n d s  a f te r  th e  la s t 
puff. T h ese  levels w ere  s u b s ta n tia l ly  less th a n  th o se  
fo u n d  to  p ro d u c e  a d v e rse  effec ts in d o g s  (C la rk e  &  
T in s to n ,  Ann. Allergy 1972. 3 0 , 536). F ro m  th e  c o m 
p u te r  m o d e l it w o u ld  a p p e a r  th a t  to  re a c h  th e  levels 
o f  F l l  a n d  F 1 2  fo u n d  to  b e  e ffec tive  in  th e  d o g  
(20  a n d  35 /tg /m l, re sp ec tiv e ly ), a  p u f f  w o u ld  h ave  
to  b e  ta k e n  o n  ev ery  b re a th  fo r 1 2 -2 4  b re a th s— a  
m assiv e  o v e rd o sa g e , w h ic h  m a y  p o ss ib ly  h ave  
o c c u rre d  in so m e  a s th m a tic  su b je c ts  d e sp e ra te  for 
relief. D u r in g  th is  s tu d y  n o  p a tie n t  sh o w e d  a n y  u n 
to w a rd  effect.

W h ile  th e  r isk  o f  c a rd io to x ic ity  is s till p re s e n t  for 
th o se  w h o  u se  d ru g  a e ro so ls  to  excess, th e  o u t lo o k  
fo r u se rs  o f  d o m e s tic  a e ro s o ls  is m o re  c h ee rfu l. M a r ie r  
et al. (Can. med. Ass. J. 1 9 7 4 ,1 1 1 , 39) se t o u t  to  e s ta b lish  
w h e th e r  n o rm a l  h o u se h o ld  u se  o f  a e ro so l  p ro d u c ts  
w o u ld  le a d  to  th e  p r o d u c tio n  o f  h a z a rd o u s  levels

o f  f lu o ro c a rb o n . T h e  use  o f  13 h o u se h o ld  a e ro s o ls  
w ith  a  k n o w n  c o n te n t  o f  p r o p e lla n t  ( f lu o ro c a rb o n  
o r  h y d ro c a rb o n )  w a s  m o n ito re d  fo r a  4 -w eek  p e r io d . 
T h e  a e ro s o ls  in c lu d e d  w ere  a  d e o d o ra n t ,  h a ir s p ra y , 
fry in g -p an  sp ra y , ro o m  fresh en e r, in se c t re p e lle n t, in 
sec tic ide , fu rn itu re  p o lish , sp o t  re m o v e r, w a ll c le an e r, 
w in d o w  c le a n e r , so il-p ro o f in g  a g en t, d e p ila to ry  a n d  
b a th ro o m  c le a n e r . T w e n ty  n o rm a l  h e a lth y  h o u se w iv e s  
ta k in g  p a r t  in th e  s tu d y  w ere  re q u e s te d  to  re fra in  
fro m  u s in g  a e ro so ls  a s  far a s  p o ss ib le  d u r in g  th e  fo r t
n ig h t  b e fo re  a n d  th e  fo r tn ig h t  a f te r  th e  4 -w eek  p e r io d , 
d u r in g  w h ic h  a  c o m p le te  d ia ry  o f  u se  o f  th e  sp ra y s  
w a s  k e p t  a n d  th e  q u a n ti t ie s  u se d  w ere  a sse ssed  by  
w e ig h in g  th e  c o n ta in e r s  b e fo re  a n d  a f te r  th e  te s t. E a c h  
su b je c t w a s  g iv en  a  full m ed ic a l e x a m in a tio n  a fte r 
w eek  1 o f  th e  p re -e x p o su re  a b s tin e n c e  p e r io d , a t  th e  
e n d  o f  th e  e x p o su re  p e r io d  a n d  a t  th e  e n d  o f  th e  
se c o n d  a b s tin e n c e  p e r io d . B lo o d  levels o f  f lu o ro c a r 
b o n  w ere  a sse ssed  a t  th e  e n d  o f  e a c h  o f  th e  firs t 
6 w e ek s  a n d  a t  th e  e n d  o f  th e  s tu d y .

N o  s ig n if ic a n t c h a n g e s  in  th e  g e n e ra l h e a lth  o f  
th ese  su b je c ts  w ere  fo u n d  d u r in g  th e  4 -w eek  p e r io d , 
a lth o u g h  th e  to ta l  f lu o ro c a rb o n  e x p o su re  d u r in g  th is  
tim e  w a s  e s t im a te d  to  b e  a s  h ig h  a s  815 g  in  o n e  
case . S tu d ie s  o f  h e a r t  a n d  lu n g  fu n c tio n , h a e m a to lo g y  
a n d  b io c h e m ic a l p a ra m e te r s  w ere  in c lu d e d . T h e  a v e r 
a g e  e x p o su re /s u b je c t  w a s  21-6 g  f lu o ro c a rb o n /d a y . 
T h e  su b je c ts  h a d  b e e n  g iv en  a  p re sc r ib e d  re g im en  
o f  a e ro so l  use  to  fo llow  a n d  th e y  e m p h a tic a lly  d e 
c la re d  th a t  th is  level w a s  far h ig h e r  th a n  th e ir  n o rm a l 
level o f  use . N e v e rth e le ss , n o  f lu o ro c a rb o n  w a s  
d e te c te d  in  th e  b lo o d  o f  a n y  u se r  d u r in g  th e  s tu d y , 
e v en  th o u g h  th e  a n a ly tic a l  m e th o d s  w e re  sen sitiv e  
d o w n  to  0 0 0 4  p p m  F l l ,  0 1  p p m  F 1 2  a n d  4  p p m  
F I  14. T h e  o n ly  e ffec ts n o te d  w ere  sn e e z in g  a n d  
c o u g h in g  a n d  so m e  sk in  a n d  ey e  ir r i ta t io n  d u e  to  
th e  a c tu a l  c o m p o n e n ts  o f  th e  a e ro so ls . M a r ie r  et al. 
(loc. cit.) feel th a t  v ery  h ig h  c o n c e n tra t io n s  o f  f lu o ro 
c a rb o n s  c a n  b e  re a c h e d  o n ly  u n d e r  c o n d it io n s  o f  
a b u se , a n d  a re  sa tis fied  th a t  h o u se h o ld  u se  o f  f lu o ro 
c a rb o n -p ro p e lle d  a e ro so ls  is u n lik e ly  to  be  h a z a rd o u s .

W h ile  th e  a u th o r s  o f  th e  firs t g ro u p  o f  p a p e rs  c o n 
s id e re d  in  th is  rev iew  o b v io u s ly  feel th a t  n o  f lu o ro c a r 
b o n  h a s  b e en  sh o w n  to  be  w ith o u t  h a z a rd  a t  th e  
levels o f  e x p o su re  u se d  in  th e ir  a n im a l s tu d ie s , it 
w o u ld  seem  im p o r ta n t  to  c o r re la te  so m e  o f  th is  w o rk  
w ith  h u m a n  e x p o su re . D o lle ry  et al. (1974, loc. cit.) 
h av e  in d ic a te d  th a t  v ery  excessive  use o f  d ru g  a e ro so ls  
c o u ld  in d u c e  c a rd ia c  a r rh y th m ia  a n d  d e a th  a n d  h av e  
su g g e ste d  th a t  th e  d es ig n  o f  a e ro so l  p a c k s  c o u ld  be 
m o d ifie d  so  th a t  a n  o v e rd o se  c o u ld  n o t  be  a d m in is 
te re d . H o w e v e r, w ith  n o rm a l  use, th e  b e n e fit o f  th e  
sp ra y s  to  p a tie n ts  w ith  b ro n c h ia l  a n d  a s th m a tic  c o n 
d i tio n s  m a y  b e  in es tim ab le . In  th e  h o u se h o ld  s i tu 
a t io n  it  a g a in  a p p e a rs  to  b e  th e  a b u se  o f  f lu o ro c a rb o n  
p ro p e lla n ts  in  a e ro so ls  th a t  m a y  p re s e n t  so m e  to x ic  
h a z a rd  r a th e r  th a n  a n y  n o rm a l levels o f  use.

[F. A. Charlesworth—BIBRA]
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TOXICOLOGY: BIBRA ABSTRACTS AND COMMENTS

PRESERVATIVES

2 8 3 5 .  N i t r a t e s  f a i l  t o  d e p r e s s  t h y r o i d  f u n c t i o n  in  d o g s

Kelley, S. T., Oehme, F, W. & Hoffman, S. B. (1974). 
Effect of chronic dietary nitrates on canine thyroid 
function. Toxic, appl. P harm ac. 2 7 ,  200.

I t  is well know n that high concentrations of nitrate 
in drinking-water o r in vegetables such as spinach 
will produce methaem oglobinaem ia in infants follow
ing its reduction to  nitrite (C ite d  in F.C .T. 1965, 3 ,  
357), and  the presence of nitrate or nitrite together 
w ith secondary amines in food or drink may some
times lead to the form ation of nitrosam ines (ib id  1970, 
8, 76). In rats, nitrate may interfere with the iodine
concentrating mechanism of the thyroid and  so exert 
an antithyroid effect (Lee e t  al. J. N u tr. 1970, 1 0 0 ,  
1121).

Kelley e t  al. (cited above) have studied the correla

tion between a prolonged intake of dietary nitrate 
and  thyroid m alfunction in beagle dogs, which were 
given drinking-water containing 300, 600 or 1000 ppm  
sodium nitrate. After 1 yr on this regimen, monthly 
blood samples were taken for 4 m onths from the 
adults in each group. The anim als were bred within 
their respective groups and blood samples were also 
taken from the puppies a t the age of 9 wk. N o signifi
cant differences were dem onstrated between the 
groups either in total serum thyroxine or in the resin 
sponge uptake of labelled triiodothyronine (T-3 test), 
and there were no signs of hypothyroidism  either 
in the adults o r puppies. Thus, there was no evidence 
that nitrate in concentrations up to 1000 ppm  in 
the drinking-water consum ed for a t least 1 yr had 
any effect on canine thyroid function.

A G R IC U LTU R A L CHEM ICA LS

2 8 3 6 .  A l d r i n ,  d i e l d r i n  a n d  e n d r i n  a s  t e r a t o g e n s

O ttolenghi, A nna D., Haseman, J. K. & Suggs, F.
(1974). Teratogenic effects of aldrin, dieldrin, and 
endrin in ham sters and  mice. T era to logy  9 ,  11.

To study their effects on pregnancy and  embryonic 
development, single oral doses equivalent to 50% of 
the L D 50s of aldrin, dieldrin and endrin were 
adm inistered by oral intubation to  pregnant ham sters 
and mice. The doses given to ham sters (on day 7, 
8 o r 9 o f gestation) were 50, 30 and 5 mg/kg and 
to mice (on day 9) 25, 15 and 2-5 mg/kg for aldrin, 
dieldrin and  endrin, respectively. Such doses did not 
provoke overt toxic reactions, such as convulsions, 
respiratory em barrassm ent, nosebleeds or diarrhoea. 
The doses were adm inistered in corn oil, and two 
control groups, one intubated w ith corn oil and  one 
untreated, were maintained. Laparotom y was per
formed on day 14 of gestation for ham sters and  on 
day 18 for mice for the counting of dead, live and 
resorbed foetuses. Surviving foetuses were weighed 
and then exam ined and processed for the detection 
of m alform ations.

All three com pounds m arkedly increased the inci
dence o f foetal deaths in ham sters treated on day 
7 o r 8, bu t in anim als treated on day 9 the increase 
was significant only w ith dieldrin, which exerted its 
maximal foetotoxic effect when adm inistered on day 
7. The pesticide treatm ents also caused a significant 
reduction in foetal weight com pared with corn oil- 
treated controls. Congenital abno rm alities . am ong 
hamster foetuses included cleft palate, open eye and 
webbed foot. These were associated with all three 
com pounds and often occurred in com bination. O f 
216 abnorm al ham ster foetuses, 133 had only one 
abnorm ality, 51 had two and 32 had three or more.

A further abnorm ality, fused ribs, appeared as the 
sole defect in 11 foetuses and was alm ost exclusively 
associated w ith endrin adm inistration. Aldrin, on the 
other hand, was responsible for m ost of the cleft lips 
found, while dieldrin was alone in producing a  limited 
num ber of foetuses w ith com binations o f exencephaly, 
platycrania, m icrognathia and/or ectrodactyly accom 
panied by open eye and  webbed foot.

In  mice, foetal survival and foetal weight were not 
significantly affected by any of the treatm ents. Open 
eye and  webbed foot were the m ost com m on abnor
malities associated w ith aldrin, and  cleft palate and 
webbed foot w ith dieldrin. O f 66 abnorm al mouse 
foetuses, 53 had only one anomaly. M ouse foetuses 
with one or more malform ations in the aldrin-, diel
drin- and  endrin-treated groups, respectively, com 
prised 33, 17 and 5% of total live foetuses, com pared 
w ith 22, 33 and 28% in ham sters given the same 
treatm ents on day 8.

The results indicate that, in hamsters, day 8 is the 
period of greatest sensitivity. The frequent association 
of webbed foot and  open eye w ith low foetal weight 
suggests that these structural effects may merely be 
a reflection of growth retardation.

2 8 3 7 .  C h l o r i n a t e d  p e s t i c i d e s  t h r o u g h  t h e  g e n e r a t i o n s

Adams, M ildred, Coon, F. B. & Poling, C. E. (1974). 
Insecticides in the tissues of four generations of rats 
fed different dietary fats containing a  mixture of 
chlorinated hydrocarbon insecticides. J. agric . F d  
Chem. 22, 69.
Carnio, J. S. &  M cQueen, D. J. (1973). Adverse effects 
of 15 ppm  of p.p'-DDT on  three generations of 
Japanese quail. C an. J. Z oo l. 5 1 ,  1307.

M ost long-term feeding studies o f D D T  and other
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c h l o r i n a t e d  h y d r o c a r b o n  i n s e c t i c i d e s  h a v e  t e n d e d  t o  

c o n c e n t r a t e  o n  t h e  p o s s i b l e  c a r c i n o g e n i c i t y  o f  s u c h  
c o m p o u n d s  ( C ite d  in F .C .T .  1 9 7 4 , 1 2 ,  7 6 4 )  r a t h e r  t h a n  
o n  t h e i r  p o s s i b l e  e f f e c t s  o n  r e p r o d u c t i v e  p e r f o r m a n c e  

a n d  t h e  h e a l t h  o f  s u c c e s s iv e  g e n e r a t i o n s .
T h e  f i r s t  p a p e r  c i t e d  a b o v e  d e s c r i b e s  a  f o u r - g e n e r 

a t i o n  e x p e r i m e n t .  R a t s  w e r e  f e d  f r o m  w e a n i n g  o n  
a  n u t r i t i o n a l l y  a d e q u a t e  d i e t ,  2 0 %  o f  w h i c h  ( 3 8 %  o n  
a  c a l o r i e  b a s i s )  c o n s i s t e d  o f  c o t t o n s e e d  o i l ,  l a r d ,  s o y a 
b e a n  o i l  o r  h y d r o g e n a t e d  v e g e t a b l e - o i l  s h o r t e n i n g ,  o r  
h e a t e d  s a m p l e s  o f  o n e  o f  t h e  f i r s t  t w o ,  a n d  w h i c h  

c o n t a i n e d  i n  e a c h  c a s e  a  m i x t u r e  o f  D D T ,  D D E ,  
D D D ,  B H C ,  l i n d a n e ,  d i e l d r i n ,  h e p t a c h l o r  e p o x i d e ,  
m e t h o x y c h l o r  a n d  P e r t h a n e .  C o n t r o l  g r o u p s  w e r e  
g i v e n  t h e  v a r i o u s  d i e t a r y  f a t s  w i t h o u t  a d d e d  i n s e c t i 

c i d e .  A d u l t s  o f  t h e  F 0 , F !  a n d  F 2 g e n e r a t i o n s  w e r e  
k i l l e d  a f t e r  t h e  w e a n i n g  o f  t h e  s e c o n d  l i t t e r  a n d  F 3 
r a t s  1 2  w k  a f t e r  w e a n i n g ,  a n d  t i s s u e s  w e r e  t a k e n  f o r  

a n a l y s i s .  R e p r e s e n t a t i v e  w e a n l i n g s  f r o m  e a c h  g r o u p  
w e r e  a l s o  k i l l e d  f o r  t i s s u e  a n a l y s i s .

