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A L IF E S P A N  S T U D Y  O F  A P O L Y D IM E T H Y L S IL O X A N E
IN  T H E  M O U S E

Margaret G . Cutler, A. J. Collings, Ida S. K iss and M. Sharratt

D epartm ent o f  C lin ical P harm acology, T he M ed ica l School, Birm ingham  B15 2 T J , England

(R eceived  25 M arch  1974)

Abstract—A silicone antifoam agent containing 94% polydimethylsiloxane silicone oil and 6% 
finely divided silicon dioxide was given in the diet at levels of 025 and 2-5% to groups of mice 
for 76 wk from weaning. Another group of mice received a single sc injection of 02 ml of the anti
foam at weaning, and a control group was given a single sc injection of 0-2 ml liquid paraffin BP. 
All surviving mice were killed when 80 wk old. No silicone was detected in the bodies of mice given 
diets containing 2-5% of the antifoam. Similarly, none was detectable in the liver, kidneys, spleen 
or perirenal fat of mice given the injection. However, cysts remained at the site of injection through
out the lifespan of many of these animals. There was no increase in the incidence of malignant 
or benign tumours in the groups of mice receiving the antifoam either in the diet or by injection, 
and there were no toxic effects that could be ascribed to the administration of silicone. On the 
other hand, sc injections of liquid paraffin caused an increased incidence and earlier appearance 
of sc fibromas at the injection site in male mice.

INTRODUCTION
T h e  m e th y lp o ly s ilo x a n e s  a re  effective a n t ifo a m  ag e n ts . F o r  th is  re a so n , th e y  h av e  fo u n d  

u se  in  th e  p ro c e ss in g  o f  c e r ta in  fo o d s  su c h  a s  b re a d  a n d  ca k e  a n d  in  th e  m a n u fa c tu re  o f  
d ru g s  a n d  c o sm e tic s  (F e sse n d e n  &  F e sse n d en , 1967). M o s t  o f  th e  c o m p o u n d s  in v e s tig a te d  
a p p e a re d  to  b e  b io lo g ic a lly  in e rt. N o  to x ic  effects w ere  o b se rv e d  a f te r  a c u te  o r  p ro lo n g e d  
a d m in is t r a t io n  o f  h ig h  levels  (D e p a r tm e n t  o f  M e d ic a l B io ch e m is try  a n d  P h a rm a c o lo g y , 
U n iv e rs ity  o f  B irm in g h a m , 1967; M a c D o n a ld , L a n ie r  &  D e ic h m a n n , 1960; R o w e , S p en ce r  
&  B ass, 1950). T h e re  w as  n o  in c re a se  in  tu m o u r  in c id en c e  in  r a ts  a f te r  a  2 -y r feed in g  s tu d y  
(R o w e et al. 1950).

T h e  in v e s tig a tio n  d e sc r ib e d  h e re  w as  c o n c e rn e d  w ith  a n  a s se ssm e n t o f  th e  c a rc in o g e n ic  
r isk  f ro m  th e se  c o m p o u n d s  u s in g  a n o th e r  species. A  s ilico n e  a n t ifo a m  c o m p o u n d  c o n ta in 
in g  p o ly d im e th y ls ilo x a n e  s ilico n e  o il to g e th e r  w ith  a  sm a ll a m o u n t  o f  s ilico n  d io x id e  w as 
fed  a t  tw o  d o se  levels  to  m ice  a n d  w as  a lso  g iv en  b y  sc in jec tio n .

e x p e r im e n t a l

Material. T h e  s ilico n e  a n t ifo a m  c o m p o u n d  w as  su p p lie d  b y  M id la n d  S ilico n es  L td . (now  
D o w  C o rn in g  C o rp .). I t  w as  c o m p o se d  o f  a  m ix tu re  o f  6%  finely  d iv id e d  s ilico n  d io x id e  
a n d  94%  p o ly d im e th y ls ilo x a n e  s ilico n e  o il p r e p a re d  b y  th e  p ro c e ss  d e sc r ib e d  b y  R ow e, 
S p en ce r &  B ass (1948). T h e  p o ly m e rs  in  th e  p o ly d im e th y ls ilo x a n e  s ilico n e  o il re se m b le d  
th o se  o f  th e  p r o d u c t  k n o w n  c o m m e rc ia lly  a s  D C  A n tifo a m  A (D o w  C o rn in g  C o rp ., 1949),
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ex c ep t th a t  m a te r ia l  o f  lo w  m o le c u la r  w e ig h t h a d  b e e n  ex c lu d ed . T h e  s ilico n e  a n t ifo a m  
c o m p o u n d  is re fe r re d  to  th r o u g h o u t  th e  re s t  o f  th is  p a p e r  a s  ‘s ilico n e ’.

Anim als. M ic e  o f  a n  o u tb r e d  s tr a in  f ro m  th e  L a b o r a to ry  A n im a ls  C e n tre , C a rs h a lto n , 
S u rrey , w e re  ra n d o m ly  b re d  u n d e r  sp ec if ie d -p a th o g en -fre e  c o n d itio n s .

F eeding and in jection  procedures. G ro u p s  o f  4 0 -5 0  m a le  a n d  4 0 -5 0  fem ale  m ice  rec e iv e d  
d ie ts  c o n ta in in g  0 (co n tro l) , 0-25 o r  2-5%  s ilico n e  fo r 76 w k  fro m  w e a n in g  (4 -5  w k  o f  age). 
T h e  d ie ts  c o n s is te d  b a s ic a lly  o f  a  r a t  c a k e  p o w d e r  su p p lie d  b y  H e y g a te  a n d  S ons, L td ., 
N o r th a m p to n ,  a n d  c o n ta in in g  a p p ro x im a te ly  22%  p ro te in , 4%  o il, 4%  fib re , 7%  a s h  a n d  
15%  m o is tu re . T h e  re q u ire d  level o f  s ilico n e  w as  in c o rp o ra te d  in  th e  fo rm  o f  a  t r i tu r a te  
co n s is tin g  o f  10%  (w /w ) s ilico n e  in  r a t  c a k e  p o w d e r , a n d  a  v a ry in g  a m o u n t  (2-5, 2-25 o r  
0% ) o f  c e llu lo se  p o w d e r  w as  a d d e d  to  th e  th re e  d ie ts  to  b a la n c e  th e  d iffe ren t a m o u n ts  o f  
s ilico n e  a d d e d . E a c h  d ie t a lso  c o n ta in e d  3%  (w /w ) co d -liv e r  o il a n d  5%  (w /w ) a ra c h is  o il. 
I n  th e  in je c tio n  s tu d y , a ll th e  m ice  rece iv ed  a  d ie t o f  T h o m s o n ’s r a t  c a k e  a n d  w ere  g iv en  
a t  w e a n in g  a  s ing le  sc in je c tio n  o f  0-2 m l s ilico n e  ( te s t g ro u p )  o r  0-2 m l liq u id  p a ra ff in  B P  
(co n tro l) . A n im a ls  w ere  c a g e d  in  g ro u p s  o f  five in  p o ly p ro p y le n e  b o x e s  in  a  r o o m  m a in 
ta in e d  a t  2 0 -2 2 °C  a n d  w e re  a llo w e d  d ie ts  a n d  w a te r  ad  lib.

P o st-m ortem  studies. M ic e  th a t  d ie d  o r  w ere  k illed  b e c a u se  th e y  b e c a m e  m o r ib u n d  d u r 
ing  th e  e x p e r im e n ta l p e r io d  w ere  a u to p s ie d  a n d  a ll o b se rv e d  le s io n s  w ere  e x a m in e d  h is to 
log ica lly . A t  w k  80, th e  su rv iv in g  m ice  w e re  k illed  w ith  e th e r  a n a e s th e s ia  a n d  a u to p s ie d , 
a n d  m ic ro sc o p ic  e x a m in a tio n  w as  p e r fo rm e d  o n  a ll tis su es  th a t  a p p e a re d  a b n o rm a l to  th e  
n a k e d  eye. I n  a d d i t io n , se c tio n s  f ro m  th e  lu n g , h e a r t, s to m a c h , sm a ll in te s tin e , sp leen , liv e r 
a n d  k id n e y  w ere  e x a m in e d  m ic ro sc o p ic a lly  in  a b o u t  te n  m a le  a n d  te n  fem ale  80 -w k  su rv i
v o rs  ra n d o m ly  se lec ted  f ro m  e a c h  g ro u p .

T issu e an a lyses fo r  silicone. A n a ly se s  fo r s ilico n e  w ere  c a r r ie d  o u t  o n  th e  liver, k id n e y , 
sp le en  a n d  p e r ir e n a l fa t o f  five m ice, 76 w k  a f te r  sc  in je c tio n  o f  s ilicone . F iv e  fem ale  a n d  
five m a le  m ice  th a t  h a d  rec e iv e d  2-5%  s ilico n e  in  th e ir  d ie t fo r 75 w k  w ere  tr a n s fe r re d  to  
th e  c o n tro l  d ie t 8 d a y s  b e fo re  th e y  w ere  a u to p s ie d , a f te r  w h ic h  th e  w h o le  b o d y  w as  a n a 
ly sed  for s ilico n e  c o n te n t.  T h e  tis su e s  w ere  h o m o g e n iz e d  in  th e  p resen ce  o f  so d iu m  su l
p h a te  a n d  th e n  g ro u n d  w ith  s a n d  a n d  so d iu m  s u lp h a te  u n ti l  a  d ry  p o w d e r  w as  fo rm ed . 
T h e  re su lt in g  p o w d e rs  w ere  e x tra c te d  c o n tin u o u s ly  w ith  b e n z e n e  fo r 16 h r  in  a  S o x h le t 
a p p a ra tu s .  T h e  b e n z e n e  e x tra c t  w as  e v a p o ra te d  to  d ry n e ss  in vacuo, th e  re s id u e  w as  ta k e n  
u p  w ith  10 m l c a rb o n  d isu lp h id e  a n d  its  s ilico n e  c o n te n t  w as  d e te rm in e d  b y  e x a m in a tio n  
o f  th e  in f ra - re d  a b s o rp t io n  a t  1260 c m - T h e  m e th o d  w a s  c a p a b le  o f  d e te c tin g  20  p g  sili
c o n e  in  1 g  tissue . I n  th e  p re se n c e  o f  in te rfe r in g  su b s tan ce s , th e  c ru d e  e x tra c t  w as  re d is 
so lv ed  in  25 m l c a rb o n  d isu lp h id e  a n d  1 m l o f  th is  so lu t io n  w as  c h ro m a to g ra p h e d  o n  s ilica  
gel u s in g  1 li t re  b e n z e n e - l ig h t p e t ro le u m  a s  so lv en t. T h e  so lv e n t w as  re m o v e d  f ro m  th e  
e lu a te  in  a  ro ta r y  film  e v a p o ra to r  a n d  th e  re s id u e  w as  h e a te d  a t  60°C  a n d  15 m m  p re s su re  
fo r  10 m in  to  re m o v e  tra c e s  o f  so lv e n t. T h e  c o o le d  re s id u e  w as  ta k e n  u p  in  10 m l c a r b o n  
d isu lp h id e  a n d  e x a m in e d  fo r s ilico n e  a s  ab o v e .

RESULTS
Silicone in take

T h e  m ice  in  th e se  e x p e r im e n ts  a te  a p p ro x im a te ly  7 g  o f  d ie t d a ily  a n d  w e ig h e d  a b o u t  
30 g  d u r in g  m o s t  o f  th e  e x p e r im e n ta l p e r io d . T h e  2-5 a n d  0-25%  silicone  d ie ts  th e re fo re  
p ro v id e d  th e  m ice  w ith  a p p ro x im a te ly  5800  a n d  580  m g  s ilic o n e /k g /d a y , resp ec tiv e ly . T h e  
s ing le  d o se  o f  0-2 m l g iv en  to  th e  in je c te d  a n im a ls  w as  e q u iv a le n t to  201 m g  silicone .
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Table 1. Mortality data for groups o f mice given 0-25 or 2-5% silicone in the diet or 0-2 ml silicone or liquid paraffin
in a single sc injection

Route of 
administration

Dietary level 
or dose 

of silicone

Initial no. 
of mice/ 
group

No. of mice dead at wk

10 20 30 40 50 60 70 80

In diet 0 50
Males

0 2 2 2 3 5 12 25
0-25% 49 0 1 3 3 3 4 6 16
2-5% 50 0 1 1 2 5 5 11 20

Injection (sc) 0+ 47 0 0 4 8 12 19 25 30
0 2  ml 50 3 4 5 6 7 10** 12** 18**

In diet 0
1

50
Females

0 1 1 2 3 6 6 8
025% 48 0 1 1 2 2 2 3 5
2'5% 48 0 1 2 2 2 3 11 19*

Injection (sc) Ot 50 0 1 2 3 4 5 6 7
0-2 ml 50 0 0 0 0 1 3 4 9

(This group received an injection of 0-2 ml liquid paraffin.
Values marked with asterisks differ significantly (Student’s t test) from the relevant controls: *.P<005; 

**P  <  0-01.

M o r ta li ty

T h e  m o r ta l i ty  o f  fem ales g iv en  2-5%  s ilico n e  in  th e ir  d ie t w as  in c re a se d  a t  w k  80 (T ab le  
1). F o u r  o f  th e se  a n im a ls  d ie d  fro m  th e  f lo o d in g  o f  th e ir  cage, h o w ev e r, a n d  th e  in c re a se d  
m o r ta l i ty  cea sed  to  be  o f  s ta tis t ic a l s ig n ifican ce  w h e n  th e se  fo u r  d e a th s  h a d  b e e n  ex c lu d ed . 
N o  in c re a se  in  m o r ta l i ty  w as  o b se rv e d  in  a n y  o f  th e  o th e r  g ro u p s  o f  m ice g iv en  s ilicone .

T h e  a p p a r e n t  in c re a se  in  m o r ta li ty  d u r in g  w k  4 0 -8 0  in  th e  g ro u p  o f  m a le s  g iv en  a n  in jec 
tio n  o f  liq u id  p a ra ff in  (T a b le  1) w as  a n  a r te fa c t , a s  a n im a ls  w ere  k illed  a f te r  th e  a p p e a ra n c e  
o f  sc f ib ro m a s  so  th a t  th e  le s io n s  c o u ld  b e  in v es tig a ted .

P a th o log ica l fin d in gs

N o n -n e o p la s t ic  p a th o lo g ic a l  c h a n g e s  fo u n d  in  th e se  m ice  a re  su m m a r iz e d  in  T a b le s  2 
a n d  3. T h e  o n ly  le s io n s  fo u n d  o n  m ic ro sc o p ic  e x a m in a tio n  b u t  n o t  o n  m a c ro sc o p ic  e x a 
m in a tio n  w e re  m e ta p la s tic  foci a n d  p a p i l la ry  a d e n o m a s  in  1% o f  a p p a re n tly  n o rm a l lu n g s  
a n d  c h ro n ic  in f la m m a to ry  c h a n g e s  in  3-9% o f  a p p a re n tly  n o rm a l k id n e y s  a n d  in  1-9% o f  
a p p a re n tly  n o rm a l lu n g s . T h e  p r in c ip a l a b n o rm a lit ie s  w ere  c h ro n ic  r e s p ir a to ry  d isease , 
c h ro n ic  in f la m m a to ry  a n d  d e g e n e ra tiv e  c h a n g e s  in  th e  k id n ey , p ro te in a c e o u s  p lu g s  in  th e  
u r in a ry  b la d d e r ,  h y p e rp la s ia  o f  th e  e n d o m e tr iu m , s im p le  cy s ts  o f  th e  o v a ry  a n d  su p e rf ic ia l 
u lc e rs  o f  th e  s to m a c h . O th e r  a b n o rm a lit ie s  w ere  sc a tte re d  th r o u g h o u t  th e  g ro u p s  in  a  
lo w er in c id en c e  o r  w ere  c o n f in e d  to  o n e  o r  tw o  g ro u p s .

T h e  in c id en c e  o f  su p e rf ic ia l u lc e ra tio n  o f  th e  s to m a c h  w as  in c re a se d  in  m a le s  re ce iv in g  
th e  0-25%  s ilico n e  d ie t  (T a b le  2), b u t  n o t  in  th e  g ro u p  rec e iv in g  th e  2-5% s ilico n e  d ie t, a n d  
th e  in c id en c e  sh o w e d  n o  s ig n ific an t in c re a se  w h e n  re su lts  fro m  m a le s  a n d  fem ales  w ere  c o m 
b in e d . T h e  o n ly  o th e r  s ta tis t ic a lly  s ig n ific an t d iffe rence  b e tw e e n  th e  g ro u p s  rece iv in g  d ie 
ta ry  s ilico n e  a n d  th e ir  c o n tro ls  a lso  a p p e a re d  to  b e  u n re la te d  to  th e  t r e a tm e n t  g iven . T h is  
c o n s is te d  o f  a  re d u c e d  in c id en ce  o f  u te r in e  a t ro p h y  in  fem ales g iv en  th e  2-5%  s ilico n e  d ie t 
(T ab le  3).
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Table 2. N on -neoplastic pa thological changes in male mice given 0'25 or 2-5% silicone in the d ie t or a single 0-2 ml
sc injection oj' silicone or liquid paraffin

No. of mice with pathological changes in group given

Dietary silicone
(% concn) Injection of

Histopathological No. of mice 
findings examined ...

0 0-25 2-5 Paraffin Silicone

48 48 48 43 47

Stomach
Superficial ulcers 1 6* 1 0 0

Small intestine 
Superficial ulcers 1 1 1 0 0

Liver
Chronic degeneration 1 0 1 0 1
Nodular hyperplasia 1 1 1 0 1

Lung
Chronic respiratory disease 5 5 8 3 3

Kidney
Chronic pyelonephritis 4 3 6 4 5
Chronic degeneration 2 4 2 4 3

Urinary bladder 
Proteinaceous plug 10 13» 15 10 3**

Testis
Atrophy 0 1 0 2 0

Seminal vesicle 
Retention cyst 0 2 0 3 2

Spleen
Amyloid degeneration 0 1 0 1 1

Subcutaneous tissue 
Cyst at injection site — — — 1 1*

Values marked with asterisks differ significantly (Student’s t test) from that of the corresponding control group: 
*P <  0-05; * * P <  001.

T h e  o n ly  s ta tis t ic a lly  s ig n ific an t d iffe rences b e tw e e n  th e  g ro u p s  g iven  s ilico n e  o r  liq u id  
p a ra ff in  b y  in je c tio n  w ere  a  h ig h e r  p e rc e n ta g e  o f  m a le s  in  th e  s ilico n e  g ro u p  w ith  cysts 
a t  th e  site  o f  in je c tio n  a n d  a  lo w er p r o p o r t io n  o f  m a le s  in  th is  g ro u p  w ith  p ro te in a c e o u s  
d e p o s its  in  th e  u r in a ry  b la d d e r .

In  T a b le s  4  a n d  5 th e  in c id e n c e  a n d  ty p es  o f  tu m o u r s  a re  re c o rd e d . T h e  m a jo r ity  o f  
tu m o u r s  w ere  ly m p h o s a rc o m a s , p a p i l la ry  a d e n o m a s  o f  th e  lu n g  a n d  su b c u ta n e o u s  
f ib ro m a s . O th e r  ty p e s  o f  tu m o u r  o c c u r re d  in  sm a lle r  n u m b e rs  r a n d o m ly  th ro u g h o u t  th e  
g ro u p s .

T h e re  w as  n o  in c re a se  in  th e  n u m b e r  o f  m a lig n a n t o r  b e n ig n  tu m o u r s  in  th e  g ro u p s  o f  
m ice  rece iv in g  s ilico n e  in  th e  d ie t o r  b y  in jec tio n , a n d  in  so m e  e x p e r im e n ta l g ro u p s  th e  
in c id en ce  o f  c e r ta in  b e n ig n  tu m o u r s  w as  s ig n ific an tly  less th a n  in  th e  c o r re s p o n d in g  c o n 
tro ls . T h e  in c id en c e  o f  p a p i l la ry  a d e n o m a  in  th e  lu n g , fo r ex am p le , w as  re d u c e d  in  m a le s  
a n d  fem ales rece iv in g  th e  0-25%  s ilico n e  d ie t a n d  in  fem ales  g iv en  th e  2-5% s ilico n e  d ie t, 
a l th o u g h  th e  in c id en c e  w as  n o t  re d u c e d  s ig n ific an tly  w h e n  c o m p a re d  w ith  th a t  in  th e  c o n 
tro l  a n im a ls  in  th e  in je c tio n  s tu d y . T h ese  lu n g  tu m o u r s  w ere  d is t r ib u te d  u n e v e n ly  a m o n g  
th e  cag es  o f  m ice, b e in g  fo u n d  in  a  h ig h  p r o p o r t io n  o f  th e  a n im a ls  in  c e r ta in  ca g es  a n d  
in  n o n e  o f  th e  m ice  in  m a n y  o f  th e  o th e r  cages. Sc f ib ro m a s  o c c u r re d  less f re q u e n tly  in  
m a le s  g iv en  th e  s ilico n e  in je c tio n  th a n  in  th o se  g iv e n  th e  in je c tio n  o f  liq u id  p a ra ff in ,
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Table 3. N on-neoplastic pathological changes in female mice given 0-25 or 2-5% silicone in the diet or a single 0-2 ml
sc injection o f silicone or liquid paraffin

No. of mice with pathological changes in group given

Histopathological No. of mice
findings examined...

Stomach 
Superficial ulcers 

Liver
Chronic degeneration 
Nodular hyperplasia 

Lung
Chronic respiratory disease 

Kidney
Chronic pyelonephritis 
Chronic degeneration 

Urinary bladder 
Proteinaceous plug 

Ovary
Simple cysts 

Uterus
Hyperplastic endometrium 
Atrophy 

Spleen
Amyloid degeneration 

Subcutaneous tissue 
Cyst at injection site

Dietary silicone
(% concn) Injection of

0 0-25 2-5 Paraffin Silicone

48 47 46 49 50

1 2 5 0 0

0 0 0 0 0
0 0 1 0 0

2 3 4 3 5

5 6 8 2 2
1 2 4 1 5

0 1 0 0 0

5 11 5 7 11

7 7 7 12 16
27 25 16** 4 4

0 0 0 0 0

_ _ _ 10 14

Values marked with asterisks differ significantly (Student’s t test) from that of the corresponding control group: 
**P <  0-01.

Table 4. Incidence and typ e s  o f  tum ours in male m ice given  0-25 or 2-5% siliccne in the d ie t o r a single 0-2 ml sc
injection o f  silicone or liquid paraffin

No. of mice bearing tumours in group given

Dietary silicone
(% concn) Injection of

Site and type 
of tumour

Effective no.f 
ofmice/group...

0 0-25 2-5 Paraffin Silicone

32 37 31 35 37

Lung
Papillary adenoma 11(34) 2(5)** 5(16) 3(8) 3(8)

Lymphoid tissue
Lymphosarcoma 2 (6) 2(5) 0 0 1(3)
Lymphatic leukaemia 

Vas deferens
0 0 C 1(3) 0

Squamous carcinoma 0 1(3) C 0 0
Subcutaneous tissue

Fibroma 3(10) 2 (6) 0 16(46) 6(16)**

tNo. of animals surviving to 80 wk plus tumour-bearing animals that died or were killed earlier.
Values in parentheses denote the numbers of mice affected expressed as a percentage of the effective no. of mice/ 

group. Values marked with asterisks differ significantly (Student’s t test) from that of the corresponding control 
group: **P  < 001.
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Table 5. Incidence and types o f tumours in female mice given 0-25 or 2-5% silicone in the diet or a single 0-2 ml
sc injection o f silicone or liquid paraffin

No. of mice bearing tumours in group given

Dietary silicone
(% concn) Injection of

Site and type 
of tumour

Effective no.t 
of mice/group...

0 0-25 2-5 Paraffin Silicone

42 44 32 48 44

Mammary gland 
Adenoma 0 0 0 1 (2) 0

Lung
Papillary adenoma 9(21) 2 (5)** 1 (3)** 8(17) 5(11)

Ovary
Cystadenoma 1(3) 0 0 0 0

Uterus
Squamous carcinoma 0 0 0 1 (2) 0
Fibromyoma 0 1 (2) 0 0 2(5)

Cervix
Fibroma 0 0 1(3) 0 1 (2)

Lymphoid tissue 
Lymphosarcoma 1 (2) 0 3(9) 2(4) 1 (2)
Reticulum-cell sarcoma 1(3) 0 0 0 0

Subcutaneous tissue 
Fibroma 0 0 0 1 (2) 2(5)

Total no. with 
tumours... 12(29) 3 (7)** 5(15) 1 0 (21) 10(23)

fNo. of animals surviving to 80 wk plus tumour-bearing animals that died or were killed earlier.
Values in parentheses denote the numbers of mice affected expressed as a percentage of the effective no. of mice/ 

group. Values marked with asterisks differ significantly (Student’s t test) from that of the corresponding control 
group: **P < 0*01.

a l th o u g h  th e  in c id en c e  in  th e  fo rm e r  g ro u p  w as  s im ila r  to  th a t  fo u n d  in  th e  c o n tro l  m a les  
o f  th e  d ie ta ry  s tu d y  (T ab le  4). I n  m ice g iven  th e  s ilico n e  in jec tio n , 50%  o f  th e  f ib ro m a s  
o c c u r re d  a t  th e  s ite  o f  in je c tio n , w h e re a s  88%  o f  th e  f ib ro m a s  w ere  a t  th e  in je c tio n  site  
in  th e  liq u id -p a ra ff in  c o n tro l  g ro u p . D iffe ren ces b e tw e e n  th e  c o n tro l  a n d  e x p e r im e n ta l 
g ro u p s  in  th e  o v e ra ll tu m o u r  in c id en c e  a ro s e  so le ly  fro m  d iffe rences b e tw e e n  th e  g ro u p s  
in  th e  p r o p o r t io n  o f  p a p il la ry  a d e n o m a s  o f  th e  lu n g  o r  o f  sc f ib ro m as .

T h e  sc f ib ro m a s  a t  th e  in je c tio n  site  o c c u r re d  e a r lie r  in  m a le  m ice  a f te r  th e  in je c tio n  
o f  liq u id  p a ra ff in  th a n  a f te r  th e  s ilico n e  in je c tio n . T h e  firs t f ib ro m a  in  th e  l iq u id -p a ra ff in  
g ro u p  w as  d e te c te d  in  w k  40  w h ile  th a t  in  th e  s ilico n e  g ro u p  w as  n o t  d e te c te d  u n ti l  w k  
70, b y  w h ic h  tim e  th e  to ta l  in  th e  fo rm e r  g ro u p  h a d  re a c h e d  13. A d m in is tra tio n  o f  s ilico n e  
b y  e i th e r  ro u te  h a d  n o  s ig n ific an t effect o n  th e  tim e  a t  w h ic h  a n y  tu m o u r s  d ev e lo p ed .

Silicone con ten t o f  the tissues

A n a ly s is  o f  th e  w h o le  a n im a ls  d id  n o t  d e m o n s tr a te  th e  p re se n c e  o f  th e  s ilico n e  c o m 
p o n e n t  o f  th e  a d m in is te re d  s ilico n e  a n t ifo a m  c o m p o u n d  in  te n  m ice  w h ich  h a d  b e e n  fed  
a  d ie t c o n ta in in g  2-5%  s ilico n e  fo r 75 w k . S im ila rly , s ilico n e  w as  n o t  d e te c te d  in  sa m p le s  
o f  liver, k id n ey , sp leen  o r  p e r ire n a l fa t fro m  five m ice  g iv en  a  sing le  sc in je c tio n  o f  0-2 m l 
s ilico n e  76 w k  p rev io u s ly .
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DISCUSSION

T h e  m a n y  in v e s tig a to rs  w h o  h av e  s tu d ie d  th e  effects o f  m e th y lp o ly s ilo x a n e s  u p o n  liv ing  
sy s tem s a g re e  th a t  li t tle  if a n y  d a m a g e  to  o rg a n s  is d e te c ta b le  a f te r  a c u te  o r  lo n g - te rm  
h igh -lev e l a d m in is t r a t io n  (G ra s so , F a irw e a th e r  &  G o lb e rg , 1965; M a c D o n a ld  et al. 1960; 
M c N a m a ra ,  M c K a y  &  Q u ille , 1950; M ea ls , 1969; P o le m a n n , 1955; R o w e  et al. 1950). 
M o s t  o f  th e se  s tu d ie s  w ere  c a r r ie d  o u t  o n  th e  m e th y lp o ly s ilo x a n e s  in  D o w  C o rn in g  A n ti
foam  A o r  in  D o w  C o rn in g  200  flu ids. N o  to x ic  effects fo llo w ed  th e  feed ing  o f  D o w  C o r 
n in g  A n tifo a m  A to  r a ts  fo r 2  yr (R o w e et al. 1950) a n d  no-ill-effec ts w ere  o b se rv e d  in  
d o g s  th a t  rec e iv e d  3 g D o w  C o rn in g  A n tifo a m  A /k g  fo r 5 d a y s /w k  for 6 m o n th s  (C h ild , 
P a q u in  &  D e ic h m a n n , 1951). T h e  b io lo g ic a l re sp o n se  fo llo w in g  sc, im  a n d  ip  in je c tio n s  
o f  th e  p o ly m e rs  w as  n eg lig ib le , a l th o u g h  e l im in a tio n  w as  e x tre m e ly  slow  (G ra s so  et al. 
1965; M c G re g o r , 1960; M c N a m a ra  et al. 1950). T h u s , th e  r e p o r te d  to x ic ity  s tu d ie s  o n  
m e th y lp o ly s ilo x a n e s  c lo se ly  p a ra lle l th e  f in d in g s  o b ta in e d  in  m ice  in  th e  p re s e n t in v e s tig a 
tions .

I t  m a y  b e  c o n c lu d e d  th a t  th e se  s ilico n e  a n t ifo a m  a g e n ts  c a r ry  n o  d e te c ta b le  c a rc in o g e n ic  
h a z a rd  a t  o r  b e lo w  th e  d o sa g e  levels em p lo y ed . N o  s ig n ific an t to x ic  effect a t t r ib u ta b le  to  
th e se  a g e n ts  w as  o b se rv e d  in  th e  p re s e n t s tu d y .
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Etude de l’action d’un polydiméthylsiloxane au cours de la vie de la souris

Résumé—On ajoute à la nourriture de groupes de souris, pendant 76 semaines à partir du sevrage, 
un agent antimoussant siliconé contenant 94% d’huile silicone de polydiméthylsiloxane et 6% de 
dioxyde de silicone finement divisé. Les taux administrés sont de 0, 25 et 2,5% du régime. Un autre 
groupe de souris reçoit une seule injection sc de 0,2 ml d’antimoussant au moment du sevrage, 
et un groupe témoin reçoit une seule injection sc de 0,2 ml de paraffine liquide B.P. Toutes les 
souris ayant survécu sont tuées quand elles atteignent 80 semaines. Aucun silicone n’a été détecté
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dans le corps des souris ayant absorbé les régimes contenant 2,5% d’antimoussant. Parallèlement 
aucun silicone n’a été trouvé dans le foie, les reins, la rate ou les graisses périrénales des souris 
ayant reçu l’injection. Cependant des kystes subsistent à l’endroit de l’injection pendant toute la 
vie de beaucoup de ces animaux. Il n’y a aucun accroissement dans la fréquence des tumeurs 
malignes ou bénignes dans les groupes des souris qui reçoivent de l’antimoussant soit dans leur 
régime, soit par injection, et il n’y a aucun effet toxique qui puisse être imputé à l’administration 
de silicone. D’un autre côté, les injections de paraffine liquide produisent une élévation de la 
fréquence et une plus grande précocité des fibromes sous-cutanés à l’endroit de l’injection chez les 
souris mâles.