I n  t h e  c o n t r o l  g r o u p s ,  t h e  h i g h e s t  c o n c e n t r a t i o n s  
o f  D D T ,  D D E  a n d  D D D  w e r e  f o u n d  in  t h e  b o d y  
f a t  o f  a d u l t  r a t s  ( a t  l e v e l s  o f  0 -3 7 , 0 4 8  a n d  0 3 0  p p m ,  
r e s p e c t i v e l y ) ,  a n d  o t h e r  t i s s u e s  g e n e r a l l y  c o n t a i n e d  

l e s s  t h a n  0  1 0  p p m  o f  r e s i d u e s .  R a t s  f e d  t h e  i n s e c t i c i d e  
m i x t u r e  i n  u n h e a t e d  o r  h e a t e d  f a t s  s h o w e d  h i g h e r  

b o d y - f a t  c o n c e n t r a t i o n s  o f  D D T ,  D D E  a n d  D D D  
i n  t h e  F ,  t h a n  i n  t h e  F 0 g e n e r a t i o n ,  b u t  i n  g e n e r a l  
g e n e r a t i o n  d i f f e r e n c e s  w e r e  s m a l l  a n d  s h o w e d  n o  c o n 
t i n u i n g  i n c r e a s e  w i t h  s u c c e e d i n g  g e n e r a t i o n s .  I n 
c r e a s e d  l e v e l s  o f  D D T ,  D D E ,  D D D  a n d  d i e l d r i n  ( b u t  

n o t  B H C  a n d  l i n d a n e )  w e r e  s t o r e d  i n  t h e  l i v e r s  a n d  

c a r c a s s e s  o f  w e a n l i n g s  i n  t h e  i n s e c t i c i d e - f e d  g r o u p s  
a n d  t h e r e  w a s  s o m e  i n c r e a s e  i n  t h e  l e v e l s  o f  t h e  D D T -  
t y p e  c o m p o u n d s  a n d  d i e l d r i n  i n  t h e  a d u l t  l i v e r s ,  b u t  
a g a i n  t h e r e  w a s  n o  e v i d e n c e  o f  p e r s i s t e n t  e n h a n c e 
m e n t  t h r o u g h  s u c c e s s iv e  g e n e r a t i o n s .  D e t e c t a b l e  

l e v e l s  o f  m e t h o x y c h l o r  a n d  P e r t h a n e  w e r e  n o t  f o u n d  
i n  t h e s e  t i s s u e s ,  b u t  m e a s u r a b l e  l e v e l s  o f  l i n d a n e ,  
B H C  a n d  h e p t a c h l o r  e p o x i d e s  w e r e  f o u n d  i n  t h e  b o d y  

f a t  o f  s o m e  t r e a t e d  r a t s .  T h e  t i s s u e  c o n c e n t r a t i o n s  
o f  t h e  c o m p o u n d s  a p p e a r e d  t o  b e  l i t t l e  a f f e c t e d  b y  
t h e  t y p e  o f  f a t  u s e d  a s  t h e  v e h i c l e ,  e x c e p t  i n  t h e  

c a s e  o f  d i e l d r i n ,  h i g h e r  t i s s u e  c o n c e n t r a t i o n s  o f  w h i c h  
o c c u r r e d  i n  t h e  F ,  g e n e r a t i o n  w i t h  t h e  c o t t o n s e e d - o i l  
d i e t  t h a n  w i t h  t h e  o t h e r  f a ts .

T h e  s e c o n d  p a p e r  c i t e d  c o n c e r n s  t h e  a d m i n i s t r a t i o n  
o f  15  p p m  p , p '- D D T  i n  t h e  d i e t  t o  J a p a n e s e  q u a i l  
(C o tu rn ix  c o tu rn ix )  o v e r  t h r e e  g e n e r a t i o n s .  T h e  f i r s t ,  
F 0) g e n e r a t i o n  w a s  f e d  t h e  t e s t  o r  c o n t r o l  d i e t  f r o m  
t h e  a g e  o f  6 0  d a y s ,  f r o m  w h i c h  t i m e  t h e y  w e r e  a l l o w e d  
t o  l a y  e g g s  f o r  a  5 0 - d a y  p e r i o d ,  t h o s e  l a i d  b e t w e e n  
d a y s  3 7  a n d  5 0  b e i n g  i n c u b a t e d  a n d  h a t c h e d .  T h e  
r e s u l t i n g  F ; g e n e r a t i o n  w a s  f e d  t h e  p a r e n t a l  d i e t  f r o m  
b i r t h ,  m a t e d  a t  d a y  6 0  a n d  a l l o w e d  t o  p r o d u c e  e g g s  

f o r  1 1 0  d a y s ,  t h e  F 2 g e n e r a t i o n  b e i n g  h a t c h e d  f r o m

e g g s  l a i d  n e a r  t h e  e n d  o f  t h i s  p e r i o d .  B e t w e e n  t h e  
f i r s t  a n d  t h i r d  g e n e r a t i o n s ,  e g g  p r o d u c t i o n  d i m i n i s h e d  

s l i g h t l y ,  f e r t i l i t y  a n d  p e r c e n t a g e  f e r t i l i t y  d e c l i n e d  s u b 
s t a n t i a l l y ,  a n d  t h e  p r o d u c t i o n  o f  a b n o r m a l  ( s h e l l - l e s s  
a n d  t h i n - s h e l l e d )  e g g s  a n d  e g g s  w i t h  a n  e n h a n c e d  

D D T  c o n t e n t  i n c r e a s e d .  B y  t h e  F 2 g e n e r a t i o n ,  a b n o r 

m a l  e g g s  c o n s t i t u t e d  2 3 - 3 %  o f  t h e  t o t a l  e g g  p r o d u c 
t i o n .  T h e r e  w a s  a  b u i l d - u p  o f  b o t h  p , p ' - D D T  a n d  
D D D  o v e r  s u c c e s s iv e  q u a i l - c h i c k  g e n e r a t i o n s ,  t h e  
r e s i d u e  l e v e l s  i n  t h e  F 2- g e n e r a t i o n  e g g s  b e i n g  s ig n i f i 

c a n t l y  h i g h e r  t h a n  t h o s e  f r o m  t h e  F 0 g e n e r a t i o n .

T h e s e  t w o  p a p e r s  s u g g e s t  t h e  p o s s i b i l i t y  o f  a  s u c 
c e s s iv e  b u i l d - u p  o f  i n s e c t i c i d e  r e s i d u e s  i n  s o m e  a n i m a l  

s p e c i e s  t h o u g h  n o t  i n  o t h e r s ,  d i f f e r e n c e s  p r o b a b l y  
b e i n g  d e t e r m i n e d  b y  m e t a b o l i c  c o n s i d e r a t i o n s .

2838. Mutagenic action o f ethylene thiourea in bac
teria

S e i l e r ,  J .  P .  (1 9 7 4 ) .  E t h y l e n e t h i o u r e a  ( E T U ) ,  a  c a r c i n o 
g e n i c  a n d  m u t a g e n i c  m e t a b o l i t e  o f  e t h y l e n e b i s - d i t h i o -  
c a r b a m a t e .  M u ta tio n  R es.  2 6 ,  1 8 9 .

E t h y l e n e b i s ( d i t h i o c a r b a m a t e )  f u n g i c i d e s  g iv e  r i s e  t o  

e t h y l e n e  t h i o u r e a  ( E T U )  a s  a  m e t a b o l i t e  i n  m a m m a l s  
( L y m a n ,  i n  P es tic id e  Term inal R esid u es,  e d i t e d  b y  A . 
S . T a h o r i ,  B u t t e r w o r t h s ,  L o n d o n ,  1 9 7 1 )  a n d  a s  a  

d e c o m p o s i t i o n  p r o d u c t  o f  c e r t a i n  c o o k i n g  p r o c e d u r e s  
(C ite d  in F .C .T .  1 9 7 4 , 1 2 ,  7 7 9 ) . E T U  h a s  b e e n  s h o w n  

t o  p r o d u c e  h e p a t o m a s  in  m i c e  a n d  t h y r o i d  h y p e r 

p l a s i a  a n d  t h y r o i d  c a n c e r  i n  r a t s ,  a n d  t o  b e  t e r a t o 
g e n i c  i n  r a t s  ( ib id  1 9 7 3 , 11, 7 0 2 ;  ib id  1 9 7 4 , 12, 2 8 2 ) .  
E v i d e n c e  o f  i t s  m u t a g e n i c i t y  i s  t h e r e f o r e  n o t  p a r t i c u 
l a r l y  s u r p r i s i n g .

S e i l e r  ( c i t e d  a b o v e )  h a s  c o m p a r e d  t h e  m u t a g e n i c i t y  
o f  E T U  w i t h  t h a t  o f  r e l a t e d  u r e a  a n d  t h i o u r e a  d e r i v a 

t i v e s  i n  t h e  ‘h i s  G - 4 6 ’ s t r a i n  o f  Sa lm o n ella  typ h im u riu m  
g r o w n  in  a g a r - t r y p t o n e  c u l t u r e .  A m i n o p u r i n e ,  u s e d  

a s  a  p o s i t i v e  c o n t r o l ,  h a d  a  r e l a t i v e  m u t a g e n i c  a c t i v i t y  

o f  >  3 0  ( t h e  i n c i d e n c e  o f  s p o n t a n e o u s  r e v e r s i o n s  b e i n g  
r e p r e s e n t e d  a s  1-0). C o m p a r e d  w i t h  t h i s ,  t h e  i n d i c e s  
f o r  c o m p a r a b l e  c o n c e n t r a t i o n s  o f  E T U  (2 -5 ), A - e t h y l -  
t h i o u r e a  (2  0 ), t h i o u r e a  ( 1 0 ) ,  p r o p y l e n e u r e a  (1 -0 ), N -  
e t h y l u r e a  (1 -0 )  a n d  e t h y l e n e u r e a  (0 -9 )  s h o w  E T U ,  w i t h  

a  f a i r l y  w e a k — b u t  s i g n i f i c a n t — le v e l  o f  m u t a g e n i c  
a c t i v i t y ,  c l e a r l y  i n  t h e  l e a d  i n  r e l a t i o n  t o  t h e  o t h e r  
c o m p o u n d s  t e s t e d .

I n v e s t i g a t i o n  o f  t h e  d o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  
E T U  i n d i c a t e d  t h a t  w h e r e a s  E T U  in  c o n c e n t r a t i o n s  
o f  1 0 0 - 1 0 0 0  p p m  e x h i b i t e d  s i g n i f i c a n t  m u t a g e n i c  a c t i 
v i t y  i n  S. typh im urium ,  h i g h e r  c o n c e n t r a t i o n s  ( s u c h  a s
2 5 ,0 0 0  p p m )  k i l l e d  o t h e r w i s e  v i a b l e  b a t e r i a  a n d  s o  
m a s k e d  a n y  m u t a g e n i c  e f f e c t .  T h e  o v e r t  m u t a g e n i c  
e f f e c t  o f  1 0 ,0 0 0  p p m  E T U  w a s  s t i l l  s i g n i f i c a n t  b u t  
w a s  w e a k e r  t h a n  t h a t  o f  1 0 0 0  p p m ,  t h e  r e l a t i v e  m u t a 
g e n i c  a c t i v i t y  b e i n g  o n l y  1-6 i n s t e a d  o f  2 -5 .

P R O C E S S I N G  A N D  P A C K A G I N G  C O N T A M I N A N T S

2839. The biochemical effects o f phthalate esters

D a n i e l ,  J .  W .  &  B r a t t ,  H .  (1 9 7 4 ) .  T h e  a b s o r p t i o n ,  
m e t a b o l i s m  a n d  t i s s u e  d i s t r i b u t i o n  o f  d i ( 2 - e t h y l h e x y l )  
p h t h a l a t e  i n  r a t s .  T o x ico lo g y  2 ,  5 1 .
S t e i n ,  M .  S .,  C a a s i ,  P r i s c i l l a  I .  &  N a i r ,  P .  P .  ( 1 9 7 4 ) .

I n f l u e n c e  o f  d i e t a r y  f a t  a n d  d i - 2 - e t h y l h e x y l  p h t h a l a t e  
o n  t i s s u e  l i p i d s  i n  r a t s .  J . N u tr .  104, 1 8 7 .

M u c h  i n t e r e s t  h a s  c e n t r e d  r e c e n t l y  o n  p h t h a l a t e  
e s t e r s ,  p a r t i c u l a r l y  t h o s e  u s e d  w i d e l y  a s  p l a s t i c i z e r s ,  
a n d  t h i s  h a s  b e e n  r e f l e c t e d  i n  t h e  n u m b e r  o f  p a p e r s  
c o n c e r n e d  w i t h  t h e i r  t o x i c i t y  a n d  e n v i r o n m e n t a l
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occurrence. A ttention has also been paid  to various 
aspects o f their m etabolism and biochemical reacti
vity (Cited in F.C.T. 1975, 13, 146; Rowland. Fd Cos- 
met. Toxicol. 1974, 12, 293).

The first paper cited above describes the fate of 
14C-labelled di-(2-ethylhexyl) phthalate ([14C ]D E H P) 
given to rats in single oral doses and  by repeated 
daily feeding. After a single dose of 2-9 mg 
[ 14C ]D E H P/kg , 42% of the radioactivity was 
excreted in the urine and  57% in the faeces w ithin 
7 days, some 14% being excreted by way of the bile. 
W hen the anim als were fed 1000 ppm  unlabelled 
D E H P daily for 7 days prior to receiving the dose 
of [ 14C ]D E H P, the 4-day totals for urinary, faecal 
and biliary excretion of radioactivity accounted, re
spectively, for 57, 38 and 9% of the adm inistered 
dose. In rats fed a diet containing 1000 ppm  
[ 14C ]D E H P  continuously for up to 35 days, 14C 
activity in the liver attained w ithin about 1 wk the 
equivalent of 40-50 ppm  D EH P, while the level in 
the abdom inal fat reached 7-9 ppm  within 2 wk. 
After daily feeding of 5000 ppm  [ 14C ]D E H P, equilib
rium levels in liver and  fat were reached by days
9-14 and averaged about 120 and  80 ppm  respect
ively. Brain contained 2-3 ppm  and  heart 15-20 ppm  
D EH P. In rats m aintained on this diet for 49 days 
and then given norm al diet, liver radioactivity de
clined with a half-life o f 1-2 days while that in fat 
declined rather m ore slowly. D uring wk 1 of feeding 
with 5000 ppm  [ 14C ]D E H P, the relative liver weight 
rose to some 50% above norm al and thereafter 
rem ained constant throughout treatm ent, reverting to 
norm al 1 wk after the end o f the feeding period. 
Electron microscopy of the liver revealed only a  slight 
increase in sm ooth endoplasmic reticulum. After five 
daily doses of 500 mg D EH P/kg, hexobarbitone sleep
ing time was reduced in male and female rats by 
39 and 34% respectively. Intravenous infusion of

[ 14C ]D E H P  was followed by its rapid disappearance 
from the blood and retention of 60-70% of the dose 
of radioactivity in the liver and lung during the first 
2 hr; a subsequent fall o f some 50% occurred in 
the concentration in these organs during the next 
22 hr. D uring this time, 32-58% of the 14C activity 
was recovered from the urine and 20-38% from the 
faeces. Studies on the metabolic products o f orally 
adm inistered D E H P present in the fat, liver and urine 
identified the main m etabolites as the acid, alcohol 
and  ketone resulting from to -  and (co-l)-oxidation 
o f mono-(2-ethylhexyl) phthalate, itself the product 
o f D E H P hydrolysis by pancreatic lipase, and thus 
supported and extended other recent studies (Cited 
in F.C.T. 1975, 13, 146).

The second paper cited describes the feeding to 
rats o f a fat-free diet supplemented w ith either 0T% 
D E H P or 4% stripped lard, or both, for 44 days. 
D E H P feeding increased liver weight whether or not 
fat was given at the same time. In the absence of 
fat, D E H P caused a slight but not statistically signifi
cant reduction in body-weight gain, whereas when 
fat and D E H P v/ere fed simultaneously, the growth- 
prom oting effect o f the fat appeared to be potentiated. 
A similar interaction between dietary fat and D EH P 
was indicated in the recorded weights of the epididy- 
mal fat pad. Accumulation of D E H P was evident 
in the heart and epididymal fat pad, but no t in the 
liver (presumably because o f metabolism) bu t when 
fat was given together with D EH P the total lipid 
content of the liver was increased.

This study suggests that while the independent 
effects o f D E H P and dietary fat tend to be antagonis
tic, the two materials are capable of interacting when 
consum ed simultaneously, so tha t dietary D EH P 
should be considered as having a potential influence 
on lipid metabolism.

T H E  C H EM ICA L EN V IR O N M E N T

2840. Life with nickel

Schroeder, H. A., M itchener, M arian  & Nason, A. 
P. (1974). Life-term effects of nickel in rats: Survival, 
tum ors, interactions w ith trace elements and  tissue 
levels. J. Nutr. 104, 239.

It has been suggested that nickel (Ni) may be an 
essential elem ent for young anim als (Cited in F.C.T. 
1972, 10, 595). The paper cited above describes the 
results o f the life-time adm inistration of 5 ppm  Ni 
in the drinking-water o f 104 rats from weaning until 
their natural death 2 -4  yr later. At the same time, 
possible interactions between Ni and other essential 
metals were studied. The drinking-water o f both  the 
N i-treated rats and  the controls also contained 50 
ppm  zinc (Zn), 10 ppm  manganese (Mn), 5 ppm  cop
per (Cu), 5 ppm  chrom ium  (Cr), 1 ppm  cobalt and 
1 ppm  molybdenum.

C onsum ption of Ni increased grow th rates in the 
early part o f the study bu t did not affect survival, 
longevity, the incidence of tum ours, o r the frequency 
of occurrence o f specific pathological lesions. It in
creased the concentrations of Cr in the heart and 
spleen and of M n in the kidneys, and  decreased the

Zn concentration in the lung, the M n concentration 
in the spleen and the Cu concentrations in both of 
these organs. There was no evidence of any tissue 
accum ulation of Ni. N o effect was observed on the 
uric acid concentration in serum. Three findings in 
this study consistent with the concept o f N i as an 
essential trace metal in rats were its enhancem ent 
o f growth, its lack of toxicity and its failure to  ac
cumulate in tissues, bu t these indirect indications can
not be said to establish the essentiality o f the metal.