Eine Lebenszeitstudie von Polydimethylsiloxan an der Maus

Zusammenfassung -Ein Silikon-Antischaummittel, das 94% Polydimethylsiloxan-Silikonöl und 
6% fein verteiltes Silikondioxid enthielt, wurde in den Diätspiegeln von 0-25 und 2-5% an Gruppen 
von Mäusen während 76 Wochen nach der Entwöhnung verabreicht. Eine andere Gruppe von 
Mäusen erhielt eine einmalige sc Injektion von 0-2 ml des Antischaums bei der Entwöhnung, und 
eine Kontrollgruppe erhielt eine einmalige Injektion von 0-2 ml “Liquid Paraffin BP”. Alle überle
benden Mäuse wurden getötet, als sie 80 Wochen alt waren. Kein Silikon wurde gefunden in den 
Körpern der Mäuse, deren Nahrung 2-5% des Antischaums enthielt. Gleichfalls war keines auffind
bar in der Leber, den Nieren, der Milz oder im perirenalen Fett der Mäuse, die die Injektion 
erhielten. Jedoch waren Zysten vorhanden an der Injektionsstelle während der Lebenszeit vieler 
dieser Tiere. Es gab keinen Anstieg im Auftreten von malignen oder benignen Tumoren in den 
Gruppen der Mäuse, die den Antischaum entweder in der Nahrung oder durch Injektion erhielten, 
und es gab keine toxischen Effekte, die der Gabe von Silikon zugeschrieben werden konnten. 
Andererseits erzeugte die sc Injektion von Paraffinum liquidum ein erhöhtes Vorkommen und 
früheres Auftreten von Fibromen an der Injektionsstelle bei männlichen Mäusen.
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TUM O URS A N D  HORM ONAL CHANGES PRO DUCED IN  
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Abstract—Linoleate hydroperoxide was given by repeated sc injection :o two groups of rats. Those 
in the first group received a total dose of 200 mg and those in the second group a total dose of 
353 mg. No tumours occurred at the site of injection in the treated rats, but the incidence of malig
nant mammary tumours and of lymphosarcomas Was increased among rats in the first group and 
that of benign mammary tumours and benign pituitary tumours was increased in the second group. 
These tumours occurred late in the lifespan of the animals.

The incidence of total mammary tumours and of total pituitary tumours increased as the dose 
of linoleate hydroperoxide was raised, but this increase was due to a greater number of benign 
rather than of malignant tumours. Enlargement of the pituitary gland, with increases in the propor
tion of eosinophilic cells in the pars anterior, in body-weight gain and aody length, and in the pro
portion of rats with follicular cysts in their ovaries, also followed the administration of linoleate hyd
roperoxide. It is suggested that the pituitary and mammary tumours arose as a consequence of 
an induced hypothalamic disturbance, leading to mammosomatotrophic effects.

INTRODUCTION

S ev era l w o rk e rs  h a v e  r e p o r te d  th a t  p ro d u c ts  su c h  a s  e p o x id e s  a n d  h y d ro x y  fa tty  a c id s  
fo rm e d  d u r in g  th e  h e a tin g  o r  o x id a tio n  o f  fa ts  p ro d u c e  in je c tio n -s ite  s a rc o m a s  in  th e  
m o u se  (S w ern , W ied e r, M c D o n o u g h , M e ra n z e  &  S h im k in , 1970; V a n  D u u re n , L a n g se th , 
O rr is , T e e b o r ,  N e ls o n  &  K u sc h n e r , 1966; V a n  D u u re n , M e lc h io n n e , B la ir, G o ld s c h m id t 
&  K a tz , 1971) a n d  a n  in c re a se  o f  s p o n ta n e o u s  tu m o u r s  a f te r  in g e s tio n  by  r a ts  (S e e lk o p f 
&  S alfe lder, 1962). In  a n  ea r lie r  e x p e r im e n t in  th e se  la b o ra to r ie s ,  it  w as  fo u n d  th a t  a n  in 
c re a se  in  tu m o u r  in c id en c e  fo llo w ed  th e  in c lu s io n  o f  o x id iz ed  lin o le ic  a c id  in  th e  d ie t o f  
r a ts  a n d  m ice  (C u tle r  &  S ch n e id e r , 1973a) a n d  th e  o ffsp rin g  o f  r a ts  g iv en  th is  t r e a tm e n t  
sh o w ed  a n  in c id en c e  o f  u ro g e n ita l  m a lfo rm a tio n s  h ig h e r  th a n  th a t  fo u n d  in  th e  o ffsp rin g  
o f  c o n tro ls  (C u tle r  &  S ch n e id e r, 1973b). A p p lic a tio n  o f  p u rif ied  lin o le ic  a c id  h y d ro p e ro x 
ide to  th e  o v a r ie s  o f  m ice w as  fo llo w ed  by  a n  in c re a se  o f  fo e ta l m a lfo rm a tio n s  in  th e  p r o 
geny.

In  th e  in v e s tig a tio n s  d e sc r ib e d  here , lin o le ic  a c id  h y d ro p e ro x id e  w as  g iv en  b y  re p e a te d  
sc  in je c t io n  to  r a ts  a n d  its  effects o n  th e  tu m o u r  in c id en ce  a n d  h o rm o n a l  s ta tu s  o f  th e  a n i
m a ls  w ere  ev a lu a te d .

EXPERIMENTAL
Materials. A n tio x id a n t- fre e  lin o le ic  a c id  w as  o b ta in e d  fro m  P ric e ’s L td ., B ro m b o ro u g h , 

C h e sh ire , a n d  w as  p u r if ie d  o n  a  silica  c o lu m n . T h e  h y d ro p e ro x id e  w as  p re p a re d  a s  d e 
sc rib e d  b y  O ’B rie n  &  F ra z e r  (1966) b y  d ire c t a e r ia l  o x id a tio n  o f  a  ro ta t in g  film  o f  th e  l in o 
le ic  a c id  a t  r o o m  te m p e ra tu re , a n d  w as  s e p a ra te d  f ro m  th e  m ix tu re  o f  o x id a tio n  p ro d u c ts
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b y  p a r t i t io n  b e tw e en  lig h t p e tro le u m  a n d  75%  a q u e o u s  m e th a n o l . T h e  p u r ity  o f  th e  iso 
la te d  p ro d u c t,  d e te rm in e d  b y  u ltra v io le t  a b s o rp t io n  sp e c tro p h o to m e try , io d o m e try  a n d  
th in - la y e r  c h ro m a to g ra p h y , w as  b e tw e e n  90  a n d  100% . T h is  w as  s to re d  a s  a n  e th a n o lic  
so lu t io n  a t  — 20°C , w h ic h  re m a in e d  s ta b le  fo r 4  w k . F o r  in jec tio n s , a  10%  s o lu t io n  o f  
s o d iu m  lin o le a te  h y d ro p e ro x id e , p H  7-4, w as  p re p a re d  b y  re m o v a l o f  th e  e th a n o l  in  a  
r o ta ry  e v a p o ra to r  fo llo w ed  b y  th e  a d d i t io n  o f  th e  re q u ire d  a m o u n t  o f  s o d iu m  h y d ro x id e  
so lu tio n . T h is  w as  u sed  im m e d ia te ly  a f te r  p re p a ra t io n .

A n im als and trea tm ent. T h e  s tu d y  w as  c a r r ie d  o u t  o n  fem ale  r a ts  fro m  th e  B irm in g h a m  
o u tb re d  W is ta r  s tr a in  r e a re d  by  sp e c if ie d -p a th o g en -fre e  fo s te r  p a re n ts . T h e  ra ts  w ere  d is 
tr ib u te d  b y  a  r a n d o m -n u m b e r  sy s tem  b e tw e e n  th e  g ro u p s  sh o w n  in  T a b le  1. T h e  c o n tro l  
g ro u p , C l ,  c o n s is te d  o f  50 fem ales w h ich  rece iv ed  n o  a d d i t io n a l  tre a tm e n t.  R a ts  o f  th e  
o th e r  g ro u p s  rece iv ed  sc in je c tio n s  fro m  th e  ag e  o f  6 w k  a t  5 -w eek ly  in te rv a ls . T w e n ty  in 
je c t io n s  o f  0-2 m l p h y s io lo g ica l sa lin e  w ere  g iven  to  th e  20  ra ts  in  g ro u p  C2, e a c h  o f  th e  
25 r a t s  in  g ro u p  L I  rece iv ed  10 in je c tio n s  o f  0-2 m l 10% so d iu m  lin o le a te  h y d ro p e ro x id e  
a n d  e a c h  o f  th e  20 ra ts  in  g ro u p  L 2  w ere  g iven  20  in je c tio n s  o f  0 T 6 -0 T 8  m l 10% so d iu m  
lin o le a te  h y d ro p e ro x id e . A d ie t o f  r a t  c a k e  su p p lie d  by  S p ille r’s L td ., L o n d o n , w as  g iven  
ad  lib. to  a ll th e  a n im a ls . W a te r  w as  freely  av a ila b le .

Table 1. General plan o f  injection experim en ts in ra ts

Compound
administered

Group
no.

Total
dosage
(mg/rat)

No. of 
rats/group

No. of 
injections

Age of survivors 
when killed (wk)

_ Cl _ 50 _ 110
Physiological saline C2 36 20 20 100
Linoleate hydroperoxide LI 200 25 10 110

L2 353 20 20 100

R a ts  w ere  k e p t in  cag es o f  n o t m o re  th a n  five a n im a ls , in  a  b a r r ie r -c o n tro lle d  a r e a  o f  
th e  a n im a l h o u se . A n im a ls  w ere  e x a m in e d  d a ily  a n d  a n y  a b n o rm a lit ie s  o b se rv e d  w ere  
re c o rd e d . R a ts  th a t  a p p e a re d  unw ell w ere  iso la te d  a n d  th o se  th a t  w ere  m o r ib u n d , b o re  
p a lp a b le  tu m o u r s  o r  sh o w ed  a  m a rk e d  d e c rea se  in  b o d y  w e ig h t w ere  k illed . A ll su rv iv in g  
r a ts  w ere  k illed  a t  th e  ag e  o f  100 -110  w k . A u to p s ie s  w ere  p e rfo rm e d  o n  all a n im a ls  a n d  
h is to lo g ic a l p r e p a ra t io n s  w ere  m a d e  o f  a ll tis su es  th a t  a p p e a re d  a b n o rm a l.

S tu d ies o f  p itu ita ry-g lan d  changes and re la ted  effects. M e a s u re m e n ts  o f  th e  w e ig h t o f  th e  
p i tu i ta ry  g la n d  re la tiv e  to  b o d y  w e ig h t w ere  m a d e  a t  a u to p s y  o n  24 c o n tro l  ra ts , o n  te n  
r a ts  o f  g ro u p  L I  a n d  o n  14 r a ts  o f  g ro u p  L2. In  a d d it io n , e s tim a te s  o f  p i tu i ta ry -h o rm o n e  
ac tiv itie s  in  th e  t r e a te d  a n d  c o n tro l  r a ts  w ere  m a d e  b y  in d ire c t m e th o d s .

A c ru d e  e s tim a te  o f  th e  g ro w th -h o rm o n e  ac tiv ity  in  th e  a n im a ls  w as  m a d e  f ro m  th e ir  
b o d y  len g th , th e ir  b o d y -w e ig h t g a in  a n d  th e  p r o p o r t io n  o f  eo s in o p h ilic  ce lls in  th e  p a r s  
a n te r io r  o f  th e  p i tu i ta ry  g la n d  (Lee, E v a n s  &  S im p so n , 1945; P u rv e s , 1966). T h e  b o d y  
le n g th  o f  a ll r a ts  w as  m e a su re d  a t  a u to p s y  o n  th e  e x te n d e d  a n im a l fro m  th e  tip  o f  th e  n o se  
to  th e  ju n c t io n  o f  th e  b o d y  w ith  th e  ta il. T h e  a m o u n t  o f  b o d y  w e ig h t g a in e d  b y  a ll th e  
r a ts  d u r in g  th e  p e r io d  o f  ac tiv e  g ro w th  b e tw e en  th e  ag e s  o f  6 a n d  38 w k  w as  a lso  m e a su re d . 
H is to lo g ic a l p r e p a ra t io n s  o f  th e  p i tu i ta ry  g la n d  fro m  a ll a n im a ls  w ere  s ta in e d  b y  M a llo ry ’s 
tr ic h ro m e  te c h n iq u e  a n d  a lso  b y  th e  p e r io d ic  a c id -S c h if f  re a g e n t u s in g  a n  O ra n g e  G  c o u n 
te rs ta in  (C u lling , 1957) a n d  th e  p r o p o r t io n  o f  eo s in o p h ilic  ce lls  in th e  p a r s  a n te r io r  w as  
e s tim a te d .
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A d re n o c o r t ic o tro p h ic  h o rm o n e  (A C T H ) a c tiv ity  w as  a ssessed  fro m  th e  w e ig h t o f  th e  
a d re n a l  g la n d s  re la tiv e  to  b o d y  w e ig h t a t  a u to p s y  a n d  fro m  th e  levels o f  1 1 -h y d ro x y c o rti-  
c o s te ro id s  in  th e  s e ru m  a n d  a d re n a ls .  T h e  a d re n a l  g la n d s  fro m  fo u r  c o n tro l  a n d  five tr e a te d  
ra ts  w ere  h o m o g e n iz e d  in  5 m l 20%  e th a n o l  in  p h y s io lo g ica l sa lin e  a n d  th e ir  c o n te n t  o f
1 1 -h y d ro x y c o rtic o s te ro id s  w as  e s tim a te d  b y  th e  m e th o d  o f  G iv n e r  &  R o c h e fo r t (1965) 
u s in g  a  M a r k  I sp e c tro f lu o r im e te r  m a n u fa c tu re d  b y  th e  F a r r a n d  O p tic a l  C o ., Inc., N ew  
Y o rk . T h e  f lu o re scen ce  w as  m e a su re d  a t  536 n m  a fte r  e x c ita tio n  a t  470  nm . S e ru m  sa m p le s  
f ro m  fo u r  c o n t ro l  a n d  fo u r t r e a te d  r a ts  w ere  e x a m in e d  b y  th e  sam e  p ro c e d u re .

T h y ro t ro p h in  a c tiv ity  w as  in d ire c tly  a sse ssed  f ro m  th e  p r o p o r t io n  o f  ce lls  to  co llo id  vesi
cles in  h is to lo g ic a l p r e p a ra t io n s  o f  th e  th y ro id  g la n d  (T a la , 1952) a n d  f ro m  th e  se ru m  
o rg a n ic  io d in e  levels. O rg a n ic  io d in e  levels in  th e  s e ru m  fro m  12 c o n tro l  a n d  te n  tre a te d  
r a ts  w ere  e s tim a te d  by  th e  R e g io n a l P B I  C e n tre , S ta ffo rd sh ire  G e n e ra l  In f irm a ry , S taffo rd , 
u s in g  a n  a u to a n a ly se r .

G o n a d o t r o p h in  a c tiv i ty  w as  in d ire c tly  a sse ssed  fro m  th e  a m o u n ts  o f  o e s tro g e n  in  24 -h r 
u r in e  sa m p le s  a n d  fro m  th e  w e ig h t o f  th e  o v a r ie s  a n d  o f  th e  u te ru s  re la tiv e  to  b o d y  w eig h t. 
A t 96 w k , 11 r a t s  f ro m  g ro u p  C 2  a n d  11 r a t s  f ro m  g ro u p  L 2  w ere  ca g e d  in d iv id u a lly  in  
u r in e -c o lle c tin g  a p p a r a tu s  o f  th e  ty p e  d e sc r ib e d  by  S h a r ra t t  (1958). T o  e a c h  o f  th e  2 4 -h r 
u r in e  sa m p le s  o b ta in e d  fro m  th e se  r a ts  w as  a d d e d  1 m l 50%  su lp h u r ic  ac id . T h e  u r in e  s a m 
p les  w ere  h y d ro ly se d  a t  120°C  for 1 h r, s te ro id s  w ere  e x tra c te d  b y  th e  m e th o d  o f  B ro w n  
(1955) a n d  o e s tro g e n  levels w ere  m e a su re d  b y  a  m o d if ic a tio n  o f  I t t r ic h ’s p ro c e d u re  fo r th e  
K o b e r  r e a c tio n  (S k ra m o v sk y  &  H a e b e r le , 1968). T h e  flu o re scen ce  a t  540 n m  a fte r  ex c i
ta t io n  a t  516 n m  w as  c o m p a re d  w ith  th a t  o f  s ta n d a r d  so lu tio n s  o f  o es trio l, u s in g  th e  F a r 
r a n d  sp e c tro f lu o rim e te r . A t a u to p sy , th e  u te ru s  a n d  o v a r ie s  fro m  14 r a ts  o f  g ro u p  C 2  a n d  
14 r a t s  o f  g ro u p  L 2  w ere  freed  f ro m  th e  s u r ro u n d in g  m e se n te ry  a n d  w eig h ed , a n d  th e  
w e ig h ts  w ere  ex p re ssed  a s  a  p r o p o r t io n  o f  th e  b o d y  w e ig h t o f  ea c h  ra t.

Statistical methods. T u m o u r  in c id en ce  w as  a sse ssed  b y  th e  m e th o d  o f  A rco s , A rg u s  &  
W o lf  (1968). T h e  s ig n ifican ce  o f  th e  b e tw e e n -g ro u p  d iffe rences in  th e  in c id en ce  o f  tu m o u r s  
fo r  e a c h  specific  o rg a n  w as  c a lc u la te d  b y  th e  c h i-s q u a re d  te s t w h ere  th e  g ro u p  n u m b e rs  
w ere  la rg e , a n d  b y  F is h e r ’s ex a c t t r e a tm e n t  o f  th e  2 x 2  ta b le s  w h e re  sm a ll n u m b e rs  w ere  
in v o lv e d  (F ish e r , 1954). T h e  s ig n ifican ce  o f  th e  b e tw e e n -g ro u p  d iffe rences in  th e  p r o p o r t io n  
o f  tu m o u r -b e a r in g  a n im a ls  w as  a ssessed  b y  th e  sam e p ro c e d u re . F o r  e v a lu a tin g  th e  
b e tw e e n -g ro u p  d iffe ren ces in  th e  ag e  o f  a n im a ls  w h e n  m a m m a ry  tu m o u r s  w ere  d e tec ted , 
W h ite ’s r a n k in g  m e th o d  a n d  S tu d e n t’s t te s t w ere  u sed . T h e se  c o m p a r is o n s  w ere  m a d e  
o n ly  b e tw e e n  tu m o u r s  o f  s im ila r  types. T h e  re su lts  o f  th e  o th e r  te s ts  a re  ex p re ssed  as  th e  
m e a n  v a lu e s  a n d  th e  s ta n d a r d  e r ro r  o f  th e  m e an . T h e  s ign ificance  o f  th e  d iffe rences 
b e tw e e n  th e  m e a n s  w ere  c a lc u la te d  b y  S tu d e n t’s t te s t. F ish e r  a n d  Y a te s ’ S ta tis tic a l T a b le s  
w ere  u se d  th ro u g h o u t .

RESULTS

Examination for carcinogenic activity
T a b le  2 sh o w s th e  effects o f  lin o le a te  h y d ro p e ro x id e  in je c tio n s  o n  th e  tu m o u r  in c id en ce  

a n d  la te n t  p e r io d  in  fem ale  ra ts . T h e  m o s t n o ta b le  ty p es  o f  tu m o u r s  fo u n d  in  th is  s tu d y  
w e re  c h ro m o p h o b e  a d e n o m a s  o f  th e  p i tu i ta ry  a n d  m a m m a ry  a d e n o m a s  a n d  c a rc in o m a s . 
L y m p h o s a rc o m a s  a n d  so m e m a lig n a n t p i tu i ta ry  tu m o u r s  w ere  a lso  seen. T h e  in c id en ce  
a n d  ty p e s  o f  tu m o u r  in  th e  g ro u p  o f  r a ts  g iv en  sc in je c tio n s  o f  p h y s io lo g ic a l sa lin e  w ere  
s im ila r  to  th o se  in  th e  c o n tro l  g ro u p  g iv en  n o  a d d i t io n a l  t r e a tm e n t  a n d  in  T a b le  2 th e
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Table 2. Effects o f lin o lea te  hydroperox ide injections on tumour incidence and la ten t periods in fem ale  ra ts

No. of rats affected! in group

Site and/or Cl + C2 LI L2
type of
tumour Effective no.f/group. . . . 69 25 17

Mammary gland
Malignant§ 4(6) 5 (20)* 2 (12)
Benign§ __ 1(4) 4(24)**

Pituitary gland
Malignant 4(6) 1(4) 0
Benign 2(3) 0 4(24)*

Lymphosarcoma 1 (2) 4(16)* 0
Other organs

Malignant 8 (12) 2 (8) 2 (12)
Benign 3(4) 4(16) 6(36)

Total no. of rats with benign or malignant tumours.. . 22(32) 13(52) 11 (65)*

|Two or more neoplasms in the same tissue in any one animal are recorded as one tumour and the no. of affected 
rats expressed as a percentage of the effective no./group are given in parentheses. 

fNo. of rats surviving to wk 100, plus tumour-bearing animals that died or were killed earlier.
§The mean ages at which mammary gland tumours were detected were 86, 82 and 75 wk for the malignant 

tumours in groups Cl + C2, LI and L2, respectively, and 110 and 90 wk for the benign tumours in groups 
LI and L2, respectively.

Values marked with asterisks differ significantly from the control values: *P  <  0 05; **P  < 0 01.

re su lts  fro m  th e se  tw o  c o n tro l  g ro u p s  h av e  th e re fo re  b ee n  co m b in e d . T h e  r a ts  o f  g ro u p  
L I ,  w h ich  h a d  rece iv ed  a  to ta l  d o se  o f  200  m g  s o d iu m  lin o le a te  h y d ro p e ro x id e , sh o w e d  
a  s ig n ific an tly  h ig h e r  in c id en ce  o f  m a lig n a n t m a m m a ry  tu m o u r s  a n d  o f  ly m p h o s a rc o m a s  
th a n  th e  c o n tro ls , a n d  th o se  o f  g ro u p  L 2, g iven  a  to ta l  d o se  o f  353 m g  lin o le a te  h y d ro p e r 
ox ide , h a d  a  h ig h e r  in c id en ce  o f  b e n ig n  m a m m a ry  tu m o u r s  a n d  o f  b e n ig n  p i tu i ta ry  
tu m o u rs .  In  g ro u p  L 2, th e  to ta l  n u m b e r  o f  r a ts  b e a r in g  tu m o u r s  w as  a lso  s ig n ific an tly  
ra ise d . N o  tu m o u r s  o c c u r re d  a t  th e  site  o f  in je c tio n  o f  l in o le a te  h y d ro p e ro x id e  a n d  th e  
in c id en ce  o f  tu m o u r s  o th e r  th a n  ly m p h o s a rc o m a s , m a m m a ry  o r  p i tu i ta ry  tu m o u r s  w as  n o t  
s ig n ific an tly  g re a te r  th a n  th a t  o b se rv e d  a m o n g  c o n tro l  an im a ls .

W ith  a n  in c re a se  in  th e  to ta l  d o se  o f  lin o le a te  h y d ro p e ro x id e  fro m  200 to  353 m g, th e  
in c id en ce  o f  to ta l  m a m m a ry  tu m o u r s  in c re a se d  fro m  24  to  36% , th e  in c id en ce  o f  to ta l  
p i tu i ta ry  tu m o u r s  f ro m  4 to  24%  a n d  th e  to ta l  tu m o u r  in c id en c e  f ro m  52 to  65%  o f  th e  
effective n u m b e r  o f  a n im a ls  in  th e  g ro u p . T h e  effect w as  u n lik e  th a t  o f  a  ty p ic a l c a rc in o g e n  
in  th a t  a n  in c re a se  in  b e n ig n  r a th e r  th a n  in  m a lig n a n t tu m o u r s  fo llo w ed  th e  in c re a se  in  
th e  to ta l  d o se  o f  lin o le a te  h y d ro p e ro x id e .

M a lig n a n t  tu m o u r s  o f  th e  m a m m a ry  g la n d  a p p e a re d  s lig h tly  b u t  n o t  s ig n ific an tly  e a r lie r  
a m o n g  r a ts  g iv en  lin o le a te  h y d ro p e ro x id e  in je c tio n s  th a n  a m o n g  th e  c o n tro ls , a s  sh o w n  
in  T a b le  2. T h e  av e rag e  ag e  a t  w h ich  th e se  tu m o u r s  w ere  d e te c te d  in  c o n tro l  r a ts  w as  86 
w k, w h e re a s  in  g ro u p  L I  th e  av e rag e  ag e  w as  82 w k  a n d  in  g ro u p  L 2  it  w as  75 w k.

C hanges in the p itu ita ry  gland

T a b le  3 sh o w s th e  ch a n g es  o c c u r r in g  in  th e  p i tu i ta ry  g la n d  o f  r a ts  a f te r  in je c tio n s  o f  
l in o le a te  h y d ro p e ro x id e . T h e  w e ig h t o f  th e  p i tu i ta ry  re la tiv e  to  b o d y  w e ig h t w as  ra is e d  
s lig h tly  in  r a t s  o f  g ro u p  L I  a n d  w as  s ig n ific an tly  e le v a te d  in  r a ts  o f  g ro u p  L 2. S o m e in 
c rease  in  g ro w th -h o rm o n e  a c tiv ity  in  th e se  a n im a ls  w as  su g g e s ted  b y  th e  in c re a se  in  b o d y
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le n g th  a n d  b o d y  w e ig h t th a t  o c c u r re d  in  r a ts  o f  g ro u p s  L I  a n d  L 2. T h e  in c re a se d  p r o p o r 
t io n  o f  eo s in o p h ilic  ce lls in  th e  p a r s  a n te r io r  w h ic h  w as  o b se rv e d  in  r a ts  o f  g ro u p  L 2  w as  
a n o th e r  in d ex  o f  in c re a se d  g ro w th -h o rm o n e  o r  p ro la c t in  ac tiv ity .

T h e re  w as  n o  s ig n ific an t a l te r a t io n  in  th e  p r o p o r t io n  o f  P A S -p o s itiv e  b a s o p h ilic  cells 
in  th e  p a r s  a n te r io r  a n d  n o  o th e r  ev id en ce  to  su g g est th a t  g o n a d o t ro p h in  ac tiv ity , th y ro -  
t r o p h in  ac tiv ity  o r  A C T H  ac tiv ity  h a d  b ee n  a lte re d  b y  th e  a d m in is t ra t io n  o f  l in o le a te  h y d 
ro p e ro x id e  to  ra ts . N o rm a l levels fo r a d re n a l  a n d  se ru m  1 1 -h y d ro x y c o rtic o s te ro id s  su g 
g es ted  th a t  A C T H  ac tiv ity  h a d  re m a in e d  w ith in  n o rm a l lim its, a n d  th e  o b se rv e d  d ec rea se  
in  th e  w e ig h t o f  th e  a d re n a l  g la n d s  re la tiv e  to  b o d y  w e ig h t c o u ld  n o t  be  a s c r ib e d  to  
r e d u c e d  sy n th e s is  o f  1 1 -h y d ro x y c o rtic o s te ro id s . N o rm a l v a lu es  fo r th e  p r o p o r t io n  o f  ce lls / 
co llo id  vesicles in  th e  th y ro id  g la n d  a n d  for th e  levels o f  se ru m  o rg a n ic  io d in e  su g g ested  
th a t  th y ro tro p h in  a c tiv ity  w as  u n a l te re d  b y  th e  tr e a tm e n t.  S im ila rly , n o rm a l v a lu es  fo r th e  
w e ig h t o f  th e  o v a r ie s  a n d  u te ru s  a n d  for th e  levels o f  u r in a ry  o e s tro g e n  in d ic a te d  th a t  
g o n a d o t ro p h in  ac tiv ity  h a d  n o t  b e e n  s ig n ific an tly  a ffec ted  b y  th e  a d m in is t ra t io n  o f  lin o 
le a te  h y d ro p e ro x id e . T h e  o b se rv e d  in c re a se  in  th e  p r o p o r t io n  o f  a n im a ls  w ith  o v a r ia n  cy s ts  
fo llo w in g  lin o le a te  h y d ro p e ro x id e  a d m in is t ra t io n  m a y  h av e  b ee n  c o n s e q u e n t o n  ch a n g es  
in  o rg a n s  o th e r  th a n  th e  p itu i ta ry .

Pituitary-hormone activity in rats with pituitary chromophobe adenomas
C h a n g e s  in  th e  m a m m a ry  g la n d  w ere  seen  in  a ll th e  t r e a te d  r a ts  in  w h ich  c h ro m o p h o b e  

a d e n o m a s  o f  th e  p i tu i ta ry  o c c u rre d . M a m m a ry  f ib ro a d e n o m a s  w ere  p re s e n t in  h a lf  o f  th e se  
a n im a ls  a n d  th e  r e s t  sh o w ed  sec re tin g  f ib ro -e p ith e lia l h y p e rp la s ia  o f  th e  m a m m a ry  g lan d . 
T re a te d  ra ts  fo u n d  to  h av e  th e se  p i tu i ta ry  tu m o u r s  d id  n o t  d iffer s ig n ific an tly  f ro m  th e  
re s t in  th e  g ro u p  in  th e ir  b o d y  le n g th , re la tiv e  w e ig h t o f  a d re n a ls  o r  o v arie s , u r in a ry  o e s 
tro g e n  levels o r  se ru m  o rg a n ic  io d in e  levels. T h e  o c c u r re n c e  o f  p itu i ta ry  tu m o u r s  w as  n o t  
r e la te d  to  th e  o c c u rre n c e  o f  cy s tic  o v a rie s .

Pituitary-hormone activity in rats with mammary tumours
In  th e  g ro u p s  o f  r a ts  g iven  lin o le a te  h y d ro p e ro x id e , th o se  b e a r in g  m a m m a ry  tu m o u rs  

d id  n o t  d iffer s ig n ific an tly  fro m  th e  re s t o f  th e  t r e a te d  r a ts  in  th e ir  b o d y  len g th , re la tiv e  
w e ig h t o f  a d re n a ls  o r  o v a rie s , u r in a ry  o e s tro g e n  levels o r  s e ru m  o rg a n ic  io d in e  levels. 
T h e re  w as  n o  a s s o c ia tio n  b e tw e en  th e  o c c u rre n c e  o f  m a m m a ry  tu m o u rs  a n d  th e  o c c u r 
ren c e  o f  cy s tic  o v a r ie s  in  th e se  an im a ls .