2841. Dealing with inorganic tin

Hiles, R. A. (1974). A bsorption, distribution and 
excretion of inorganic tin in rats. Toxic, appl. Phar- 
mac. 27, 366.

The biological fate of tin (Sn) after single oral, 
multiple oral and single iv doses of stannous (Sn") 
and  stannic (Snlv) fluoride, Sn" and Sn,v citrate and 
Sn" pyrophosphate (Sn2P20 7) was studied in rats by 
adm inistration of com pounds labelled with 113Sn. 
After single oral doses, equivalent to 2 0 mg Sn/kg, 
98-6-99-7% of the label was recovered in the faeces, 
with 1% or less appearing in the urine. The small
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am ounts of 1I3Sn retained in the body 4 8 hr after 
dosing were mainly in the liver, kidneys and skeleton. 
W ith Sn" com pounds significantly more il3 Sn 
appeared in the urine and tissues than with Sn,v. 
D istribution did not differ significantly between fluor
ide and citrate compounds, bu t w ith pyrophosphate 
there were lower concentrations of 113Sn in the urine 
and  m ost tissues than with the corresponding fluoride 
or citrate. After injection of 2 mg Sn/kg iv as Sn" 
or Snlv citrate, some 30% of the dose of radioactivity 
was excreted in the urine. Biliary excretion accounted 
for 11% of Sn" but for none of the Snlv. After daily 
oral dosage for 28 days, the average percentage of 
the dose absorbed was less than that from a single 
oral dose, bu t bone showed an increased n 3 Sn ac
cum ulation roughly proportional to the increased 
level of exposure. The calculated half-life o f 113Sn 
in bone was 20-40 days. Foetuses from rats given 
Sn orally throughout gestation showed no significant 
concentration of the metal.

T hus the low toxicological hazard of tin in inor
ganic forms can be attributed  to its low absorption, 
low tissue accum ulation and rapid turnover in the 
tissues.

2 8 4 2 .  C o m p l i c a t i n g  t h e  r e t e n t i o n  p i c t u r e  o f  i n s p i r e d  

v a p o u r s

Egle, J. L., Jr. (1973). Retention of inhaled acetone 
and  am m onia in the dog. Am. ind. Hyg. Ass. J. 3 4 ,  

533.
The absorption and  excretion of acetone in man 

and  dogs exposed to considerable atm ospheric con
centrations (100-1000 ppm) of the vapour have been 
described (Cited in F.C.T. 1975, 1 3 ,  151). Since in 
smaller concentrations both acetone and am m onia 
feature with aldehydes am ong the constituents of the 
gaseous phase of tobacco smoke, a study of the poss
ible interaction between these com pounds is o f inter
est. It has been estim ated tha t the vapour phase of 
cigarette smoke contains some 42 p g  acetone and 
12 g g  am m onia in each 40-ml puff.

Dogs under pentobarbitone anaesthesia were 
allowed spontaneously to inhale air containing ace
tone (0-36-0-80 /rg/ml), am m onia (0-15-0-50 /rg/ml), 
acetone plus acetaldehyde (0-50 and 0-40-0-70 pg/m\, 
respectively) o r am m onia plus acetaldehyde (0-40 and 
0-40-0-70 /rg/'ml, respectively). The uptake of acetone 
by the whole respiratory tract was around  52%, while 
tha t of am m onia was some 25% higher. In both lower 
and upper respiratory tracts the retention of am m onia 
was greater than that of acetone when each was in
haled alone. A t all the ventilatory rates studied (5-40/ 
min), the retention of acetaldehyde was increased by 
addition of acetone; bu t w ith the simultaneous inha
lation of am m onia, acetaldehyde retention decreased 
a t lower and increased a t higher respiratory rates.

The m oral of these findings is that when several 
different com pounds are inhaled a t the same time, 
retention of one of them  may be altered by the pres
ence of another.

2 8 4 3 .  A c r y l a m i d e  n e u r o p a t h y  r e v e a l e d

Thom ann, P., Koella, W. P., Krinke, G., Peterm ann,
H., Zak, F. & Hess, R. (1974). The assessment of 
peripheral neurotoxicity in dogs: C om parative studies

with acrylamide and clioquinol. Agents & Actions 4 ,  

47.
M onom eric acrylamide has been shown to cause 

peripheral neuropathy in man (Cited in F.C.T. 1971, 
9, 912) and various anim al species, including the rat 
(ibid 1974, 1 2 ,  579). The paper cited above provides 
details o f its effect in beagles and the results o f a  
com parative study on clioquinol (iodochloro-8-hyd- 
roxyquinoline) in the same species are presented as 
evidence that clioquinol offers no significant hazard 
o f peripheral neuropathy.

Two groups of dogs were fed acrylamide in gelatin 
capsules on 7 days/wk in daily doses of 5 mg/kg 
for 60 days or 15 mg/kg for 22 days. Animals on 
the lower dose showed signs of sedation, jaw-muscle 
weakness and ataxia after the first 3 wk. Those on 
the higher dose showed in addition mydriasis (pupil 
dilation), conjunctivitis, salivation, laboured breath
ing, spasticity and stiffness of the hind limbs, muscle 
twitching and  convulsions. Tow ards the end of the 
treatm ent period their appetite and general condition 
were poor. Hyperreflexia of stretch reflexes persisted 
for 10 days after w ithdrawal of the higher dose, but 
were norm al after a 30-day recovery period. Im pair
m ent o f nerve function was dem onstrated in the 
saphenous nerve after the high-level dosing, conduc
tion velocity being most reduced w ith less m arked 
changes in chronaxy and the absolute refractory 
period. Only the latter param eter was affected in dogs 
given 5 mg/kg/day. At autopsy, the dogs given 15 
mg/kg/day showed a  suppurative lobular pheumonia, 
which resolved to  some extent in those kept alive 
for 30 days after cessation of treatm ent. F rag
m entation and  swelling of the myelin sheaths and  
axons of peripheral nerves were associated with both 
levels of treatm ent. These lesions were m ost m arked 
in those dogs on the higher dose level allowed the 
longest recovery period but were not evident in those 
killed immediately on term ination o f the high-level 
dosing. Distal branches of the sciatic nerve were 
generally more severely affected than were proximal 
branches.

In contrast, clioquinol adm inistered similarly in 
capsules in doses of 30, 100 or 200 m g/kg/day for 
12 m onths produced no significant neurological ab 
norm alities o f function or structure.

2 8 4 4 .  S u p p o r t  f o r  b i t h io n o l

Powell, H. C. & Lam pert. P. W. (1974). Bithionol: 
A possible substitute for hexachlorophene. Pediatrics, 
Springfield 5 2 ,  859.

The possibility that the topical application of 
strong preparations of hexachlorophene (H CP) to 
young infants soon after birth may lead to damage 
to the central nervous system has been widely dis
cussed (Cited in F.C.T. 1974, 12, 563). The present 
report considers an alternative antibacterial believed 
not to have the same adverse effects.

The central nervous lesion produced by H C P is 
a type of cerebral oedema characterized by separation 
of myelin lamellae and resulting vacuolation of the 
myelin sheath (ibid 1974, 12, 564). Bithionol (BI), 
another antibacterial agent, was investigated to deter
mine whether it was capable of producing these 
lesions in adult mice. This study was undertaken in
itially because anim als poisoned with cuprizone and
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isonicotinic acid have been found to have nervous- 
tissue lesions similar to those caused by H C P, and 
the com m on factor between all these three chemicals 
and  BI is their ability to chelate copper. Three groups 
of ten adu lt female Swiss-Webster mice were given 
1000 ppm  H C P  or 1000 or 2000 ppm  BI in the 
diet for 2 wk, and  were then decapitated. Brains were 
fixed in glutaraldehyde and examined microscopi
cally.

A reduction in body weight, lethargy and hind-limb 
paresis were noted in the group receiving H C P, and 
the characteristic spongiform changes in the brain 
tissue occurred. N o such effects were observed in the 
B l-treated groups, so tha t no support was obtained 
for an  association between this type of cerebral lesion 
and  a  com pound’s copper-chelating properties. On 
the basis o f the negative findings, however, the 
authors recom m end tha t BI should be considered for 
use as a substitute for H C P  under certain clinical 
conditions. Brief m ention is given to the photosensit
izing properties of BI [the severity o f which resulted 
in an FD A  ban on its use in cosmetics (Code of 
Federal Regulations, Title 21, C hapter I, Sec. 3.60)] 
and  it is suggested that: “Future topical use would 
require preparations incorporating photoprotective 
agents, and shielding of patients from sensitizing light 
sources”.

[Are we now to believe tha t infants should spend 
their first days o f life hidden from the light? This 
aspect apart, the study reported  here does no t seem 
in itself to be comprehensive enough or to augm ent 
previous knowledge sufficiently to justify a recom 
m endation for the possible use of bithionol as a re
placement for hexachlorophene.]

2845. Ethylene oxide cyclic tetramer and spermato
genesis

Leong, B. K. J., Ts’o, T. O. T. & Chenoweth, M.
B. (1974). Testicular atrophy  from inhalation o f ethyl
ene oxide cyclic tetram er. Toxic, appl. P harm ac. 27, 
342.

The cyclic tetram er of ethylene oxide (1,4,7,10- 
tetraoxacyclododecane; EO C T) has metal-chelating 
properties, which are reflected in its industrial use. 
Prelim inary observations in ra ts exposed to EO C T 
levels in air between 1-2 and 63-8 ppm  for 6hr/day  
for up to 8 days showed tha t inhalation led to 
extreme anorexia, loss o f weight, debility, hindquarter 
incoordination, testicular atrophy, auditory  hyper
sensitivity, trem ors and  convulsions and  sometimes 
death. Survivors recovered slowly from all the effects 
except the testicular atrophy, w hich persisted for 4 
m onths and prom pted the further investigations de
scribed in this paper.

M ale Sprague-D aw ley rats were exposed to 0-5 
or 1-0 ppm  E O C T  vapour for 7 hr daily on 5 days/wk 
for 3 wk. In both  groups, m arked testicular atrophy 
and  degeneration of the germ inal epithelium occurred 
and  the a trophy  persisted for 4 m onths after cessation 
of exposure. D uring this time the rats showed norm al 
sexual activity bu t rem ained sterile. Exam ination im
mediately after EO C T exposure revealed atrophy of 
the prostate gland and seminal vesicles, bu t the 
appearance and  size of these organs reverted tow ards 
norm al during the following 2-3 wk. Injection of tes
tosterone in daily ip doses of 10 mg/kg for 1 wk

before and  throughout the EO C T exposure effectively 
prevented the atrophy of the prostate and seminal 
vesicles bu t no t tha t o f the testes. In addition to 
these effects, 1 ppm  EO C T depressed conditioned 
behavioural responses and food and water consum p
tion, retarded grow th and induced tremors. W ith the 
0-5 ppm  exposure such effects were milder, and in 
both cases they were reversible.

It seems likely tha t the effect o f EO C T on the 
testes involves the chelation of trace metals, such as 
zinc and manganese, which are essential for sperm ato
genesis, bu t this is a t present an unproven hypothesis.

2846. Haloether formation from formaldehyde not a 
working problem

Kallos, G. J. & Solomon, R. A. (1973). Investigations 
of the form ation of bis-chloromethyl ether in sim u
lated hydrogen chloride-formaldehyde atm ospheric 
environments. Am . ind. H yg . Ass. J. 34, 469.

The reported carcinogenicity of bis-chloromethyl 
ether (BCME) in ra ts and  mice has raised the urgent 
question of w hether hazardous concentrations of 
BCM E can be formed by interaction between formal
dehyde (H CH G ) and  hydrogen chloride (HC1) in 
m oist air in working environments (C ite d  in F .C .T. 
1974, 12, 552). Using a method o f BCM E determ ina
tion which was Doth specific for this ether and  sensi
tive to a limit o f 0T ppb (b =  109) for a  sample 
of 15 litres o f air, the authors o f the paper cited 
above studied the vapour-phase reaction between 
H C H O  and HC1 a t different concentrations in glass 
or plastics (Saran) containers a t room  tem perature.

The com bination of H C H O  and HC1 in con
centrations above their threshold lim it values (e.g. 
of 100 o r 200 ppm  of each) in a 22-litre glass flask 
o r a 10-litre plastics bag a t a  relative hum idity of 
40-60% did not produce detectable levels o f BCM E 
during periods exceeding 14 hr. W ith concentrations 
o f 500-3000 ppm  of each com pound, BCM E con
centrations of only a few ppb resulted from a similarly 
prolonged reaction. These findings indicate tha t the 
reaction between H C H O  and  HC1 does not present 
health problem s to  w orkers in chemical plants, since 
even a t concentrations beyond those which can be 
tolerated by man, these com pounds do no t produce 
significant quantities o f BCME.

2847. A look back at chloromethyl methyl ether

Beavers, E. M. (1974). Lung cancer in chloromethyl 
methyl ether workers. N e w  Engl. J. M e d . 290, 971.

In an article published during last year (C ite d  in 
F .C .T . 1974, 12, 551), brief reference was made to 
a paper by Figueroa e t  al. (N ew  E ngl. J . M e d . 1973, 
288, 1096), whc reported a roughly eightfold enhance
m ent o f lung-cancer incidence am ong men exposed 
to chloromethyl methyl ether (CM M E) a t a  chemical 
plant.

This assessment has since been disputed in the let
ter cited above, in which a representative of the com 
pany concerned claims that the data  used were inade
quate and  in many cases inaccurate. I t is stated that 
many m ore w orkers were exposed to C M M E in the 
p lan t than  was originally indicated and  th a t statistical 
analysis o f the data up to the end of 1970 shows 
no significant difference in lung-cancer incidence

F.C .T. 13/3— G
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b e t w e e n  e m p l o y e e s  a t  t h e  p l a n t  a n d  P h i l a d e l p h i a  r e s i 
d e n t s  a s  a  w h o l e  i n  a n y  a g e  g r o u p  e x c e p t  i n  t h a t  
c o v e r i n g  4 5 - 5 4  y r .  I n  t h i s  g r o u p  t h e  i n c i d e n c e  w a s  
h i g h e r  a m o n g  t h e  p l a n t  w o r k e r s ,  b u t  t h e  i n c r e a s e  
o v e r  t h e  g e n e r a l  p o p u l a t i o n  w a s  s a i d  t o  h a v e  b e e n  
r o u g h l y  c o n s t a n t  t h r o u g h o u t  t h e  p e r i o d  1 9 5 4 - 1 9 7 0 ,  

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

o f  e x p o s u r e  t o  C M M E  b e f o r e  1 9 6 0 . A l l  t h e  d e a t h s  
f r o m  l u n g  c a n c e r  i n  t h a t  g r o u p  w e r e  s t a t e d  t o  h a v e  
o c c u r r e d  in  h e a v y  s m o k e r s  l i v i n g  in  h e a v i l y  i n d u s t r i a 

l i z e d  a r e a s  o f  t h e  c i t y .
T h e s e  a r g u m e n t s  a r e ,  i n  t u r n ,  l a r g e l y  r e j e c t e d  b y  

t h e  o r i g i n a l  g r o u p  ( F i g u e r o a  &  W e i s s ,  N e w  E ngl.
J .  M e d .  1 9 7 4 ,  2 9 0 ,  9 7 2 ) ,  s o  t h a t  t h e  q u e s t i o n  c a n n o t  
b e  c o n s i d e r e d  s e t t l e d .  I t  s e e m s ,  h o w e v e r ,  t h a t  t h e  
s t a t e m e n t  r e p o r t e d  in  o u r  p r e v i o u s  a r t i c l e  s h o u l d  n o t  

b e  a c c e p t e d  w i t h o u t  r e s e r v a t i o n .

2848. Teratogenic studies on chloroform

T h o m p s o n .  D .  J „  W a r n e r ,  S . D .  &  R o b i n s o n ,  V . B .

(1 9 7 4 ) .  T e r a t o l o g y  s t u d i e s  o n  o r a l l y  a d m i n i s t e r e d  
c h l o r o f o r m  in  t h e  r a t  a n d  r a b b i t .  T oxic, appl. P har-  
mac. 29, 3 4 8 .
S c h w e t z ,  B . A .,  L e o n g ,  B . K .  J .  &  G e h r i n g ,  P .  J .
(1 9 7 4 ) .  E m b r y o -  a n d  f e t o t o x i c i t y  o f  i n h a l e d  c h l o r o 
f o r m  in  r a t s .  T oxic, appl. P h a rm a c . 2 8 ,  4 4 2 .