DISCUSSION
L in o le ic  a c id  h y d ro p e ro x id e  is a  to x ic  c o m p o u n d  w h ich  h a s  b ee n  sh o w n  to  in h ib i t  cell 

d iv is io n  (F ra n z  &  C o le , 1962; S tillw ell, M a ro n e y  &  W ilb u r , 1959), to  be m u ta g e n ic  to  
N e u ro s p o ra  a n d  A sp erg illu s  (D ickey , C le la n d  &  L o tz , 1949; V a n  A rke l, 1958) a n d  to  p r o 
d u ce  e p id e rm a l h y p e rp la s ia  in  th e  sk in  o f  th e  new t, a  r e a c tio n  sug g estiv e  o f  c a rc in o g e n ic  
a c tiv ity  (G la v in d  &  A rffm an n , 1970). In  a  p re v io u s  c o m m u n ic a tio n  (C u tle r  &  S ch n e id e r,
1973), w e r e p o r te d  th a t  th e  feed ing  o f  o x id iz ed  lin o le ic  a c id  to  r a ts  re su lte d  in  a n  in c re a se  
in  th e  in c id en ce  o f  m a m m a ry  a d e n o c a rc in o m a s  a n d  ce rv ica l s a rc o m a s  in  th e  fem ales a n d  
a n  in c re a se  in  in te rs titia l-c e ll tu m o u r s  o f  th e  te s tis  in  th e  m a les . A d m in is tra tio n  o f  a  s im ila r 
d ie t to  m ice re su lte d  in  a n  in c re a se  in  th e  in c id en ce  o f  b en ig n  o v a r ia n  tu m o u r s  a n d  o f  o th e r  
b e n ig n  tu m o u r s  in  th e  fem ales . O f  th e  n u m e ro u s  o x id a tio n  p ro d u c ts  to  be  fo u n d  in  th e  
o x id iz ed  lin o le ic  a c id  u se d  in  th e se  e x p e rim en ts , lin o le ic  a c id  h y d ro p e ro x id e  w as  p re s e n t 
in  th e  h ig h e s t c o n c e n tra tio n .
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In  th e  e x p e r im e n ts  d e sc r ib e d  in  th is  p a p e r ,  p u r if ie d  lin o le ic  a c id  h y d ro p e ro x id e  g iven  
b y  re p e a te d  sc in je c tio n , h a s  b ee n  fo u n d  to  in c re a se  th e  in c id en c e  o f  m a m m a ry  tu m o u rs , 
p i tu i ta ry  tu m o u r s  a n d  ly m p h o s a rc o m a s  in  fem ale  ra ts . N o  tu m o u r s  o c c u r re d  a t  th e  site 
o f  in je c tio n . T h e  in c id en c e  o f  to ta l  m a m m a ry  tu m o u r s  a n d  to ta l  p i tu i ta ry  tu m o u r s  sh o w ed  
a  p ro g re ss iv e  in c re a se  w h e n  th e  to ta l  d o se  o f  lin o le a te  h y d ro p e ro x id e  w as  ra is e d  f ro m  200 
to  353 m g. H o w ev e r, a n  in c re a se  in  b e n ig n  r a th e r  th a n  m a lig n a n t tu m o u r s  o c c u r re d  w ith  
th is  in c re a se  in  th e  d o se  o f  lin o le a te  h y d ro p e ro x id e .

T h e  o b se rv e d  in c re a se  in  tu m o u r s  fo llo w in g  a d m in is t r a t io n  o f  l in o le a te  h y d ro p e ro x id e  
m a y  h a v e  b e e n  b r o u g h t  a b o u t  in d ire c tly  th ro u g h  effects o n  th e  e n d o c r in e  g la n d s , sin ce  th e  
a v e ra g e  w e ig h t o f  th e  p i tu i ta ry  g la n d  a n d  th e  p r o p o r t io n  o f  r a t s  w ith  cy s tic  o v a r ie s  in 
c re a se d  a s  th e  to ta l  d o se  o f  lin o le a te  h y d ro p e ro x id e  w as  ra ised . T h e  in c re a se  in  w e ig h t o f  
th e  p i tu i ta ry  g la n d  w as  a c c o m p a n ie d  b y  a  sm a ll b u t  s ta tis t ic a lly  s ig n ific an t in c re a se  in  th e  
b o d y  le n g th  a n d  b o d y  w e ig h t o f  th e  tr e a te d  a n im a ls , a n d  in  th e  p r o p o r t io n  o f  eo s in o p h ilic  
ce lls in  th e  p a r s  a n te r io r  o f  th e  p itu i ta ry , a n  in c re a se  su g g estin g  in c re a se d  m a m m o s o m a to -  
tro p h ic  a c tiv ity . T h e re  w ere  n o  sig n s to  in d ic a te  a n y  in c re a se d  A C T H , th y r o tr o p h in  o r  
g o n a d o t ro p h in  ac tiv ity .

C h ro n ic  e n d o c r in e  im b a la n c e  in  e x p e r im e n ta l a n im a ls , w h e th e r  b r o u g h t  a b o u t  b y  p r o 
lo n g e d  o e s tro g e n  a d m in is t ra tio n , b y  n e o n a ta l  g o n a d e c to m y , b y  th y ro id e c to m y , b y  c h ro n ic  
io d in e  d efic iency  o r  b y  g ro w th -h o rm o n e  a d m in is t ra t io n ,  h a s  b e e n  sh o w n  to  re su lt  in  
tu m o u r s  o f  th e  p i tu i ta ry  g la n d  a n d  o th e r  e n d o c r in e  o rg a n s  ( F u r th  &  C lifto n , 1966; R e id , 
1954). F o r  ex am p le , m a m m o s o m a to tro p h ic  p i tu i ta ry  tu m o u r s  a n d  m a m m a ry  tu m o u rs  
o c c u r  a f te r  o e s tro g e n  a d m in is t r a t io n  a n d  th y ro tro p h ic  p i tu i ta ry  tu m o u r s  a r e  seen  a f te r  
th y ro id e c to m y . A fte r g o n a d e c to m y  in  m ice  o f  so m e  s tra in s , b a s o p h ilic  p i tu i ta ry  tu m o u rs ,  
m a m m a ry  tu m o u r s  a n d  o e s tro g e n -se c re tin g  a d re n o c o r t ic a l  tu m o u r s  o ccu r.

T h e  c o m b in a t io n  o f  in c re a se d  e o s in o p h ilic  ce lls  in  th e  p a r s  a n te r io r  o f  th e  p itu i ta ry , in 
c re a se d  b o d y  le n g th , a n  in c re a se d  in c id en c e  o f  m a m m a ry  tu m o u r s  a n d  a n  in c re a se  o f  cy s tic  
o v a rie s , w h ic h  w as  seen  in  th e  g ro u p  o f  r a t s  g iv en  l in o le a te  h y d ro p e ro x id e , p a ra lle ls  th e  
c h a n g e s  o c c u r r in g  in  so m e  h y p o th a la m ic  d is tu rb a n c e s . F o r  ex am p le , le s io n s  in  specific  
a re a s  o f  th e  r a t ’s h y p o th a la m u s  le a d  to  p se u d o p re g n a n c y , cy s tic  o v a r ie s  a n d  c o n c o m ita n t  
e le v a tio n  o f  se ru m  levels o f  p ro la c t in  (B o o t, 1970). C y s tic  o v a r ie s  a n d  in c re a se d  se ru m  
levels  o r  p ro la c t in  a re  a lso  seen  in  r a ts  a f te r  a d m in is t r a t io n  o f  d ru g s  th a t  d ec re a se  h y p o 
th a la m ic  c a te c h o la m in e  levels  (C o tc h in  &  R o e , 1967 ; W o ls te n h o lm e  &  K n ig h t, 1972). T h ese  
d ru g s  in c lu d e  re se rp in e , c h lo p ro m a z in e  a n d  m e th y ld o p a . C o m p  o u n d s  th a t  in c re a se  th e  levels 
o f  h y p o th a la m ic  c a te c h o la m in e s , su c h  a s  L -d o p a , ip ro n ia z id  a n d  p a rg y lin e , s ig n ific an tly  
d e c rea se  th e  levels o f  s e ru m  p ro la c t in  in  th e  ra t .  I n  sev era l species, p ro la c t in  seem s to  p lay  
a  p a r t  in  h o rm o n a l  m a m m a ry  c a rc in o g e n e s is  (B o o t, 1970), a n d  in  th e  p re s e n t e x p e r im e n ts  
it  m a y  h av e  b e e n  in v o lv e d  in  th e  g en es is  o f  th e  m a m m a ry  tu m o u r s  o c c u r r in g  a f te r  
a d m in is t r a t io n  o f  l in o le a te  h y d ro p e ro x id e .

T h e  m a jo r ity  o f  th e  p i tu i ta ry  tu m o u r s  o c c u r r in g  in  r a ts  g iven  l in o le a te  h y d ro p e ro x id e  
w ere  c h ro m o p h o b e  a d e n o m a s , a n d  h o rm o n a l  c h a n g e s  w ere  c o n f in e d  to  se c re tin g  f ib ro 
ép ith é lia l h y p e rp la s ia  o f  th e  m a m m a ry  g la n d  a n d  m a m m a ry  tu m o u rs .  S u ch  c h a n g e s  in  th e  
m a m m a ry  g la n d  o c c u r re d  in  a ll o f  th e  r a ts  w ith  p i tu i ta ry  tu m o u rs .  C h ro m o p h o b e  
a d e n o m a s  o f  th e  p i tu i ta ry  a re  c o m m o n  in  o ld  r a ts  (K im , C lif to n  &  F u r th ,  1960) a n d  th ese  
show  n o  a d re n o tro p h ic ,  g o n a d o t ro p h ic  o r  th y ro tro p h ic  effects, b u t  d o  sh o w  m a m m o s o m a 
to tro p h ic  ch an g es , w h ic h  a re  p a r t ic u la r ly  m a rk e d  in  a n im a ls  g iv e n  tr a n s p la n ts  o f  th e se  
tu m o u rs . T h ese  p i tu i ta ry  tu m o u r s  m a y  b e  fo u n d  in  a s s o c ia tio n  w ith  o v a r ia n  a b n o rm a li t ie s  
a n d  s p o n ta n e o u s  m a m m a ry  tu m o u r s  (C o tc h in  &  R o e , 1967). B y u se  o f  a  te tr a c h ro m e  s ta in -
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in g  te ch n iq u e , it  h a s  b ee n  sh o w n  th a t  th e  p ro life ra tin g  ce lls in  s p o n ta n e o u s  c h ro m o p h o b e  
a d e n o m a s  o f  th e  p i tu i ta ry  o f  th e  r a t  a re  th o se  lin k e d  w ith  p ro la c t in  se c re tio n  (A scheim  &  
P as te e ls , 1963), a n d  it  h a s  b ee n  p o s tu la te d  th a t  s p o n ta n e o u s  h y p o th a la m ic  fa ilu re  m a y  be  
th e  b a s ic  ca u se  for re le ase  o f  th ese  ce lls  fro m  th e ir  n o rm a l p h y s io lo g ica l in h ib itio n .

T h u s , th e  m a m m a ry  a n d  p i tu i ta ry  tu m o u r s  a p p e a r in g  la te  in  th e  life sp an  o f  fem ale  r a ts  
a f te r  in je c tio n s  o f  l in o le a te  h y d ro p e ro x id e  w ere  p ro b a b ly  d u e  n o t  to  d ire c t c a rc in o g e n ic  
effects o f  th e  m e ta b o lite s  o f  th e  a d m in is te re d  c o m p o u n d , b u t  to  a  h y p o th a la m ic  d is tu r 
b a n c e  le a d in g  to  m a m m o s o m a to tro p h ic  effects a n d  in c re a se d  p ro la c t in  sec re tio n .

N o  sa rc o m a s  o f  th e  cerv ix  o c c u r re d  a f te r  in je c tio n s  o f  lin o le a te  h y d ro p e ro x id e . I t  is p r o b 
ab le  th a t  th e  in c re a se d  in c id en ce  o f  th e se  tu m o u r s  th a t  o c c u r re d  a f te r  th e  feed ing  o f  o x i
d iz ed  lin o le ic  a c id  to  r a ts  m a y  h av e  b e e n  d u e  to  c o m p o n e n ts  o th e r  th a n  th e  h y d ro p e ro x id e  
p re se n t in  th e  o x id a tio n  m ix tu re .
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Tumeurs et changements hormonaux produits chez les rats par des injections sous 
cutanées d’hydropéroxyde d’acide linoléique

Résumé—On donne de l’hydropéroxyde de linoléate par injections se répétées à deux groupes de 
rats. Ceux du premier groupe reçoivent une dose totale de 200 mg et ceux du second une dose 
totale de 353 mg. Aucune tumeur ne survient à l'endroit de l’injection chez les rats traités, mais 
la fréquence des tumeurs mammaires malignes et des lymphosarcomes augmente chez les rats du 
premier groupe et celle des tumeurs mammaires et pituitaires bénignes augmente dans le second 
groupe. Ces tumeurs apparaissent tardivement dans le cours de la vie des animaux.

La fréquence totale des tumeurs mammaires et pituitaires augmente en même temps que la dose 
d’hydropéroxyde de linoléate mais cette augmentation est due plutôt à un plus grand nombre de 
tumeurs bénignes que de tumeurs malignes. L’administration d’hydropéroxyde de linoléate est 
aussi suivie d’une hypertrophie de la glande pituitaire avec des augmentations du nombre des cel
lules éosinophiles de l’hypophyse antérieure, du poids du corps et de sa longeur ainsi que de l’aug
mentation du nombre de rates porteuses de kystes folliculaires dans leurs ovaires. On suggère que 
l’augmentation des tumeurs pituitaires et mammaires est une conséquence d’un trouble hypothalo- 
mique induit, conduisant à des effets somatotrophiques de la glande mammaire.

Tumore und hormonale Veränderungen hervorgerufen in Ratten durch subkutane 
Injektion von Linolsäurehydroperoxid

Zusammenfassung—Linolsäurehydroperoxid wurde durch wiederholte sc Injektion an zwei 
Gruppen von Ratten verabreicht. Die erste Gruppe erhielt eine Gesamtdosis von 200 mg, die zweite 
eine von 353 mg. In den behandelten Ratten traten keine Tumore an der Injektionsstelle auf; aber 
das Auftreten von malignen Brusttumoren und von Lymphosarkomen war erhöht bei den Ratten 
der ersten Gruppe, und das Auftreten von benignen Brusttumoren und benignen Hypophysentu
moren war erhöht in der zweiten Gruppe. Diese Tumore traten spät in der Lebenszeit der Tiere 
auf.

Das Auftreten von beiden Brusttumoren und beiden Hypophysentumoren stieg an, als die Dosis 
des Linolsäurehydroperoxids erhöht wurde; aber dieser Anstieg war auf eine höhere Zahl von 
benignen als von malignen Tumoren zurückzuführen. Der Gabe von Linolsäurehydroperoxid 
folgte auch eine Vergrößerung der Hypophyse mit Erhöhung der Proportion von eosinophilen 
Zellen im Pars anterior, der Körpergewichtszunahme und Körperlänge und der Proportion von 
Ratten mit follikulären Zysten in ihren Ovarien. Es wird darauf verwiesen, daß die Hypophysen- 
und Brusttumore auftraten als Folge einer induzierten Hypothalamusstörung, die zu mammoso- 
matotropischen Effekten führte.
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ORAL TOXICITY OF TEBUTHIURON (l-(5-terf-BUTYL- 
l,3,4-THIADIAZOL-2-YL)-l,3-DIMETHYLUREA)

IN EXPERIMENTAL ANIMALS

G. C. Todd, W. R . G ibson and C. C. Kbhr

T o x ico lo g y  D ivision , L illy  R esearch  L a b o ra to ries, D ivision o f  E li L illy  and Com pany, 
Greenfield, Indiana 46140, U SA
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Abstract—The toxicity of tebuthiuron (l-(5-tert-butyl-l,3,4-thiadiazol-2-yl)-l,3-dimethylurea) has 
been studied in several animal species. The acute oral LD50s in mice, rats and rabbits were 579, 
644 and 286 mg/kg, respectively. In cats, oral doses of 200 mg/kg were not lethal, while 500 mg/kg 
given orally did not kill dogs, quail, ducks or chickens. The acute TL50 in fish was > 160 ppm.

A 3-month study in rats fed diets containing 0, 400, 1000 or 2500 ppm tebuthiuron resulted in 
moderate growth retardation and a reduction in the efficiency of food utilization in the highest 
dose group. These changes were evident by wk 1 of the study. In the same group, a non-inflamma- 
tory diffuse vacuolization of the pancreatic acinar cells was found. No other important evidence 
of toxicity occurred. A 3-month study in dogs given daily oral doses of 0, 12-5, 25 or 50 mg tebuth- 
iuron/kg resulted in slight anorexia in all the treated dogs, and a slight body-weight loss in dogs 
of the highest dose group. There were no other treatment-related signs of toxicity. A 1-month study 
in chickens fed rations containing 0, 400, 1000 or 2500 ppm tebuthiuron produced, in the highest 
treatment group, a reduction in food intake and suppression of body-weight gain but no other signs 
of toxicity. A teratology study produced no significant effects in the offspring of rats fed diets con
taining 0, 600, 1200 or 1800 ppm tebuthiuron.

Skin and eye irritation studies in rabbits and a contact sensitization study in guinea-pigs revealed 
no remarkable evidence of toxicity.

These studies indicate that tebuthiuron has a low order of toxicity in animals.

INTRODUCTION
S u b s ti tu te d  u re a  c o m p o u n d s  a re  u se fu l h e rb ic id e s  w ith  a  lo w  o rd e r  o f  to x ic ity  in  a n im a ls  

(H o d g e , D o w n s , P a n n e r ,  S m ith , M a y n a rd ,  C la y to n  &  R h o d e s , 1967; H o d g e , D o w n s , 
S m ith , M a y n a rd , C la y to n  &  P ease , 1968; H o d g e , M a y n a rd , D o w n s  &  C oye , 1958; Z a k  
&  S achsse, 1971). T e b u th iu ro n  ( l- (5 - te r t-b u ty l- l ,3 ,4 - th ia d ia z o l-2 -y l) - l ,3 -d im e th y lu re a ) , a  
new  p re -  a n d  p o s t-e m e rg e n t b ro a d - s p e c tru m  h e rb ic id e  is effective fo r to ta l  v e g e ta tio n  c o n 
tro l a t  a p p l ic a t io n  ra te s  o f  2 -8  lb /a c re . T h is  c o m p o u n d  is s ta b le  w h en  a p p l ie d  to  soil, w ith  
m in im a l le a c h in g  o r  la te ra l  m o v e m en t.

EXPERIMENTAL
Material. T e b u th iu ro n  u se d  in  th e  fo llo w in g  s tu d ie s  w as  o f  te c h n ic a l g ra d e  (p u rity  

> 9 7 % ). T h is  is a  c o lo u rle s s  so lid  (m .p . 16 2 -1 6 5 °C ) a n d  is s ta b le  to  lig h t a n d  n o n -v o la tile . 
C h e m ic a l a n a ly s is  in v o lv e s  c h lo ro fo rm -m e th a n o l  e x tra c tio n , r e a c tio n  w ith  tr if lu o ro a c e tic  
a n h y d r id e  a n d  m e a s u re m e n t o f  th e  v o la tile  d e r iv a tiv e  by  f la m e -io n iz a tio n  g a s  c h r o m a 
to g ra p h y .

Experimental design and conduct
Acute oral toxicity. A n im a ls  u se d  in  th e  a c u te  o ra l  to x ic ity  s tu d ie s  w ere  w e a n lin g  IC R  

m ice a n d  W is ta r-d e r iv e d  ra ts , y o u n g  m a tu re  N ew  Z e a la n d  w h ite  ra b b its ,  c a ts , b e a g le  dogs,
461
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b o b w h ite  q u a il, m a lla rd  d u c k s  a n d  W h ite  R o c k  ch ick en s . T e b u th iu ro n  w as  a d m in is te re d  
in  s ing le  o ra l lo g a r i th m ic  d o se s  to  g ro u p s  o f  fa s ted  te s t a n im a ls  o f  b o th  sexes. G o ld f ish  
a n d  fa th e a d  m in n o w s  w ere  e x p o se d  to  th e  te s t c o m p o u n d  in  a q u a r ia .  T h e  a n im a ls  w ere 
ca re fu lly  o b se rv e d  fo r sev era l d ay s  fo r s igns o f  to x ic ity . T h e  L D 50 v a lu es  w ere  c a lc u la te d  
b y  th e  m e th o d  o f  B liss (1938) for m ice, ra ts , a n d  ra b b its , a n d  m e d ia n  to le ra n c e  lim it (T L 50) 
v a lu es  (a q u e o u s  c o n c e n tra t io n s  o f  th e  te s t c o m p o u n d  in  w h ic h  50%  o f  th e  fish  su rv iv ed  
a  9 6 -h r ex p o su re )  w ere  d e te rm in e d  for fish.

Feeding study in rats. G ro u p s  o f  te n  m a le  a n d  te n  fem ale  W is ta r-d e r iv e d  r a ts  (2 8 -3 5  
d ay s  o ld  a n d  w e ig h in g  7 4 -1 5 6  g) w ere  m a in ta in e d  o n  d ie ts  c o n ta in in g  0, 400, 1000 o r  2500  
p p m  te b u th iu ro n  fo r 3 m o n th s .  T h e  r a ts  w ere  h o u se d  in  in d iv id u a l w ire  h a n g in g  cag es  w ith  
free acce ss  to  fo o d  (L illy  m ill r a t io n )  a n d  w a te r . B o d y  w e ig h t a n d  fo o d  c o n s u m p tio n  w ere  
m e a su re d  w eek ly . P r io r  to  a u to p s y  b lo o d  w as  o b ta in e d  fro m  th e  o rb ita l  s in u s  o f  e a c h  r a t  
fo r h a e m a to lo g ic a l e v a lu a tio n s  a n d  for d e te rm in a tio n  o f  b lo o d  su g a r, b lo o d  u re a  n i tro g e n  
(B U N ) a n d  se ru m  g lu ta m ic -p y ru v ic  tr a n s a m in a s e  (S G P T ). A t a u to p s y  o rg a n s  a n d  tis su es 
w ere  ca re fu lly  ex a m in e d , liver, h e a r t,  k id n ey s , sp leen , th y ro id s , a d re n a ls  a n d  te s te s  a n d  p r o 
s ta te  o r  o v a r ie s  a n d  u te ru s  w ere  w e ig h ed  a n d  o rg a n  w e ig h t :b o d y  w e ig h t r a t io s  w ere  
c a lc u la ted . S ec tio n s  f ro m  th e se  o rg a n s  a s  w ell a s  fro m  th e  co lo n , d u o d e n u m , ileum , 
je ju n u m , lungs, ly m p h  n o d es , m a m m a ry  g la n d s , p a n c re a s , sa liv a ry  g lan d s , s to m ac h , 
sk e le ta l m usc le , th y m u s  a n d  u r in a ry  b la d d e r  w ere  p re p a re d  a n d  e x a m in e d  fo r h is to -  
p a th o lo g ic a l  ch an g es .

Oral study in dogs. G ro u p s  o f  fo u r  b eag le  dogs, tw o  o f  e a c h  sex, w ere  g iven  d a ily  o ra l 
d o se s  o f  0, 12-5, 25 o r  50 m g  te b u th iu ro n /k g  (a p p ro x im a te ly  e q u iv a le n t to  d ie ta ry  levels 
o f  0, 5 0 0 ,1 0 0 0  a n d  2000  p p m ) in  g e la tin  c a p su le s  fo r 3 m o n th s . T h e ir  s ta r t in g  b o d y  w e ig h ts  
w ere  7-4-12-2 kg  a n d  th e y  ra n g e d  in  ag e  fro m  13 to  23 m o n th s . T h e  d o g s  w ere  c a g e d  in d iv i
d u a l ly  a n d  a llo w ed  free acce ss  to  w a te r . C o m m e rc ia l d o g  fo o d  (W ay n e  T a ilw agger® ) w as  
o ffe red  d a ily  for a  2 -h r p e r io d . O p h th a lm o s c o p ic  e x a m in a tio n s  w ere  p e r fo rm e d  p r io r  to  
a n d  a t  th e  e n d  o f  th e  s tu d y . P h y s ic a l c o n d i t io n  w as  a ssessed  d a ily  a n d  b o d y  w e ig h ts  w ere  
r e c o rd e d  w eek ly . H a e m a to lo g ic a l  a n d  c lin ic a l-c h e m is try  v a lu es  w ere  d e te rm in e d  fro m  
v e n o u s  b lo o d  a t  in te rv a ls  b e fo re  a n d  d u r in g  th e  te s t p e r io d . T h e  h a e m a to lo g ic a l p a r a 
m e te rs  e x a m in e d  w ere  h ae m o g lo b in , h a e m a to c r it ,  e ry th ro c y te  c o u n t, to ta l  a n d  d iffe ren tia l 
leu co cy te  co u n ts , re tic u lo c y te  c o u n t , c lo tt in g  tim e, p la te le t  co u n t, s e d im e n ta tio n  ra te  a n d  
p r o th ro m b in  tim e. T h e  b lo o d  c h e m is try  v a lu es  w ere  d e te rm in e d  u s in g  a  T e c h n ic o n  S M A  
12/60, a n d  in c lu d e d  ca lc iu m , in o rg a n ic  p h o s p h o ru s ,  g lu co se , B U N , c h o le s te ro l, to ta l  p r o 
te in , a lb u m in , to ta l  b iliru b in , a lk a lin e  p h o s p h a ta s e , la c tic  d e h y d ro g e n a se  (L D H ) a n d  
se ru m  g lu ta m ic -o x a la c e t ic  tr a n s a m in a s e  (S G O T ). U r in e  w as  co lle c te d  a t  th e  sa m e  in te r 
v a ls  fo r d e te rm in a tio n  o f  p H , specific  g rav ity , p ro te in , su g a r  a n d  o c c u lt b lo o d .

A t a u to p s y  o rg a n s  a n d  tis su es  w ere  ca re fu lly  e x a m in e d , liver, k id n ey , h e a r t, sp leen , 
g o n a d s , a d re n a ls  a n d  th y ro id s  w ere  w e ig h e d  a n d  th e  o rg a n  w e ig h t :b o d y  w e ig h t r a t io s  w ere  
c a lc u la ted . S ec tio n s  fro m  th e se  o rg a n s  as  w ell a s  f ro m  b ra in , b o n e  m a rro w , co lo n , d u o 
d e n u m , gall b la d d e r , ileum , je ju n u m , lu n g s , ly m p h  n o d es , m a m m a ry  g lan d s , p an c rea s , 
p itu i ta ry , sa liv a ry  g lan d s , s to m ac h , sk e le ta l m usc le , th y m u s , u r in a ry  b la d d e r  a n d  p ro s ta te  
o r  u te ru s  w ere  p re p a re d  a n d  e x a m in e d  fo r h is to p a th o lo g ic a l  ch an g es .

Feeding study in chickens. D a y -o ld  W h ite  C o rn is h  c h ic k e n s  w ere  a ss ig n ed  to  fo u r 
g ro u p s  o f  te n  b ird s  o f  e a c h  sex a n d  fed r a t io n s  (L illy  m ill c h ick  s ta r te r )  c o n ta in in g  0, 400, 
1000 o r  2500  p p m  te b u th iu ro n  for 1 m o n th . T h e  eyes w ere  e x a m in e d  b e fo re  a n d  p e r io d 
ica lly  d u r in g  th e  te s t  p e r io d . F o o d  c o n s u m p tio n  a n d  b o d y  w e ig h ts  w ere  m e a su re d  re g u 
la r ly  a n d  th e  p h y s ic a l c o n d i tio n  o f  th e  b ird s  w as  a ssessed  daily . A t th e  te rm in a t io n  o f  th e
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s tu d y  th e  c h ic k e n s  w ere  k illed  a n d  b o d y  o rg a n s  a n d  tis su e s  w ere  e x a m in e d  fo r g ro ss  a n d  
h is to p a th o lo g ic a l  ch an g es .

Rat teratology. G ro u p s  o f  25 a d u l t  W is ta r-d e r iv e d  fem ale r a ts  w e ig h in g  2 4 5 -4 5 4  g w ere 
m a te d  a n d  fed d ie ts  c o n ta in in g  0, 600, 1200 o r  1800 p p m  te b u th iu ro n  o n  g e s ta t io n  d ay s
6 -1 5 . E x p u ls io n  o f  th e  c o p u la to ry  p lu g  w as  c o n s id e re d  to  b e  g e s ta t io n  d ay  0. B o d y  w e ig h t 
a n d  fo o d  c o n s u m p tio n  w ere  m e a su re d  w eek ly . T h e  d a m s  w ere  k illed  o n  g e s ta t io n  d a y  20.

E x a m in a tio n s  w ere  c a r r ie d  o u t  o n  th e  o v a r ie s  to  d e te rm in e  th e  n u m b e rs  o f  c o rp o ra  
lu te a , a n d  o n  th e  u te ru s  fo r th e  n u m b e rs  a n d  d is t r ib u t io n  o f  fo e tu se s  a n d  re so rp tio n s . 
R e s o rp tio n s  w ere  c a te g o riz e d  a s  e a r ly  o r  la te , to  in d ic a te  w h en  in tra -u te r in e  m o r ta l i ty  h a d  
o c c u rre d . F o e ta l  sex, w e ig h t a n d  v ia b ility  w ere  d e te rm in e d . E a c h  fo e tu s  w as  e x a m in e d  for 
e x te rn a l a b n o rm a lit ie s .  A p p ro x im a te ly  o n e - th i rd  o f  th e  fo e tu se s  in  e a c h  l i t te r  w ere  fixed 
in  B o u in ’s so lu t io n  for v isce ra l e x a m in a tio n  b y  th e  se c tio n in g  m e th o d  o f  W ilso n  (1965) 
a n d  th e  r e m a in d e r  w ere  c le a re d  fo r sk e le ta l e x a m in a tio n  (C ra ry , 1962).

M e a n  g ro u p  v a lu es  w ere  d e te rm in e d  fo r v a r io u s  r e p ro d u c tio n  p a ra m e te rs .  M e a n  fo e ta l 
w e ig h t fo r e a c h  d ie ta ry  level w as  c a lc u la te d  u s in g  th e  n u m b e r  o f  l i t te r s  a s  th e  n u m b e r  o f  
in d e p e n d e n t sa m p lin g  u n its  (W eil, 1970). T h e  r e p ro d u c tio n  in d ices  c a lc u la te d  w ere  fe rtility  
(p ro p o r t io n  o f  m a te d  fem ales p re g n a n t) , g e s ta t io n  (p ro p o r t io n  o f  live foetuses), r e s o rp t io n  
( p ro p o r t io n  o f  im p la n ta t io n s  th a t  re su lte d  in  re so rp tio n s )  a n d  im p la n ta t io n  ( th e  r a t io  o f  
th e  n u m b e r  o f  im p la n ta t io n s  to  th e  n u m b e r  o f  c o rp o ra  lu tea).

Eye irritation, dermal toxicity and sensitization. A  71 m g  (0T m l) q u a n t i ty  o f  te b u th iu ro n  
w as  in s tille d  in to  o n e  eye a n d  c o n ju n c tiv a l sac  o f  six 2 -3 -m o n th -o ld  N ew  Z e a la n d  a lb in o  
ra b b its . T h e  u n tr e a te d  eye o f  e a c h  r a b b i t  se rv ed  a s  th e  c o n tro l . T h e  eyes w ere  e x a m in e d  
d a ily  fo r 7 d ay s  for s ig n s  o f  ir r i ta t io n .

U n d e r  a n  o cc lu siv e  ru b b e r  d am , 200  m g  te b u th iu ro n /k g  w as a p p lie d  to  th e  sh a v e d  b a c k s  
o f  th re e  m a le  a n d  th re e  fem ale  N ew  Z e a la n d  a lb in o  ra b b its , 2 -3  m o n th s  o ld . T h e  sk in  o f  
th re e  o f  th e  r a b b i t s  w as  su p e rf ic ia lly  a b r a d e d  b e fo re  a p p lic a tio n  o f  th e  te s t m a te r ia l. A ll 
a n im a ls  w ere  r e s tr a in e d  in  s to c k s  d u r in g  th e  2 4 -h r ex p o su re  p e r io d . D a ily  e x a m in a tio n s  
fo r ev id en c e  o f  d e rm a l i r r i ta t io n  o r  to x ic ity  w ere  c o n d u c te d  fo r 14 days.

T e b u th iu ro n  w as  te s te d  for s e n s itiz a t io n  in  te n  2 -3 -m o n th -o ld  fem ale  a lb in o  g u in e a -  
p igs. E a c h  te s t a n im a l rece iv ed  to p ic a l a p p l ic a tio n s  o f  0T  m l o f  a n  e th a n o lic  s o lu t io n  c o n 
ta in in g  2% te b u th iu ro n  3 t im e s /w k  fo r 3 w k . T h e  s o lu t io n  w as  a p p lie d  to  sh a v e d  a b ra d e d  
sk in  a n d  co v e re d  fo r 6 h r  w ith  o cc lu s iv e  ru b b e r  sh ee tin g . A  se c o n d  g ro u p  o f  te n  fem ale  
g u in e a -p ig s  w as  tr e a te d  s im ila rly  w ith  th e  e th a n o lic  v eh ic le  o n ly . T e n  d ay s  a f te r  th e  la s t 
o f  th e  n in e  tre a tm e n ts ,  a  c h a lle n g e  a p p l ic a t io n  w as m a d e , fo llo w ed  b y  a  se c o n d  ch a lle n g e  
15 d ay s  a f te r  th e  f irs t ch a llen g e . T h e  te s t  so lu tio n s , in c lu d in g  th e  ch a llen g es , w e re  a p p lie d  
to  th e  sa m e  4 c m 2 re g io n s  o f  th e  flank .

RESULTS
Acute oral toxicity

T h e  re su lts  o f  a c u te  o ra l  to x ic ity  s tu d ie s  w ith  te b u th iu ro n  in  v a r io u s  species a re  g iv en  
in  T a b le  1. T h e  sex  o f  th e  a n im a l d id  n o t  in flu en ce  th e  to x ic ity . T h e  m a jo r  sig n s o f  a c u te  
to x ic ity  in  ro d e n ts  a n d  r a b b it s  w ere  h y p o a c tiv ity , a n o re x ia , a ta x ia  a n d  d e a th . L a rg e  o ra l 
d o se s  o f  te b u th iu ro n  in d u c e d  a n  em e tic  re sp o n se  in  c a ts  a n d  d o g s. C h ick en s , q u a i l  a n d  
d u c k s  g iv en  o ra l  d o se s  o f  500 m g /k g  sh o w ed  n o  sig n s o f  to x ic ity , ex c ep t fo r s lig h t h y p o a c t i
v ity  in  ch ick en s . T h e  o n ly  s igns o f  to x ic ity  in  fish  w ere  h y p o a c tiv i ty  a n d  d e a th .
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Table 1. A cute oral to x ic ity  o f  tebuthiuron

Species LD50* (mg/kg) TL50t (ppm) LD0 (mg/kg)

Mouse 579 +  11
Rat 644 + 27
Rabbit 286 + 30
Cat > 2 0 0
Dog >500
Quail >500
Duck >500
Chicken >500
Fish >160

“Combined results from several tests expressed as the mean ± SEM. 
tMedian tolerance limit50 of the test compound in the aquaria.

Feeding study in rats
R a ts  to le ra te d  la rg e  d a ily  d ie ta ry  c o n c e n tra t io n s  o f  te b u th iu ro n  for 3 m o n th s  w ith o u t  

a n y  c lin ica l s igns o f  to x ic ity  o r  a n y  m o rta li ty .  A  m o d e ra te  r e d u c t io n  in  r a te  o f  b o d y -w e ig h t 
g a in  (F ig . 1) a n d  a  d ec rea se  in  effic iency  o f  fo o d  u ti l iz a tio n  in  m a le s  a n d  fem a les  in  th e  
h ig h e s t d o se  g ro u p  (2500  p p m )  w as  e v id e n t f ro m  w k  1 o f  th e  s tu d y . T e b u th iu ro n  h a d  n o  
c lin ic a lly  im p o r ta n t  effects o n  a n y  o f  th e  h a e m a to lo g ic a l a n d  c lin ic a l-c h e m is try  v a lu es  
(T a b le  2). T h e re  w ere  a  few s ta tis t ic a lly  s ig n ific an t d iffe rences in  a b s o lu te  (T a b le  3) a n d  
re la tiv e  o rg a n  w eig h ts . H o w ev e r, m o s t o f  th e se  w ere  in  th e  a n im a ls  g iven  th e  h ig h e s t d ie 
ta ry  c o n c e n tra t io n  a n d  w ere  c o n s id e re d  to  b e  re la te d  to  th e  sm a lle r  b o d y  w e ig h ts . T h e re  
w as  n o  ev id en ce  o f  a n y  tr e a tm e n t- re la te d  p a th o lo g ic a l  ch a n g es  in  a n y  o f  th e  o rg a n s  
w eighed .

A ll r a ts  rece iv in g  th e  d ie t c o n ta in in g  2500  p p m  te b u th iu ro n  sh o w e d  a  d iffuse v a c u o liz a 
t io n  o f  th e  p a n c re a t ic  a c in a r  cells. T h e  d eg ree  o f  th is  c h a n g e  r a n g e d  fro m  m o d e ra te  to  
severe b u t  th e  effect w as  n o t  a s so c ia te d  w ith  n e c ro s is  n o r  w ith  th e  p re se n c e  o f  a n  in f la m m a 
to ry  re sp o n se . O n e  r a t  g iv en  th e  in te rm e d ia te  d ie ta ry  level sh o w ed  v ery  s lig h t p a n c re a t ic

Fig. 1. Growth curves of rats fed diets containing tebuthiuron at levels of 0 (#), 400 ( x ), 1000 (A) 
and 2500 (□) ppm, for 3 months.



Fig. 2. Section of pancreatic acinar tissue from control rat, showing cytoplasm filled with 
zymogen granules. Haematoxylin and eosin x900.

Fig. 3. Section of pancreatic acinar tissue from a rat fed 2500 ppm tebuthiuron for 3 months, 
showing vacuolated cytoplasm and a minimal number of zymogen granules. Haematoxylin and 
eosin x900.

Facing p. 464



Oral toxicity of tebuthiuron 465

ch an g es . T h e  v ac u o le s  w ere  v a r ia b le  in  size a n d  o ften  c o n ta in e d  a m o rp h o u s  m a te r ia l. 
T h e re  w as  a  c o r re s p o n d in g  d ec rease  in  zy m o g en  g ra n u le s  (F ig s  2 &  3).

Oral study in dogs
T h e  sig n s o f  to x ic ity  w e re  few, b e in g  l im ite d  to  a n o re x ia  in  a ll th e  tr e a te d  d o g s  a n d  very  

s lig h t w e ig h t lo ss  in  tw o  d o g s  o n  th e  h ig h e s t d o se  (T a b le  4). A ll d o g s  su rv iv ed  th e  te s t 
p e r io d . T h e re  w ere  n o  ad v e rse  tr e a tm e n t- re la te d  c h a n g e s  in  th e  h a e m a to lo g ic a l  f in d in g s  
(F ig . 4), c lin ic a l-c h e m is try  v a lu e s  (F ig . 5), u r in e  an a ly se s , o rg a n  w e ig h ts  o r  g ro ss  a n d  m ic ro 
sc o p ic  e x a m in a tio n s  o f  o rg a n s  a n d  tissues. T h e re  w as  n o  ev id en ce  o f  p a n c re a t ic  v a c u o liz a 
tio n  in  a n y  o f  th e  tr e a te d  dogs.

Feeding study in chickens
C h ic k e n s  to le ra te d  th e  in g e s tio n  o f  1000 p p m  te b u th iu ro n  in  th e  d ie t fo r 1 m o n th  w ith 

o u t  a n y  d e te c ta b le  sig n s o f  to x ic ity . T h e  in g e s tio n  o f  fo o d  c o n ta in in g  2500  p p m  o f  th e  te s t 
c o m p o u n d  re su lte d  in  d e c rea se s  in  fo o d  c o n s u m p tio n  a n d  b o d y -w e ig h t g a in  (T a b le  5). A ll 
b ird s  su rv iv ed  th e  te s t p e r io d , ex c ep t o n e  m a le  o n  th e  lo w es t d ie ta ry  level. T h e re  w ere  n o  
ad v e rse  g ro ss  o r  m ic ro sc o p ic  ch a n g es  in  o rg a n s  o r  tissues.

Rat teratology study
T h e  h ig h e s t d ie ta ry  level o f  te b u th iu ro n  (1800  p p m ) c a u se d  a  s lig h t r e d u c t io n  in  m a te r 

n a l fo o d  c o n s u m p tio n  a n d  b o d y -w e ig h t g a in  d u r in g  th e  firs t h a lf  o f  th e  t r e a tm e n t  p e r io d . 
N o  d e a th s  o c c u r re d  d u r in g  th e  s tu d y  a n d  th e re  w ere  n o  c lin ica l sig n s o f  to x ic ity . T h e  
r e p ro d u c tio n  c a p a c ity  o f  th e  a n im a ls  w as  u n a ffec ted  b y  te b u th iu ro n . F o e ta l  a n d  u te r in e  
p a ra m e te r s  a n d  r e p ro d u c tio n  in d ices  w ere  n o rm a l (T ab le  6). F o e ta l  d efec ts  th a t  o c c u r re d  
w ere  in d e p e n d e n t o f  t r e a tm e n t  (T a b le  7).

Eye irritation, dermal toxicity and sensitization studies 
T e b u th iu ro n  c a u se d  n o  i r r i ta t io n  o f  th e  c o rn e a  o r  iris  o f  r a b b i t  eyes b u t  th e re  w as  a  

s lig h t t r a n s ie n t  h y p e ra e m ia  o f  th e  c o n ju n c tiv a . A ll eyes w ere  n o rm a l b y  th e  e n d  o f  th e  7- 
d a y  te s t p e r io d . D u r in g  th e  d e rm a l to x ic ity  s tu d y , o n e  r a b b i t  d ie d  fo llo w in g  d e v e lo p m e n t 
o f  d ia r rh o e a  a n d  e m a c ia tio n . A ll su rv iv in g  r a b b it s  g a in e d  w e ig h t a n d  w ere  w i th o u t  s igns

Table 2. M ean haem atological and clinical ch em istry values o f  ra ts  given  tebuthiuron in the d ie t fo r  3 m onths

Tebuthiuron
(ppm)

Haematocrit Haemoglobin 
(%) (g/1 0 0 ml)

RBC
(106/mm3

WBC
)(103/mm3)

Prothrombin
(sec)

BUN
(mg/ 100 ml)

SGPT
(IU)

Glucose 
(mg/ 100 ml)

0 43-4 15-6 8-25
Males

9-38 15-6 12-6 19-2 96-4
400 45-2 16-1 8-45 15-26** 15-9 12-0 18-0 100-0
1000 44-7 16-2 8-30 11-88* 16-4 14-5 18-2 105-2
2500 44-1 16-8** 7-82 10-43 16-1 15-6** 20-2 103-2

0 41-5 14-4 7-64
Females

7-59 16-4 13-8 21-8 104-6
400 43-2 15-1 7-89 10-58* 16-4 12-8 20-4 106-0
1000 42-5 15-2 7-70 10-11 15-7 14-3 18-6 113-2
2500 42-8 15-1 6-90** 9-88 15-9 17-2** 18-8 111-8

RBC = Red blood cells WBC = White blood cells BUN = Blood urea nitrogen 
SGPT = Serum glutamic-pyruvic transaminase

Values for haematocrit, haemoglobin, RBC and WBC are means for groups of ten animals and those for pro
thrombin, BUN, SGPT and glucose are means for groups of five animals. Those marked with asterisks differ 
significantly (Dunnett’s t test) from control values: *P  <  0-05; **P  <  O-OI.
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Table 3. B o d y  and absolu te organ w eigh ts o f  ra ts  given  tebuthiuron in the d ie t fo r  3 months

Dietary
concn
(ppm)

Body
weight

(g)
Liver

(g)
Kidney

(g)
Heart

(g)

Organ weights

Spleen
(g)

Thyroid
(mg)

Adrenal
(mg)

Prostate
(g)

Testes
(g)

Uterus Ovaries
(g) (mg)

Males
0
400
1000
2500

0
400
1000
2500

538-1 
499-9 
492-8* 
382-6**

295-8
300-4
278-4
219-6**

13-63
13-21
13-65
12-13

6-82
7-75
7-47
6-65

3-21
3-09
3-20
2-73*

1-78 
1-78 
1-66 
I'51*'

1-53
1-57
1-48
116**

1-03
1-13
0-97
0-80*

0-83
0-82
0-78
0-77

23-50
22-80
27-40
21-20

Females
0-55 17-40
0-61 19-30
0-60 19-70
0-46 16-00

66-30
57-10
64-40
50-50*

66-70
71-10
69-60
64-50

1-21

1-17
1-31
117

3-86
3-52
3-73
3-74

0-49
0-46
0-53
0-44

105-80
113-70
107-90
87-60

Values are means for groups of ten animals, and those marked with asterisks differ significantly (Dunnett’s t test) 
from control values: *P  <  0 05; **P  <  0 01.

Table 4. B ody w eigh ts o f  dogs given oral doses o f  tebuthiuron fo r  up to 3 m onths

Dose level 
(mg/kg/day)

Dog
no. 0 *

Body weight (kg) at day 
30 60

12-5

25

50

10185
10127
10192
10437
10175
10145 
10294 
10248 
10561
10146 
10855 
10802 
10499 
10808 
10182 
10142

9-3
12-2
11-5
111
9-2

10-9
8-8

1H
9-5

101
7- 4 

100
8-  1 
8-8 
7-5 
9-5

9-4
119
11-7
111
9- 4

10- 7 
8-6

111
9- 5

10-  2 
7-6

100
7-0
81
6-9
9-5

9-8 
12-6 
12-4 
11-2 
9-9 

11-3 
9-2 

11-5 
9-8 

10-6
7- 8 

10-4
6- 7
8- 4
7- 3
9- 6

90

10-2 
12-4 
12-5 
11-6 
10-1 
11-6
9-4 

11-5
9-9

10-6
8- 3 

10-5
7- 7
8-  8
7-1
9- 7

-"Initial body weight.

Fig. 4. Selected mean haematological values of dogs given tebuthiuron in oral doses of 0 (*), 12-5 
(x ), 25-0 (A) and 500 (□) mg/kg for 3 months. Dotted lines denote the limits of normal ranges.
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Fig. 5. Selected mean clinical-chemistry values of dogs given tebuthiuron in oral doses of 0 (•), 
12-5 (x ), 25-0 (A) and 50-0 (□) mg/kg for 3 months. Although the BUN value is slightly outside 
the normal range (denoted in each case by dotted lines), it had no clinical significance.

Table 5. M ean  b o d y  w eigh ts o f  chickens fe d  d ie ts  containing tebuthiuron  
fo r  30  days

Dietary concn 
(ppm) Sex

Mean starting 
weight (g)

Mean terminal 
weight (g)

0 M 54-4 658
F 660 581

400 M 55-9 594*
F 58-8 606

1000 M 53-2 676
F 54-3 568

2500 M 52-4 454
F 60-0 510

*Mean for nine surviving chickens. Other values are means for groups 
of ten chickens.

Table 6 . R eprodu ction  indices o f  ra ts  f e d  d ie ts  containing tebuthiuron on d a ys  6 -1 5  o f  gesta tion

Dietary concn 
(ppm)

Fertility
index*

Gestation
survival
indexf

Resorption
indexj

Implantation
index§

0 0-92 1 0 0 009 0-88
600 0-88 1 0 0 008 0-90
1200 0-92 1-00 0-08 0-85
1800 0-84 1-00 009 0-90

*No. pregnant/no. mated. 
tNo. of live foetuses/total foetuses.
}No. of resorptions/total implantations. 
§No. of implantations/no. of corpora lutea.
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Table 7. Sum m ary o f  structural abnorm alities in fo e tu ses fro m  ra ts  fe d  d ie ts  containing tebuthiuron

Incidence of abnormalities* in groups fed dietary levels (ppm) of 
Type of ---  —  ---- —  - Cumulative

abnormality 0 600 1200 1800 control datat

Omphalocele 0/259 1/263 0/300 0/258 4/11,550
Hydronephrosis

Bilateral 1/92 4/95 8/106 3/95 335/4662
Unilateral 1/92 0/95 2/106 1/95 239/4662

Wavy ribs 1/167 0/168 0/194 0/163 18/6888
Unilateral 14th rib 0/167 0/168 1/194 0/163 6/6888

*No. of affected foetuses/'total no. examined.
tHistorical data derived from the same strain of rat in this laboratory under conditions comparable with those 

of the present experiment.

o f  d e rm a l i r r i ta t io n . T e b u th iu ro n  in d u c e d  n o  d e rm a l o r  sy s tem ic  re sp o n se s  in d ic a tiv e  o f  
c o n ta c t  se n s itiz a tio n  in  g u in ea -p ig s .

DISCUSSION
T h e  d a ta  o b ta in e d  f ro m  th e se  s tu d ie s  in d ic a te  th a t  te b u th iu ro n  h a s  a  lo w  o rd e r  o f  to x i

c ity  in  a n im a ls . T h e  a c u te  o r a l  L D 50 fo r m ice  a n d  r a t s  is a b o u t  600 m g /k g . T h e  a c u te  o ra l 
L D 0 is >  200  m g /k g  fo r c a ts  a n d  >  500  m g /k g  fo r dogs, q u a il, d u ck s , a n d  ch ick en s . T h e  
T L 50 for fish  is >  160 p p m .

R e p e a te d  o ra l in g e s tio n  o f  te b u th iu ro n  fo r 3 m o n th s  b y  r a t s  a n d  d o g s  a n d  fo r 1 m o n th  
b y  ch ick e n s  re su lte d  in  m in im a l sig n s o f  to x ic ity . T h e re  w as  a  d ec rease  in  fo o d  in ta k e  a n d  
b o d y -w e ig h t g a in  in  th e  h ig h e s t d o se  g ro u p s . N o  im p o r ta n t  c h a n g e s  o c c u r re d  in  th e  h a e m a -  
to lo g ica l o r  c l in ic a l-c h e m is try  v a lu es  o r  o rg a n  w eig h ts . T h e re  w ere  n o  p a th o lo g ic a l  
c h a n g e s  in  d o g s  o r  c h ic k e n s  re la te d  to  th e  in g e s tio n  o f  te b u th iu ro n .  H o w ev e r, r a t s  fed 
r a t io n s  c o n ta in in g  2500  p p m  te b u th iu ro n  d e v e lo p e d  d iffuse v ac u o liz a tio n  o f  th e  p a n c re a 
tic  a c in a r  cells. T h is  p a n c re a t ic  le s io n  m a y  h av e  re su lte d  f ro m  in te rfe re n ce  w ith  th e  p ro d u c 
tio n  a n d  se c re tio n  o f  d ig e s tiv e  enzym es. T h e  m o d e ra te  r e d u c tio n  in  b o d y -w e ig h t ga in s , e v i
d e n t  f ro m  w k  1 o f  th e  s tu d y , m a y  b e  c o r re la te d  w ith  th is  p a n c re a t ic  lesion . P a n c re a t ic  
le s io n s  re se m b lin g  th o se  p ro d u c e d  b y  te b u th iu ro n  h av e  b e e n  p ro d u c e d  in  a n im a ls  by  o m it
tin g  fro m  th e  d ie t a m in o  ac id s , e.g. lysine, a n d  a m in o  a c id  an a lo g u e s , e.g. e th io n in e , /?-3- 
th ie n y la la n in e  (H e rm a n  &  F itz g e ra ld , 1962; H ru b a n ,  Sw ift &  W issle r, 1962; S co tt, 1966) 
a n d  b y  s ta p h y lo c o c c a l a lp h a  to x in s  (S ch o n in g , A n d e rso n  &  W estfa ll, 1972), c a e ru le in  (T a r-  
d in i, A n v ersa , B o rd i, B e rta c c in i &  Im p ic c ia to re , 1971), a c tin o m y c in  D  (M a rsh  &  F itz g e r 
a ld , 1971) a n d  p u ro m y c in  (L o n g n e ck e r, S h in o z u k a  &  F a rb e r ,  1968).

T e b u th iu ro n  w as  n o t  te ra to g e n ic  in  ra ts . I t  d id  n o t  p ro d u c e  a n y  s ig n ific an t o r  u n u s u a l 
sig n s o f  eye o r  sk in  i r r i ta t io n  o r  c o n ta c t  sk in  se n s itiz a tio n .

H o d g e  et al. (1958, 1967 &  1968) a n d  Z a k  &  S ach sse  (1971) h av e  r e p o r te d  th e  a n im a l 
to x ic ity  o f  o th e r  u re a  h e rb ic id es , n a m e ly  m o n u ro n , d iu ro n , l in u ro n  a n d  c h lo r to lu ro n . 
T h e se  c o m p o u n d s  a re  to x ic  to  p la n ts ;  b u t  th e y  h av e  a  re la tiv e ly  lo w  o rd e r  o f  to x ic ity  in  
a n im a ls , m a n ife s te d  b y  d e p re s s io n  o f  b o d y -w e ig h t g a in  a n d  a n a e m ia . T e b u th iu ro n  p r o 
d u ce s  a  d e p re s s io n  o f  b o d y -w e ig h t g a in  a n d , in  ra ts , a  v a c u o la r  p a n c re a t ic  le s io n , b u t  n o  
ev id en ce  o f  an a e m ia .
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Toxicité orale du tébuthiuron (1 -(5-ierf-butyl-l ,3,4-thiadiazoI-2-yl)-l,3-diméthyl- 
urée) chez les animaux expérimentaux

Résumé—On a étudié la toxicité du tébuthiuron (l-(5-fert-butyl-l,3,4-thiadiazol-2-yl)-l,3-diméthyl- 
urée) chez plusiers espèces animais. Les DL50 orales aiguës chez les souris, les rats et les lapins 
sont respectivement de 579, 644 et 286 mg/kg. Chez les chats, les doses orales de 200 mg/kg ne 
sont pas léthales, de même 500 mg/kg donnés oralement ne tuent pas les chiens, les cailles, les 
canards ou les poulets. La DL50 aiguë chez le poisson est supérieure à 160 ppm.

Une étude pendant 3 mois chez les rats dont la nourriture contient 0, 400, 1000 ou 2500 ppm 
de tébuthiuron montre un retard modéré dans la croissance et une réduction de l’efficacité de l’utili
sation digestive chez les groupes qui ont reçu la plus haute dose. Ces changements sont manifestés 
au bout d’une semaine d’étude. Dans le même groupe on trouve une vacualisation diffuse non in
flammatoire des cellules acinaires pancréatiques. Aucune autre manifestation importante de toxi
cité n’a lieu. Une étude pendant 3 mois chez des chiens auxquels on a donné des doses orales de 
0, 12,5, 25 ou 50 mg de tébuthiuron/kg montre une légère anorexie chez tous les chiens traités 
et une légère perte de poids chez les chiens du groupe recevant les plus hautes doses. Il n’y a aucun 
autre signe de toxicité dû au traitement. Une étude d’un mois chez les poulets nourris avec des 
rations contenant 0, 400, 1000 ou 2500 ppm de tébuthiuron montre, dans le groupe dont le traite
ment est le plus fort, une réduction de la prise de nourriture et une suppression de gain de poids 
mais aucun autre signe de toxicité. Une étude tératologique ne montre aucun effet significatif dans 
la descendance des rats nourris avec une alimentation contenant 0, 600, 1200 ou 1800 ppm de 
tébuthiuron.

L’irritation de la peau et de l’oeil étudiée chez les lapins et l’étude de la sensibilité de contact 
chez le cobaye ne révèlent aucun signe remarquable de toxicité.

Ces études indiquent que le tébuthiuron a une toxicité faible chez les animaux.
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Orale Toxizität von Tebuthiuron (l-(5-feri-Butyl-l,3,4-thiadiazol-2-yl)-l,3- 
dimethylurea) in Versuchstieren

Zusammenfassung—Die Toxizität von Tebuthiuron [l-(5-teri-Butyl-l,3,4-thiadiazol-2-yl)-l,3- 
dimethylurea] wurde in verschiedenen Tierarten studiert. Die akuten oralen LD50 in Mäusen, 
Ratten und Kaninchen waren 579, 644 und 286 mg/kg respektiv. In Katzen waren orale Dosen 
von 200 mg/kg nicht lethal. während 500 mg/kg, oral gegeben, weder Hunde noch Wachteln, Enten 
oder Hühner tötete. Die akute TLS0 in Fischen war > 160 ppm.

Eine 3-monatige Studie an Ratten, mit Nahrung gefüttert, die 0,400.1000 oder 2500 ppm Tebuthi
uron enthielt, resultierte in einer mäßigen Wachstumsverzögerung und einer Verringerung der 
Wirksamkeit der Nahrungsnutzung in der höchsten Dosisgruppe. Diese Veränderungen waren 
offenbar in der Woche 1 der Studie. In derselben Gruppe wurde eine nichtinflammatorische diffuse 
Vakuolisation der Pankreas-Azinarzellen gefunden. Keine anderen wichtigen Beweise von Toxi
zität traten auf. Eine 3-monatige Studie an Hunden, denen tägliche Dosen von 0, 12,5, 25 oder 50 
mg Tebuthiuron/kg gegeben wurden, resultierte in einer leichten Anorexie in allen behandelten 
Hunden und einem leichten Körpergewichtsverlust bei den Hunden der höchsten Dosisgruppe. Es 
gab keine anderen Zeichen von Toxizität im Zusammenhang mit der Behandlung. Eine einmona
tige Studie an Hühnern, mit Rationen gefüttert, die 0, 400, 1000 oder 2500 ppm Tebuthiuron 
enthielten, führte in der höchsten Dosisgruppe zu einer Reduktion der Nahrungsaufnahme und 
Unterdrückung von Körpergewichtszunahme aber zu keinen anderen Zeichen von Toxizität. Eine 
teratologische Studie bewies keinen signifikanten Effekt auf die Abkömmlinge von Ratten, die mit 
0, 600, 1200 oder 1800 ppm Tebuthiuron enthaltender Nahrung gefüttert wurden.

Haut- und Augenreizungsstudien an Kaninchen und eine Kontaktsensitisationsstudie an 
Meerschweinchen enthüllten keine auffallenden Beweise von Toxizität.

Diese Studien deuten daraufhin, daß Tebuthiuron einen niedrigen Toxizitätsrang in Tieren hat.
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TERATOGENICITY A N D  DO M INANT LETHAL STUDIES 
O N  HEXACHLOROBENZENE IN RATS

K. S. K hera

F ood R esearch  L abora tories, H ealth  P ro tec tion  Branch,
Turney's P asture, O ttaw a, Canada

(R eceived  15 F ebruary 1974)

Abstract—Teratogenicity studies were carried out in rats given single daily oral doses of 0, 10. 20, 
40,60, 80, or 120 mg hexachlorobenzene/kg during days 6-9, 10-13, 6-16 or 6-21 of gestation. The 
80 and 120 mg/kg doses caused maternal neurotoxicity and a reduction in foetal weight. In the 
foetuses, the incidence of uni- and bilateral 14th rib was significantly increased above control values 
when the fungicide was administered from days 1(M3, 6—16 or 6-21 of gestation. This incidence 
was related to the duration of treatment and the dose. Sternal defects in the foetus were observed 
following dosing during 6-21 days gestation. Values for live and dead foetuses, resorption sites, 
foetal weight and visceral and other skeletal anomalies were within control limits. For the 
dominant lethal test, four groups of 15 male rats were dosed orally with 0, 20, 40 or 60 mg/kg for 
ten consecutive days. Fourteen sequential mating trials, in each of which a male was caged with 
two virgin females for 5 days, were conducted. There were no significant differences between the 
test and control groups with regard to the incidence of pregnancies, corpora lutea, live implants 
or deciduomas.

INTRODUCTION
H e x a c h lo ro b e n z e n e  (H C B ; C 6C16) h a s  b e e n  w id e ly  u se d  a s  a fu n g ic id e  o n  ce rea l g ra in s  

(barley , o a ts , w h e a t a n d  rye). H C B  w as  a s so c ia te d  w ith  la rg e -sca le  h u m a n  p o iso n in g  in  
T u rk e y  d u r in g  th e  y ea rs  1 9 55 -1959  (C a m  &  N ig o g o sy a n , 1963). I ts  d is t r ib u t io n  h a s  b ee n  
d e te c te d  o v e r  ex ten s iv e  a re a s  in  th e  R h in e  a n d  its  e s tu a ry  (K o e m a n , T e n  N o e v e r  de  B rau w  
&  d e  V os, 1969). T h e  p re se n ce  o f  H C B  w as a lso  c o n f irm e d  in  b ird s , fish, m u sse ls  a n d  a n i
m a l tis su e s  (K o e m a n  et al. 1969) a n d  in  h u m a n  m ilk  a n d  b o d y  fa t (A cker &  S ch u lte , 1970; 
B rad y  &  S iyali, 1972; N e u h a u s , B rad y , S iyali &  W allis , 1973). M o rley , G e a ry  &  H a rb e n
(1973) r e p o r te d  a  c a se  o f  p o rp h y r ia  in  a  w o rk e r  o c c u p a tio n a l ly  e x p o sed  to  H C B , w h ich  
h a s  b e e n  d e te c te d  in  th e  b lo o d  o f  p e s t-c o n tro l  o p e ra to r s  (S iya li &  S im so n , 1973) a n d  in  
97%  o f  237 r a n d o m  p e rso n s  e x a m in e d  (S iyali, 1972).

T h e  s tu d ie s  o n  te ra to g e n ic ity  a n d  d o m in a n t  le th a l ity  r e p o r te d  h e re  a re  a  p a r t  o f  th e  
H C B  to x ic ity  sc re en in g  p ro g ra m m e  b e in g  c a r r ie d  o u t  a t  th e  H e a lth  P ro te c t io n  B ran c h , 
F o o d  R e se a rc h  L a b o ra to r ie s .  A n  e a r lie r  r e p o r t  d e a lt  w ith  ad v e rse  effects o n  p o s tn a ta l  s u r 
v ival a n d  th e  in c id en c e  o f  p re g n a n c y  in  r a ts  fed d ie ts  c o n ta in in g  H C B  (S o m ers , G r a n t  &  
P h illip s , 1973).

EXPERIMENTAL
Teratogenicity studies. N u ll ip a ro u s  W is ta r  r a ts  (2 0 0 -2 5 0  g b o d y  w eig h t)  w ere  p a ire d  

o v e rn ig h t w ith  m a les , a n d  th e  m o rn in g  th a t  a  sp e rm -p o s it iv e  v ag in a l sm e a r  w as  o b se rv e d  
w as  c o n s id e re d  to  b e  d a y  1 o f  p re g n a n c y . T h e  m a te d  fem ales w ere  r a n d o m ly  a s s ig n e d  to  
e x p e r im e n ta l g ro u p s . H C B  o f  a n a ly tic a l  s ta n d a r d  (B ritish  D ru g  H o u se s , P o o le , D o rs e t)

471
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was administered orally in single daily doses. The doses (in mg/kg with percentage con
centrations in parentheses) were 10(02), 20(0-4), 40(0-8), 60(1-2), 80 (0-8) or 120(1-2). Sus
pensions were prepared in corn o il (experiments I  and I I )  or in 0-25% aqueous gum traga- 
canth (experiments I I I  and IV ). Controls were given the maximum quantity of vehicle used 
in the experiment. The dose range and duration of treatment during gestation in the four 
experiments were: 40-120 mg/kg given on days 6-21 of pregnancy in experiment I, 10-60 
mg/kg on days 6-16 of pregnancy in experiment I I , 10-80 mg/kg on days 6-9 of pregnancy 
in experiment I I I  and 10-80 mg/kg on days 10-13 of pregnancy in experiment IV .