B e c a u s e  c h l o r o f o r m  i s  w i d e l y  u s e d  a s  a n  i n d u s t r i a l  
s o l v e n t  a n d  c h e m i c a l  i n t e r m e d i a t e  a n d  w a s  a t  o n e  
t i m e  a n  i m p o r t a n t  i n h a l a t i o n  a n a e s t h e t i c ,  s t u d i e s  o f  

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

t r a t i o n .  N e v e r t h e l e s s ,  c h l o r o f o r m  is  u s e d  i n  v a r i o u s  
o r a l  m e d i c a t i o n s ,  o f t e n  a s  a  p r e s e r v a t i v e ,  a n d  s o m e  
s t u d i e s  o n  t h e  e f f e c t s  o f  o r a l  i n g e s t i o n  h a v e  b e e n  
p u b l i s h e d .  A c u t e  o r a l  L D 50 v a l u e s  in  t h e  r e g i o n  o f  

1 g / k g  h a v e  b e e n  r e p o r t e d  ( K i m u r a  e t al. T o x ic ,  
appl. P harm ac .  1 9 7 1 , 19, 6 9 9 ) ,  f o r  e x a m p l e ,  a n d  t h e  
r e l a t i o n s h i p  b e t w e e n  d i e t  a n d  t h e  o r a l  t o x i c i t y  o f  
c h l o r o f o r m  h a s  b e e n  s t u d i e d  ( M c L e a n .  Br. J .  exp . 
P a th .  1 9 7 0 , 51, 3 1 7 ;  M c L e a n  &  M c L e a n .  B r. ined. 
Bull. 1 9 6 9 . 25, 2 7 8 ) .

T h e  e f f e c t  o f  o r a l l y  a d m i n i s t e r e d  c h l o r o f o r m  o n  
e m b r y o n i c  a n d  f o e t a l  d e v e l o p m e n t  i n  t h e  r a t  a n d  

r a b b i t  h a s  n o w  b e e n  r e p o r t e d  ( f i r s t  p a p e r  c i t e d  a b o v e ) .  
R a t s  w e r e  g i v e n  t o t a l  d o s e s  o f  0 . 2 0 .  5 0  o r  1 2 6  m g / k g /  

d a y  in  c o r n  c i l  o n  d a y s  6 - 1 5  o f  g e s t a t i o n  a n d  r a b b i t s  
r e c e i v e d  0 , 2 3 ,  3 5  o r  5 0  m g / k g / d a y  i n  c o r n  o i l  o n  
d a y s  6 - 1 8 .  D o s e s  w e r e  g i v e n  b y  g a v a g e ,  t h e  t o t a l  
d a i l y  d o s e  f o r  t h e  r a t s  b e i n g  a d m i n i s t e r e d  in  t w o  
e q u a l  a m o u n t s  g i v e n  a b o u t  7  h r  a p a r t .  I n  b o t h  s p e c i e s ,  
t h e  h i g h e r  d o s a g e  l e v e l s  c a u s e d  o v e r t  s i g n s  o f  t o x i c i t y  
i n  t h e  a d u l t  i n c l u d i n g  a  r e d u c t i o n  i n  f o o d  c o n s u m p 
t i o n  a n d  b o d y  w e i g h t  a n d  s o m e  e v i d e n c e  o f  h e p a t o -  
t o x i c i t y .  M o r e o v e r ,  a  r e d u c t i o n  in  f o e t a l  w e i g h t s  in  
l i t t e r s  f r o m  r a t s  g i v e n  1 2 6  m g / k g / d a y  a n d  in  t h o s e  
f r o m  r a b b i t s  g i v e n  2 0  o r  5 0  m g / k g / d a y  w a s  i n d i c a t i v e  
o f  s o m e  d e g r e e  o f  f o e t o t o x i c i t y .  H o w e v e r ,  n o n e  o f  
t h e  d o s e  l e v e l s  a d m i n i s t e r e d  w a s  e m b r y o c i d a l  o r  t e r a 
t o g e n i c  in  e i t h e r  s p e c ie s .

T h i s  f i n d i n g  c o n t r a s t e d  w i t h  t h e  r e s u l t s  o f  a  s t u d y  
( s e c o n d  p a p e r  c i t e d  a b o v e )  i n  w h i c h  r a t s  w e r e  e x p o s e d  
t o  a n  a t m o s p h e r e  c o n t a i n i n g  3 0 .  1 0 0  o r  3 0 0  p p m  

c h l o r o f o r m  f o r  7 h r / d a y  o n  d a y s  6 - 1 5  o f  g e s t a t i o n .  
E x p o s u r e  t o  c h l o r o f o r m  in  t h i s  w a y  s h o w e d  s o m e  
m a t e r n a l  t o x i c i t y ,  p a r t i c u l a r l y  a t  t h e  h i g h e s t  le v e l ,

b u t  t h e  e v i d e n c e  o f  e m b r y o -  a n d  f o e t o t o x i c i t y  w a s  

m u c h  m o r e  s t r i k i n g .  E x p o s u r e  t o  3 0 0  p p m  c a u s e d  
a  s i g n i f i c a n t  i n c r e a s e  i n  t h e  i n c i d e n c e  o f  f o e t a l  r e s o r p 
t i o n s .  a  d e c r e a s e  i n  f o e t a l  w e i g h t  a n d  l e n g t h  a n d  a  

r e d u c t i o n  i n  c o n c e p t i o n  r a t e  ( 1 5 %  c o m p a r e d  w i t h  
8 8 %  in  c o n t r o l s ) .  T h e  i n c i d e n c e  o f  r e s o r p t i o n s  w a s  

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

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

b e  c o n s i d e r e d  a s  i n d i c a t o r s  o f  r e t a r d e d  f o e t a l  d e v e l o p 
m e n t .  I n  a d d i t i o n ,  a c t u a l  m a l f o r m a t i o n s  ( a c a u d i a  a n d  

i m p e r f o r a t e  a n u s )  w e r e  f o u n d  i n  t h r e e  o f  t h e  2 3  l i t t e r s  

p r o d u c e d  b y  r a t s  e x p o s e d  t o  1 0 0  p p m  c h l o r o f o r m  
b u t  d i d  n o t  o c c u r  i n  o t h e r  g r o u p s .

I n h a l e d  c h l o r o f o r m ,  w h i l e  s h o w i n g  o n l y  s l i g h t  e v i 

d e n c e  o f  t e r a t o g e n i c i t y  w a s  t h u s  s h o w n  t o  b e  m a r k 
e d l y  e m b r y o t o x i c ,  w h e r e a s  t h e  e f f e c t  o f  c h l o r o f o r m  
a d m i n i s t e r e d  o r a l l y  w a s  l i m i t e d  t o  a  m i l d  f o e t o t o x i 

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

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

2849. The fate of inhaled methylchloroform

E b e n ,  A n n e l i e s e  &  K i m m e r l e ,  G .  (1 9 7 4 ) .  M e t a b o l i s m ,  

e x c r e t i o n  a n d  t o x i c o l o g y  o f  m e t h y l c h l o r o f o r m  in  
a c u t e  a n d  s u b a c u t e  e x p o s e d  r a t s .  A rch . T ox .  31, 2 3 3 .

M e t h y l c h l o r o f o r m  ( 1 , 1 , 1 - t r i c h l o r o e t h a n e ;  M C )  is  

k n o w n  t o  h a v e  s o m e  n e u r o l o g i c a l  e f f e c t s  i n  m a n  
(C ite d  in F .C .T .  1 9 7 2 , 10, 2 7 3 )  a l t h o u g h  i t  i s  w i d e l y  

u s e d  a s  a  r e l a t i v e l y  s a f e  a l t e r n a t i v e  t o  o t h e r  t r i c h l o r -  
i n a t e d  s o l v e n t s ,  s o  f u r t h e r  i n f o r m a t i o n  o n  i t s  f a t e  in  

t h e  b o d y  d o e s  n o t  c o m e  a m i s s .  T h e  p a p e r  c i t e d  a b o v e  

d e s c r i b e s  e f f e c t s  o f  e x p o s i n g  r a t s  t o  a n  a t m o s p h e r e  
c o n t a i n i n g  2 2 0  o r  4 4 0  p p m  M C  f o r  4  h r .  U r i n e  s a m 
p l e s  w e r e  c o l l e c t e d  o v e r  t h e  f o l l o w i n g  3 - 4  d a y s  f o r  

d e t e r m i n a t i o n  o f  t r i c h l o r o e t h a n o l  ( T C E )  a n d  t r i 
c h l o r o a c e t i c  a c i d  ( T C A ) .  A  f u r t h e r  g r o u p  o f  r a t s  w a s  
e x p o s e d  t o  2 0 4  p p m  M C  f o r  8  h r  d a i l y  f o r  5  d a y s / w k  

f o r  3  m o n t h s ,  a n d  s i m i l a r  u r i n e  a n a l y s e s  a n d  c e r t a i n  
o t h e r  d e t e r m i n a t i o n s  w e r e  c a r r i e d  o u t .

I n  m o s t  a n i m a l s  e x p o s e d  t o  2 2 0  o r  4 4 0  p p m  M C ,  

m o s t  o f  t h e  T C E  p r o d u c e d  a p p e a r e d  i n  t h e  u r i n e  
w i t h i n  2 4  h r .  E x c r e t i o n  o f  b o t h  T C E  a n d  T C A  w a s  

a p p r o x i m a t e l y  d o s e - d e p e n d e n t .  I n  t h e  s u b a c u t e  t r i a l ,  

u r i n a r y  l e v e l s  o f  T C E  i n c r e a s e d  c o n t i n u o u s l y  t o  a  
m a x i m u m  b e t w e e n  d a y s  5 5  a n d  6 5  a n d  d e c r e a s e d  
t h e r e a f t e r .  T C A  c o n c e n t r a t i o n  in  t h e  u r i n e  r o s e  t o  
a b o u t  2 0  j i g / 2 4  h r  w i t h i n  t h e  f i r s t  fe w  d a y s  a n d  t h e n  
r e m a i n e d  f a i r l y  c o n s t a n t .  M e a n  T C E  e x c r e t i o n  r o s e  
f r o m  a b o u t  9 3  p g /2 4  h r  i n  w k  1 t o  4 3 5  p g /2 4  h r  i n  

w k  10 , w i t h  t h e  d a i l y  T C A  e x c r e t i o n  v a r y i n g  f r o m
1 2 - 2 0  p g . W i t h  i n c r e a s i n g  T C E  c o n c e n t r a t i o n s  i n  t h e  
u r i n e ,  t h e  T C E : T C A  r a t i o  r o s e  f r o m  4 -6  e a r l y  i n  t h e  
t r i a l  t o  1 5 - 2 0  l a t e r .  I n  t h e  b l o o d ,  l e v e l s  o f  M C  a n d  

T C E  r e m a i n e d  a l m o s t  c o n s t a n t  t h r o u g h o u t  t h e  s t u d y  
a n d  c h l o r a l  h y d r a t e  c o u l d  n o t  b e  d e t e c t e d .  N o  M C  
w a s  d e t e c t e d  i n  t h e  f a t ,  b r a i n ,  l i v e r ,  k i d n e y s ,  h e a r t  
o r  s p l e e n .  D u r i n g  t h e  e x p o s u r e  p e r i o d  n o  b e h a v i o u r a l  

d i f f e r e n c e s  a n d  n o  d i f f e r e n c e s  f r o m  c o n t r o l s  i n  r e s p e c t  
o f  a p p e a r a n c e  a n d  b o d y - w e i g h t  g a i n  w e r e  o b s e r v e d .  
H a e m a t o l o g y ,  t e s t s  f o r  h e p a t i c  a n d  r e n a l  f u n c t i o n  a n d  
b l o o d - g l u c o s e  l e v e l s  r e m a i n e d  n o r m a l .  A t  a u t o p s y  n o  
h i s t o l o g i c a l  l e s i o n s  w e r e  f o u n d .

T h i s  s t u d y  t h u s  l e n d s  s u p p o r t  t o  p r e v i o u s  i n d i c a 
t i o n s  o f  t h e  r e l a t i v e l y  i n n o c u o u s  n a t u r e  o f  M C  u n d e r
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the types o f condition in which it is m ost likely to 
be used as an industrial solvent.

2 8 5 0 .  M B K - i n d u c e d  p o l y n e u r o p a t h y

Mendell, J. R., Saida, K., Ganansia, M. F., Jackson,
D. B., Weiss, H., G ardier, R. W., Chrisman, C., Allen,
N., Couri, D., O ’Neill, J., M arks, B. & H etland, L. 
(1974). Toxic polyneuropathy produced by methyl N - 
butyl ketone. Science, N.Y. 1 8 5 ,  787.

Further inform ation is now available on the sug
gested association between industrial exposure to 
methyl «-butyl ketone (M BK) and  the development 
o f peripheral neuropathy, a com m ent on  which 
appeared in a recent issue (Cited in F.C.T. 1975, 1 3 , 
290).

Following the diagnosis (in June 1973) of a 
polyneuropathy in a w orker from a p lan t m anufactur
ing plastics-coated and  colour-printed fabrics, an 
extensive screening program m e covering 1161 
workers a t the p lant revealed clinical evidence of 
polyneuropathy in 79 and  abnorm al electrom yograms 
in 182. Severely affected individuals showed distal 
muscle weakness and loss o f deep tendon reflexes 
in both upper and lower extremities, while sensory 
im pairm ent involved loss o f sensitivity to superficial 
pain, tem perature change, light touch and  vibrations 
in the feet and  fingers. There were strong indications 
that these conditions were associated w ith exposure 
to M BK, which had been used as a dye solvent and 
cleaning agent in the p lan t since the latter half of 
1972. N o cases of polyneuropathy occurred before 
December 1972, and  attack  rates seemed to correlate 
with factory areas o f high M B K  usage and increasing 
hours of exposure.

Small groups of chickens, rats and cats were there
fore exposed for 24 hr/day on  7 days/wk to an M BK - 
contam inated atm osphere. Chicks were exposed in
itially to 200 ppm  and rats and cats to  600 ppm, 
but these levels were subsequently reduced to 100 
and 400 ppm  respectively, to minimize complications 
from inanition and weight loss. All the exposed an i
mals developed peripheral neuropathy, overt signs of 
m uscular weakness appearing a t wk 4-5 of treatm ent 
in chicks, a t wk 5-8 in cats and a t wk 11-12 in 
rats. A bnorm al electrom yograms were obtained in 
cats from wk 4-6, the main findings being those seen 
also in the w orkers studied, namely positive waves, 
slowing of nerve conduction velocity and  fibrillation 
potentials. The histological changes were similar in 
all three species and consisted o f focal, often abrupt, 
axonal swelling surrounded by an abnorm ally thin 
myelin sheath, located either along the nerve fibre 
o r close to the nodes of Ranvier. N ear the latter 
points were demyelinated areas of varying length, and 
changes in the axons (accum ulation of neurofilaments 
and loss of neurotubules) occurred a t the sites of 
axonal swelling. Some areas of myelin denudation 
were found w ithout any associated axonal swelling.

So far it has not been possible to com pare these 
histological findings w ith those in nerve biopsy m ater
ial from the affected workers, bu t they resemble the 
changes associated with certain other forms of 
polyneuropathy. M oreover, it has been calculated 
tha t the num ber o f hours o f exposure preceding the 
developm ent o f clinical neuropathy was closely com 
parable in the w orkers and experimental animals, and

the clinical signs of neuropathy and the m ajor electro
myographic abnorm alities were similar in the men 
and animals.

The authors o f this paper question whether the 
recom mended threshold limit value of 100 ppm  for 
M BK  provides an adequate margin of safety.

2 8 5 1 .  M o r e  f a v o u r a b l e  d a t a  o n  h y d r o g e n a t e d  t e r -  
p h e n y l s

Adamson, I. Y. R. & Furlong, Judith  M. (1974). The 
fate o f inhalec and ingested tritiated terphenyls in 
mice. Archs emir. Hlth 28, 155.

Previous experiments have shown that HB-40, a 
hydrogenated rerphenyl mixture used as a  nuclear- 
reactor coolan:, is toxic after ingestion only in very 
heavy doses unlikely to be encountered in practice 
(Cited in F.C.T. 1974, 1 2 ,  794). Inhalation of con
centrations well above those encountered in industrial 
atm ospheres has been shown in mice to be offset 
by cell renewal in the lung and  adapta tion  in the 
liver (ibid 1974, 1 2 ,  284).

The w ork cited above was designed to study the 
tissue deposition and clearance of tritiated HB-40 fol
lowing its inhalation or ingestion by mice. N o ac
cum ulation of radioactivity from an HB-40 aerosol 
containing particle sizes ranging from 1 to 20 p 
occurred after five successive daily 4- o r 7-hr expo
sures o f the anim als to an aerosol concentration of 
2 x 10“ 3 g/litre in air. Im mediately after the inhala
tion periods, radioactivity in the gut was significantly 
increased, but it returned to the control value by 
the next day. N o significant changes could be detected 
in liver or kidney scintillation counts, and  lung counts 
were only slightly and  transitorily increased. Peak 
incorporation of labelled m aterial into gut, liver and 
kidney occurred 4-5 hr after ingestion of HB-40 and 
had fallen considerably w ithin 24 hr. After lw k , no 
significant radioactivity could be detected in these 
organs. A utoradiographic studies 4 -6  hr after inges
tion indicated a low tissue uptake of HB-40, with 
random  distribution in the gut'epithelium , a diffuse 
scatter throughout the liver cells and a  distribution 
in the kidney directed tow ards the tubules ra ther than 
the glomeruli. The latter finding ties in w ith the 
occurrence of tubular necrosis following prolonged 
experimental ingestion of terphenyl coolants (ibid 
1974, 1 2 ,  794). N o excess o f activity over background 
levels was detectable by autoradiography after 24 hr.

Thus the picture of HB-40 rem ains one of a com 
pound of low toxicity which does not rem ain long 
in the body after inhalation o r ingestion.

2 8 5 2 .  D e r m a t i t i s  f r o m  s t e a r y l  a l c o h o l  a n d  p r o p y l e n e  

g ly c o l

Shore, R. N. &  Shelley, W. B. (1974). C ontact derm a
titis from stearyl alcohol and propylene glycol in fluo- 
cinonide cream. Archs Derm. 1 0 9 ,  397.

Stearyl alcohol has been im plicated in the occa
sional case of contact derm atitis (Cited in F.C.T. 1970, 
8, 239), and  propylene glycol, widely used as a solvent 
o f very low toxicity, has been shown to produce a 
minimal degree of direct irritation when applied to 
the skin of rabbits, piglets and m an (ibid 1973, 1 1 , 

346).
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In a case now reported, these two com pounds were 
ingredients of a cream  preparation  of the anti-inflam 
m atory corticosteroid, fluocinonide. Despite the pres
ence of this corticosteroid, a severe contact derm atitis 
developed in a young w om an who was being treated 
for linear scleroderma by daily topical application 
of the fluocinonide cream in conjunction, after a time, 
w ith Saran-film occlusion of the treated areas at 
night. She developed reactions only a t the sites that 
were occluded, no response being seen when treat
m ent was restricted to open application. Closed-patch 
tests with the cream  form ulation were strongly posi
tive, but tests with a fluocinonide ointm ent were nega
tive. T reatm ent was continued w ith this ointm ent 
w ithout ill effect. Patch  testing w ith ingredients of 
the cream  showed that the patient was sensitive to 
both comm ercial stearyl alcohol and propylene gly
col. Since the latter was present in both  the cream 
and ointm ent, further tests were carried ou t and these 
indicated tha t the effect of propylene glycol was one 
of prim ary irritancy, which occurred w ith the 60% 
level in the cream or with a 10% concentration in 
w ater bu t not w ith the 5-7% present in the ointment. 
High-grade stearyl alcohol did not produce a positive 
patch-test reaction but the com ponent o f commerical 
stearyl alcohol responsible for the derm atitis was not 
isolated. Among the 3-7% im purities in the com m er
cial material were oleyl, palmityl and other alcohols, 
together with bound solvent, such as acetone, petro
leum ether or thiophene. Tests with the cream  base 
alone produced a stronger positive reaction than 
those with the formulated product, thus confirming 
the ability o f fluocinonide to m oderate the inflam ma
tion, although it could not mask the m arked allergic 
reaction to the stearyl alcohol impurities when this 
was enhanced by the propylene glycol irritation and 
the increased skin absorption prom oted by occlusion.

2 8 5 3 .  T o x i c o l o g y  o f  t r i e t h y l e n e  g ly c o l  d i n i t r a t e

Andersen, M. E. & Mehl, R. G. (1973). A com parison 
of the toxicology of triethylene glycol dinitrate and 
propylene glycol dinitrate. A m . ind . H y g .  Ass. J .  3 4 ,  
526.

Ethylene glycol dinitrate, used in antifreeze dyna
mite, has been reported to cause sudden fatal circula
tory collapse of workers in m anufacturing plants. 
Propylene glycol dinitrate (PG D N ) has been sug
gested as a safer replacement, although it is liable 
to produce severe debilitating headache, vasodila
tation, hypotension and methaemoglobinaem ia ( C ite d  
in  F .C .T . 1970, 8 ,  111; ib id  1973, 1 1 ,  1152). The toxi
city of another dinitrate, triethylene glycol dinitrate 
(TEG D N ) has now been studied and com pared with 
that of PG D N . Both com pounds were stabilized with 
an inert diluent of low volatility and tested by various 
routes in rats, guinea-pigs, rabbits and mice as well 
as in v i tr o  on isolated rat phrenic nerve-diaphragm  
preparations.

The ip 24-hr L D 50s of T E G D N  and PG D N , re
spectively, in males were 945 and 1047 mg/kg for 
mice, 700 and 402 mg/kg for guinea-pigs and 796 
and 479 mg/kg for rats, while the oral and sc L D 50s 
of the two com pounds in rats were 1000 and 250 
mg/kg and 2520 and 530 mg/kg respectively. Both 
dinitrates caused methaemoglobinaem ia, but 
T E G D N  acted less rapidly than PG D N . Lethal doses

of P G D N  produced ataxia, lethargy, respiratory 
depression and severe m ethaemoglobinaem ia. Lethal 
doses of T E G D N  caused, in addition, trem or and 
excessive sensitivity to auditory and tactile stimuli. 
Terminal m ethaemoglobin levels in these rats were 
30-40% after T E G D N  treatm ent and 70-85% after 
PG D N . Rats surviving an ip L D 50 of either com 
pound were examined for changes in plasma-enzyme 
activities. T E G D N  produced sustained increases in 
all the enzymes studied (aspartate aminotransferase, 
lactic dehydrogenase, creatine kinase and alkaline 
phosphatase), whereas P G D N  produced m oderate in
creases only in the last two of these.

In the nerve-muscle preparation, concentrations 
above 1-5 mM -TEGDN blocked nerve-stimulated con
traction bu t did not affect the response to direct 
stim ulation of the muscle. Daily dermal applications 
of either com pound in a dose of 21 mmols/kg for
2 -3  wk were largely fatal to rabbits, the mean time 
to death being 16-17 days in both cases. However, 
the PG D N -treated  rabbits gained weight during 
treatm ent and appeared norm al until ju s t before 
death, whereas those given T E G D N  lost about 20% 
of their starting weight during treatm ent. A study 
of food consum ption in guinea-pigs given T E G D N  
in ip doses of 100-400 m g/kg/day for 15 days indi
cated that even the lowest dose reduced food intake 
and retarded weight gain to some extent, while the 
higher doses had a more m arked effect.

2 8 5 4 .  A n o t h e r  h a z a r d  o f  g lu e  s n if f in g

Taher, S. M., Anderson, R. J., M cCartney, R., 
Popovtzer, M. M . & Schrier, R. W. (1974). Renal 
tubular acidosis associated with toluene “sniffing” . 
N e w  E n g l. J .  M e d .  2 9 0 ,  765.

We recently reported two cases of polyneuropathy 
in young men who had taken to sniffing hexane- 
toluene vapours from a plastics-bonding glue (C i te d  
in F .C .T . 1975, 1 3 ,  157). The present paper describes 
two further cases involving toluene sniffing and  show
ing a previously unrecorded complication.

O ne subject, a 23-yr-old Mexican, was adm itted 
to hospital with generalized paralysis following 
toluene sniffing. S tandard biochemical studies showed 
a reduced level o f serum potassium, and treatm ent 
w ith 400 mequiv potassium  chloride over 36 hr res
tored norm al muscle strength. H ypokalaem ia and 
hyperchloraem ic metabolic acidosis were found on 
the occasion of subsequent admissions for muscle 
weakness after toluene sniffing. O n each occasion, 
potassium  replacem ent produced a dram atic restor
ation of muscle strength and correction of the serum- 
electrolyte balance. A similar hypokalaemic acidosis 
was found in a 20-yr-old American Indian girl who 
initially reported because of nausea after sniffing aero
sol paint containing 60-4% toluene for 3-5 days. 
T reatm ent w ith potassium  chloride again led to re
covery. Re-evaluation of both subjects after a symp
tom-free, non-sniffing period showed norm al clinical 
values.

Kidney involvement has not previously been asso
ciated to any significant extent w ith toluene inhala
tion. M icroscopic pyuria, haem aturia and proteinuria 
have been noted in some toluene sniffers, bu t others 
engaged in this pursuit have been found to have nor
mal urinary sediments. However, it is possible that 
some cases may have been complicated by the abuse
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o f  o t h e r  s o l v e n t s .  I n  t h e  t w o  c a s e s  n o w  r e p o r t e d ,  

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

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

f r o m  i m p a i r m e n t  o f  r e n a l  t u b u l a r  a c i d i f i c a t i o n .  T h e  
b i o c h e m i c a l  i n v e s t i g a t i o n s  c a r r i e d  o u t  b y  t h e s e  
a u t h o r s  s u g g e s t e d  t h a t  t o l u e n e  a f f e c t s  t h e  g e n e r a t i o n  
o f  a  h y d r o g e n - i o n  g r a d i e n t  b y  t h e  d i s t a l  t u b u l e  l e a d 

i n g  t o  c l a s s i c  ( t y p e  I )  r e n a l  t u b u l a r  a c i d o s i s .  T h i s  
a p p e a r s  t o  b e  c o m p l e t e l y  r e v e r s i b l e  w h e n  t o l u e n e  

s n i f f i n g  t e r m i n a t e s ,  a n d  n o  a f t e r - e f f e c t s  h a v e  b e e n  
o b s e r v e d .

U n f o r t u n a t e l y ,  s i n c e  p r e v i o u s  r e p o r t s  o f  t o l u e n e  i n 
t o x i c a t i o n  h a v e  n o t  i n c l u d e d  m e a s u r e m e n t  o f  s e r u m  
e l e c t r o l y t e s  a n d  u r i n a r y  a c i d i f i c a t i o n  i n  a n i m a l s  o r  

m a n ,  i t  i s  n o t  p o s s i b l e  t o  d e t e r m i n e  t h e  e x t e n t  t o  
w h i c h  t h i s  c o m p l i c a t i o n  o c c u r s .  T h e  i n c r e a s i n g  in c i 

d e n c e  o f  t o l u e n e  a b u s e  m a y  l e a d  t o  t h e  m o r e  f r e q u e n t  
o b s e r v a t i o n  o f  t h i s  s y n d r o m e  in  t h e  f u t u r e .

2855. N o chromosome hazard from spray adhesives

C e r v e n k a .  J .  &  T h o r n .  H a t t i e  L .  ( 1 9 7 4 ) .  C h r o m o 

s o m e s  a n d  s p r a y  a d h e s i v e s .  N e w  Engl. J . M e d .  290, 
5 4 3 .

A l t h o u g h  t h e  b a n  o n  s a l e s  o f  s p r a y - a d h e s i v e  p r o 

d u c t s  i m p o s e d  b y  t h e  U S  F e d e r a l  C o n s u m e r  P r o d u c t  
S a f e t y  C o m m i s s i o n  in  A u g u s t  1 9 7 3  ( F ed era l R eg is te r  
1 9 7 3 , 38, 2 2 5 6 9 ,  2 3 3 5 5  &  2 5 2 1 6 )  w a s  s u b s e q u e n t l y  

w i t h d r a w n  (ib id  1 9 7 4 ,  39, 3 5 8 2 ) ,  t h e  c o n c e r n  t h e  b a n

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

w e r e  u n d e r t a k e n  t o  t e s t  t h e  v a l i d i t y  o f  t h e  o r i g i n a l  
a s u m p t i o n s .  T h e  r e s u l t s  o b t a i n e d  h a v e  p r o m p t e d  
m u c h  c r i t i c i s m  o f  t h e  b a s i s  f o r  t h e  b a n  a n d  h a v e  

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

o f  p o s s i b l e  g e n e t i c  h a z a r d  (C ite d  in F .C .T . 1 9 7 5 , 13, 
1 5 6 ).

T h e  a u t h o r s  c i t e d  a b o v e  s e l e c t e d  1 4  s u b j e c t s  w h o  
h a d  b e e n  e x p o s e d  t o  s p r a y  a d h e s i v e s  a l m o s t  d a i ly ,  
g e n e r a l l y  i n  t h e  c o u r s e  o f  t h e i r  w o r k ,  f o r  p e r i o d s  

r a n g i n g  f r o m  6  m o n t h s  t o  4  y r  a n d  w h o  h a d  b e e n  
in  c o n t a c t  w i t h  t h e  p r o d u c t s  t o  w i t h i n  3  w k  o f  t h e  
c y t o g e n e t i c  a n a l y s i s .  C h r o m o s o m e s  f r o m  p e r i p h e r a l  
b l o o d  s a m p l e s  f r o m  t h e s e  s u b j e c t s  w e r e  c o m p a r e d  

w i t h  t h o s e  f r o m  t e n  m a t c h e d  c o n t r o l s  w i t h o u t  a n y  
h i s t o r y  o f  e x p o s u r e  t o  s p r a y  a d h e s i v e s .  I n  t h e  t e s t  
s u b j e c t s  a  t o t a l  o f  3 4 2 1  m i t o s e s  s h o w e d  5 0  c h r o m a t i d  

a n d  i s o c h r o r r a t i d  b r e a k s ,  t h r e e  a c e n t r i c  f r a g m e n t s  
a n d  t w o  d i c e n t r i c  c h r o m o s o m e s ,  r e p r e s e n t i n g  a  1 -6 %  

i n c i d e n c e  o f  a b n o r m a l i t i e s .  T h e  h i g h e s t  i n c i d e n c e  w a s

3 -2 %  in  o n e  s u b j e c t ,  b u t  t h o s e  i n d i v i d u a l s  w i t h  a  
h i s t o r y  o f  h e a v i e s t  e x p o s u r e  s h o w e d  a n  i n c i d e n c e  o f  
n o  m o r e  t h a n  1 -3 %  b r e a k s .  I n  t h e  n o n - e x p o s e d  c o n 
t r o l s ,  a  t o t a l  o f  1 5 9 4  m e t a p h a s e s  s h o w e d  21  b r e a k s  

a n d  o n e  a c e n t r i c  f r a g m e n t  r e p r e s e n t i n g  a  1 -3 8 %  in c i 
d e n c e  o f  a b n o r m a l i t i e s .  T h e r e  w a s  t h e r e f o r e  n o  s ig n i f i 

c a n t  d i f f e r e n c e  b e t w e e n  e x p o s e d  a n d  c o n t r o l  s u b j e c t s  
i n  t h e  i n c i d e n c e  o f  c h r o m o s o m a l  a b n o r m a l i t i e s .

N A T U R A L  P R O D U C T S

2856. Identification of a bracken carcinogen

E v a n s ,  I .  A . &  O s m a n ,  M .  A .  (1 9 7 4 ) .  C a r c i n o g e n i c i t y  

o f  b r a c k e n  a n d  s h i k i m i c  a c i d .  N a tu re . L ond .  250, 
3 4 8 .

S h i k i m i c  a c i d  ( 3 . 4 .5 - t r i h y d r o x y - l - c y c l o h e x e n e - 1- 

c a r b o x y l i c  a c i d )  w a s  f i r s t  r e p o r t e d  a s  a  n a t u r a l l y  
o c c u r r i n g  c o m p o u n d  n e a r l y  9 0  y r  a g o ,  b u t  i t  w a s  

n o t  u n t i l  t h e  e a r l y  1 9 5 0 s  t h a t  i t  w a s  r e c o g n i z e d  a s  
a n  i m p o r t a n t  p l a n t  m e t a b o l i t e ,  p l a y i n g  a  m a j o r  r o l e  
i n  t h e  b i o s y n t h e s i s  o f  e s s e n t i a l  a r o m a t i c  a m i n o  a c i d s  
f r o m  g l u c o s e .  T h i s  a c i d  h a s  b e e n  i d e n t i f i e d  i n  a  l a r g e  

n u m b e r  o f  p l a n t  t i s s u e s  i n c l u d i n g  a p p l e s  a n d  w h e a t  
( B o h m ,  C hem . R ev .  1 9 6 5 , 65, 4 3 5 )  a n d  t h i s  w i d e s p r e a d  
c o m p o u n d  h a s  n o w  b e e n  i m p l i c a t e d  a s  o n e  o f  t h e  
c a r c i n o g e n i c  f a c t o r s  in  b r a c k e n .  W e  h a v e  p r e v i o u s l y  
r e p o r t e d  a t t e m p t s  t o  i s o l a t e  t h e  t u m o u r - i n d u c i n g  f r a c 
t i o n  o f  b r a c k e n ,  i n c l u d i n g  w o r k  b y  t h e  a u t h o r s  n a m e d  
a b o v e  a n d  t h e i r  c o l l e a g u e s  (C ite d  in F .C .T . 1 9 7 Z  10, 
6 0 3 ;  ib id  1 9 7 4 , 12, 2 8 5 ) .