Females were weighed on gestation days 1 and 6-15, as well as before and'after Caesar
ean section. Pregnant females were weighed to permit correction of dose w ith changing 
weight and to assess maternal toxicity. Females were killed on day 22 of gestation and 
their viscera including uteri were examined for pathological changes. The foetuses were 
removed, weighed and examined for viab ility and external malformations. Ea rly  resorp
tions or deciduomas (Bateman & Epstein, 1971) and foetuses dying late in development 
were recorded as dead foetuses. Two-thirds of the live foetuses from each litter of exper
iments I  and I I  and a ll foetuses except two per litter from experiments I I I  and IV  were 
studied for skeletal anomalies. The pairs of foetuses not included were used in another 
study not reported here. Extra  ribs occurring in rudimentary or well-developed forms (in 
the cervical or lumbar regions) were designated ‘ 14th rib ’. Sternal defects were evaluated 
according to the previously reported criteria (Khera & M cKin ley, 1972). The remaining 
foetuses from experiments I  and I I  were fixed in Bouin’s fluid and were cut sagittally or 
transversely into 3-4 mm sections for gross visceral inspection. Three foetuses from each 
litter of the 80 and 120 mg/kg groups of experiments I and I I  and their respective control 
were studied for m icroscopic changes. Fo r microscopy, mid-sagittal sections from whole 
foetuses were stained with haem atoxylin-phloxine-saffron.

Dominant lethal studies. The dominant lethal test was conducted on male rats random ly 
distributed into four groups each consisting of 15 males (Khera & Ruddick, 1973). The 
rats were dosed orally w ith 0 (0-25% aqueous gum tragacanth), 20, 40 and 60 mg H CB/kg 
for ten consecutive days after which 14 sequential mating trials were conducted. In  each 
mating tria l a treated male was caged with two untreated virgin females for 5 days. The 
females were killed 9 days after separation from the males, and viable embryos, resorption 
sites and corpora lutea were counted.

Statistical analysis. Norm al distribution was considered as a basis for making intergroup 
comparisons w ithin or between experiments. Probabilities were computed for values of ~/2, 
based on degrees of freedom following the methods of Rao (1965). Differences significant 
at a 5% probability level are reported.

RESULTS
M aternal toxicity associated w ith a reduction in foetal weight was caused by 80 or 120 

mg H CB/kg given from day 6 to 21 of pregnancy in experiment I (Table 1). These effects 
were not observed w ith the lower doses in this experiment or w ith 80 mg H CB/kg or less 
given for a shorter period in the other experiments. M aternal toxicity was characterized 
by loss in body weight, hyperaesthesia, tremors and convulsions. The incidence of foetal 
m ortality in a ll the HCB-treated groups was comparable to that in the control group.

A significant increase in the incidence of 14th rib (uni- and bilateral) in HCB-treated 
groups compared to that in the relevant control group was observed in experiments I, I I
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Fig. 1. Incidence of 14th rib (uni- and bilateral combined) related to the dose and length of treat
ment in experiments I (O), II (•), III (A) and IV (A).

and IV . The incidence increased as a function of dose and length of treatment (F ig . 1). 
In  experiment I I I , an apparent increase in frequency of the 14th rib was neither statistically 
significant nor dose-dependent.

Sternal defects consisting of asymmetrical apposition of sternebrae, hemisternebrae and 
retarded ossification were significantly more frequent in the test groups than in the control 
in experiment I  and the incidence was dose-related. A low incidence of these defects was

Table 2. P regnancies and y ie ld  o f  viable and dead  em bryos in un trea ted  fem ales m ated  to H C B -trea ted  m ale ra ts

Mating
trial
no. Dose (mg/kg)* ...

No. of viable 
cmbryos/pregnancy

No. of dead 
cmbryos/pregnancy

No. of pregnancies/ 
no. mated (%)

0 20 40 60 0 20 40 60 0 20 40 60

1 12-5 11-2 13-4 12-3 1-2 0-2 0-5 0-3 21 20 14 25
2 11-5 12-0 11-7 11-9 0-5 0-5 0-6 0-4 46 37 46 38
3 13-1 10-7 12-5 12-6 0-7 0-6 0-4 0-8 39 43 54 46
4 12-9 10-7 10-0 12-3 0-1 0-8 0-4 0-5 50 50 46 56
5 12-6 12-2 11-4 13-2 0-9 0-7 0-6 0 1 50 40 50 52
6 12-1 12-3 11-0 12-8 0-6 0-5 0-4 0-4 50 53 50 57
7 13-5 11-7 12-0 12-8 0-5 0-2 0-8 0-5 50 60 61 46
8 12-3 11-6 12-9 111 0-8 1-3 0-3 0-8 64 60 56 46
9 11-3 12-1 12-8 1M 0-6 0-6 0 1 0-8 57 57 57 46
10 12-0 12-8 9-9 11-6 0-7 0-3 1 0 0-8 79 73 64 71
11 12-8 12-5 12-4 11-9 0-1 0-5 0-4 0-6 79 80 86 64
12 12-4 11-7 12-9 10-8 0-7 0-4 1 0 0-3 68 83 79 64
13 12-7 12-4 12-2 12-5 0-5 0-4 0-4 0-5 86 67 71 68
14 12-8 131 13-4 13-1 0-5 0 1 0-7 0-2 79 80 79 71

Mean .... 12-4 12-0 12-0 121 0-6 0-5 0-5 0-5 58 57 58 53

*Male rats were dosed daily for ten consecutive days prior to the start of the mating trials.
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observed in other experiments but the distribution analysis did not suggest any connexion 
w ith the H C B  treatment. The incidence of wavy ribs and retarded ossification of skull 
bones was not related to the treatment.

There were no HCB-related effects in the external morphology. Visceral deformities 
were not observed and microscopic examinations did not reveal any treatment-related 
change in the histology of the foetuses.

The data from the dominant lethal assay are summarized in Table 2. Incidences of viable 
embryos, dead embryos and pregnancies in the test groups were a ll w ithin the control 
range for the 14 sequential mating trials.

DISCUSSION
W ith H C B  doses that induced no apparent maternal toxicity the only positive findings 

were increases in the incidence of 14th ribs and sternal defects. The sternal defects were 
observed only in experiment I, which was designed prim arily to highlight the teratogenic 
effects of dose levels toxic to the dams, for confirmation during further studies. Since these 
defects were not reproducible in subsequent tria ls at doses of up to 80 mg/kg given during 
organogenesis, their significance in attributing a teratogenic potential to H C B  is doubtful.

An extra rib  is a frequent observation in teratogenicity studies. Yasuda & Maeda (1972) 
obtained a dose-related effect in the incidence of lumbar ribs during investigations on a 
phenoxy acid herbicide and a tetracycline derivative; at higher doses o f these compounds 
malformations suggestive of teratogenic potential were apparent. Kim m el & W ilson (1973) 
have attempted to evaluate the significance of the 14th rib in a study involving acetazola- 
mide, actinom ycin D  and sodium salicylate in rats. The 14th rib  was classified according 
to its length as being a rudim entary or an extra rib ; the rudimentary rib  was found to 
have little , if  any, association with other malformations, whereas an increase in extra rib 
was generally consistent w ith other deformities after actinomycin D  and sodium salicylate 
treatment but not after acetazolamide treatment. The authors of both of these studies con
cluded that the extra rib  could be regarded as an indicator of teratogenic potency. It  was 
not possible in the present study to ascribe any predictive value to the 14th rib , since even 
at doses toxic to the dams, no clearly defined malformations were apparent. I f  the 14th 
rib effect were due to H C B  treatment alone, a sim ilar incidence at comparable doses in 
experiments I , I I  and IV  would have resulted. Th is could be expected since the differentia
tion of ribs takes place during days 10-13 of gestation in the rat, a period which was in
cluded in the dosing schedule of these three experiments. However, the incidence of the 
14th rib was related to the length of treatm ent; it was significantly higher in experiment 
I, in which the treatment was continued during and after the period of organogenesis, than 
in experiments I I  and IV , in which the treatment was restricted to the period of organo
genesis. A  possible explanation is that stress resulting from the combined effects of mater
nal asphyxiation during intubation and a low-grade sub-clinical H C B  toxicity might be 
the underlying cause. Th is view is consistent with that of Green (1962), who considered 
that an increase in rudim entary or extra ribs suggested that the maternal anim al had been 
stressed sufficiently to express the developmental instability inherent in the species.
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Tératogénicité et études de l’effet léthal dominant de l’hexachlorobenzène chez
les rats

Résumé—Des études tératogéniques sont réalisées sur des rats auxquels on a donné une fois par 
jour des doses orales de 0, 10, 20, 40, 60, 80 ou 120 mg d’hexachlorobenzène/kg pendant les jours 
6-9,10-13,6-16 or 6-21 de la gestation. Les doses de 80 et 120 mg/kg produisent une neurotoxicité 
chez les mètres et une réduction du poids des foetus. Chez les foetus, la fréquence d’apparition de 
la 14e côte uni et bilatérale s’est significativement élevée au-dessus des valeurs témoins quand le 
fongicide avait été administré pendant les jours 10-13,6-16 ou 6-21 de la gestation. Cette anomalie 
est en rapport avec la durée du traitement et avec la dose. On observe un défaut de sternum chez 
les foetus ayant reçu le traitement du 6 e au 21 = jour de la gestation. Les nombres de foetus morts 
et vivants, les sites de résorption, le poids des foetus et des viscères et les autres anomalies du sque
lette se trouvent dans les limites de la normale. Pour le test léthal dominant, on donne par voie 
orale à quatre groupes de 15 rats mâles des doses de 0, 20, 40 ou 60 mg/kg pendant 10 jours con
sécutifs. On a entrepris quatorze essais successifs d’accouplement dans chacun desquels un mâle 
est mis en cage avec deux femelles vierges pendant 5 jours. Il n’y a aucune différence significative 
entre les groupes d’essai et les groupes témoin quant à la fréquence des grossesses, des corps jaunes, 
des implants vivants ou avortés.

Teratogenizität und dominant-letale Studien von Hexachlorobenzol in Ratten

Zusammenfassung—Teratogenische Studien wurden in Ratten durchgeführt, denen tägliche orale 
Einzeldosen von 0, 10, 20, 40, 60, 80 oder 120 mg Hexachlorobenzol/kg gegeben wurden während 
der Tage 6-9, 10-13, 6-16 oder 6-21 der Gestation. Die 80 und 120 mg/kg Dosen verursachten 
Neurotoxizität in den Müttern und eine Reduktion des Fötalgewichtes. In den Föten war das Auf
treten einer uni- und bilateralen 14. Rippe beträchtlich erhöht über die Kontrollwerte, wenn das 
Fungizid von den Tagen 10-13, 6-16 oder 6-21 der Gestation an gegeben wurde. Dieses Vor
kommen war abhängig von der Dauer der Behandlung und der Dosis. Sternale Defekte in den 
Föten wurden nach der Dosierung während der Tage 6-21 der Gestation festgestellt. Werte für 
lebende und tote Föten, Resorptionsplätze, Fötalgewicht und viszerale und andere skelettäre Ano-
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malitäten waren innerhalb der Kontrollgrenzen. Für das dominant-lethal-Test wurden 4 Gruppen 
von 15 männlichen Ratten während 10 aufeinander folgender Tage täglich mit 0, 20, 40 oder 60 
mg/kg dosiert; 14 folgende Paarungsversuche, bei welchen in jedem von diesen ein Männchen mit 
zwei virginen Weibchen 5 Tage lang in einem Käfig war, wurden ausgeführt. Es gab keine signifik
anten Unterschiede zwischen den Test- und den Kontrollgruppen in bezug auf das Auftreten von 
Trächtigkeit, Corpora lutea, lebenden Implanten oder Deziduomen.
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Abstract—Three trials were completed in which young beagle dogs were either fed a citrinin-con- 
taining culture of P énicillium  citrinum  (Trial I) or were administered pure citrinin either ip (Trial 
II) or orally (Trial III). Dogs fed the fungal culture and those given 20 or 40 mg pure citrinin/kg 
body weight developed renal disease. Dogs given 2-5 and 5 mg/kg remained clinically normal and 
without renal lesions. Clinicopathological evidence of renal damage included a rise in blood urea 
nitrogen, glucosuria, proteinuria, lowered urinary specific gravity, increased urinary activities of 
lactic dehydrogenase, glutamic-oxalacetic transaminase and isocitric dehydrogenase and the pres
ence of numerous necrotic renal tubular epithelial cells in the urinary sediment. Emesis and intes
tinal intussusception occurred in the dogs given 20 or 40 mg/kg ip. Renal lesions consisted of 
degeneration and necrosis of the tubular epithelium, most prominently in the thick segment of 
Henle and in the distal convoluted tubules.

INTRODUCTION
C itrin in  is a metabolite of fungal species of the genera Penicillium  and Aspergillus (F riis , 

Hasselager & Krogh, 1969; Heatherington & R aistrick, 1931; Jabbar & Rahim , 1962; 
Pollock, 1947; Tim onin & Rowatt, 1944). Soon after its discovery, citrin in  was tested as 
an antibiotic but was rejected because of its marked renal toxicity. In  recent years, a 
citrinin-producing strain of Penicillium viridicatum has been implicated as a possible cause 
of a porcine nephropathy termed “mould nephrosis” in Denm ark (Krogh, Hasselager & 
F riis , 1970).

The acute toxicity of citrin in  administered by various routes was studied in rats, mice, 
guinea-pigs and rabbits (Ambrose & DeEds, 1945 & 1946). The 14-day L D 50 (sc and ip) 
of citrin in  for rats was 67 mg/kg body weight, while for mice it was 35 mg/kg. When 
administered sc, the 14-day L D 50 for guinea-pigs was approxim ately 37 mg/kg. The iv 
L D 50 for rabbits was 19 mg/kg.

When swine were given citrin in  daily in oral doses of 20-4C mg/kg, signs of toxicity in
cluded growth depression, glucosuria, proteinuria and a rise in concentrations of blood 
urea nitrogen (B U N ). The renal lesions included necrosis and desquamation of renal epi
thelial cells of the proxim al convoluted tubules, dilatation of tubules, thickening of basement 
membranes and proliferation of cells in the interstitium  (Krogh et al. 1970).
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In  dogs, citrin in  was found to cause a transient decrease in blood pressure associated 
w ith dilatation of blood vessels of the skin, kidneys and extremities. Tachyphylaxis was 
evident (Ambrose & DeEds, 1946). The nephrotoxicity of citrin in  does not appear to have 
been characterized in the dog. The present report describes the clin ical, clinical-pathologi
cal and pathological features of citrin in  mycotoxicosis in young male beagle dogs.

EXPERIMENTAL
Studies were completed in which dogs were fed a diet containing a fungal culture of P. 

citrinum  containing 0-1 mg citrinin/g culture or were given chem ically pure citrin in  ip or 
orally in the form of capsules.

P repara tion  o f  fu n ga l culture. The fungal culture used in this study was prepared by plac
ing 280 g polished commercial rice and 128 ml water in a 2-litre flask and autoclaving 
at 12°C for 45 m in. An isolate of P . citrinum  (no. 647), known to produce citrin in , was 
grown on a potato-dextrose agar plate for sporulation. Flasks of sterilized rice were inocu
lated w ith spores of this culture and incubated at 23°C for 2 w k. The cultures were then 
treated w ith 125 ml chloroform and left in a hood overnight. After a 5-day drying period 
at 40-6°C the culture was ground for adm inistration to beagle dogs. Cultures were checked 
for fungal contamination before drying and after grinding by inoculation on potato-dex
trose agar containing 30 ppm chlortetracycline and 220 ppm of a non-ionic detergent. 
Contam ination with other fungi was not found. The ground rice culture did not contain 
aflatoxin or ochratoxin A , but citrin in  was quantitated by extraction and chromatographic 
procedures (see below). The ground rice culture was mixed w ith ground commercial dry 
dog food (Kasco Mealettes®, from Agway, Inc., Syracuse, N .Y .) and the mixture was fed 
ad  lib.

Citi-inin an a lysis o f  rice  cu ltures. Samples of rice (50 g) were extracted five times with 
chloroform in a W aring blender (3 min). Chloroform  extracts were combined, dried w ith 
anhydrous sodium sulphate, filtered through glass wool and evaporated to dryness under 
vacuum. The resulting m aterial dissolved in hot absolute ethanol, filtered through glass 
wool and allowed to cool to room temperature. The solution was cooled to 0°C for 1 hr. 
The resulting yellow crystals were collected on pre-weighed filter paper discs and dried 
for 12 hr at 40°C. The concentration of citrin in  was calculated as 0T mg/g rice culture. 
U ltravio let absorption spectra and R F values (thin-layer chromatography on Brinkm ann 
pre-coated S IL  N -H R plates) were compared w ith, and found to be identical to, standard 
citrin in  (Saito, Enomoto & Tatsuno, 1971).

P rep a ra tio n  o f  pure citrin in . P . citrinum  N R R L  5907 was grown as a stationary culture 
on 4 litres of a 4% sucrose and 2% yeast-extract medium in 5 gal carboys for 14 days at 
28°C. Culture beers were filtered through a double layer of cheese cloth and adjusted to 
pH 1-0 w ith cone. HC1. The resulting precipitate was collected on Whatman no. 4 filter 
paper using vacuum filtration, dissolved in hot chloroform and filtered through glass wool. 
The chloroform was removed under vacuum. The resulting solid material was dissolved 
in hot absolute ethanol in a steam bath and filtered through glass wool. Hot ethanol solu
tions were allowed to cool to room temperature and then cooled to 0°C for 1 hr. Resulting 
yellow crystals were collected using vacuum filtration. C itrin in  was recrystallized from eth
anol three times. The ultraviolet absorption and nuclear magnetic resonance spectra and 
melting points of this m aterial were identical to those of standard citrin in  and published 
values (Saito e t al. 1971).
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Animals and test procedures

Trial I . Six 8-9-wk-old beagle dogs were purchased for this study from Laboratory 
Research Enterprises, Kalam azoo, M ich. They were acclimatized in pens in a room with 
environmental controls for 4 wk. After complete general physical examination the dogs 
were fed the culture-contaminated diet ad lib. Three dogs (group 1) were fed a diet contain
ing 25% of the fungal culture for 16 days. Another three dogs (group 2) were fed a diet 
containing 50% of the fungal culture for 15 days, but because feed consumption by this 
group was so low, the dogs were given a diet containing 12-5% of the fungal culture on 
day 15 for an additional 17 days of feeding.

The general condition of the test dogs was evaluated twice daily. P rio r to autopsy, blood 
was taken by puncture of a jugular vein for haematological and chemical analyses. These 
included the determination of packed cell volume (P C V ) by the microhaematocrit method, 
total concentrations of plasma protein (T P P ) by AO  refractometer and blood urea 
nitrogen (B U N ) by paper-chromatographic diagnostic strip assays (Urograph Chrom at
ography Strips, W arner Chilcott, M orris P lains, N . J.). U rine was collected for routine 
analyses 1 day before autopsy, by manual compression of the urinary bladder through the 
abdominal w all. The dogs were killed by iv adm inistration of barbiturates and exsanguina- 
tion. A t autopsy, representative portions of most organs were fixed in chilled buffered 10% 
neutral form alin. Fixed tissues were embedded in paraffin, sectioned at 6 pm and stained 
w ith haematoxylin and eosin for histopathological evaluation.

Trial I I .  Six 8-wk-old male beagles were purchased for this study. They were fed a semi- 
moist commercial dog food and were kept in metabolism cages in a building w ith environ
mental controls. Three dogs (nos 1-3; group 1) were to be administered citrin in  in gelatin 
capsules in a daily dose of 20 mg/kg body weight and three (nos 4-6 ; group 2) were to 
receive a daily dose of 40 mg citrinin/kg. Because of the pronounced emetic effect of this 
treatment the route of adm inistration was changed from day 2. Thereafter, the citrin in  was 
administered in solution (1 N-NaOH adjusted with HC1 to a pH of 7-0) by the ip route.

C lin ica l data collected included body weight, rectal temperature, urine output and water 
intake. The dogs were examined several times daily and a daily urine analysis included 
sediment evaluation. Tw ice during a 1-wk acclim atization period and on test days 1, 3 and 
5, blood was collected by puncture o f a jugular vein. A t the same time, urine was collected 
and dialysed for enzyme determinations. Haematological parameters studied included, 
haemoglobin concentration (Hb), total leucocyte count (W BC) and T P P . Concentrations 
were also determined at the times indicated. Activities of the enzymes glutam ic-oxalacetic 
transaminase (G O T), glutam ic-pyruvic transaminase (G P T ), isocitric dehydrogenase 
(IC D H ) and lactic dehydrogenase (LD H ) were determined in serum and in dialysed urine 
by kinetic ultraviolet procedures using enzyme test kits (Boehringer Mannheim Inc., New 
Yo rk), twice during the pretrial period and on test days 1, 3 and 5. S ix young male beagles 
served as controls for these studies.

Two of the dogs given 40 mg citrinin/kg daily were found dead on day 3 and were autop- 
sied and four dogs were killed when moribund and autopsied immediately. A t autopsy, 
representative portions of most organs were fixed in buffered 10% neutral form alin. The 
fixed tissues were processed for paraffin sectioning and stained with haematoxylin and 
eosin for histopathological examination. Selected sections of liver and kidney were pro
cessed in potassium dichromate and stained w ith Sudan IV  for evaluation of neutral lip id 
content. Sections of kidney were also stained by the trichrome method (Luna, 1968).
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Trial III .  Two groups each of three dogs were given citrin in  for 6 wk, one group in a 
dose of 2-5 mg/kg body weight and the other in a dose of 5-0 mg/kg. Pure citrin in  was 
triturated with corn sugar and the stock preparation (10% citrin in , w/w) was placed in 
gelatin capsules. The capsules were prepared twice weekly according to the weight of the 
test dogs.

The beagles (Laboratory Research Enterprises) were housed and fed as in T ria ls  I  and 
I I  and were examined twice during a 10-day acclim atization period for collection of base
line data. Blood was obtained by puncture of a jugular vein twice during the pretest 
period, on test days 1, 3 and 10 and weekly thereafter. U rine was collected for routine 
analysis and enzyme determinations at the same times. The activities of the enzymes G O T , 
L D H , and IC D H  were determined in serum and dialysed urine by the methods used in 
T ria l I I . Concentrations of BU N  were monitored w ith chromatographic test strips at the 
times given above. The P C V  and total leucocyte count were also determined.

The dogs were killed at the end of the 6-wk test period by iv  adm inistration of barbitur
ates and exsanguination. They were autopsied immediately and representative portions of 
most organs were fixed in buffered 10% neutral form alin. Sections of kidney, ureter, u ri
nary bladder and prostatic urethra from the six dogs were prepared for paraffin section
ing, cut at 5 nm and stained w ith haematoxylin and eosin. Sections of the kidneys were 
also stained by the trichrome method.

RESULTS

Trial I

C lin ical observations. The dogs of both test groups consumed very little of the test diets. 
During the first 15 days of the tria l the three dogs of group 1 consumed a total of 4 kg 
of the 25% fungal diet. By day 15 they were very thin and markedly dehydrated, although 
they collectively consumed several litres of water daily. The dogs in this group were autop
sied on day 16 after blood and urine samples had been collected.

In  the first 15 days of the tria l the three dogs of group 2 consumed a total of 800 g of 
the 50% culture diet. They were thin but not dehydrated and were bright and alert. On 
day 15 the concentration of the rice culture in the diet was reduced from 50 to 12-5% and 
the new diet was offered ad lib. for an additional 17 days. During this 17-day feeding 
period, the dogs of group 2 consumed 12 kg of the 12-5% fungal diet. By day 30, they were 
somewhat dehydrated and were consuming increasing amounts of water. Their general 
condition was considered good. They were killed  and autopsied on day 32. Rectal tempera
tures of the six dogs determined immediately before autopsy were between 100 and 102°F.

C lin icopath olog ica l observa tions. On day 15, the three dogs of group 1 had slightly in
creased concentrations of B U N , the values being 25, 40 and 50 mg/100 ml compared with
12-20 mg/100 ml in six control dogs. The values for P C V , T P P , W BC  and differential leu
cocyte counts of the dogs from both test groups were generally w ithin the normal range. 
Alterations in urine from the dogs in group 1 consisted of a decrease in specific gravity 
(as low as 1-004), the presence of glucose in excess of 0-5% and the presence of many necro
tic renal epithelial cells in the sediment (Table 1).

Alterations in clinicopathological values for the dogs of group 2 on day 31 (Table 1) 
were sim ilar to the changes already described for group 1. One of the group 2 dogs had 
a concentration of BU N  in excess of 75 mg/100 ml but the actual level was not established.
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Pathological observations. A t autopsy, gross alterations were lim ited to the kidneys, 
which were pale greyish-tan and slightly swollen. Histopathological changes were also 
lim ited to the kidneys and were characterized m ainly by necrosis of the renal tubular epith
elium and tubular dilatation (Fig . 1). M ost of the affected tubules were located deep in 
the cortex and were principally the thick limbs of Henle’s loop and collecting tubules (Fig . 
2). The proxim al tubules were generally spared. Increased affinity of the cytoplasm for the 
eosin stain, hydropic change, nuclear pyknosis, karyorrhexis, karyolysis, cytolysis and sep
aration from the tubular basement membrane characterized the changes in the tubular 
epithelium (Fig . 3). Affected cells were swollen, protruded into the tubular lumen and had 
pale, finely granular cytoplasm in trichrome-stained sections. M itosis was observed in 
some tubular epithelial cells (F ig . 4). Occasionally, groups of dilated necrotic tubules con
sisted only of basement membranes; other tubules contained variable numbers of necrotic 
tubular epithelial cells. A few tubules contained homogeneous eosinophilic material but 
very few granular casts were observed. Tubules with minimal or no histopathological alter
ations were frequently observed adjacent to necrotic ones. Tubular dilatation was most 
striking at the cortico-m edullary junction but was observed in the cortex and medulla as 
well. Ep ithelial cells in the renal pelvis, ureters and urinary bladder were without lesions. 
Slight hypercellularity of Bowman’s capsule was the only glomerular alteration observed. 
The renal alterations were present in a ll six dogs, but the changes were more severe and 
extensive in the kidneys of the dogs of group 1. Other organs examined and considered 
normal included the brain, spinal cord, sciatic nerve, eye, bone marrow, heart, aorta, tra
chea, oesophagus, lungs, liver, gall bladder skeletal muscle, tongue, skin, nictitating mem
brane, parotid salivary gland, pancreas, stomach, duodenum, jejunum , ileum, caecum, 
colon, rectum, anterior cervical lymph node, popliteal lymph node, mesenteric lymph 
node, tonsil, thymus, spleen, urinary bladder, ureter, adrenal gland, pituitary gland, thy
roid gland, parathyroid gland, gonad, mammary gland, epididymus and prostate gland.

Trial I I

Clinical observations. C lin ical signs of toxicosis were observed in all six dogs and all were 
either found dead or were killed in a moribund state by day 5. The in itia l clin ical sign 
was emesis, a ll six dogs vomiting w ithin 30 min of receiving the first oral dose of citrin in . 
The dogs of group 1 received as the first dose 10 mg citrinin/kg and those of group 2 
received 20 mg/kg as the capsules were prepared for separate adm inistration of two half
doses each day. The second dose on the first day of dosing (day 0) was halved again in 
an effort to eliminate the emesis, but a ll dogs again vomited w ithin 20 min of dosing (dogs 
of group 1 received 5 mg citrinin/kg and those of group 2 received 10 mg/kg at this dosing). 
A second effort was made to elim inate emesis by buffering the citrin in  with sodium bicar
bonate and by further division of the dose. Each capsule of citrin in  prepared for adm inis
tering the daily total in four separate doses contained 5 mg citrinin/kg for group 1 dogs 
and 10 mg/kg for group 2 dogs and was buffered with 200 mg N a H C 0 3. A ll dogs again 
vomited w ithin 30 min of dosing. Subsequent doses of citrin in  were administered twice 
daily by the ip route.

By day 1, the dogs did not consume all the feed, although the amount offered was not 
changed from that offered and consumed in the pre-trial period. Anorexia was never com
plete in any dog, but feed consumption progressively decreased until termination.

The emetic activity of citrin in  was not eliminated by ip adm inistration, and absorption 
of the toxin appeared to be enhanced. The dogs regularly vomited w ithin 3-10 min of



Fig. 1. Section of kidney from dog fed citrinin-containing fjngal culture (Trial I), some 
tubules are slightly dilated and others contain necrotic and sloughed epithelial cells. Degener
ative changes are those of cytoplasmic vacuolation of hydropic change. Trichrome x 160. 
Fig. 2. Renal tubules from dog fed the fungal culture (Trial I), showing both degenerative and 
necrotic changes in the epithelial cells, some of which are swollen, protrude into the lumen and 
have pyknotic nuclei, while others, separated from the basement membrane, are found in the 
lumina. Trichrome x 400.

Facing p. 484



Fig. 3. Kidney section from dog fed the fungal culture (Trial I), showing severely damaged 
distal tubules located adjacent to apparently normal proximal tubules. The affected tubule 
adjacent to the glomerulus has an attenuated epithelium and necrotic cells in the lumen. The 
epithelial cells of the adjacent tubule have vacuolated cytoplasm and pyknotic nuclei. Tri
chrome x  400.
Fig. 4. Affected renal tubules from dog fed the fungal culture (Trial I). That on left contains a 
necrotic cell apparently in mitosis, while that on right has a swollen pale cell in mitosis and 
cellular debris in its lumen. Trichrome x  640.



Fig. 5. Open segment of an area of intestinal intussusception from dog given 40 mg citrinin/kg 
ip daily (Trial II). The lumen contains bloody fluid and blood clcts.
Fig. 6 . Necrotic tubules in the kidney of a dog given 40 mg citrinin/kg ip daily (Trial II). 
Haemotoxylin and eosin X  400.
Fig. 7. Necrotic and degenerative changes in the kidney of a dog given 20 mg citrinin/kg ip 
daily (Trial II). Haematoxylin and eosin x 640.
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ip adm inistration of citrin in . M ost dogs defaecated and urinated w ithin minutes of dosing 
and tenesmus was intense for several minutes after treatment. Another feature of the clin i
cal response in a ll dogs was a serous nasal discharge, due mostly to increased lachrym ation 
and appearing w ithin minutes of dosing. Lachrym ation was recognized by a moist glisten
ing appearance of the eye and a collection of tears at the medial canthus. There was no 
consistent change in the size of the pupil or the pupillary response to light. Excitem ent 
and apparent apprehension followed the dosing with citrin in  but w ithin a few minutes the 
dogs became depressed. After the short (5-10 min) period of retching and vomiting, the 
dogs tended to lie quietly in a corner of the cage. The clin ical signs disappeared w ithin 1 
hr o f dosing and the dogs resumed normal activ ity ; they were bright and appeared clin i
cally normal. Th is series of clin ical events occurred each time the dogs were dosed.

Polydipsia and polyuria were apparent by day 1 (Table 2). Polydipsia was reflected in 
more frequent and increased water consumption. The volume of urine was greatly in
creased in both groups w ithin the first 24-36 hr. By day 2, dehydration was clin ically 
apparent in a ll dogs. Body weights, not recorded on day 2, were reduced by day 3 in both 
treatment groups (Table 2). Two dogs (nos 5 & 6) of group 2 were found dead on the 
morning of day 3. The physical condition of the other dogs deteriorated rapidly and dog 
3 was killed in extremis on day 3, while dogs 1 and 4 became moribund on day 4 and were 
killed for autopsy. The last group 1 survivor (dog 2) was killed on day 5.
Table 2. M ean b o d y  w eights, urine output and w a ter in take in dogs given  d a ily  ip doses o f  20 or 40 mg citrin in /kg

(T ria l II)

Day of 
trial Dose (mg/kg)...