T h e  p a p e r  c i t e d  d e s c r i b e s  t h e  e f f e c t s  o f  a d m i n i s t e r 

i n g  s h i k i m i c  a c i d  t o  m ic e .  T h e  m a i n  c o n s t i t u e n t  o f  
a  b r a c k e n  f r a c t i o n  w h i c h  g a v e  p o s i t i v e  r e s u l t s  in  
a s s a y s  f o r  a c u t e  t o x i c i t y ,  m u t a g e n i c i t y  a n d  c a r c i n o 
g e n i c i t y  i n  m i c e  w a s  s h o w n  b y  l o w - t e m p e r a t u r e  m a s s  
s p e c t r o m e t r y  t o  b e  s h i k i m i c  a c i d ,  a  c o m p o u n d  u n l i k e  
p r e v i o u s l y  i d e n t i f i e d  c h e m i c a l  c a r c i n o g e n s  i n  b o t h  i t s  

s t r u c t u r e  a n d  i t s  w i d e s p r e a d  d i s t r i b u t i o n .  B e c a u s e  
s h i k i m i c  a c i d  s e e m e d  a n  i m p r o b a b l e  c a r c i n o g e n ,  t h e  
m i n o r  c o n s t i t u e n t s  o f  t h e  f r a c t i o n  a l s o  r e c e i v e d  

a  c o n s i d e r a b l e  a m o u n t  o f  a t t e n t i o n .  H o w e v e r ,  
a d m i n i s t r a t i o n  o f  a  s in g l e  d o s e  o f  s h i k i m i c  a c i d  t o
1 0 - w k - o l d  m ic e ,  o r a l l y  o r  b y  i p  i n j e c t i o n ,  p r o d u c e d

c a n c e r o u s  o r  p r e c a n c e r o u s  l e s i o n s .  E i g h t  o u t  o f  13 
a n i m a l s  g i v e n  a  s i n g l e  d o s e  o f  1, 5 , 10 , 1 5  o r  2 0 m g  
i p  a n d  o n e  a n i m a l  g i v e n  1 0 0  m g  b y  g a v a g e  d e v e l o p e d  
G r a d e  I  o r  I I  n e o p l a s m s  o f  t h e  g a s t r i c  m u c o s a  o r  
r e t i c u l u m - c e l l  A  o r  B  l e u k a e m i a s .  T h e s e  a n i m a l s  d i e d  
2 4 - 6 0  w k  a f t e r  t r e a t m e n t .  N o  t u m o u r s  w e r e  f o u n d  
i n  f iv e  o t h e r  m i c e  t h a t  d i e d  5 2 - 6 8  w k  a f t e r  i p  t r e a t 
m e n t  o r  i n  5 7  c o n t r o l  m i c e  k i l l e d  a f t e r  c o m p a r a b l e  
p e r i o d s  o f  t im e .

I n  v ie w  o f  t h e s e  r e s u l t s  a  s t u d y  o f  d o m i n a n t  l e t h a l  
m u t a t i o n s  w a s  c a r r i e d  o u t .  G r o u p s  o f  f iv e  1 0 - w k - o l d  
m a l e  m i c e  ( w e i g h i n g  2 5 - 3 0 g )  w e r e  g i v e n  2 5  m g  s h i k i 
m i c  a c i d  i n  0 -5  m l  H , 0  ( a p p r o x i m a t e l y  e q u a l  t o  t h e  

L D 5)  i p ,  o r  8 0  m g  i n  0 -2  m l  H 2 0  b y  g a v a g e .  T e n  
c o n t r o l s  w e r e  g i v e n  0 -5  m l  n o r m a l  s a l i n e  i p .  I n  e a c h  
o f  t h e  8 w k  o f  t h e  s p e r m a t o g e n i c  c y c l e ,  t h e  m a l e s  
w e r e  m a t e d  w i t h  f o u r  v i r g i n  f e m a le s .  T w e l v e  d a y s  
a f t e r  m a t i n g ,  t h e  f e m a l e s  w e r e  k i l l e d  a n d  s c o r e d  f o r  
t o t a l  i m p l a n t a t i o n s ,  d e c i d u o m a s  a n d  l a t e  d e a t h s .  T h e  
n u m b e r s  o f  d e a d  i m p l a n t s  e x p r e s s e d  a s  a  p e r c e n t a g e  
o f  t o t a l  i m p l a n t s  ( t h e  M u t a g e n i c  I n d e x )  w a s  p l o t t e d  
a g a i n s t  t i m e  a f t e r  i n j e c t i o n  t o  i n d i c a t e  t h e  i n c i d e n c e  
o f  d o m i n a n t  l e t h a l  m u t a t i o n s .  O v e r  t h e  w h o l e  8  w k ,  
t h e  a v e r a g e  c o n t r o l  f i g u r e  w a s  4 -4 % , w h i l e  t h e  g r o u p  

g i v e n  s h i k i m i c  a c i d  o r a l l y  s h o w e d  a  p e a k  f i g u r e  o f
1 3 -6 %  a t  w k  7  a n d  t h e  f i g u r e s  f o r  t h e  i p - t r e a t e d  g r o u p  
w e r e  c o n s i s r e n t l y  h i g h  f r o m  w k  2  o n w a r d s ,  w i t h  a  
m a x i m u m  o f  2 2 -1 % . T h e  r e s u l t s  o b t a i n e d  f o r  s h i k i m i c  
a c i d  i n  t h i s  e x p e r i m e n t  w e r e  o f  t h e  o r d e r  o f  t h o s e  

o b t a i n e d  e l s e w h e r e  f o r  a f l a t o x i n  a n d  b e n z o [ a ] p y r e n e .  
F u r t h e r  w o r k  i s  b e i n g  c a r r i e d  o u t  o n  t h e  e f f e c t s  o f  
s m a l l  d a i l y  d o s e s  a n d  o n  t h e  r e s p o n s e  o f  o t h e r  e x p e r i 

m e n t a l  a n i m a l s .
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A  s e c o n d  f r a c t i o n  f r o m  b r a c k e n  h a s  b e e n  f o u n d  
t o  c o n t a i n  a n o t h e r  t u m o u r  i n d u c e r ,  m o r e  p o w e r f u l  

t h a n  s h i k i m i c  a c i d  a n d  c a p a b l e  o f  p r o d u c i n g  s q u a 
m o u s  c a r c i n o m a s  o f  t h e  f o r e s t o m a c h  a s  w e l l  a s  
t u m o u r s  o f  t h e  g l a n d u l a r  s t o m a c h  a f t e r  s i n g l e  d o s e s ,  

b u t  d e t a i l s  o f  t h i s  w o r k  h a v e  n o t  y e t  b e e n  p u b l i s h e d .  
T h i s  f r a c t i o n  h a s  a l s o  b e e n  s h o w n  t o  p r o d u c e  t h e  
s y n d r o m e  o f  a c u t e  b o v i n e  b r a c k e n  p o i s o n i n g .

2857. Abnormal metabolites o f the sweet potato

B o y d ,  M .  R ..  B u r k a ,  L .  T „  H a r r i s .  T .  M .  &  W i l s o n ,
B . J .  ( 1 9 7 4 ) .  L u n g - t o x i c  f u r a n o t e r p e n o i d s  p r o d u c e d  
b y  s w e e t  p o t a t o e s  (Ip o m o ea  b a ta ta s ) f o l l o w i n g  m i c r o 

b i a l  i n f e c t i o n .  B ioch im . b io p h ys . A c ta  3 3 7 ,  1 8 4 .
I n  1 9 7 2 , w e  r e p o r t e d  t h e  u n h a p p y  t a l e  o f  a n  u n 

u s u a l  l u n g  d i s o r d e r ,  w h i c h  c a u s e d  t h e  d e a t h  o f  6 9  

o f  a  h e r d  o f  2 7 5  H e r e f o r d  c a t t l e  a n d  f o l l o w e d  t h e  
c o n s u m p t i o n  o f  m o u l d y  s w e e t  p o t a t o e s  (C ite d  in
F .C .T .  1 9 7 2 , 10, 8 8 4 ) .  T h e  g r o u p  o f  w o r k e r s  w h o  

a t  t h a t  t i m e  c o n f i r m e d  t h e  c h e m i c a l  s t r u c t u r e  o f  i p o -  
m e a n o l — a  l u n g - o e d e m a  f a c t o r  p r o d u c e d  b y  i n f e c t i o n  
o f  s w e e t  p o t a t o  w i t h  F u sa riu m  ja va n ic u m — h a v e  s in c e  

e x t e n d e d  t h e i r  w o r k .
E x o g e n o u s  s t i m u l i  s u c h  a s  c h e m i c a l  i r r i t a t i o n ,  

f r e e z i n g  a n d  m i c r o b i a l  d i s e a s e  w i l l  c a u s e  s w e e t - p o t a t o  
r o o t s  t o  p r o d u c e  a n d  a c c u m u l a t e  “ a b n o r m a l ”  m e t a 
b o l i t e s ,  s o m e  o f  w h i c h  a r e  t o x i c  t o  a n i m a l s .  I t  is  

n o w  s u g g e s t e d  t h a t  f o u r  c l o s e l y  r e l a t e d  1 ,4 - d io x y -  
g e n a t e d  1 - ( 3 - f u r y l ( p e n t a n e s  c o m p r i s e  t h e  l u n g - o e d e m a  
f a c t o r  p r o d u c e d  b y  m o u l d - d a m a g e d  s w e e t  p o t a t o e s .  

T h e  c o m p o u n d s  a r e  4 - i p o m e a n o l  ( l - ( 3 - f u r y l ) - 4 - h y d -  
r o x y - l - p e n t a n o n e ;  4 - I P O ) ,  1 - i p o m e a n o l  (1  - ( 3 - f u r y l ) - 1 - 
h y d r o x y - 4 - p e n t a n o n e ;  1 - I P O ) ,  i p o m e a n i n e  ( l - ( 3 -  
f u r y l ) - l , 4 - p e n t a n e d i o n e ;  I P I )  a n d  1 , 4 - i p o m e a d i o l  ( 1 -  
( 3 - f t i r y l ) - l , 4 - p e n t a n e d i o i ;  I P D ) .

4 - I P O ,  1 - I P O .  I P I  a n d  I P D  h a v e  b e e n  s y n t h e s i z e d  
a n d  s p e c t r a l  a n d  p h y s i c a l  d a t a  h a v e  b e e n  o b t a i n e d .  
T h e  l u n g - o e d e m a  f a c t o r  w a s  p r o d u c e d  b y  i n c u b a t i o n  
o f  s w e e t - p o t a t o  s l i c e s  ( p r e v i o u s l y  d e c o n t a m i n a t e d  
w i t h  s o d i u m  h y p o c h l o r i t e )  w i t h  a  s u s p e n s i o n  o f  F .s o -  
lan i  f o r  6  d a y s  a t  2 2 ° C .  T h e  s l i c e s  w e r e  t h e n  f r o z e n  
a n d  g r o u n d  a n d  t h e  p o w d e r  w a s  e x t r a c t e d  w i t h  a c e 
t o n e  a n d  t h e n  e t h y l  e t h e r  t o  g iv e ,  o n  e v a p o r a t i o n ,  
6 -6  g  o i l y  r e s i d u e / k g  p o t a t o e s .  T h i n - l a y e r  a n d  c o l u m n  
c h r o m a t o g r a p h y  w e r e  c a r r i e d  o u t  o n  t h e  c r u d e  

e x t r a c t .  S i l y l  d e r i v a t i v e s  w e r e  p r e p a r e d  f o r  g a s  c h r o 
m a t o g r a p h y  a n d  u s e d  f o r  p u r i f i c a t i o n  b y  m e a n s  o f  
h i g h - p r e s s u r e  l i q u i d  c h r o m a t o g r a p h y .  C o m p a r i s o n  o f  
s p e c t r a l  a n d  p h y s i c a l  d a t a  w i t h  t h o s e  o f  s y n t h e s i z e d  
s a m p l e s  c o n f i r m e d  t h e  p r e s e n c e  o f  t h e  f o u r  c o m 
p o u n d s ,  i p o m e a n i n e  b e i n g  p r e s e n t  o n l y  i n  t r a c e s .

O r a l  o r  i p  a d m i n i s t r a t i o n  o f  a  fe w  m i l l i g r a m s  o f  
t h e  c r u d e  e x t r a c t  i n  a q u e o u s  p r o p y l e n e  g l y c o l  p r o 
d u c e d  m a r k e d  p u l m o n a r y  t o x i c i t y  i n  t h e  m o u s e ,  r a t ,  
g u i n e a - p i g  a n d  r a b b i t .  I n  m ic e ,  s i g n i f i c a n t  p a t h o l o g y  

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

h e p a t i c  a n d  r e n a l  n e c r o s i s .  P u l m o n a r y  r e s p o n s e s  i n 
d i s t i n g u i s h a b l e  f r o m  t h o s e  e v o k e d  b y  t h e  c r u d e  
e x t r a c t  w e r e  o b s e r v e d  in  m i c e  g i v e n  4 - I P O ,  1 - I P O ,  
I P I  a n d  I P D .  T h e  L D 50 v a l u e s  o f  t h e  f o u r  c o m 
p o u n d s  i n  m i c e  w e r e ,  r e s p e c t i v e l y ,  3 8 ,  7 9 ,  2 6  a n d  
1 0 4  m g / k g  o r a l l y ,  3 6 ,  4 9 ,  2 5  a n d  6 7  m g / k g  i p  a n d  

2 1 ,  3 4 ,  1 4  a n d  6 8  m g / k g  iv . T h e  a n i m a l s  s u f f e r e d  
i n c r e a s i n g  d y s p n o e a  b e f o r e  d e a t h ,  w h i c h  o c c u r r e d  
w i t h i n  6 - 2 4  h r .  a n d  t h e i r  l u n g s  s h o w e d  w i d e s p r e a d

i n t r a - a l v e o l a r  o e d e m a  a n d  v a s c u l a r  c o n g e s t i o n .  O c c a 

s i o n a l  a n i m a l s  s t i l l  s u r v i v i n g  a f t e r  3 - 5  d a y s  h a d  s o m e  
r e n a l  d a m a g e .

L i t t l e  i s  k n o w n  a b o u t  t h e  l o n g - t e r m  e f f e c t s  o f  t h i s  

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

c o n t a m i n a n t  o r  t h e  a n i m a l  i n g e s t i n g  t h e m .  T h e  
a u t h o r s  p o i n t  o u t  t h a t  t h e s e  t o x i c  f u r a n o t e r p e n o i d  
m e t a b o l i t e s  o f t e n  o c c u r  i n  s l i g h t l y  b l e m i s h e d  p o t a t o e s  
s o l d  f o r  h u m a n  c o n s u m p t i o n ,  a n d  a r e  n o t  d e s t r o y e d  
b y  n o r m a l  c o o k i n g  p r o c e d u r e s .  T h e r e f o r e ,  q u a n t i t a 

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

t o  a s s e s s  t h e  p o t e n t i a l  e f f e c t s  i n  m a n  o f  r e p e a t e d  

i n g e s t i o n  o f  l o w  l e v e l s  o f  t h e  t o x i n s  i n  t h e  d i e t .

2858. Tannic acid and fertility o f mice

P e a s l e e ,  M a r g a r e t  H .  &  E i n h e l l i g .  F .  A .  ( 1 9 7 3 ) .  

R e d u c e d  f e c u n d i t y  i n  m i c e  o n  t a n n i c  a c i d  d i e t .  C om p, 
gen . P harm ac .  4 ,  3 9 3 .

I n  v ie w  o f  d e m o n s t r a t i o n s  o f  t h e  d e p r e s s a n t  e f f e c t  

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

e x p e r i m e n t a l  a n i m a l  a n d  i t s  p o s t u l a t e d  i n t e r f e r e n c e  
w i t h  t h e  n e u r o s e c r e t o r y  a c t i v i t y  o f  t h e  h y p o t h a l a m u s  
(C ite d  in F .C .T .  1 9 7 1 , 9, 9 2 3 ;  P e a s l e e  &  E i n h e l l i g ,  

T oxic, appl. P harm ac .  1 9 7 3 , 2 5 ,  5 0 7 ) .  i t  i s  h a r d l y  s u r 
p r i s i n g  t h a t  s o m e  a t t e n t i o n  h a s  n o w  b e e n  d e v o t e d  

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

a c i d  o n  t h e  r e p r o d u c t i v e  c y c l e  i n  f e m a le s .
T h e  s t u d y  c i t e d  a b o v e  w a s  d e s i g n e d  t o  i n v e s t i g a t e  

f e r t i l i t y  i n  w h i t e  m i c e  f e d  a  d i e t  c o n t a i n i n g  8 %  t a n n i c  
a c i d  e i t h e r  f o r  9 - 1 1  w k  p r i o r  t o  b r e e d i n g  o r  c o n 
t i n u o u s l y  f r o m  w e a n i n g  a n d  t h r o u g h o u t  t h e  b r e e d i n g  

p e r i o d .  I n  t h e  f i r s t  c a s e ,  o n l y  t h e  f e m a l e s  w e r e  g i v e n  
t h e  t e s t  d i e t  a n d  t h e y  w e r e  m a t e d  w i t h  c o n t r o l  m a l e s  
k n o w n  t o  b e  f e r t i l e ,  w h i l e  i n  t h e  s e c o n d  e x p e r i m e n t  

b o t h  m a l e s  a n d  f e m a l e s  w e r e  f e d  t h e  t e s t  d i e t .  T r e a t 
m e n t  o f  f e m a l e s  p r i o r  t o  b r e e d i n g  h a d  n o  s i g n i f i c a n t  
e f f e c t s  o n  s u b s e q u e n t  l i t t e r  w e i g h t s  o r  s iz e ,  b u t  t h e r e  
a p p e a r e d  t o  b e  s o m e  l e n g t h e n i n g  o f  t h e  b r e e d i n g  c y c l e  
i n  t h e s e  m ic e .  A n i m a l s  f e d  t h e  d i e t  c o n t i n u o u s l y  p r o 
d u c e d  l i t t e r s  c o n t a i n i n g  f e w e r  a n d  s m a l l e r  p u p s  t h a n  

w e r e  f o u n d  in  c o n t r o l  l i t t e r s .  B o t h  f i r s t  a n d  s e c o n d  
l i t t e r s  f r o m  t r e a t e d  p a i r s  s h o w e d  a  s l o w e r  r a t e  o f  
w e i g h t  g a i n  t h a n  c o n t r o l s  a n d  t h e  f i r s t  l i t t e r s  h a d  
a  s i g n i f i c a n t l y  p o o r e r  s u r v i v a l  r a t e .  T h e  e x t e n s i o n  o f  
t h e  b r e e d i n g  c y c l e  i n  t h e s e  t r e a t e d  m ic e  w a s  m u c h  
m o r e  m a r k e d  t h a n  t h a t  r e c o r d e d  in  t h e  s h o r t e r  e x p e r 

i m e n t  a n d  t o g e t h e r  w i t h  t h e  r e d u c t i o n  in  l i t t e r  s iz e  
w a s  a t t r i b u t e d  t o  s o m e  d i s t u r b a n c e  in  h o r m o n a l  c o n 
t r o l  c a u s e d  b y  t h e  t a n n i c  a c i d  t r e a t m e n t .

2859. Toxins from mouldy rice

G l i n s u k o n ,  T . ,  Y u a a  S .  S ., W i g h t m a n ,  R .,  K i t a u r a .  
Y .,  B i ic h i ,  G . ,  S h a n k ,  R .  C . ,  W o g a n ,  G .  N .  &  C h r i s 

t e n s e n ,  C .  M .  (1 9 7 4 ) .  I s o l a t i o n  a n d  p u r i f i c a t i o n  o f  

c y t o c h a l a s i n  E  a n d  t w o  t r e m o r g e n s  f r o m  A s p e r g i l l u s  

c l a v a t u s .  PI. F d s fo r  M a n  1 , 1 1 3 .
S o m e  t i m e  a g o  (C ite d  in F .C .T . 1 9 7 2 , 10, 6 0 6 )  w e  

r e f e r r e d  t o  a  r e p o r t  t h a t  A sp e rg illu s  c la va tu s , i s o l a t e d  
f r o m  m o u l d y  b a r l e y ,  p r o d u c e d  a  n e u r o t o x i n  w h i c h  

c a u s e d  t r a n s i e n t  t r e m o r s  a n d  m o r e  p e r s i s t e n t  m u s c u 
l a r  i n c o o r d i n a t i o n  i n  m ic e .  T h e  f u n g u s  w a s  a l s o  a s s o 



Cosmetics, toiletries and household products 407

ciated w ith the developm ent o f hepatic and  pancreatic 
granulom a, w ith cloudy swelling, focal necrosis and 
regenerative metaplasia in the liver and with tubular 
degeneration and  cortical metaplasia in the kidney.

A.clavatus has since been isolated from mouldy 
glutinous rice, consum ption of which had been in
volved in cases o f fatal hum an illness in Thailand. 
The paper cited above reports the identification of 
three toxins from this isolate. Two o f the com pounds, 
injected ip into weanling rats in a dose of 500 mg/kg 
body weight, rapidly induced fine trem ors and  hyper
sensitivity (which persisted for 5 days), inhibited 
grow th and caused death  in abou t 8 days, but autopsy 
revealed no specific histopathology in any of the 
m ajor organs. The third toxin, known as cytochalasin 
E, was partially inactivated by heat and unstable at 
acid pH . I t induced ataxia and com a in rats and 
led to death, apparently  due to circulatory collapse, 
w ithin 2-18 hr according to the dose and route of 
adm inistration. An ip dose of 2-6 mg/kg caused severe

congestion of the liver, kidney, lung, spleen and intes
tine, lung haemorrhages, cerebral oedema and exces
sive accum ulation of peritoneal fluid.

Various toxins produced by food-borne fungi are 
being studied in relation to their possible significance 
in hum an disease in Thailand, and the A. clavatus 
toxins have figured in these studies. However, 
although the fungus was apparently associated with 
a case of Reye’s syndrome in a young Thai boy, 
none of the three toxins it produces induced in rats 
effects resembling Reye’s syndrome, which occurs 
mainly in children aged 3-8 yr and is characterized 
by severe cerebral oedema, fatty degeneration of the 
liver, kidney and heart, hypoglycaemia, convulsions, 
coma and generally death. Incidence o f the syndrome 
follows distinct geographical and seasonal patterns 
in Thailand, and  some association with aflatoxin B, 
has been reported (Shank et al. Fd Cosmet. Toxicol. 
1971, 9, 501).

COSM ETICS, TO ILE T R IE S A N D  H O U SE H O L D  PR O D U C T S

2860. Ammoniated mercury hits the kidney

Kibukam usoke, J. W., Davies, D. R. & H utt, M. 
S. R. (1974). M em branous nephropathy due to skin- 
lightening cream. Br. med. J. 2, 646.

Aminomercuric chloride (am m oniated mercury; 
AM M ) has been shown to undergo percutaneous 
absorption, and the cases o f six women who devel
oped signs o f m ercurialism  after applying bleaching 
cream s containing 1-3% AM M  for 2 yr or m ore have 
been reviewed (Cited in F.C.T. 1973, 11, 1158).

The paper cited above describes the development 
o f the nephrotic syndrome (involving facial and  peri
pheral oedema, proteinuria, hypoalbum inaem ia and 
raised levels o f plasm a cholesterol) in a 21-yr-old Afri
can w om an who had applied a skin-lightening cream 
containing 10-15% A M M  nightly for 1-2 yr. Use 
of the cream  was discontinued and a diuretic was 
given to counteract the oedema, and as a result the 
nephrosis rem itted w ithin 6-9 months. A kidney-bi
opsy specimen taken during the illness showed mini
mal glom erulonephritis and tubular dilatation with 
flattening of the epithelial lining of some tubules. 
Electron microscopy confirmed the tubular damage, 
and together w ith the immunofluorescence findings 
indicated tha t either an immune complex of mercury 
w ith a blood protein or an  antigen released by direct 
tubular-cell dam age was probably responsible for the 
syndrome.

[This case reinforces the long-contended argum ent 
for the removal o f am m oniated mercury from the 
therapeutic arm am entarium , whether it is used for 
treatm ent o r cosmetic purposes.]

2861. More on the hairspray problem

Blessing, M. H. (1974). Storage of vinylpyrrolidone- 
vinylacetate (VP-VA) in rats following endotracheal 
and  subcutaneous injection. Virchows Arch. Abt. A 
path. Anat. 362, 115.

Polyvinylpyrrolidone has produced a macrophage 
reaction in the lungs of rats, and  possibly allergic

reactions in a few individuals (Cited in F.C.T. 1967, 
5, 590; ibid 1974, 12, 434). V inylpyrrolidone-vinyl 
acetate (VP-VA), a high-molecular-weight copolym er 
used in cosmetic hairsprays, is a closely related com 
pound Which presents similar difficulties in toxicity 
evaluation owing to the differences in particle size 
respirable by different species. It is possibly for this 
reason that results o f various inhalation studies on 
VP-VA  in guinea-pigs, rabbits and  rats have proved 
difficult to reproduce.

The paper cited above describes experiments which 
were designed to obviate differences in respirable p a r
ticle size and which involved single or repeated endo
tracheal or sc injection of a saline solution of VP-VA 
into rats. The use of pure copolym er avoided the 
possibility o f side effects attributable to propellants, 
solvents, perfumes or other additives. Animals were 
killed and examined between 1 and  365 days after 
treatm ent. W ithin 1 or 2 days of endotracheal injec
tion, the alveolar spaces o f all the lung lobes were 
packed with macrophages, and 3-4  days later 
numerous large m acrophages were present in the lung 
interstitium, particularly in the peribronchial and peri
vascular lymphatics. After 4 -6  m onths, some lung 
deposits were still present, particularly in the alveoli 
close to bronchi and vessels as well as near fibrous 
septae. No VP-VA deposits were observed in other 
organs except for small scattered deposits in the 
spleen of anim als tha t had received repeated endotra
cheal injections.

After sc injections m ost o f the dose of V P-VA 
was stored in the spleen, in the subcapsular region 
o f which large reticular cells, transforming into vacuo
lated cells, appeared 2-3 days after injection. After 
abou t 6 days, the red pulp was completely filled with 
storage cells. Residual storage cells were still present 
in the spleen after 1 yr. After repeated sc injections 
of VP-VA, a few groups of large vacuolated cells 
were seen in the portal region o f the liver lobules 
and in the podocytes o f the kidney glomeruli and 
the epithelium of the tubules. Very infrequently, stor
age was observed in thé reticular cells o f the bone
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m arrow and lym ph nodes and  sometimes large soli
tary m acrophages were seen in the lung interstitium.

There was no evidence that VP-VA  produced any 
inflam matory changes in the pulm onary or other tis
sues. The polymer appears to be eliminated from the 
lung partly  by way of interstitial m acrophages and 
the lym phatic system, but mainly by transfer to the 
gut via the mucociliary route to the oesophagus. After 
a single sc dose, VP-VA was dem onstrated in the 
urine w ithin 30 min, the m aximum rate o f excretion 
being reached after about 1-5 hr.

2862. A hairdressers dilemma resolved
Reiss, F. & Fisher, A. A. (1974). Is hair dyed with 
para-phenylenediamine allergenic? A r c h s  D erm . 109, 
221.

The com m onest ingredient of perm anent hair col
ouring form ulations is p-phenylenediamine (PPD ) 
which has been associated with an incidence of sensit
ization of some 10% in patients with contact derm a
titis ( C i te d  in  F .C .T . 1973. 11, 147). As far as the 
general population  is concerned, however, the authors 
cited above quote a figure of 1 in 50,000 for cases 
o f allergic derm atitis arising from the application of 
P P D  as a hair dye. They point out that the allergenic

or sensitizing potential of hair dyes based on P P D  
apparently resides in the diamine or its oxidation 
products alone, and not in additives which are always 
present.

The question they set out to answer is whether 
individuals who have already developed allergy to 
P P D  (hairdressers for the m ost part) can safely handle 
hair which has been dyed with it, w ithout suffering 
a recurrence of their reaction. Twenty individuals, 
19 women and  one man, who had given strongly 
positive patch-test reactions to P P D  were patch- 
tested with samples of hair which had been dyed 
24 hr before w ith one of two commercial P P D  prep
arations (Miss Clairol Creme Form ulae, shade nos 
52 and 30). The dyed hair was moistened with water 
and applied under a closed patch on the back of 
the subject, where it was left for 48 hr. The test 
procedure was repeated 3 wk later. N o person showed 
any positive reaction, either after the first 48-hr con
tact or 3 wk later.

Evidently, hairdressers who become sensitized to 
P P D  preparations need not worry abou t coming into 
contact with hair which has already been dyed with 
such preparations, because the allergen becomes com 
pletely oxidized or fixed during the dyeing process.

M E T H O D S FO R  ASSESSING TOXICITY

2863. Ornithine carbamoyltransferase as a test for 
liver damage

Divincenzo, G. D. & Krasavage, W. J. (1974). Serum 
ornithine carbam yl transferase as a liver response test 
for exposure to organic solvents. A m . ind . H y g .  A ss .  
J .  35, 21.

M any suggestions have been made regarding the 
value and simplicity o f tests for the levels o f circulat
ing liver enzymes in serum as indicators o f liver 
damage and impaired liver function ( C i te d  in  F .C .T .  
1973, 11, 930). Investigation of serum urocanase 
showed that determ inations of this enzyme were more 
time-consuming and  provided no better index o f liver 
damage than the routine serum glutam ic-oxalacetic 
and glutam ic-pyruvic transam inase tests ( ib id  1974, 
13, 588), but more prom ising results were obtained 
w ith sorbitol dehydrogenase ( ib id  1975, 13, 294).

Now it is the turn o f another enzyme, ornithine 
carbam oyltransferase (OCT), a mitochondrial enzyme 
prom oting condensation of L-ornithine and  carba
moyl phosphate to  L-citrulline and  orthophosphate 
in the urea cycle o f the liver, to receive close scrutiny 
in this connexion. According to the authors cited 
above, O C T  offers a sensitive and specific indication 
o f the acute hepatotoxicity induced by certain organic 
solvents. Blood samples were taken from guinea-pigs 
24 hr after they had been given an ip injection of a 
corn-oil solution of carbon tetrachloride, brom otri- 
chlorom ethane, trichloroethylene, methylene chloride, 
chloroform, tetrachloroethylene, 1,1,2,2-tetrachloro- 
ethane, 1,1- or 1,2-dichloroethane, 1,1,1- or 1,1,2- 
trichloroethane. Freon 112 or 113. carbon disulphide, 
benzene or toluene, or o f undiluted ethanol, meth
anol, isopropanol, «-butanol, diethyl ether, acetone, 
dioxane, «-amyl acetate, methyl isobutyl ketone, tetra-

hydrofuran, methyl ethyl ketone, «-butyl acetate, 
xylene, «-hexane, dimethylsulphoxide, N ,N-dimethyl- 
formamide or vinyl acetate.

Prelim inary observations had indicated that serum 
O CT activities were closely com parable in the dog, 
cat and rat, the levels being about 1IU, bu t were 
slightly higher (about 2 IU ) in the rabbit and guinea- 
pig. In this guinea-pig study, increases in serum O CT 
to more than 5 0 IU  were considered significant.

Each solvent was tested in a range of doses, and 
routine liver-histology studies carried ou t on the same 
anim als showed a close correlation between tissue 
damage and a  rise in serum OCT. A low order of 
hepatotoxicity was ascribed to any solvent tha t in
creased O CT activity significantly only at a dose 
above 500 mg/kg, those causing a significant increase 
a t a dose between 50 and  500 mg/kg were described 
as moderately hepatotoxic and those that were effec
tive in this respect a t a dose below 50 mg/kg were 
designated highly hepatotoxic. O n this scale, brom o- 
trichlorom ethane and  carbon tetrachloride were iden
tified as highly toxic, chloroform, hexane, tetrachloro
ethylene, 1,1,2-trichloroethane and vinyl acetate as 
m oderately toxic, and methyl and butyl alcohols, 
amyl and butyl acetates, methyl ethyl and  methyl 
isobutyl ketones, 1,2-dichloroethane, diethyl ether and 
xylene as only slightly toxic. The other solvents tested 
had no detectable effect on O CT levels or liver his
tology a t levels well above 500 ppm.

2864. Assessing nephrotoxicity

W right, P. J. &  Plum mer, D. T. (1974). The use of 
urinary enzyme m easurem ents to detect renal damage 
caused by nephrotoxic compounds. B io c h e m . P h a r -  
m a c . 23, 65.
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Enzyme assays are playing an  increasingly im por
tan t part in the assessment o f the toxicity o f com 
pounds. The preceding item is concerned w ith the 
more ‘popular’ question of serum-enzyme studies, but 
the paper considered here suggests tha t the m easure
ment o f urinary enzyme concentrations might be used 
to simplify studies of nephrotoxicity. Several com 
pounds either known to be nephrotoxic or suspected 
of such activity were adm inistered to rats by ip injec
tion and  the activities of four enzymes were deter
mined in urine samples collected for up to 7 days 
after the injection.

It was found tha t rats injected with uranyl nitrate, 
a known nephrotoxin, in a dose of 25 mg/kg showed 
an 11-fold increase in alkaline phosphatase (AlkP) 
excretion during the first 12 hr, and  a  90-fold increase 
in lactate dehydrogenase (LDH) excretion during the 
24-36 hr post-injection period. U rinary excretion of 
A lkP returned to norm al limits within 48-60 hr, 
whereas L D H  excretion rem ained elevated for 72-84 
hr. Acid phosphatase (AcP) excretion was not signifi
cantly affected by the treatm ent and glutamic dehyd
rogenase (G D H ) rose slightly above the upper limit 
o f norm al only a t 48-60 hr. U rine volumes were in 
the norm al range throughout except in the 12 hr 
immediately after injection, when the volume was in
creased, bu t both proteinuria and glucosuria were

dem onstrated and all bu t one of the 11 rats died 
between days 4 and 7.

Injection o f 4-nitrophenylarsonic acid (25 mg/kg) 
in neutral solution increased L D H  excretion 200-fold 
a t 24-36 hr, the level rem aining elevated up to 84 
hr bu t returning to norm al limits w ithin 7 days. AlkP 
excretion was mildly affected only up to  36 hr having 
returned to norm al by 60 hr. AcP and  G D H  were 
slightly increased a t 24-36 hr, the period during 
which both proteinuria and glucosuria were most 
severe and there was a  slight polyuria.

In  contrast to these findings, 4-am inocatechol (10 
mg/kg) had no effect on urine volumes or enzyme 
activities and the only change w ith 4-nitrocatechol 
(5 mg/kg) was a slight rise in AcP activity a t 0-12 
hr. W ith both compounds, the urines showed no more 
than  a  trace of proteinuria, no glucose and no blood. 
A lthough 4-aminocatechol has been identified as an 
abnorm al m etabolite of phenacetin in m an and has 
been suspected of being responsible for kidney 
damage, there was no biochemical evidence of its 
nephrotoxicity in rats.

The authors conclude from this study that LDH 
determ inations offer the m ost sensitive indication of 
acute renal damage and recom mend the use of uri
nary assays of this enzyme in studies on possible 
nephrotoxic agents.

B IO CH EM IC A L PH A R M A CO LO G Y

2 8 6 5 .  A r a c h i d o n i c  a c i d  a n d  t h e  e y e

Dawson, G. &  Newell, F. W. (1974). Arachidonic 
acid and  retinal pigm entary degeneration. L a n c e t  I, 
1119.