Body weight (kg) Urine output (ml/24 hr) Water intake (ml/24 hr)

20 40 20 40 20 40

-5 1-7 1-7 66 77 175 177
-4 — — 36 74 108 160
-3 1-6 1-7 33 61 101 143
- 2 — — 33 79 93 172
- 1 1-6 1-8 44 86 132 212

0 * 1-6 1-8 51 79 178 168
1 1-6 1-8 58 158 153 287
2 — — 105 155 113 213
3 1-4 1-5 89 118+ 83 200t
4 — 1 6t not 200t 150+ 450f
5 1-3+ — 115+ — 160+ —

*First day of treatment.

Clinicopathological observations. Physical changes in the urine were not apparent until 
day 2. The specific gravity of the urine during the pre-trial period ranged from 1-028 to 
1050, but on day 2 the values ranged from 1012 to 1026. On day 2 the specific gravity 
of the urine from dog 4 was 1007 and on day 3 it was 1 007 for dog 3. Proteinuria was mild 
and only traces were found. The urine of a ll dogs of group 2 contained small amounts 
of glucose by day 1. By the end of day 2, slight glucosuria also occurred in the group 1 
dogs and by this time glucosuria was marked in group 2. A lso, on day 2 the urinary sedi
ment o f a ll dogs contained masses of necrotic renal tubular epithelial cells. However, hya
line and cellular casts were not present in the urinary sediment of any dog until day 4.

The earliest indication of renal damage was the increase in enzyme activity in the urine 
of the test dogs (Table 3). In  this study, as in others (Szczech. Carlton & Tuite, 1973a; 
Szczech,. Carlton, Tuite & Caldwell, 1974), the activities of the enzymes L D H  and G O T
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Table 3. M ean  enzym e a c tiv itie s  in serum and urine o f  dogs given da ily  ip doses o f  20 or 40 mg citrin in /kg
(T ria l II)

Enzyme activities (mIU/ml)

Dose
level

(mg/kg) Sample

Glutamic-oxalacetic
transaminase

Glutamic-pyruvic
transaminase

Isocitric
dehydrogenase

actic
dehydrogenase

Serum Urine Serum Urine Serum Urine Serum Urine

0 Control 8 4 6 3 3 21 . 83 25
20 Pre-trial 1 8 2 7 2 3 20 85 24

2 12 7 11 7 2 13 84 32
Test day 1 9 66 7 18 3 46 95 415

3 7 24 8 7 3 25 59 303
5* 6 58 8 11 5 116 19 449

40 Pre-trial 1 7 11 8 7 3 • 2 179 26
2 11 12 9 10 2 9 81 10

Test day 1 8 26 8 11 3 15 100 100
3* 8 13 17 5 4 3 86 95

*Data for one surviving dog.

in the urine increased rapidly and to many times the pre-trial values. A marked increase 
in the activities of these two enzymes in urine was apparent by day 1 in the dogs of both 
test groups. G P T  activity was slightly increased in the urine of dogs of group 1 by day 
1 but was not increased in the dogs of group 2. The activity of IC D H  in the urine from 
dogs of group 1 was also slightly increased by day 1 but again this enzyme activity was 
not increased in the urine of group 2 dogs (Table 3). There were no consistent alterations 
in the activities of these enzymes in the serum (Table 3).

Increases in values for P C V , Hb and T P P  in both test groups by day 3 (Table 4) were 
considered to be a reflection of the clin ica lly apparent dehydration. There were no consis
tent alterations in leucocyte counts. Concentrations of BU N  were slightly increased in all 
dogs by day 3 (Table 4).

Pathological observations. A prominent finding at autopsy in five of the six test dogs was 
intussusception of the term inal ileum (Fig . 5). In  most dogs the distal 15-25 cm of the ileum 
was telescoped for 10-20 cm into the lumen of anterior ileum. The intussusceptions were 
considered to have preceded death because of the considerable pooling of blood in affected

Table 4. M ean clin icopathological da ta  fo r  dogs given da ily  ip doses o f  20  or 40 mg citrin in /kg  (Trial II)

Dose
level

(mg/kg) Sample

Packed
cell

volume (%)

Haemoglobin 
concn 

(g/1 0 0  ml)

Leucocyte
count

(cells/mm3 x 103)

Total plasma 
protein 

(mg/ 100 ml)

Blood urea 
nitrogen 

(mg/1 0 0  ml)

0 Control range 32-38 10-5—13-5 8-0-15-0 5-0-6-5 1 2 -2 0
20 Pre-trial 1 29 9-0 8-9 4-4 15

2 32 9-8 11-5 4-1 19
Test day 1 34 9-9 15-0 3-9 13

3 40 10-6 8-7 4-9 33
5* 41 11-4 9-4 4-0 55

40 Pre-trial 1 31 9-8 13-2 4-6 23
2 32 9-6 11-2 4-4 17

Test day 1 33 9-6 17-1 4-4 17
3* 42 11-8 17-4 5-0 32

Data for one surviving dog.
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segments; the serosa o f the ileum was dark red and the lum inal contents consisted of a 
reddish brown fluid and clots of blood. Other findings at autopsy included marked 
dehydration in all.carcasses and pale kidneys ranging in colour from tan to grey or slate- 
coloured.

Prom inent histopathological alterations in the test dogs included tubular dilatation and 
necrosis of renal tubular epithelial cells (F ig . 6). Renal tubular dilatation, prim arily located 
in the renal cortex, occurred in two of the three dogs in each group. Necrotic tubular epith
elial cells were distributed throughout most portions of the nephron but were uncommon 
in the proxim al convoluted tubules. Necrotic tubular cells had pyknotic nuclei and the 
cells were often separated from the basement membrane. Occasionally, small groups of 
necrotic tubular epithelial cells were found, but more often necrosis involved single cells 
of a tubule. Necrotic cells were prim arily observed in the distal convoluted tubules, in the 
loop of Henle and in collecting ducts. Cloudy swelling, hydropic degeneration and altered 
cytoplasmic staining were other features of the renal pathology ( Fig . 7). The proxim al con
voluted tubules, w ith the exception of an occasional necrotic cell, appeared normal in sec
tions stained w ith haemotoxylin and eosin and in other sections stained w ith the trichrome 
method. There was no accumulation of lip id  material in the kidney or liver.

Other pathoanatomical alterations were few. U lcerative oesophagitis occurred in two 
dogs of group 1 and one of group 2 and was attributed to oesophageal reflux of the acidic 
gastric contents. Hydropic degeneration as indicated by cytoplasmic vacuolation occurred 
in the transitional epithelial cells of the urinary bladder and ureters of one dog of group 
1 that was killed and in two dogs of group 2 that were found dead. Other organs examined 
and considered normal included those listed on p. 484 for T ria l I.

Trial I I I

Two dogs given 5 mg citrinin/kg vomited w ithin 30 min of the first dose of citrin in  and 
one of these dogs also vomited after the second dose, but emesis did not occur in any dog 
at the later dosings. The dogs were bright and alert without any clin ical evidence of toxi
city, as they ate well and gained weight.

The mean activity of L D H  increased in the urine of dogs given 2-5 mg/kg from pre-trial 
levels of 20 and 24 m IU/m l to 72 and 47 m IU/m l on test days 3 and 10 respectively (Table
5). Otherwise, the activities of enzymes in serum and urine and values for BU N , P C V  and 
total W BC  were w ithin the normal range and comparable to control values (Table 6).

A t autopsy, there were no gross lesions. The tissues were considered to be histologically 
normal.

DISCUSSION
The results of these studies establish citrin in  as a potent nephrotoxin in the dog, as in 

rats and swine (F riis  et al. 1969; Krogh et al. 1970). The amount of toxin consumed by 
the dogs fed the fungal culture induced renal disease and apparently would have resulted 
in death, but alterations in other organs and tissues were not observed.

Histopathological features of citrinin-induced renal failure in dogs are very sim ilar to 
those in swine and rats given this mycotoxin. Young beagle dogs are very sensitive to och- 
ratoxin A , which induces a histopathologically distinct nephrosis characterized by con
siderable cast formation and a total lack of tubular dilatation as well as widespread lym 
phoid necrosis (Szczech, Carlton & Tuite, 1973b). Our studies indicate that the lesions of
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Table 5. M ean  enzym e a c tiv itie s  in serum and urine o f  dogs given d a ily  oral doses o f  2-5 or 5-0 mg
citrin in /kg (Trial III)

Enzyme activities (mIU/ml)

Glutamic-oxalacetic Lactic Isocitric
Dose transaminase dehydrogenase dehydrogenase
level -----------------------

(mg/kg) Sample Serum Urine Serum Urine Serum Urine

0 Control 8 4 83 25 3 21
2-5 Pre-trial 1 9 2 79 24 3 21

2 15 7 70 20 4 22
Test day 1 5 8 102 22 6 25

3 8 9 67 72 5 39
10 12 20 76 47 3 2
17 12 9 48 23 5 19
24 13 6 42 22 5 21
31 11 9 39 24 4 11
38 10 10 71 29 4 8

50 Pre-trial 1 9 5 68 7 3 14
2 9 4 35 5 3 34

Test-day 1 11 6 81 5 4 18
3 11 3 54 7 4 8
10 14 11 65 30 3 29
17 9 5 80 10 8 50
24 17 7 67 18 3 14
31 7 10 67 22 3 15
38 9 12 70 35 3 8

the mycotoxic disease induced in dogs by citrin in  are lim ited to the kidneys and that och- 
ratoxicosis in this species is distinguishable in that it induces widespread necrosis of lym 
phoid tissue.

The renal damage produced by pure citrin in  in these studies was sim ilar to that pro
duced by a culture of P . citrinum containing citrin in . M ost of the necrotic renal tubular 
epithelial cells were located in the distal convoluted tubules and in the loop of Henle. This 
serves to differentiate further the renal damage induced in dogs by citrin in  from that 
caused by ochratoxin A , as the latter affected prim arily the proxim al convoluted tubules

Table 6. M ean  b lood  urea nitrogen, packed  cell volume and leu cocyte  counts in male beag les given  d a ily  o ra l doses
o f  2-5 or 5-0 mg citrin in /kg ( Trial III)

Sampling
time Dose (mg/kg)...

Blood urea nitrogen 
(mg/1 0 0  ml)

Packed cell volume 
(%)

Leucocyte count 
(ceils/mm3 x 10 3)

2-5 5 2-5 5 2-5 5

Pretrial 1 12 14 31 32 27-7 17-3
2 13 15 31 32 30-0 16-9

Test day 1 16 12 31 33 27-5 20-9
3 19 16 31 32 25-3 19-5
10 14 16 30 33 25-9 29-5
17 15 15 31 32 19-2 12 2
24 12 15 32 31 25-7 16-4
31 13 15 31 32 24-5 15-9
38 12 13 33 33 19-3 14-4
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(Szczech et al. 1973b). Species differences in response apparently exist, because in guinea- 
pigs and rabbits citrin in  caused necrosis prim arily o f the epithelial cells of the proxim al 
convoluted tubules (Ambrose & D eEds, 1946). Further poin:s of differentiation include 
tubular dilatation in dogs given citrin in . Tubular dilatation is not prominent in dogs w ith 
ochratoxicosis. The single-cell type of necrosis that occurred in the renal tubules of 
citrinin-treated test dogs also serves to differentiate citrin in  toxicosis from ochratoxicosis 
in dogs as the latter is characterized by necrosis o f groups of renal tubular epithelial cells.

Ambrose & DeEds (1944) commented on hyperaemia of the ears and feet, respiratory 
stim ulation, dyspnoea, prostration, m icturition, defaecation and serious rhinorrhoea in 
rats and rabbits given citrin in . Our dogs exhibited serous rhinorrhoea, m icturition and 
defaecation w ithin minutes of dosing. We observed these signs in a ll dogs throughout T ria l 
I I . The parasympathomimetic effects of citrin in  in dogs were striking. Five of the six dogs 
in T ria l I I  died w ith intussusceptions, perhaps the result of severe peristaltic activity, and 
had marked renal damage as well. A m inim al and no-effect level of citrin in  was established 
in T ria l I I I  as there were no signs of toxicosis in six dogs given daily doses o f 2-5 or 5 
mg/kg for 6 wk.

The potential for natural citrin in  toxicosis in the dog seems negligible because of the 
emetic effect. In  this tria l emesis occurred after the dose was divided, after the orally 
administered citrin in  was buffered w ith N a H C 0 3 and after the toxin was administered by 
the ip route. The emesis appears to have a central origin, as there were no histopathologi- 
cal lesions in the stomachs of test dogs and there was no peritonitis or any lesion to explain 
the emesis that occurred after the toxin was given ip. When dogs received daily doses of 
citrin in  that did not cause emesis (T ria l I I I ) , there were no clin ical signs or histopathologi- 
cal alterations indicative of toxicosis.

The urine analyses and determination of L D H , IC D H  and G O T  concentrations in urine 
were useful in detecting and following the nephrotoxic effects o f citrin in  in this tria l, as 
in our previous studies of ochratoxicosis in beagles (Szczech et al. 1973a) and swine (Szc
zech et al. 1974).

Acknow ledgem ents—This work published as paper number 5396 of the Agricultural Experiment Station, Pur
due University, was supported in part by National Institutes of Health Grant ESCA-00463, United States 
Department of Agriculture Cooperative Agreement 12-14-100-9091 (51), Market Quality Research Division, and 
by National Institutes of Health Post Doctoral Special Fellowship No. RRS 1419.

REFERENCES
Ambrose, A. M. & DeEds, F. (1945). Acute and subacute toxicity of pure citrinin. P roc. Soc. exp . B iol. M ed . 59, 

289.
Ambrose, A. M. & DeEds. F. (1946). Some toxicological and pharmacological properties of citrinin. J. Pharm. 

exp. T her. 88 , 173.
Friis, P., Hasselager, E. & Krogh, P. (1969). Isolation of citrinin and oxalic acid from P enicillium  viridicalum  West- 

ling and their nephrotoxicity in rats and pigs. A cta  path, m icrobiol. scand. 77, 559.
Heatherington, A. C. & Raistrick, H. (1931). Studies in the biochemistry of micro-organisms. Part XIV.—On 

the production and chemical constitution of a new yellow colouring matter, citrinin, produced from glucose 
by P enicillium  citrinum . Thom. P hil. Trans. R . Soc. Ser. B. 220B, 269.

Jabbar, A. & Rahim, A. (1962). Citrinin from P enicillium  steck ii Zaleski. J . pharm. Sci. 51, 595.
Krogh, P., Hasselager, E. & Friis, P. (1970). Studies on fungal nephrotoxicity. 2. Isolation of two nephrotoxic 

compounds from P enicillium  viridicatum  Westling: Citrinin and oxalic acid. A cta  path , m icrobiol. scand. 78, 
401.

Luna, L. G. (1968). M an u al o f  H isto log ic  Staining M e th o d s o f  the A rm ed  F orces In stitu te  o f  P a th o logy, 3rd ed. 
McGraw-Hill Book Co., New York.
F.C .T . 12  4 — D



490 W. W. C a r l t o n . G. S a n s i n g . G. M. S z c z e c h  and J. T u rn

Pollock, A. V. (1947). Production of citrinin by five species of Penicillium . N atu re, Land. 160, 331.
Saito, M., Enomoto, M. & Tatsuno, T. (1971). Yellow rice toxins: Luteoskyrin and related compounds, chlorine- 

containing compounds, and citrinin. In M icrob ia l Toxins. A Com prehensive Treatise. Vol. VI. Fungal Toxins. 
Edited by A. Ciegler, S. Kadis and S. J. Ajl. pp. 357-366. Academic Press, Inc., New York.

Szczech, G. M., Carlton, W. W. & Tuite, J. (1973a). Ochratoxicosis in beagle dogs. I. Clinical and clinicopatholo- 
gical features. Vet. P athol. 10, 135.

Szczech, G. M.. Carlton, W. W. & Tuite, J. (1973b). Ochratoxicosis in beagle dogs. II. Pathology. Vet. Pathol. 
10, 219.

Szczech, G. M., Carlton, W. W., Tuite, J. & Caldwell, R. W. (1974). Studies of ochratoxin A toxicosis in swine. 
Vet. Pathol. In press.

Timonin, M. I. & Rowatt. J. W. (1944). Production of citrinin by A spergillus species of the C andidas group. Can. 
J . publ. H lth  35, 80.

Mycotoxicose de la citrinine chez les chiens bigles

Résumé—Trois essais sont réalisés sur de jeunes chiens bigles; ils sont ou bien nourris avec une 
culture de Penicillium  citrinum  contenant de la citrinine (Essai I) ou alors il reçoivent de la citrinine 
pure soit par voie ip (Essai II) soit par voie orale (Essai III). Les chiens qui sont nourris avec 
la culture fongique et ceux auxquels on a donné 20 à 40 mg de citrinine pure/kg de poids corporel 
développent une maladie rénale. Les chiens auxquels on a donné 2,5 et 5 mg/kg restent clinique
ment normaux et sans lésions rénales. Les signes clinicopathologiques de l’atteinte rénale compren
nent une élévation de l’azote uréique sanguin, de la glucosurie et de la protéinurie, un abaissement 
de la densité de l’urine, une augmentation des activités urinaires de la lactico-déshydrogénase, de 
la transaminase glutamique-oxaloacétique et de l’isocitricodéshydrogénase et la présence de nom
breuses cellules nécrotiques de l’épithélium tubulaire rénal dans le sédiment urinaire. Vomisse
ments et intussusception intestinale ont lieu chez les chiens qui reçoivent 20 ou 40 mg/kg ip les 
lésions rénales consistent en une dégénérescence et une nécrose de l’épithélium tubulaire, d’une 
façon plus marquée dans le segment épais de Henle et dans les anses coutournées distales.

Citrinin-Mycotoxicose bei Beaglehunden

Zusammenfassung—Drei Versuche wurden durchgeführt, in welchen junge Hunde der Beaglerasse 
entweder mit einer zitrininhaltigen Kultur von Penicillium  citrinum  (Versuch 1) gefüttert wurden 
oder ihnen reines Zitrinin gegeben wurde entweder ip (Versuch 2) oder oral (Versuch 3). Hunde, 
denen die Pilzkultur verfüttert wurde und denen 20 oder 40 mg reines Zitrinin/kg Körpergewicht 
gegeben wurde, entwickelten Nierenerkrankungen. Hunde, die 2-5 und 5 mg/kg erhielten, blieben 
klinisch normal und ohne Nierenläsionen. Klinikopathologische Beweise von Nierenschäden 
enthielten eine Erhöhung in Blutharnstoff-Stickstoff. Glukosurie. Proteinurie, verringertes spezi
fisches Gewicht des Harns, erhöhte Aktivität von Milchsäuredehydrogenase im Harn. Glutamat- 
Oxalazetat-Transaminase und Isozitratdehydrogenase und das Vorkommen von zahlreichen nekro
tischen renalen tubulären Epithelzellen im Harnsediment. Emesis und intestinale Intussuszeption 
traten bei den Hunden auf, denen 20 oder 40 mg/kg ip gegeben wurde. Renale Läsionen bestanden 
aus Degeneration und Nekrosis des Tubularepithels, am meisten hervorstechend in dem dicken 
Henle-Segment und in den distalen konvolutierten Tubuli.
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Abstract—The long-term toxic effects and carcinogenicity of pure sterigmatocystin (S-p), of sterig- 
matocystin administered in the form of a rice culture of A spergillus versicolor (S-rc) and of a toxi
genic species of Penicillium  viridicatum  were studied by feeding mice on a diet containing 5 ppm 
sterigmatocystin (S-p or S-rc) and/or a 7-5% content of a rice culture of P. viridicatum  (P-rc) for 
periods of 2 wk alternating with 2-wk periods on the control diet, for a total of 54-58 wk. A control 
group was fed only the purified diet. In mice fed S-p or S-rc alone, the incidence of pulmonary 
tumours was, respectively, 73 and 49% higher than that in the control group. The incidence of pul
monary tumours in mice fed P-rc was about 16% higher than that in the controls. In the groups 
fed P-rc with S-p or S-rc, the incidence of pulmonary neoplasms exceeded that in the controls by 
54 and 52%, respectively. The tumours were classified as adenomas or adenocarcinomas arising 
from the bronchial and alveolar epithelium. Adenomatosis was more common in mice fed diets 
containing sterigmatocystin, the incidence being 27-47% greater than that in controls. The inci
dence of other neoplasms was not affected by the feeding of the experimental diets. The increased 
incidence of pulmonary neoplasms in the mice fed S-p, S-rc or P-rc appeared to be directly related 
to the feeding of these test materials. The possible presence of certain common mycotoxins in the 
P-rc was eliminated by chemical analysis. It was concluded that P-rc and sterigmatocystin (S-p 
or S-rc) each had a carcinogenic effect when fed in the diet to mice but no additive effect was found 
when sterigmatocystin was combined with the P-rc diet.

INTRODUCTION
Neoplasms of the liver in trout fed a commercial diet containing aflatoxin were de

scribed in the United States (Ashley & H alver, 1961; Rucker, Yasutake & W olf, 1961; 
Wood & Larson, 1961) and in France (Levaditi, Besse, V ibert & Nazimoff, 1960). Sterig
matocystin, closely related chem ically to aflatoxin, produced hepatocellular carcinomas in 
rats (Purchase & van der W att, 1970) when fed or given by gavage. Dickens & Jones (1965) 
reported that the sc injection of sterigmatocystin produced sarcoma at injection sites in 
rats. Purchase & van der W att (1973) demonstrated that 1 mg sterigmatocystin applied 
twice weekly to the shaved backs of rats produced a high incidence of papillom as.

Members of the genus Penicillium  are commonly found in feedstuff's, where they elabor
ate toxic metabolites. The three mycotoxins, penicillic acid (D ickens & Jones, 1961 & 
1963), penicillin G  (D ickens & Jones, 1961, 1963 & 1965) and patulin (D ickens & Jones,
1961), produced sarcomas at sc injection sites in mice and rats. Zw icker, Carlton & Tuite 
(1973) described a high incidence of pulmonary neoplasms (about 57% higher than in con
trols) in mice fed a diet containing 7-5% Penicillium viridicatum culture, but the toxin and 
possible carcinogen produced by this fungus is at present unknown.
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Th is study was undertaken to characterize the effects of long-term feeding of pure sterig- 
matocystin, of sterigmatocystin in the form of a rice culture of Aspergillus versicolor and 
of a toxic rice culture of an Indiana isolate of P. viridicatum to male and female white Swiss 
mice, and to determine the possible additive effect when sterigmatocystin was combined 
with the P. viridicatum diet.

EXPERIMENTAL
Animals. IC R  white Swiss mice of both sexes were obtained from Harland Small Anim al 

Industries, Cumberland, Indiana. The mice were started on the experiment as weanlings 
(approxim ately 3 wk old, 11-16 g body weight) and were fed test diets containing 5 ppm 
pure sterigmatocystin (S-p) or 5 ppm sterigmatocystin in the form of a rice culture of A. 
versicolor (S-rc) and/or a rice culture of P. viridicatum at a level of 7-5% (P-rc). Details 
of the treatment regimens and numbers of mice are given in Table 1. The numbers of male 
and female mice assigned to some of the diets were unequal because of errors in sexing 
the weanlings.

Table 1. E xperim ental groups o f  m ice f e d  sterigm atocystin  an d/or a P. viridicatum culture in term itten tly  over a
te s t period  o f 5 4 -5 8  wk

Dietary level of

Group
no.

No. of mice/group Sterigmatocystin (ppm) P. viridicatum  
culture (%) 

(P-rc)Male Female Culture (S-rc) Pure toxin (S-p)

i 19 21 0 0 0
n 42 47 0 0 7-5
hi IS 10 0 5 0
IV 16 16 0 5 7-5
V 34 35 5 0 0
VI 33 46 5 0 7-5

Diets. Pure sterigmatocystin was obtained from M akor Chemicals Ltd . (Jerusalem, 
Israel). The fungal cultures of P. viridicatum and A. versicolor were prepared as described 
by Carlton & Tuite (1970) and were added to a purified diet (M ills & M urray, 1960). The 
concentration of sterigmatocystin in the A. versicolor culture was determined by the 
method of Stack & Rodricks (1971). The experimental diets were fed for periods of 2 wk 
alternating with 2 wk on the control diet. Th is feeding schedule was adopted because pre
vious studies had shown that mice would not survive continuous feeding of a 7-5% P. viri
dicatum diet. The groups fed only S-p or S-rc were also pulse-fed, to match the exposure 
of groups fed S-p or S-rc combined with P-rc.

Conduct o f experiment. M ice were housed in groups of five, with sexes separated, in plas
tics shoebox-type cages with a stainless-steel top and dry sterile bedding. W ater and feed 
were provided ad lib. The cages were located in the rooms of an air-conditioned anim al 
house w ith a room temperature between 21 and 24°C. During the test period of 54-58 wk, 
mice were weighed weekly for the first month and then at monthly intervals for the 
remainder of the study. Observations on the general health of the mice were made daily. 
During the experimental period, some of the mice from several groups either died or 
became moribund and in either case these were autopsied. Those that died early in the
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experiment (i.e. before wk 30) were not included in the computation of the incidences of 
pulmonary neoplasms.

Post-mortem studies. At term ination, mice were anaesthetized and then decapitated for 
autopsy, and tissues including the brain, eyes, lung, heart, liver, kidney, spleen, stomach 
and intestines, trachea, testes and bone were fixed in 10% buffered form alin. Portions of 
these organs and multiple sections of each lung were prepared for paraffin sectioning and 
the sections were stained w ith haematoxylin and eosin. The pulmonary changes were eva
luated m icroscopically and placed into three categories— adenomatosis, adenoma and 
adenocarcinoma— according to criteria presented by Amaral-Mendes (1969).

RESULTS
C lin ical signs of toxicity, seen in several mice fed the test diets for 1-2 months, included 

roughened hair, dehydration and emaciation. Jaundice was seen in some mice and these 
had hepatic lesions. Anaemia occurred in a number of mice, and most had renal lesions.

The m ortality and incidence of pulmonary neoplasms are presented in Tables 2 and 3. 
The results for both sexes w ill be discussed together as there was no great difference 
between male and female mice in the incidence of these neoplasms. The incidence for con
trol mice (4/37) was low and in each case was a single pulmonary nodule that was consi
dered on histopathological examination to be an adenoma.

Table 2. M o r ta lity  and incidence o f  pulm onary neoplasm s in mice fe d  experim ental d ie ts  fo r  up to  58  wk

Group
no. Treatment

Early mortality* Mice with tumoursf Total incidence of tumours

Males Females Males Females No. °//o

i Control 3/19 0/21 2/16 2/21 4/37 11
ii P-rc 8/42 4/47 10/34 11/43 21/77 27
hi S-p 3/18 0/10 12/15 9/10 21/25 84
IV S-p + P-rc 3/16 3/16 10/13 7/13 17/26 65
V S-rc 12/34 2/35 14/22 19/33 33/55 60
VI S-rc + P-rc 7/33 13/46 16/26 21/33 37/59 63

P-rc = Rice culture of P. viridicatum  (7-5% in diet)
S-p = Pure sterigmatocystin (5 ppm in diet)

S-rc = Sterigmatocystin as rice culture of A. versicolor (5 ppm in diet) 
*No. of mice dying before wk 30/original no. in group. 
fNo. of mice affected/total no. surviving for at least 30 wk.

In  mice fed P-rc, the first pulmonary neoplasm was observed in a male mouse after 388 
days of feeding and the incidence of these tumours was about 27% (21/77 mice). The pul
monary neoplasms were predominantly adenomas and were multiple in most of these 
mice. O f the 21 mice with neoplasms two had tumours classified morphologically as 
adenocarcinoma.

Among mice fed the S-p diet, the first pulmonary neoplasm was seen in a male mouse 
after 355 days of feeding and the incidence was 84% (21/25), the highest of a ll groups. In  
most of these mice the pulmonary neoplasms were multiple. Nine mice had at least one 
neoplasm considered to be an adenocarcinoma.

Among mice fed S-rc the first pulmonary neoplasm was found in a male mouse after 
397 days of feeding. The incidence, the fourth highest, was about 60% (33/55 mice). Pul-
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Table 3. Incidence o f  pulm onary lesions in m ice f e d  experim ental d ie ts  fo r  up to 58 wk

Group
no. Treatment

Incidence of pulmonary lesions*

Adenomatosis Adenoma Adenocarcinoma

Male Female Male Female Male Female

i Control 3/16 1/21 2/16 2/21 0/16 0/21
ii P-rc 5/34 5/43 10/34 11/43 0/34 2/43
hi S-p 10/15 6/10 12/15 9/10 1/15 8/10
IV S-p +  P-rc 5/13 7/13 10/13 7/13 0/13 0/13
V S-rc 16/22 18/33 14/22 19/33 2/22 1/33
VI S-rc + P-rc 11/26 25/33 16/26 21/33 1/26 1/33

P-rc = Rice culture of P. riridicatum  (7-5% in diet)
S-p = Pure sterigmatocystin (5 ppm in diet)

S-rc = Sterigmatocystin as rice culture of A. versicolor (5 ppm in diet) 
*No. of mice affected/total no. surviving for at least 30 wk.

monary neoplasms were multiple in most of these mice. Three mice with adenoma had, 
additionally, a neoplasm classified morphologically as adenocarcinoma.

The first pulmonary neoplasm was seen after 405 days of feeding in the mice fed a diet 
containing S-p and P-rc. Th is group had an incidence of pulmonary neoplasms of about 
65% (17/26), the second highest among the experimental groups. In  most of the mice the 
neoplasms were m ultiple. .

The incidence of pulmonary neoplasms in mice fed the diet containing S-rc and P-rc 
was 63% (37/59 mice), the third highest incidence. The first pulmonary neoplasm was seen 
in a male mouse after 192 days of feeding and in most of these mice the neoplasms were 
multiple.

Pulm onary adenomatosis (Table 3) was commonly observed m icroscopically in the 
lungs of mice of both sexes with pulmonary adenoma. Variations in the incidence of the 
lesion were observed in test groups and between the sexes. The incidence was generally 
greater in test females and in the groups that were fed sterigmatocystin. However, some 
mice in each group had lesions of pulmonary adenomatosis but no neoplasms. Adenoma
tosis was seen on microscopic examination of the lungs and was characterized by small 
deep parenchymal or occasionally sub-pleural foci of hypertrophied and hyperplastic 
cuboidal alveolar epithelial cells (Figs 1 & 2). In  these foci the alveoli were filled w ith cells. 
There was no apparent host reaction to this change. These foci were variable in size and 
irregular in shape, and the adjacent pulmonary tissue was not compressed.

The pulmonary adenomas (Figs 3 & 4) were not restricted to any lobe of the lungs and 
were seen on both dorsal and ventral surfaces. When observed grossly, they appeared as 
tan-white raised nodules, were firm  when palpated, and varied in size from about 2 to 6 
mm in diameter. In  section, they were occasionally seen to be located near bronchioles, 
suggesting bronchiolar origin, but most often they appeared to arise in the pulmonary par
enchyma without any obvious association with the airways. M itotic figures were not fre
quent.

Pulm onary adenocarcinoma (Figs 5 & 6) was observed in some male and female mice 
fed the experimental diets (Table 3). These tumours were seen grossly as large tan-white, 
firm , raised masses, which occasionally occupied an entire lobe. In  the larger neoplasms 
a central necrotic area was seen on microscopic examination. In  these neoplasms there



Fig. 1. Small focus of adenomatosis in lung of mouse fed a culture of P. viridicatum. Proliferated alveolar epi
thelium fills and obliterates the pulmonary alveoli. Haematoxylin and eosin x  160.