An investigation of the plasm a-fatty acid levels of 
a w om an w ith pigm entary degeneration of the retina 
and progressive spino-cerebellar degeneration 
revealed an  arachidonic acid (C20:4n_6 ; AA) level of 
18%, whereas the norm al female range is 5-9%. Both 
neutral lipid and  phospholipid fractions had a con
siderably raised proportion  of AA, bu t triglycerides 
and esterified cholesterol were prim arily affected. 
A lteration of the patient’s diet failed to modify the 
AA levels. W hen fibroblasts from the patient were 
incubated w ith [ 14C]AA for 24 hr in a serum-free 
medium, they incorporated much greater am ounts of 
14C  into triglyceride, esterified cholesterol and  phos
pholipid fractions than  did norm al hum an fibroblasts. 
At the same time, [ 14C ]linoleate incorporation into 
triglycerides, esterified cholesterol and phospholipids, 
bu t no t tha t o f [ I4C ]palm itate o r [ 14C ]stearate, was 
increased com pared w ith controls. AA is derived from

linoleic acid (C 18;2n_6), and lipids o f the outer seg
ment of the retina are normally rich in unsaturated 
fatty acids, especially C 22;6n_6.

Plasma-AA levels in patients w ith pigm entary 
degeneration of the retina and  in their immediate 
relatives were com pared w ith levels in groups of 
patients with a variety of other retinal diseases or 
w ith unrelated disorders. It was found tha t in six 
o f nine women with retinitis pigm entosa and in seven 
o f 15 closely related women, plasma-AA levels 
exceeded 9%, the upper lim it o f the norm al range. 
N o similar abnorm ality was associated w ith optic 
atrophy, choroiderm a, night blindness or retinitis pig
mentosa associated with diabetes. In men, plasma 
AA appears to show a wider norm al range and 
further studies are in hand to clarify the significance 
of the levels found in male patients with retinitis 
pigmentosa. The overall evidence suggests tha t an 
abnorm ality in the com position of retinal phospholi
pids resulting from a defect in arachidonate m etabo
lism may lead to degenerative changes in the mem
brane.

CANCER RESEARCH

2 8 6 6 .  N T  A  a n d  n i t r i t e  i n  c a r c i n o g e n i c i t y  s t u d i e s

G reenblatt, M . & Lijinsky, W. (1974). Carcinogenesis 
and  chronic toxicity o f nitrilotriacetic acid in Swiss 
mice. J .  n a tn . C a n c e r  I n s t .  52, 1123.

The tertiary amine, nitrilotriacetic acid (NTA), is

a chelating agent which has been considered as a 
partial replacement for sodium triphosphate in house
hold detergents. In  the m ost recent o f our series of 
reviews on the possible biological effects of NTA 
( C i te d  in F .C .T . 1974, 12, 421), we m entioned a car
cinogenicity study carried ou t in ra ts and  designed
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to examine, in particular, the possible in vivo form a
tion of a nitroso com pound in rats treated simul
taneously with NTA and sodium nitrite (N a N 0 2). 
U nfortunately a  very high tum our incidence in all 
the anim als, including the controls, reduced the value 
of this study (ibid 1974, 12, 423), bu t the same group 
has now reported a similar study in mice.

The test com pounds were adm inistered to groups 
of random -bred Swiss mice in the drinking-water. The 
solutions were given a t night and each mouse con
sumed 5 ml of the given solution on each of 5 nights/ 
wk for 26 wk. The mice were weighed every 4 wk 
and survivors were killed at wk 37-38 for autopsy.

W hen NTA was given to  40 male and 40 female 
mice in a concentration of 5 g/litre, no male mice 
developed lung tum ours and the incidence in females 
was 12%. The incidence of lung tum ours in untreated 
male and female controls was 19 and 11% respect
ively. Addition of N a N 0 2 (1 g/litre) to the same level 
of N TA in the drinking-water produced a tum our 
incidence of 33% in males and 16% in females, but 
a product o f the chemical reaction between nitrous 
acid and NTA, IV-nitrosoiminodiacetic acid, given in 
the drinking-water a t a concentration of 2 g/litre 
caused no increase in the incidence of tum ours, only
4-5%  of these anim als being affected. The increased 
incidence in anim als treated with the N T A /N aN 0 2 
mixture was not significant when the sexes were con
sidered separately, but overall this treatm ent did 
result in a significant increase. N -Nitrosopiperidine 
(0T g/litre), included as a positive control because of 
its potent carcinogenic activity, induced tum ours in 
50 and 40% of males and females, respectively. Mice 
given l g  N a N 0 2/litre w ithout NTA had a lung 
tum our incidence com parable with that in the un 
treated controls (12% in males and 16% in females).

[The results o f this experiment are rather odd. 
NTA itself showed no evidence of carcinogenicity, 
but when it was combined with N aN O , a small but 
significant increase in tum ours occurred. The putative 
product of the interaction o f these two compounds, 
however, was associated with a tum our incidence 
somewhat below that in controls, and no increase 
occurred with N a N 0 2 alone. One is left to speculate 
whether these results may not be entirely fortuitous. 
Perhaps the study would have been more conclusive 
if it had been extended to the full 80 wk usually 
considered appropriate for carcinogenicity studies in 
the mouse.]

2867. Nitrosamines in and out of the bladder
Hawksworth, G. & Hill, M. J. (1974). The in vivo 
formation of N-nitrosam ines in the ra t bladder and 
their subsequent absorption. B r. J .  Cancer 29, 353.

Several studies have been concerned with the poss
ible formation of N -nitrosam ines in the mam malian 
gut. These centred originally mainly on the stomach 
(Cited in F.C.T. 1970, 8, 77) where the low pH  favours

the necessary nitrosation of secondary amines, bu t 
the ability of thiocyanate present in hum an saliva 
to catalyse this reaction has also been considered 
(Boyland et al. Fd Cosmet. Toxicol. 1971, 9, 639), 
as has the production of nitrosam ines in the small 
or large intestine as a result o f bacterial intervention 
(Cited in F.C.T. 1974, 12, 156). The au thors named 
above consider tha t the latter is an unlikely in vivo 
source of nitrosamines, bu t describe experiments 
dem onstrating that a similar reaction can occur in 
the^ infected urinary bladder of the rat if the nitrate 
intake is sufficiently high.

An Escherichia coli culture was introduced into the 
bladders of Sprague-Daw ley rats, which were subse
quently kept in metabolism cages and given drinking- 
w ater containing 5 mg sodium nitrate/m l. A pproxi
mately 90% of the nitrate consum ed was recovered 
in the urine. After nitrate had been adm inistered for 
4 days, 500 /tg piperidine hydrochloride was given 
by gastric intubation on two successive days to  six 
rats with infected bladders, to two uninfected nitrate- 
treated control ra ts and to two infected rats given 
distilled w ater to drink instead of nitrate solution. 
Urine from all these rats was collected for 24 hr after 
each dose. The urine from half of the test anim als 
but from none o f the controls was found to contain 
(V-nitrosopiperidine (N N P) in an am ount equivalent 
to the nitrosation of 0-04% of the amine dose. This 
com pared with a  0-4% conversion in vitro when the 
same dose of amine was incubated for 18 hr in a 
broth  culture with a nitrate concentration similar to 
that found in urine. Similar results were obtained 
using pyrrolidine instead of piperidine.

Subsequently it was dem onstrated that the radioac
tivity from [ 14C]dim ethylnitrosam ine or [ 3H ]nitroso- 
piperidine ([3H ]N N P ) introduced into the ra t bladder 
was rapidly absorbed into the circulating blood, the 
rate o f absorption  being unaffected by the presence 
of infection. W ith labelled dim ethylnitrosam ine, peak 
blood levels o f radioactivity were reached in 30-60 
min, and after 4 hr 8% of the total dose was present 
in the blood and  a further 8% in the m ajor organs 
(liver, stomach and kidney), while 33% rem ained in 
the urine and m ost o f the balance was presumably 
excreted as I4C 0 2. After adm inistration of [3H ]N N P , 
absorption  was som ewhat slower and the organ dis
tribution of radioactivity was limited alm ost exclus
ively to the liver and kidney. W hen [3H ]N N P  was 
introduced in a similar way into the hamster bladder, 
however, significant am ounts were found also in the 
stomach, small intestine and lungs.

Both piperidine and pyrrolidine are present in no r
mal hum an urine and nitrosam ines have been 
reported in the urine of patients with urinary tract 
infections, bu t the significance of these facts, and of 
the possibility of rapid absorption of the nitrosam ine 
from the bladder, in terms of hum an health has yet 
to be established.
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LETTERS TO THE EDITOR

SA CRIFICE A N D  M ORTALITY

Sir,—The sheer economy and clarity of the request 'D rop  dead!’ is quite unm atched by the pretentious 
obscurity of other adaptations of the English language by N orth  Americans. F or years m ost Englishmen 
have twitched on hearing o r reading, in accounts of laboratory experiments, that anim als were ‘sacrificed’, 
knowing full well that the slaughters referred to  were not carried out for religious reasons as offerings 
to deities. The shorter w ord ‘killed’ is always m ore appropriate. Recently, an even worse distortion of 
the English language has crept into reports on studies on anim als: ‘deaths’ are being referred to as ‘m ortali
ties’. According to the Shorter Oxford D ictionary, ‘m ortality’ is “the condition of being m ortal or subject 
to death”, “loss of life on a large scale, as by w ar or pestilence”, “m ortals collectively”, o r “the number 
of deaths in a  given area or period from a particular disease”. N one of these definitions encourages the 
use o f ‘m ortalities’ to  mean ‘deaths’.

F. J. C. Roe,
4 Kings Road.
Wimbledon,
London, SW19 8QN,
England

[We can enlarge on Dr. Roe’s experience with monstrosities such as ‘euthanize’ and ‘euthanatize’. After 
waging a losing battle over ‘sacrificed’, ‘medicated’ and ‘m ortality’, one attains a state o f resignation to 
the inevitable. There are m ore im portant issues to be concerned about in Toxicology— Ed.]

EN V IR O N M E N T A L  FA CTO RS IN  T H E  O R IG IN  O F  CANCER

Sir,—We regret tha t the section on nitrosam ine carcinogenesis in our paper “Environm ental factors in the 
origin o f cancer and  estim ation o f the possible hazard to m an” {Fd Cosmet, Toxicol. 13. 251) was prepared 
w ithout adequate care and therefore is erroneous. We ask tha t readers accept our apology for this mistake 
and disregard tha t section o f the paper.

H. B. Jones and A. Grendon, 
Donner Laboratory,
Lawrence Berkeley Laboratory, 
University o f California, 
Berkeley, Cal., USA
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FORTHCOMING PAPERS
It is hoped to publish the following research papers and other communications in the next issue of Food 
aiui Cosmetics Toxicology :

In vivo chromosome-damaging effect of cyclohexylamine in the Chinese hamster. By G. F. van Went-de 
Vries, J. Freudenthal, A. M. Hogendoorn, M. C. T. Kragten and L. G. Gramberg.

Lack of effect of blood sampling-induced haematopoiesis on in vivo chromosome damage by cyclohexylamine 
in Chinese hamsters. By G. F. van Went-de Vries, M. C. T. Kragten and R. A. van den Bosch.

Failure to induce tumours in guinea-pigs after concurrent administration of nitrite and diethylamine. By 
N. P. Sen, Dorothy C. Smith, C. A. Moodie and H. C. Grice.

Zur Frage einer kombinierten Wirkung eines chemischen Mutagens und strahlensterilisierter Nahrung im 
Mutagenitäts- und Reproduktionstest bei der Maus. By H. W. Renner.

Dominant lethal mutations in male mice fed y-irradiated diet. By P. S. Chauhan, M. Aravindakshan,
A. S. Aiyar and K. Sundaram:

Quelques effets ä moyen terme du lindane sur les enzymes microsomales du foie chez le rat. By M. A. 
Pelissier, Ph. Manchon, S. Atteba et R. Albrecht.

Tissue distribution, excretion and biological effects of [ I4C]tetrachlorodibenzo-p-dioxin in rats. By J. R. Allen,
J. P. Van Miller and D. H. Norback.

The carcinogenicity of aflatoxin M, in rainbow trout. By J. H. Canton, R. Kroes, M. J. van Logten, M. 
van Schothorst, J. F. C. Stavenuiter and C. A. H. Verhiilsdonk. Toxicological tests on flavouring matters. 
II. Pyrazines and other compounds. By J. M. Posternak, J. J. Dufour, C. Rogg and C. A. Vodoz. 
(Summary of Toxicological Data)

Monographs on fragrance raw materials. By D. L. J. Opdyke.
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SOME IMPORTANT FOOD SCIENCE 
TEXTBOOKS FROM PER6AMON

A new revised edition

Technology of Cereals
with special reference to wheat 2nd Edition
N .L .  K E N T ,  F lo u r  M illin g  & B a k in g  R e s e a rc h  A s s o c ia t io n , C h o r le y w o o d ,  H e rts , E n g la n d

T h is  s e c o n d  e d it io n  f o llo w s  c lo s e ly  th e  p la n  o f  th e  f ir s t  e d it io n , w ith  th e  a d d it io n  o f  so m e  n e w  m a te r ia l,  
th e  d e le t io n  o f  s e c t io n s  w h ic h  a re  n o  lo n g e r re le v a n t  a n d  a gen era l u p -d atin g  o f  in fo rm a t io n . S o rg h u m  
h as b een  c o v e re d  m o re  c o m p re h e n s iv e ly  a n d  m a te r ia l o n  t r i t ic a le  an d  m ille t  h as b een  in t ro d u c e d . T h e  
c h a p te r  on  b re a d -b a k in g  te c h n o lo g y  h as b e e n  la rg e ly  re w r it te n  a n d  in c lu d e s  n e w  s e c t io n s  o n  c h e m ic a l  
d e v e lo p m e n t  p ro ce sse s  a n d  m ic ro w a v e  b a k in g .
From  a review of the 1st Edition:
" . . .  represents a unique effort on the part of the author for introducing and compressing the vast 
subject of cereal science and technology In 256 pages. . .  Meant primarily for university students of 
Food Science and Technology, it is also an excellent reference for cereal processing, flour milling and 
the baking industry."

International Journal of Nutrition and Dietetics 
$ 1 4 .5 0  £ 6 .0 0  3 0 6 p p  $ 1 0 .5 0  £ 4 .4 0  f le x ic o v e r

Meat Science 2nd Edition
R .A .  L A W R I E ,  U n iv e r s it y  o f  N o tt in g h a m , E n g la n d

"In this new edition, Lawrie has attempted to update the material in a vastly expanding field. Several of 
the changes are significant to students in the meat science field. Furthermore, the author should be 
commended for his discussions of the structure and growth of muscle, chemical and biochemical 
constitution of muscle, and the conversion of muscle to meat. The addition of a section on meat and 
human nutrition definitely adds a dimension to the new edition. Therefore, this book is now a broad- 
based text for upper-division undergraduate and graduate students, as well as a valuable reference for 
people seeking knowledge in the field of meat science."

Choice
$ 2 2 .5 0  £ 9 .0 0  4 0 8 p p  $ 1 2 .5 0  £ 5 .0 0  f le x ic o v e r

Food Science
G .  B l R C H  a n d  M . S P E N C E R ,  U n iv e r s it y  o f  R e a d in g , E n g la n d  a n d  A .G ,  C A M E R O N ,  B irm in g h a m  C o lle g e  
o f  F o o d  a n d  D o m e s t ic  A r t$ ,  E n g la n d

"This in formative little book gives an up-to-date account of the preparation and preservation of foodstuffs. 
It outlines the many factors involved in giving food maximum palatabil'ty while maintaining its 
nutritive value. . . Its simple, lucid style and general lack of scientific jargon should provide easy and 
interesting reading for anyone looking for an introduction to the increasingly important subject of food 
science. "

Food and Cosm etics Toxicology
$ 8 .5 0  £ 3 .4 0  1 9 8 p p

The Meaning of Human Nutrition
K .W . L A M B  a n d  M .L .  H A R D E N ,  T e x a s  T e c h n ic a l  U n iv e r s it y

. .  particularly valuable as a text for a beginning course in nutrition. The content of the book consists 
of ten sections covering the basic concepts about human nutrition, indicators of nutritional status, the 
role and needs of the essential nutrients, and some of the problems facing the consumer of food. . .  
deserves serious consideration."

Journal of Nutrition Education
$ 1 1 .5 0  £ 4 .6 0  3 4 0 p p  $ 6 .0 0  £ 2 .4 0  f le x ic o v e r

F o r  fu r th e r  in fo rm a t io n  o n  th e se  o r  re la te d  p u b lic a t io n s ,  o r  to  o b ta in  an in sp e c t io n  c o p y  o f  a n y  o f  th e se  
b o o k s  f o r  c o n s id e ra t io n  fo r  a d o p tio n  as a c o u rs e  t e x t ,  p le a se  w r ite  to  th e  m o st  c o n v e n ie n t  P e rg am o n  
P re ss  o f f ic e .

PERGAMON PRESS
H e a d in g to n  H ill H a ll,  O x f o rd  O X 3  0 B W , E n g la n d  
F a ir v ie w  P a rk , E lm s f o r d ,  N e w  Y o r k  1 0 5 2 3 , U S A

//PERGAM ON PR E SS'
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Aims and Scope
Current Advances In Ecological Sciences provides a monthly current awareness service for 
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literature, both journals and books, in their areas of interest.
Rased on the successful format of Current Advances In Plant Science, this journal provides 
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