Fig. 2. Higher magnification of Fig. 1 to illustrate the junction between the lung and the area of adenomatosis. 
Haematoxylin and eosin x400.

Fig. 3. Adenoma in the lung o f a mouse given sterigmatocystin as a rice culture of A . versicolor. A circumscribed, 
non-escapulated mass compresses the surrounding pulmonary tissue. Haematoxylin and eosin x64.

Fig. 4. Higher magnification of adenoma in Fig. 3, illustrating the replacement of lung tissue by neoplastic cells 
arranged essentially in solid masses and cords. Haematoxylin and eosin x 160.

Facing p. 494



Fig. 5. Large adenocarcinoma in the lung of a mouse fed sterigmatocystin and P . v ir id ica tu m  
culture. The highly cellular mass has compressed and extends beyond the pulmonary paren
chyma. Haematoxylin and eosin x40.

Fig 6 . Higher magnification of pulmonary adenocarcinoma in Fig. 5, showing solid masses 
and cords with mild papillary formations. Haematoxylin and eosin : 160.
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was extensive invasion of adjacent pulmonary tissue, due to marked proliferation of large 
anaplastic epithelial cells w ith frequent m itotic figures.

The other neoplasm that occurred in the mice used in this study was malignant lym 
phoma. Th is tumour occurred in one male mouse and one female mouse of the control 
group, one female mouse fed S-rc and one male mouse fed P-rc. The incidence of these 
tumours was not obviously influenced by the feeding of the experimental diets.

DISCUSSfON
Neoplasms of the lung were found in a ll groups, but the incidence was great only in 

the groups fed the diets containing S-p or S-rc alone or combined w ith P-rc. There was 
no evidence of any additive effect between sterigmatocystin and P-rc, since the incidences 
of pulmonary neoplasms for these groups were lower than for the groups fed diets contain
ing only sterigmatocystin.

The genetic constitution of the strain of mice was found by Heston (1966) to influence 
the development and incidence of pulmonary neoplasms. Cross-breeding experiments sug
gested that m ultiple genetic factors were involved in the development of pulmonary 
adenoma in mice. It  was concluded that genetically susceptible mice can develop a high 
incidence of pulmonary neoplasms when exposed to a variety of carcinogenic stim uli (Hes
ton, 1966; K inosita, 1966; Shim kin, 1955). The increased incidence of pulmonary neo
plasms ranged from a minimum of 16% for mice fed the P-rc diet to a maximum of 73% 
for mice fed the S-p diet. The high incidence of pulmonary neoplasms in the mice of the 
groups fed diets containing P-rc or a form of sterigmatocystin either alone or combined, 
interm ittently during 54-58 wk, appear to be due to sterigmatocystin and a carcinogenic 
substance produced by the P. viridicatum culture acting in a genetically susceptible host.

A t least two lines of evidence suggest the presence of a carcinogen in the products of 
P. viridicatum cultures and the carcinogenic activity o f sterigmatocystin in mice. F irst, the 
incidence of pulmonary adenomas (about 11%) was very low among controls and 
secondly, other investigators (Percy & Jonas, 1971; Snell & Stewart, 1962; Tannenbaum,
1965) have observed that neoplasms of the lungs are not common during the first year 
of life in most strains of mice.

The incidence (about 27%) of pulmonary neoplasms in mice fed the P-rc diet in this 
study was not as great as the incidence of 67% observed by Zw icker et al. (1973) in mice 
fed a sim ilar diet. The reason for the lower incidence of pulmonary adenomas in the mice 
of this current group is not clear, since experimental procedures for the two studies were 
sim ilar.

A t present no definite evidence is available on the specific carcinogen responsible for 
the increased incidence of pulmonary neoplasms in the mice fed P-rc, but such common 
mycotoxins as sterigmatocystin, aflatoxin and ochratoxin A  were eliminated by chemical 
analysis.

The increased incidence of pulmonary neoplasms in the mice of the experimental groups 
of this study may have been due to the interaction between an oncogenic virus in the pul
monary tissue of the test mice and sterigmatocystin or the unidentified carcinogen in the 
P-rc. No attempts were made to isolate viruses in this study. Infection of the commercial 
colony with the viruses of mouse hepatitis, ectromelia, polyoma or lym phocytic chorio
meningitis or the pneumotropic and Sendai viruses was ruled out on the basis of serologi
cal evidence (Harland Sm all Anim al Industries, Cumberland, Ind ., personal communica
tion 1972).
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Administration à long terme de stérigmatocystine et de Pénicillium viridicatum
à des souris

Résumé—On étudie les effets toxiques à long terme et la carcinogénicité de la stérigmatocystine 
pure (S-p), de la stérigmatocystine administrée sous forme d’une culture sur riz d'A spergillus versi- 
color (S-rc) et d’une espèce toxigène de Pénicillium  viridicatum  en nourrissant des souris avec un 
régime contenant 5 ppm de Stérigmatocystine (S-p ou S-rc) et ou un régime de 7,5% d’une culture 
sur riz de P. viridicatum  (P-rc) pendant des périodes de 2 semaines, alternant avec des périodes de 
2 semaines de régime témoin, ceci pendant un total de 54-58 semaines. Un groupe témoin reçoit 
seulement le régime purifié. Chez les souris nourries de S-p ou de S-rc seul, la fréquence des tumeurs 
pulmonaires a été respectivement de 73 et 49% plus élevée que chez le groupe témoin. La fréquence 
des tumeurs pulmonaires chez les souris nourries avec P-rc a été d’environ 16% plus élevée que
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celle des témoins. Dans les groupes qui sont nourris de P-rc avec S-p eu S-rc, la fréquence des 
néoplasmes pulmonaires a dépassé respectivement celle des témoins de 54 et 52%. Les tumeurs sont 
classés comme adénomes ou comme adénocarcinomes de l’épithélium bronchique et alvéolaire. Les 
adénomatoses sont plus communes chez les souris recevant les régimes contenant de la stérigmato- 
cystine, la fréquence étant de 27-47% plus grande que chez les témoins. Les fréquences des autres 
néoplasmes n’est pas affectée par les différents régimes expérimentaux. L’augmentation de la 
fréquence des néoplasmes pulmonaires chez les souris nourries avec S-p, S-rc ou P-rc apparaît en 
relation directe avec l’absorption de ces substances d’essai. L’analyse chimique a éliminé la possibi
lité de la présence de certaines mycotoxines communes chez les P-rc. On en conclut que P-rc et 
la stérigmatocystine (S-p ou S-rc) ont chacun un effet cancérogène quand ils sont donnés dans le 
régime des souris mais on n’a trouvé aucun effet additif quand la stérigmatocystine est ajoutée au 
régime P-rc.

Langzeitverabreichung von Sterigmatocystin Penicillium viridicatum an
Mäuse

Zusammenfassung—Die langzeittoxischen Effekte und Karzinogenität von reinem Sterigmatocys
tin (S-p), von Sterigmatocystin gegeben in Form einer Reiskultur von A spergillus versicolor (S-rc) 
und von einer toxigenen Art von P enicillium  viridicatum  wurden studiert, indem man Mäuse mit 
einer 5 ppm Sterigmatocystin-(S-p oder S-rc)-haltigen Nahrung fütterte und/oder mit 7-5% Inhalt 
einer Reiskultur von P enicillium  viridicatum  (P-rc), 2 Wochen lang abwechselnd mit 2 Wochen von 
Kontrollnahrung während einer Gesamtzeit von 54-58 Wochen. Eine Kontrollgruppe wurde nur 
mit der reinen Nahrung gefüttert. In Mäusen mit S-p oder S-rc allein gefüttert, war das Vorkommen 
von Pulmonartumoren 73 bzw. 49% höher als in der Kontrollgruppe. Das Vorkommen von Pul- 
monartumoren in mit P-rc gefütterten Mäusen war ungefähr 16% höher als in den Kontrollen. In 
den Gruppen mit P-rc, S-p oder S-rc gefüttert, übertraf das Vorkommen von Pulmonarneoplasmen 
das in den Kontrollen um 54 bzw. 52%. Die Tumore wurden klassifiziert als Adenome oder 
Adenokarzinome aus dem Bronchial- und Alveolarepithel entspringend. Adenomatöse war 
häufiger in Mäusen, die mit Sterigmatocystin-haltiger Nahrung gefüttert wurden; das Vorkommen 
war um 27-47% höher als das in den Kontrollen. Das Vorkommen anderer Neoplasmen war nicht 
beeinflußt durch die Fütterung mit der experimentellen Nahrung. Das erhöhte Vorkommen von 
Pulmonarneoplasmen in den mit S-p, S-rc oder P-rc gefütterten Mäusen schien direkt abzuhängen 
von der Fütterung dieser Testmaterialien. Das mögliche Vorhandensein von gewissen gewöhn
lichen Mykotoxinen in P-rc wurde durch chemische Analyse ausgeschlossen. Es wurde geschlossen, 
daß sowohl P-rc als auch Sterigmatocystin (S-p oder S-rc) einen karzinogenen Effekt haben, wenn 
sie in der Nahrung an Mäuse verfüttert werden; aber kein additiver Effekt wurde gefunden, als 
Sterigmatocystin mit P-rc gemeinsam gefüttert wurde.
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Abstract—The acute ip toxicities of five derivatives of ochratoxins A and B. metabolites of A sp er
g illus ochraceus. were determined using 6-month-old Mt. Shasta strain rainbow trout as test ani
mals. Ethyl esters of ochratoxins A and B were lethal to trout when administered in corn oil. The 
10-day LD50 values of ochratoxin A and B ethyl esters were 3-0 and 13 0 mg/kg body weight, re
spectively. Ochratoxins A and B, the ip toxicities of which were previously determined in rainbow 
trout in another study, were again administered in this study under the current experimental condi
tions. The LD50 of ochratoxin A was 5-53 mg/kg body weight (13-72 pmols/kg), while ochratoxin 
B caused no deaths at a dose of 66-7 mg/kg body weight. The ethyl ester of ochratoxin a adminis
tered ip in corn oil, and the alanine and leucine analogues of ochratoxin A administered in aqueous 
bicarbonate, were not lethal to trout at a dose level of 13-72 /rmols/kg body weight (the LD50 of 
ochratoxin A). Histopathological damage caused by these toxins in the trout liver and kidney is 
described.

INTRODUCTION
To xicity studies on ochratoxins A and B, metabolites of the mould Aspergillus ochra

ceus, have revealed that ochratoxin A is far more toxic than the non-chlorinated analogue, 
ochratoxin B . The L D 50 value of ochratoxin was originally reported by van der Merwe, 
Steyn, Fourie, Scott & Theron (1965b) to be 25 gg/50 g body weight (0-5 mg/kg) in day-old 
ducklings, and van der Merwe, Steyn & Fourie (1965a) reported that ochratoxin B  and 
C  (ochratoxin A ethyl ester) were non-toxic to ducklings at a dose level 1000 times higher 
than the toxic ochratoxin A level. Further studies by Steyn & Holzapfel (1967a) showed 
that the L D 50 values of ochratoxin A and its methyl and ethyl esters were sim ilar, namely 
135-170 /zg/duckling. Purchase & Nel (1967) reported a sim ilar L D 50 value of 150 /xg/duck- 
ling for ochratoxin A . Peckham, Doupnik & Jones (1971) reported a 7-day oral median 
lethal dose in day-old Babcock B-300 cockerels of 3-3-3-9 mg/kg for ochratoxin A  and 54 
mg/kg for ochratoxin B . Purchase & Theron (1968) found the oral L D 50 value of ochra
toxin A to be 22 mg/kg for both male and female rats.

Chu & Chang (1971) reported the oral L D 50 values of ochratoxin A and C  to be 166 
and 216 mg/day-old chick, respectively. No toxic effect was demonstrated when chicks 
were fed up to 500 mg ochratoxin a, the acid-hydrolysis product of ochratoxin A . Chu, 
Noh & Chang (1972) found that ochratoxin a and O-methylochratoxin A ethyl ester were 
non-toxic to day-old chicks when given orally in doses of 1000 and 500 mg, respectively.

Doster, Sinnhuber & W ales (1972) reported the 10-day ip L D 50 of ochratoxin A in 6- 
month-old rainbow trout to be 4-67 mg/kg body weight. Ochratoxin B produced no mor
tality at levels up to 66-7 mg/kg but produced histologically-detectable abnorm alities in
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the liver and kidney. Ochratoxins a and b were non-toxic at levels up to 28 0 and 26-7 
mg/kg, respectively.

These results show that the absence of chlorine and/or phenylalanine from the ochra- 
toxin A molecule markedly reduces its toxicity. The present study was conducted in an 
attempt to determine the effect of other changes in the ochratoxin molecule on ip toxicity 
in rainbow trout. The compounds studied included ochratoxins A , B  and a ethyl esters 
and the leucine and alanine analogues of ochratoxin A .

EXPERIMENTAL
Preparation o f ethyl esters o f ochratoxins A , B and a. Ochratoxins A and B were prepared 

and purified as described elsewhere (Doster et al. 1972). O chratoxin a was prepared from 
ochratoxin A by the acid-hydrolysis method of van der Merwe et al. (1965a) and was then 
purified as previously described (Doster et al. 1972). Approxim ately 10 mg of the ethyl 
esters of ochratoxins A , B and a were prepared from pure samples of the free acids by treat
ment with 16% boron trifluoride in dry ethanol. The resulting esters were purified by 
column chromatographic procedures sim ilar to those used to purify ochratoxin A and B, 
except that the columns were eluted with carbon tetrachloride-glacial acetic acid (98 :2  
v/v). The stationary phase in these columns was 1% water-treated silica gel 60 (Brinkm an).

Preparation o f alanine and leucine analogues o f ochratoxin A. O f particular interest was 
the question of whether replacement of the phenylalanine in ochratoxin A by other amino 
acids would have any influence on its toxicity. To  test this possibility, the alanine and leu
cine analogues were prepared for us in toxicity studies. Th is was achieved by hydrolysis 
of the phenylalanine moiety from ochratoxin A (van der Merwe et al. 1965a) followed by 
replacement of this amino acid w ith L-alanine or L-leucine methyl esters by amide forma
tion sim ilar to that originally described for the synthesis of ochratoxin A (Steyn & Holzap- 
fel, 1967b), except that the ochratoxin a acid chloride was prepared using oxalyl chloride 
instead of thionyl chloride. The esterifying methyl group was removed by interchange with 
acetic acid, and the products were purified by preparative thin-layer chromatography on 
M N -silica gel G -H R (Brinkm an) using benzene-glacial acetic acid (9 :1 , v/v) as an eluant. 
The identity of the analogues was confirmed from mass spectra of their ethyl esters. The 
ethyl esters of the alanine and leucine analogues of ochratoxin A showed, in accordance 
w ith their formulae, molecular ions at m/e 355 and 397, respectively. Yields of the alanine 
and leucine analogues after purification were 3 and 36%, respectively.

The possibility of racemization in the synthesized analogues was considered. Since the 
absolute rotation of these analogues is unknown, their optical purity can be reliably esti
mated by determining the stereochemical integrity of the synthetic procedure. O chratoxin 
A was prepared from ochratoxin a and L-phenylalanine methyl ester using methods identi
cal to those used for the preparation of the two amino acid analogues. The resulting ochra- 
toxin A (yield 40%) was crystallized from benzene and glacial acetic acid-tetrahydrofuran 
(3 :1 v/v). The ultraviolet spectra and chromatographic properties were identical to those 
of natural ochratoxin A . The product had a specific rotation (sodium D-line) of — 79° 
determined in glacial acetic acid-chloroform  (1 :1 , v/v). Roberts & W oollven (1970) 
reported the specific rotation of ( - ,  ±)ochratoxin A as +38° (the phenylalanine is active, 
but the isocoumarin is racemic) and that of natural ochratoxin A as -9 3 ° . Thus, the syn
thetic ochratoxin A prepared as described in this study was 11% racemized.

Purity o f test compound. The purity of the compounds prepared for the toxicity studies 
was checked by spotting 8-10 mg on a silica gel G -H R  chromatoplate and developing the
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plate in carbon tetrachloride-glacial acetic acid (9 :1 , v/v). Exam ination under long-wave 
ultraviolet radiation (365 nm) established that only one fluorescent spot was present on 
the plate. Developed plates were also placed in an iodine chamber for 30 min to allow 
detection of possible non-fluorescent im purities.

Quantitation. The ochratoxin test compounds were quantitated spectrophotometrically 
using the molar absorptivity values shown in Table 1. The molar absorptivity value for 
ochratoxin a ethyl ester was determined experimentally. That of ochratoxin A (Doster et 
al. 1972) was used for quantitation of the two ochratoxin A analogues, since insufficient 
quantities of these compounds were prepared for accurate weighing. The molar absorp
tivity values, used for the quantitation of ochratoxin A and B  ethyl esters, were reported 
by S. Nesheim (personal communication 1968) and Nesheim (1969), respectively.

Table 1. Data used in spectrophotometric quantitative analyses o f ochratoxin
derivatives

Ochratoxin
Mol
wt

A max 
(nm) € Solvent*

A, ethyl ester (C) 431 333 6200 I
B, ethyl ester 397 318 6700 CHC13
a. ethyl ester 284 336 6250 95% ethanol
A, alanine analogue 327 333 . 5550 II
A. leucine analogue 369 333 5550 II

* Solvent 1—benzene-acetonitrile-glacial acetic acid (97:2:1, by vol.); Solvent 
II—benzene-glacial acetic acid (99:1, v/v).

Q uantitatively defined solutions of the toxins were evaporated to dryness in vacuo. F ina l 
traces of harmful organic solvents such as benzene and carbon tetrachloride were removed 
from the test compounds by repeated solution in 95% ethanol and evaporation in vacuo. 
The ochratoxin esters were dissolved in corn oil to the following concentrations (in mg/ 
m l): C , 0-600; B  ethyl ester, 2-250; a ethyl ester, 0-585. The alanine and leucine analogues 
of ochratoxin A were dissolved in 0-1 N-sodium bicarbonate to concentrations of 0-673 and
0-763 mg/ml, respectively. Subsequent dilutions were made from these stock solutions.

Toxicity experiments. Groups of 6-month-old domesticated rainbow trout of the M t. 
Shasta strain, weighing an average of 35 g, were treated ip w ith ochratoxin test compounds 
as previously described (Doster et al. 1972). Trout were given various dose levels of the 
test compounds in x p\ o f the carrier, where x = weight of trout (in g)/0-15. Control trout 
were sim ilarly dosed w ith 0-1 N-sodium bicarbonate or corn o il. M ortalities during a 10- 
day experimental period were recorded, and the L D 50 was determined by the method of 
Litchfield & W ilcoxon (1949). Trout surviving after 10 days were killed and immediately 
autopsied. Gross abnormalities were noted, and the livers and kidneys were excised and 
preserved in Bouin’s fixative. These tissues were embedded in paraffin, sectioned at 4 pm, 
stained w ith haematoxylin and eosin and examined by light microscopy.

RESULTS

Mortality

O f the test compounds administered, only the ethyl esters of ochratoxin A and B  were 
toxic. Single ip doses of ochratoxin C  (ochratoxin A ethyl ester) equivalent to 2, 3 and 4
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mg/kg body weight caused m ortalities of 1/10, 5/10 and 9/10, respectively; and doses of 
ochratoxin B  ethyl ester at levels of 10, 12-5 and 15 mg/kg caused m ortalities of 1/10, 4/10 
and 8/10, respectively. The acute L D 50 of ochratoxin C  was 3-0 mg/kg body weight (6-96 
/imols/kg) with 95% confidence lim its of 2-37-3-80 mg/kg body weight. The slope function 
was 1-31 with 95% confidence lim its of 0-97-1-77 mg/kg body weight. The acute L D 50 of 
ochratoxin B ethyl ester was 13-0 mg/kg (32-75 /imols/kg) w ith 95% confidence lim its of
10-30-16-41 mg/kg body weight. The slope function was 1-21 w ith 95% confidence lim its 
of 0-89-1-63 mg/kg body weight.

Previous studies conducted in this laboratory (Doster et al. 1972) indicated that the ip 
L D 50 of ochratoxin A was 4-67 mg/kg body weight in 6-month-old rainbow trout. Ochra
toxin B  caused no deaths at levels up to 66-7 mg/kg body weight. The ochratoxin A L D S0 
determination was repeated using progeny from the same female trout as those used in 
testing a ll other ochratoxin compounds in this study. The L D 50 value obtained was 5-53 
mg/kg body weight (13-72 /¿mols/kg) with 95% confidence lim its of 4-45-6-85 mg/kg body 
weight. The slope function was 1-28 w ith 95% confidence lim its of 0-94-1-73 mg/kg body 
weight. Ochratoxin B was again not lethal in ten trout given an ip dose of 661 mg/kg body 
weight, a level 12 times the L D 50 of A.

The alanine and leucine analogues caused no deaths in ten trout in a dose of 4-49 and 
5-06 mg/kg body weight, respectively. S im ilarly, ochratoxin a ethyl ester given at a level 
of 3-9 mg/kg body weight produced no m ortalities in ten trout. The dose levels of these 
three compounds were equivalent on a molar basis to the ochratoxin A L D 50 value of
13-72 ¿¿mols/kg.

Histological changes

Livers and kidneys from trout dosed with ochratoxin C  showed necrotic changes identi
cal to those previously described in trout dosed with ochratoxin A (Doster et al. 1972). 
Livers from trout dosed with ochratoxin B ethyl ester showed definite injury, but this 
damage was not as severe as that seen in livers from trout dosed with toxic levels of ochra
toxin A or C .

In  general, these livers had a normal architecture but, in many cases, showed areas of 
swollen or hypertrophic parenchymal cells. Some livers contained large nuclei scattered 
around the periphery of the m uralia. Some livers also contained an occasional focus of 
bile-duct proliferation. Kidneys from these trout contained necrotic haematopoietic tissue 
and swollen or pyknotic tubule nuclei. There was a general loss of tubular patency and 
casts were present in renal tubules.

Livers from trout dosed with the leucine analogue of ochratoxin A in a dose of 13-72 
¿«nols/kg showed minor signs of injury. Th is was determined by the presence of occasional 
foci of bile-duct proliferation as well as of slightly swollen nuclei. Kidneys from these trout 
showed damage sim ilar to that caused by non-lethal levels of ochratoxin A . The most noti
ceable abnorm ality was necrosis of the haematopoietic tissue. Other abnormalities in
cluded swollen nuclei in the tubules, loss of tubular patency and cast formation.

Livers from trout dosed w ith the alanine analogue of ochratoxin A (13-72 /imols/kg), 
ochratoxin a ethyl ester (13-72 /imols/kg), 0-1 N-sodium bicarbonate or corn oil showed 
no histological abnorm alities. Kidneys from the latter three groups of trout were sim ilarly 
free from histological abnorm alities. Kidneys from trout dosed w ith the alanine analogue 
of ochratoxin A showed necrotic haematopoietic tissue as well as some swollen nuclei in 
the tubules. These abnormalities were not nearly as noticeable as those seen in kideneys
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from trout dosed with the leucine analogue of ochratoxin A . Furtherm ore, no casts were 
evident in the lumen of the tubules, indicating that damage was much less severe in these 
kidneys.

DISCUSSION
Results of this study and others show that acute toxicity is enhanced when the basic 

structure of the non-chlorinated isocoumarin moiety of ochratoxin is changed in such a 
way that its molecular weight is increased to nearly 400 but the anionic nature of the mole
cule is still maintained. These changes may play a role in altering the distrubution of the 
molecule in the trout to bring about greater exposure of target sites in various tissues, 
where the lethal action is apparent.

The influence of molecular weight is borne out by the observation that the relatively 
non-toxic ochratoxin B  molecule (mol wt 369) is made much more toxic when converted 
to its ethyl ester (mol wt 397). A lso, the toxicity of ochratoxin A (mol wt 403) is about 
half that of its ethyl ester (mol wt 431). It  is realized that the use of different vehicles to 
administer these toxins may have had some influence on their relative toxicities, but this 
complication was necessary because the esters were not soluble in aqueous bicarbonate 
and the free acids were only poorly soluble in corn o il. It  would be expected that the esters 
given in corn oil would norm ally be absorbed more rapidly than the free acids in aqueous 
bicarbonate (Schou, 1971) and this may have influenced their comparative toxicities.

It  is noteworthy that Chu & Chang (1971) did not find the ethyl and methyl esters of 
ochratoxin A to be more toxic than ochratoxin A to day-old chicks. Also Steyn & Holzap- 
fel (1967a) found ochratoxin B esters to be non-lethal to day-old ducklings. In  the report 
of the latter study, details of the experimental conditions were not provided, making com
parisons with the present work impossible. In  the investigation conducted by Chu & 
Chang (1971) chicks were dosed orally w ith bicarbonate solutions of ochratoxin A and 
corn oil solutions of ochratoxin A esters.

Since all the toxins were administered orally, it is probable that the ochratoxin esters were 
hydrolysed to the free acids in the gut of the chicks before absorption took place. In  the 
present study, the ochratoxin esters dosed ip would not be likely to be subjected to condi
tions which would result in significant ester hydrolysis until after absorption by the liver 
and/or excretion in the bile.

Perhaps of greater value in exemplifying the effect of molecular weight on possible d istri
bution differences and consequent toxicity are the results obtained for the alanine and leu
cine analogues of ochratoxin A (mol wt 327 and 369 respectively). Neither of these com
pounds caused any m ortalities in trout when given in a dose that was the molar equivalent 
of the ochratoxin A L D 50. The leucine analogue did, however, induce some histologically- 
detectable abnorm alities in the trout liver and kidney.

Any possible explanation for the difference in toxicity of ochratoxins A and B and their 
analogues necessitates consideration of the influence of differences in ionic property as well 
as in molecular size and structure. Chu et al. (1972) reasoned that the difference in the 
apparent dissociation constant of the phenolic hydroxyl group in ochratoxins B  and C 
may cause ochratoxin C  to bind more readily than ochratoxin B  to important cellular 
components. It  is conceivable that this difference in the ionic properties of ochratoxins A 
and B  could also play a role in altering their distribution, to hasten or hinder their trans
port to receptor sites w ithin the cells of tissues where their lethal action is apparent. Th is
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hypothetical attempt to relate ochratoxin toxicity to potential differences in biological 
distribution does not take into account possible differences in ochratoxin transformation 
to metabolites that are more readily excreted than the parent toxins. Doster & Sinnhuber 
(1972) noted that ochratoxin B  was more readily hydrolysed in vitro to its non-toxic iso- 
coumarin moiety than was ochratoxin A. M etabolic propensities may also alter the bio
logical distribution of the ochratoxins and affect their ultimate toxicity.
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Toxicité intrapéritonéale aiguë des dérivés A et B de l’ochratoxine chez la truite 
arc-en-ciel (Salmo gairdneri)

Résumé—On détermine la toxicité ip aiguë de cinq dérivés des ochratoxines A et B. métabolites 
de I1 Aspergillus ochraceus. en utilisant comme animal d’épreuve la truite arc-en-ciel de souche Mt.
Shasta âgée de 6 mois. Les esters éthyliques des ochratoxines A et B sont mortels pour la truite 
quand ils sont administrés avec de l'huile de mais. Les valeur DL5O-10 jours pour les esters éthyli
ques des ochratoxines A et B sont respectivement de 3,0 et 13,0 mg/kg de poids du corps. Les ochra
toxines A et B. dont les toxicités ip avaient été déterminées préalablement dans une autre étude, 
ont été administrées dans le présent travail en utilisant les conditions expérimentales habituelles.
La DL50 de l’ochratoxine A est de 5,53 mg/kg du poids corporel (13,72 /rmoles/kg) tandis que l’och- 
ratoxine B à une dose de 66,7 mg/kg de poids du corps ne produit aucune mort. L’ester éthylique 
de l’ochratoxine A administré par voie ip dans de l’huile de maïs et les analogues alanine et leucine 
de l’ochratoxine A administrés dans une solution aqueuse de bicarbonate, ne sont pas mortels chez 
la truite à une dose de 13,72 /imoles/kg de poids du corps (DL50 de l’ochratoxine A). On décrit 
les dégâts histopathologiques produits par ces toxines dans le foie et le rein de la truite.
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Akute intraperitoneale Toxizität von Ochratoxin A und B Abkömmlingen in der 
Regenbogenforelle (Salmo gairdneri)

Zusammenfassung" Die akuten ip Toxizitäten von fünf Abkömmlingen von Ochratoxin A und B, 
Metaboliten von A spergillus ochraceus, wurden unter Verwendung von 6-Monate alten Mt. Shasta- 
Stamm Regenbogenforellen als Versuchstiere bestimmt. Äthylester von Ochratoxin A und B 
waren letal für die Forellen, wenn sie in Maisöl verabreicht wurden. Die 10-Tage LD50 Werte 
von Ochratoxin A und B Äthylester waren 3-0 und 13 0 mg/kg Körpergewicht respektiv. Ochra
toxin A und B, deren ip Toxizität früher in der Regenbogenforelle in einer anderen Studie be
stimmt worden war, wurden in dieser Studie wieder unter den laufenden experimentellen Bed
ingungen gegeben. Die LD50 von Ochratoxin A war 5-53 mg/kg Körpergewicht (13-72 ¿unol/kg), 
während Ochratoxin B keine Todesfälle verursachte bei einer Dosis von 66-7 mg/kg Körpergew
icht. Die Äthylester von Ochratoxin A, gegeben ip in Maisöl, und die Alanin- und Leucinanaloge 
von Ochratoxin A, gegeben in wässrigem Bikarbonat, waren nicht letal für die Forelle bei einem 
Dosisspiegel von 13-72 /anol/kg Körpergewicht (die LD50 von Ochratoxin A). Histopathologischer 
Schaden verursacht durch diese Toxine in der Forellenleber und -niere wird beschrieben.

F.C.T. 12/4— E
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IM P LA N T A T IO N  A N D  E M B R Y O N IC  S U R V IV A L  IN  R A T S  T R E A T E D  
W IT H  A M A R A N TH  D U R IN G  G E S T A T IO N

K . S. Khera, W . Przybylski and W . P . McK inley

Food Research Laboratories, Health Protection Research, Ottawa. Canada, K l A OL2 

(Received 28,March 1974)

Summary—Samples of amaranth obtained from three manufacturers were administered to rats by 
gavage or mixed in a semi-synthetic diet, to provide in each case dosage levels of 0, 15, 30, 100 
or 200 mg/kg body weight/day, from day I to 19 of pregnancy (day 1 being the day sperm were 
found in vaginal smears). Dams were killed on day 20 of gestation. Prenatal values for corpora 
lutea, live foetuses, deciduomas (suggestive of early embryonic death or resorption), dead foetuses 
and foetal weight gave no evidence of any amaranth-related deleterious effect on implantation or 
embryonic survival.

Introduction
Am aranth, the trisodium  salt of l-(4-sulpho-l-naphthylazo)-2-naphthol-3,6-disulphonic 

acid has been reported to have adverse effects on embryonic survival in rats following dos
ing for three generations (Shtenberg & Gavrilenko, 1970) and when given by daily gavage 
on days 0-19 of pregnancy, day 0 being the day sperm were found in vaginal smears (C o l
lins, M cLaughlin & G ray, 1972). Interim  results from further multigeneration feeding 
studies in rats indicated no adverse effect even at high dose-levels, and teratogenicity 
studies w ith amaranth given by gavage on days 6-15 of pregnancy produced negative 
results (Food Chemical News, 1973). However, the lingering question as to whether amar
anth is embryocidal following daily gavage during the entire period of gestation has led 
to controversy over its safety for human consumption. These studies were undertaken in 
an attempt to resolve the controversy.

Experimental
Materials. Three samples of amaranth, one from L . J . Pointing & Son Ltd ., Northum

berland (lot L5890, certificate 1887; sample A x), one from W illiam s (Hounslow) Ltd ., M id
dlesex (lot 9/630M ; sample A 2) and one from Kohnstamm & Co., New Y o rk  (FD A  lot 
Z0287; sample A 3) were tested. The samples were certifiable by Canadian Standard and 
had a dye content (%) of 91T in A 1? 87-0 in A 2 and 92-1 in A 3. Im purities present were 
N aC l and N a2S 0 4 (3-4% ), subsidiary dyes (0-7-2-0%), naphthionic acid (0-1-0-2%) and R 
acid (0-02-0-2%), the combined ether extracts, the volatile matter and the water-insoluble 
matter constituting 0-08-0-15, 2-0-4-0 and 0-03-0-05%, respectively.

Animals and diet. Randomly-bred female W istar rats (175-200 g body weight) obtained 
from W oodlyn Farm s, Guelph, O ntario, were started on a semi-synthetic diet containing, 
in % : corn starch, 64; casein, 20; M azola corn o il, 6 ; alphacel, 5 ; m ineral m ix, 4 (Jones 
& Foster, 1942); vitam in m ix AM  (Becking & M orrison, 1970). The corn o il was from
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Canada Starch Co. Ltd ., M ontreal, and other ingredients were from General Biochemical 
Laboratory Park , Ohio.

Experimental procedures
Females were paired overnight with proven sires and those with spermatozoa in the 

vagina on the following morning (counted day 1 of pregnancy) were randomly distributed 
among the experimental groups. Each sample of amaranth was administered on days 1-19 
of pregnancy in one study by gavage as a single daily dose and, in the other, mixed in 
the diet.

Gavage study. The doses given by gavage were 0 (distilled water), 15, 30, 100 and 200 
mg/kg/day, the four dose levels of amaranth being given in concentrations of 0-33, 0-66, 
2 and 4%, respectively. Pregnant rats were weighed daily in order to permit the quantity 
of solutions administered to be adjusted so that a constant dose/body-weight ratio was 
maintained during pregnancy.

Diet study. The control group continued to receive the semi-synthetic diet, while the test 
groups were fed the same diet w ith amaranth added to provide an intake of 15, 30, 100 
or 200 mg/kg body weight/day. The amaranth was thoroughly mixed in the diets and the 
diets were stored in air-tight containers at 6°C. The animals received diets and water ad 
lib.

Post-mortem studies. A ll female rats were killed on day 20 of pregnancy and their ovaries 
were examined for pathological changes and for enumeration of corpora lutea. Ea rly  
resorptions or deciduoma (Bateman & Epstein, 1971) and foetuses dying late in develop
ment were recorded. The foetuses were removed, weighed and examined for viab ility and 
external malformations.

Statistical evaluation. The data were handled through t distribution. Population means 
and standard deviations from test groups were compared with the within-experiment con
trol to compute t values (1-tail test; Dunn, 1964). Differences not significant at P  <  0T0 
were considered negative.

Results
There was no evidence of maternal toxicity in any of the experiments. Prenatal values 

for corpora lutea, live foetuses, deciduomas and foetal weights are summarized in Table 
1. No deleterious effect was observed by these criteria. The ratios of corpora lutea to live 
foetuses plus deciduomas were w ithin control lim its.

A ll embryonic m ortality was reflected in the formation of deciduomas except for two 
foetuses that died late in development— one in the A , 30 mg/kg group and one in the A 2 
control group of the diet study. One exencephalic foetus was observed in the A ¡-200 mg/kg 
group in the gavage test and in the A 2-30 mg/kg and the A 3-100 mg/kg groups of the diet 
experiment.

Discussion
The present study failed to demonstrate a significant effect on any prenatal parameters 

that were investigated at doses up to 20 mg amaranth/kg/day given for almost the entire 
duration of pregnancy. Em bryonic survival remained unaffected whether the test com
pound was given by gavage or mixed in the diet and the incidence of foetal m ortality was 
w ithin control lim its in a ll test groups. Although three exencephalic foetuses were observed 
in the test groups and none in the control groups, the incidence was consistent with the
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background incidence recorded in W oodlyn Farm s’ rats over the past several years. The 
finding did not suggest an adverse effect related to the test compounds.

Our observations that amaranth had no adverse effects on implantation and mean foetal 
weight were consistent w ith those of Collins et al. (1970) but, contrary to their results, our 
studies failed to show any amaranth-related embryocidal effect.

Acknowledgements—The authors are indebted to Messrs O. Kutowy and R. Tanner for technical assistance.
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Summary—Young male guinea-pigs were used to study the interrelationships of L-xyloascorbic acid 
(vitamin C) and orally administered mercuric mercury (8 mg Hg2+/kg body weight). Mercury sig
nificantly reduced the concentration of ascorbic acid in the brain, adrenals and spleen of animals 
receiving maintenance doses of the vitamin. Large doses of ascorbic acid resulted in an increased 
deposition of mercury in the liver and kidney. Mercury administration depressed the growth rate 
and altered the weights of the liver and kidney, and these changes were not affected by large intakes 
of ascorbic acid. The mercury-induced adrenal hypertrophy, however, was prevented by large doses 
of ascorbic acid.

Introduction
“Shun mercury as poison” was Kram er’s advice to scorbutic patients according to 

George Budd, a London physician, in 1840. Budd himself claimed that in cases of scur
vy “ ....m e rcu ry  in every form should be religiously avoided [as] we have met with in
instances in which the scorbutic symptoms seemed to have been much aggravated by mer
cury, taken before the scurvy made its appearance” (Budd, 1840). Budd was an astute 
observer with a suitably cautious scientific approach and it is unlikely that he would have 
emphasized this apparent relationship between scurvy and mercury had he not a strong 
observational basis for doing so (Hughes, 1973a).

Currently, dietary intakes of vitam in C  (L-xyloascorbic acid ; ascorbic acid) in B rita in  
may vary from the inadequate to the massive doses recommended by the “megavitamin 
C  therapists” (Brook, 1972; Hughes, 1973b). Any relationship between the tissue levels of 
ascorbic acid and the uptake and retention of mercury could therefore be of some signifi
cance. The observations of Budd (1840) indicated that low tissue levels of ascorbic acid 
increased a person’s susceptibility to mercury poisoning (or, conceivably, that an increased 
intake of mercury exacerbated the scorbutic condition). As a possible corollary of this one 
would perhaps expect a state of tissue saturation with ascorbic acid to afford some degree 
of protection against mercury poisoning.

The experiments described in this note were designed to examine both the effect of mer
cury on tissue levels of ascorbic acid and the effect of large doses of ascorbic acid on tissue 
levels of mercury. Guinea-pigs were used because of their total dependence upon dietary 
ascorbic acid.

Experimental
Animals and diet. M ale albino guinea-pigs (in itia l body weight 325 g) were used for two 

experiments. They were fed a semi-synthetic scorbutogenic diet, previously described (W il
liam s & Hughes, 1972) and containing no detectable amounts of ascorbic acid. A ll animals 
received a weekly supplement of 0-5 ml cod-liver oil.
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Experiment 1. Three groups each of eight guinea-pigs were used. Groups A and B 
received a daily supplement of 5 mg ascorbic acid/kg body weight, an intake sufficient to 
maintain normal growth rate without raising the tissue ascorbic acid concentrations 
above 25% saturation. Group C  received a daily supplement of 1% ascorbic acid in the 
drinking-water; this resulted in saturation of the tissues w ith ascorbic acid (Hughes & 
Jones, 1970). Anim als in groups B and C  received a daily dose of 8 mg Hg2+/kg body 
weight, given as H gC l2 in water. Both the ascorbic acid and the mercury supplements were 
given in the morning and w ithin 30 min of each other. After 15 days the animals were 
weighed and killed , and ascorbic acid and mercury were determined in liver, kidney, 
adrenals, spleen and brain.

Experiment 2. Two groups (A and B), each comprising six guinea-pigs, received an 
ascorbic acid supplement (5 mg/kg body weight) orally at 09.30 hr daily. Group B also 
received an oral supplement of 8 mg Hg2+/kg body weight at 17.30 hr daily. Th is exper
iment was terminated after 15 days and the tissue levels of ascorbic acid were determined 
in adrenals, spleen and brain.

Tissue analysis. The animals were killed by stunning followed by decapitation and 
exsanguination. Organs were quickly dissected out, dried with filter paper and weighed. 
Ascorbic acid was determined by the 2,6-dichlorophenolindophenol photometric method 
(Bessey, 1938; Hughes, 1956). M ercury was determined by a cold vapour atomic absorp
tion method (Braun & Husbands, 1971).

Results
The mercury was administered at a level shown, in prelim inary experiments, to depress 

the normal growth rate of guinea-pigs. In  the first experiment described in this note, the 
growth rate of the mercury-treated anim als was 50% of that of the group not given mer
cury (Table 1). Th is depression of growth rate was independent of the ascorbic acid status 
of the anim al. The relative weights of both kidney and liver were altered by mercury (Table
1), the relative weight of the kidney being significantly increased by mercury treatment 
while that of the liver was decreased. These changes occurred in both group B and C . How
ever, hypertrophy of the adrenal glands occurred only in group B.

The ascorbic acid levels in the tissues of the mercury-treated group B in experiment 1 
were consistently and significantly lower than those in the group (A ) not given mercury 
(Table 2). Sim ilar reductions in tissue levels of ascorbic acid were found when the mercury 
was administered 8 hr after the ascorbic acid (Table 3, experiment 2). The levels of mercury 
in the liver, kidney and brain of guinea-pigs given different amounts of ascorbic acid (ex
periment 1) are shown in Table 4. The higher dietary intake of ascorbic acid (group C ) 
resulted in a marked increase in the amounts of mercury deposited in these tissues.

Discussion
The levels of ascorbic acid found in the tissues of groups not treated with mercury (Tables 

2 & 3) were of the order to be expected from the intake level used (Hughes & Jones, 1971), 
while the pattern of mercury distribution in the tissues studied (Table 4) was sim ilar to 
that reported for man and for the rat (Hughes, 1957; Em erick & Holm , 1973).

The changes induced by mercury in the relative weights of the kidney and liver, both 
sensitive criteria in toxicological studies (Feron, de Groot, Spanjers & T il, 1973), were (like 
the depression in body weight) independent of the ascorbic acid status of the anim als. The 
fact that adrenal gland hypertrophy was lim ited to the mercury-treated group given only
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Table 2. Ascorbic acid levels in the organs of guinea-pigs given different amounts of ascorbic acid and mercury for
15 days (experiment 1)

Intake (mg/kgt/day) of .Ascorbic acid concn (mg/lOOg tissue)
Test

group
Ascorbic

acid
Mercury 
(Hg2 + ) Brain Adrenals Spleen

A 5 0 7-97 + 0-32 41-5 + 3-9 11-79 ±  1-02
B 5 8 5-18 + 0-32** 21-2 ±  3-8** 7-41 ±  1-13*
C 1%{ 8 21-53 ±  1-24 183-1 + 9-3 59-03 ±  2-98

tO f body weight.
{Administered at a level of 1% in the drinking water.
Values are means for groups of eight guinea-pigs and those marked with asterisks are significantly lower (Stu

dent’s t test) than the corresponding value for group A:*P < 0-05; **P < 0-01.

Table 3. Ascorbic acid levels in guinea-pigs given ascorbic acid and mercury daily at different times feV 15' days
(experiment 2)

Test
group

Intake (mg/kgt/day) of

Ascorbic Mercury
acid (Hg2 + )

Ascorbic acid concn (mg/100 g wet tissue)

No./group Brain Adrenals Spleen

A 5 0 5 9-99 ± 0-14 4542 ±  3-00 14-10 ±  0-68
B 5 8 6 8-68 ±  0-43* 26-34 ±  3-01** 10-05 ±  0-09**

tO f body weight.
{Ascorbic acid was administered at 09.30 hr each day and mercury at 17.30 hr.
Values are means for the numbers of animals stated and those marked with asterisks differ significantly (Stu

dent’s i test) from the corresponding value for group A :*P < 0-05; **P < 001.

Table 4. Mercury levels in tissues of guinea-pigs given mercury and different amounts o f ascorbic acid for'15\days
(experiment I f

Intake (mg/kgt/day) of
Mercury concn (jug Hg2 /g wet tissue)

Test Ascorbic Mercury -— -------------------
group acid (Hg2 + ) Liver Kidney Brain

B 5 8 16-10 ±  1-24 (7) 362-1 +  41-7 (6) 1-22 + 0-15 (7)
C m 8 27-08 ±  4-93*(5) 473-5 ±  29-4*(7) 2-26 ±  0-53 (7)

{Of body weight.
{Administered at a level of 1% in the drinking water.
Values are means for the numbers of animals indicated in parentheses, and those marked with an asterisk differ 

significantly (Student’s r test) from the value for group B :*P < 0-05.

5 mg ascorbic acid/kg body weight appeared to suggest that tissue saturation w ith ascorbic 
acid ‘protected’ the adrenal glands from mercury-induced hypertrophy. The increase in 
adrenal size was presumably a stress-induced change rather than a direct effect of the mer
cury toxicity ; it is generally accepted that high doses of ascorbic acid can prevent the 
adrenal hypertrophy that norm ally follows stress situations such as exposure to cold 
(Dugal & Therien, 1949).

O f the reductions in tissue ascorbic-acid levels associated with mercury treatment 
(Tables 2 & 3), the depression in brain ascorbic acid is of particular interest as brain ascor
bic acid is in general more resistant to change than is the ascorbic acid of the other organs 
examined (Hughes, Hurley & Jones, 1971). It  is therefore quite conceivable that in scor
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butic or near-scorbutic subjects, mercury could still further reduce the already low levels 
of ascorbic acid and so precipitate or exacerbate the scorbutic svmptoms, as described by 
Budd (1840).

M ercuric cations have a high affinity for thiol groups (C larkson, 1972) and there is a 
tendency to ascribe the toxicity of mercury either directly or indirectly to this, although 
at least one study has indicated that tissue thiol groups are not reduced by adm inistration 
of mercury to chicks (M iller, Bearse, Russell & Csonka, 1969). Th io l groups are conceiv
ably involved in the abstraction and/or retention of ascorbic acid by the tissues and inter
ference w ith these mechanisms could account for the mercury-induced depression in tissue 
ascorbic acid. Th io l groups also have a somewhat more direct role in the ‘preservation’ 
of tissue ascorbic acid and in its reduced form (Grim ble & Hughes, 1967) and any diminu
tion in this biological reducing capacity of tissue thiols would presumably result in lower 
levels of tissue ascorbic acid.

Two additional factors must be considered in a study of this type. There is evidence that 
a depression in growth rate or a reduction in metabolic activity results in a fall in tissue 
ascorbic acid (W illiam s & Hughes, 1972). It  is therefore difficult in a study of this type 
unequivocally to distinguish between effects directly attributable to the presence of mer
cury in the tissues and those resulting from the mercury-induced depression in growth rate.

Again, the lowered tissue levels of ascorbic acid could reflec: mercury interference with 
the absorption of ascorbic acid from the gastro-intestinal tract, although the finding of 
sim ilar falls in tissue ascorbic acid when the adm inistration of the ascorbic acid and the 
mercury were temporally separated (Table 4) reduces the credibility of this explanation. 
A further experiment in which the mercury is introduced orally and the ascorbic acid par- 
enterally would be required to give an unequivocal answer to this.

Somewhat surprisingly, high dietary intakes of ascorbic acid resulted in elevated 
amounts of mercury being deposited in the tissues (Table 3). There is considerable evidence 
that ascorbic acid w ill enhance the absorption of iron (Moore, 1961) but on the other hand, 
Sahagian, Harding-Below & Perry (1967) reported that ascorbic acid reduced the in vitro 
absorption of cadmium (an element closely related to mercury). Other workers found later 
that, in vivo, large doses of ascorbic acid had no obvious effect on the deposition in the 
tissues of cadmium administered in the diet (Fo x, F ry , Harland, Schertel & Weeks, 1971). 
I f  one assumes that the intestinal transport of mercury is related to its affinity for binding 
sites, and that thiol groups are of importance in this respect, then large doses of ascorbic 
acid could presumably assist the transport of mercury by maintaining the integrity of thiol 
groups. It  is conceivable, though less like ly, that a sim ilar relationship could influence the 
retention of mercury in the tissues.

The situation carries certain im plications if extrapolated to the level of human physi
ology. Elevated intakes of mercury could conceivably reduce tissue levels of ascorbic acid. 
O f possibly greater significance is the effect of massive intakes of ascorbic acid on the 
uptake and retention of mercury. Subjects exposed to higher-than-average concentrations 
o f environmental mercury should perhaps avoid “megavitamin therapy” . In  this respect, 
it would be of interest to determine whether, on a population basis, a correlation exists 
between blood levels of ascorbic acid and of mercury. In  more general terms, the possibi
lity  emerges that tissue ascorbic acid levels could well be of value as an index to toxicity.
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DIETHYLENE GLYCOL MONOETHYL ETHER

Synonym: E thyl diethylene glycol.
Structure: C H 2(O H )• C H zO • [C H 2] 2 • O C H 2• C H 3.
Description and physical properties: A  colourless hygroscopic liquid w ith a faint ethereal 
odour w ith a musty undertone (Arctander, 1969).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: From  ethyl alcohol plus ethylene oxide (Arctander, 1969).
Uses: Use in fragrances in the U SA  amounts to less than 50001b/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-05 0-005 0-025 0-5
M axim um  0-3 0-03 0-1 2-0

Analytical data: Gas chromatogram, R IF M  no. 72-17; infra-red curve, R IF M  no. 72-17.

Status
Browning (1965) has an extensive monograph on diethylene glycol monoethyl ether.

Biological data
Acute toxicity. The acute oral L D 50s in rats, mice and guinea-pigs were reported as 5-54,

6-58 and 3-87 g/kg, respectively (Laug, Calvery, M orris & W oodard, 1939). The L D 50s in 
mice, rats and rabbits from iv  injection were reported as 3-9,2-9 and 0-9 ml/kg, respectively, 
and the sc L D 50s in rats and rabbits were reported as 3-4 and 2-0 ml/kg, respectively 
(Stenger, Aeppli, L islo tt, M üller, Peheim & Thom ann, 1971). The acute dermal L D S0 value 
in rabbits was reported as 10-3 g/kg (Carpenter, 1947).

Short-term toxicity. The no-effect level for diethylene glycol monoethyl ether adm inis
tered to five rats in the drinking-water for 30 days was 0-49 g/kg, while 0-87 g/kg caused 
reduction in appetite and 1-77 g/kg caused some organic injury (Smyth & Carpenter, 1948).

In  a 4-wk sc study in rats, doses of 100-400 /d/kg/day produced no deaths, although 
at 200-400 ¿d/kg/day, dyspnoea, somnolence and m ild ataxia appeared, w ith some growth 
retardation in females. Doses of 800 /d/kg/day had sim ilar effects and, in addition, growth
‘Previous sets of these monographs were published in Food and Cosmetics Toxicology (1973, 11, 95, 477, 855 

& 1011; 1974,12, 385).
517



518 D. L. J. Opdyke

was depressed also in males following some reduction in food intake. Changes in liver, 
kidney and testes were also seen in rats given 200 ¿tl/kg/day orally (Stenger et al. 1971).

Diethylene glycol monoethyl ether containing less than 0-4% ethylene glycol was given 
for 90 days to rats at dietary levels of 0-5 or 5 0%, to mice at dietary levels of 0-2, 0-6, 1-8 
or 5-4% and to pigs in daily oral doses of 167, 500 or 1500 mg/kg (Gaunt, Colley, Grasso, 
Lansdown & Gangolli, 1968). Three pigs given 1500 mg/kg/day for 14-21 days died w ith 
symptoms of uraemia and six out of 20 male mice fed the 5-4% diet died w ith signs of 
advanced renal damage. There was reduction of growth in rats and mice fed the highest 
dietary concentrations. O xaluria was found in rats and mice at the highest feeding level 
and a reduction in haemoglobin concentration was seen in a ll three species at the highest 
level of adm inistration. The no-effect levels were approxim ately 250 mg/kg/day in rats, 
850-1000 mg/kg/day in mice and 167 mg/kg/day in pigs.

Long-term toxicity. Purified diethylene glycol monoethyl ether fed to rats at approxi
mately 1-0 g/kg/day for 2 yr produced a few oxalate concretions in the kidney of one ani
mal and caused slight liver damage and some interstitial oedema in the testes (M orris, N el
son & Cal very, 1942).

Irritation. Diethylene glycol monoethyl ether is not irritant to the skin of rabbits even 
upon prolonged and repeated contact (Rowe, 1963). Tested at 20% in petrolatum, it pro
duced no irritation after a 48-hr closed-patch test in 25 human subjects (K ligm an, 1972).

Sensitization. A m axim ization test (Kligm an, 1966) was carried out on 25 volunteers. The 
m aterial was tested at a concentration of 20% in petrolatum and produced no sensitization 
reactions (Kligm an, 1972).

Metabolism. The major part of an administered dose of diethylene glycol monoethyl 
ether is oxidized in the body or excreted as the glucuronate, adm inistration to rabbits 
orally or by sc injection being followed by a marked increase in the urinary content of 
glucuronic acid (Fellow s, Luduena & H anzlik, 1947).
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DIETHYLENE GLYCOL MONOMETHYL ETHER

Structure: C H 2(O H )C H 20  - [C H 2] 2 O C H 3.
Description and physical properties: A colourless liquid with a faint musty odour (Arc- 
tander, 1969).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: A  by-product in the manufacture of ethylene glyccl monomethyl ether (Arc- 
tander, 1969).
Uses: Use in fragances in the U SA  amounts to about 50001b/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-05 0-005 0-025 0-5
Maximum 0-3 0-03 0-1 2-0

Analytical data: Gas chromatogram, R IF M  no. 72-18; infra-red curve, R IF M  no. 72-18.

Status
Browning (1965) has an extensive monograph on diethylene glycol monomethyl ether.

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 6-31 g/kg (W eil, 1972), while 

with a 50% aqueous solution the L D 50 values were 9-2 ml/kg for rats and 4-16 ml/kg for 
guinea-pigs (Smyth, Seaton & Fischer, 1941). The ácuté dermal L D 50 in rabbits was 
reported as 20 ml/kg (Browning, 1965).

Short-term toxicity. The maximum dose having no effect in rats given diethylene glycol 
monomethyl ether for 30 days in their drinking-water was less than 0-19 g/kg (Smyth & 
Carpenter, 1948). The highest dosage level survived was 1-83 g/kg.

Irritation. Diethylene glycol monomethyl ether is not appreciably irritating to the skin, 
but on extensive and prolonged contact, it can be absorbed in toxic and even lethal 
amounts (Rowe, 1963). Tested at 20% in petrolatum, it produced no irritation after a 48-hr 
closed-patch test in 25 human subjects (Kligm an, 1972).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
m aterial was tested at a concentration of 20% in petrolatum and produced no sensitization 
reactions (K ligm an, 1972).
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DfflYDROCOUM ARIN

Synonyms: 3,4-Dihydrocoumarin ; hydrocoum arin; 1,2-benzodihydropyrone.

Description and physical properties: Givaudan Index (1961).
Occurrence : Has apparently not been reported to occur in nature.
Preparation: By reduction of coumarin w ith a nickel catalyst (Arctander, 1969).
Uses: In  public use since the 1930s. Use in fragrances in the U SA  amounts to less than
10,000 lb/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-01 0-001 0-005 0-2
M axim um  0-1 0-01 0-03 2-0

Analytical data: Infra-red curve, R IF M  no. 72-19.

Status
Dihydrocoum arin was granted G R A S  status by FEM A  (1965). The Council of Europe

(1970) included dihydrocoumarin in the list of admissible artificia l flavouring substances, 
giving a level of 25 ppm.

Biological data
Acute toxicity. The acute oral L D 50 value in rats was reported as 1-65 g/kg (1-47-1-83 g/ 

kg) (M oreno, 1972a). The acute dermal L D 50 value in rabbits was reported as >5 g/kg 
(Moreno, 1972b).

Subacute and long-term toxicity. In  feeding studies, 1000 and 10,000 ppm fed to rats in 
the diet for 14 wk produced no effects (Hagan, Hansen, Fitzhugh, Jenner, Jones, Taylo r, 
Long, Nelson & Brouwer, 1967). In  a 2-yr study, dogs dosed daily with 50 and 150 mg/kg 
produced no effects (Hagan et al. 1967).

Irritation. Dihydrocoum arin applied full strength on intact or abraded rabbit skin for 
24 hr under occlusion was moderately irritating (Moreno, 1972b). Tested at 20% in petro
latum , it produced no irritation after a 48-hr closed-patch test in 25 human subjects (K lig - 
man, 1972).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
material was tested at a concentration of 20% in petrolatum and produced sensitization 
reactions in a ll 25 test subjects (K ligm an, 1972).
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D IH Y D R O JA S M O N E

Synonyms: 2-Pentyl-3-methyl-2-cyclopenten-l-one; 3-methyl-2-(n-pentanyl)-2-cyclopen- 
tene-l-one.

Structure: ch3
/ ' ' S '  r  - i

h2c c- [ ch2] 4- c h 3

HgC------C =0

Description and physical properties: A  colourless, slightly oily liquid with a floral-like 
odour (Arctander, 1969).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: H exyl bromide plus laevulinic ester yields a lactone, which is reacted with 
polyphosphoric acid or jphosphorus1 pentoxide to produce hydrojasmone (Bedoukian,
1967).
Uses: In  public use since the 1940s. Use in fragrances in the U SA  amounts to less than 
10001b/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-005 0-0005 0-002 0-04
M aximum 0-03 0-003 0-01 0-4

Analytical data: Gas chromatogram, R IF M  no. 72-20; infra-red curve, R IF M  no. 72-20.

Status
Dihydrojasmone is not included in the listings of the FD A , FEM A  (1965) or the Council 

of Europe (1970), nor in the Food Chemicals Codex (1972).

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 2-5g/kg (1-79-3-50 g/kg) 

(Keating, 1972). The acute dermal L D 50 value in rabbits was reported as 5 g/kg (Keating,
1972).

Irritation. Dihydrojasmone applied full strength on intact or abraded rabbit skin for 
24 hr under occlusion was irritating (Keating, 1972). Tested at 4% in petrolatum, it pro
duced no irritation after a 48-hr closed-patch test in 25 human subjects (K ligm an, 1972).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
material was tested at a concentration of 4% in petrolatum and produced no sensitization 
reactions (Kligm an, 1972).
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D IH Y D R O M Y R C E N O L

Synonym: 2,6-Dimethyl-7-octen-2-ol.
Structure: C H 3 • C O H (C H 3) ■ [C H 2] 3 • C (C H 3):C H • C H 3.
Description and physical properties: A colourless, somewhat viscous oil (Arctander, 1969). 
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By controlled, partial hydrogenation of myrcenol (Arctander, 1969).
Uses: Use in fragrances in the U SA  amounts to less than 10001b/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-02 0-005 0-01 0-2
M aximum 0-1 0-01 0-03 0-4

Analytical data: Gas chromatogram, R IF M  no. 72-122; infra-red curve, R IF M  no. 72-122.

Status
Dihydrom yrcenol is not included in the listings of the F D A , FE M A  (1965) or the Coun

cil of Europe (1970), nor in the Food Chemicals Codex (1972).

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 3-6 g/kg (3-0-4-2 g/kg) (M or

eno, 1973). The acute dermal L D 50 value in rabbits exceeded 5 g/kg (Moreno, 1973).
Irritation. D ihydrom yrcenol applied full strength on intact or abraded rabbit skin for 

24 hr under occlusion was m ildly irritating (M oreno, 1973). Tested at 4% in petrolatum, 
it produced no irritation after a 48-hr closed-patch test in 25 human subjects (Kligm an, 
1973).

Sensitization. A  m axim ization test (Kligm an, 1966) was carried out on 25 volunteers. The 
material was tested at a concentration of 4% in petrolatum and produced no sensitization 
reactions (K ligm an, 1973).
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DIHYDROSAFROLE

Synonym : l,2-Methylenedioxy-4-propylbenzene.

Structure:

c h 2-ch2-ch3

Description and physical properties: Givaudan Index (1961).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By catalytic hydrogenation of safrole (Arctander, 1969).
Uses: In  public use since the 1950s. Use in fragrances in the U SA  amounts to less than 
2000 lb/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 003 0-003 0005 0-1
Maximum 0-3 0-03 0-05 1-2

Analytical data: Gas chromatogram, R IF M  no. 72-123; infra-red curve, R IF M  no. 72-123.

Status
The FD A  does not permit dihydrosafrole to be used in foods (21 C F R  121.106).

Biological data
Acute toxicity. The acute oral L D 50 was reported as 2-26 g/kg (1-84-2-78 g/kg) in rats 

and as 4-30 g/kg in the mouse (Jenner, Hagan, Taylo r, Cook & Fitzhugh, 1964). The acute 
dermal L D 50 in rabbits was reported as >5 g/kg (Shelanski & M oldovan, 1973). D aily 
dosage for 4 days with 770 mg dihydrosafrole/kg caused macroscopic liver lesions and one 
death in six treated rats (Taylor, Jenner & Jones, 1964).

Subacute and long-term toxicity. In  a feeding study, 1000 ppm fed to rats in the diet for 
2 yr retarded growth in females and caused macroscopic and microscopic liver changes 
(Hagan, Hansen, Fitzhugh, Jenner, Jones, Taylo r, Long, Nelson & Brouwer, 1967). In  
another feeding study, 250 and 500 mg/kg fed to rats in the diet for 34 and 46 days, respect
ively, produced no deaths (Hagan, Jenner, Jones, Fitzhugh, Long, Brouwer & Webb, 1965), 
while 750 mg/kg fed to rats in the diet for 26 days produced three deaths in ten animals.

The tumorigenicity of selected pesticides and industrial compounds was tested by con
tinuous oral adm inistration to both sexes of two hybrid strains of mice, starting at the age 
of 7 days (Innes, U lland, Valerio , Petrucelli, Fishbein, H art, Pallotta, Bates, Fa lk , G art, 
K le in , M itchell & Peters, 1969). M axim al tolerated doses were given for 18 months. 
Among the 120 test compounds, seven m aterials were included as positive controls. D ihyd
rosafrole which was one of these controls produced tumours of the liver in male mice.

Irritation. Dihydrosafrole applied full strength on intact or abraded rabbit skin was 
m ildly irritating (Shelanski & M oldovan, 1973). Tested at 12% in petrolatum, it produced 
no irritation after a 48-hr closed-patch test in 25 human subjects (K ligm an, 1973).

Sensitization. A m axim ization test (Kligm an, 1966) was carried out on 25 volunteers. The 
m aterial was tested at a concentration of 12% in petrolatum and produced no sensitization 
reactions (Kligm an, 1973).
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D IH  Y D R  O -a-T ER P IN EO L

Synonyms: p-Menthan-8-ol; l-methyl-4-isopropylcyclohexane-8-ol.
Structure: C H 3 C 6H 10 C (C H 3 ) 2  O H .
Description and physical properties: A  liquid with a more woody pine-like odour than ter- 
pineol (Bedoukian, 1967).
Occurrence: Found in American wood turpentine pine oil (Guenther, 1949).
Preparation: By hydrogenation of a-terpineol using a platinum  catalyst (Arctander, 1969). 
Uses: In  public use since the 1950s. Use in fragrances in the U SA  amounts to less than 
10001b/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-05 0-005 0-03 0-4
M aximum 0-3 0-03 0-1 1-0

Analytical data: Gas chromatogram, R IF M  no. 71 -45; infra-red curve, R IF M  no. 71-45.

Status
Dihydro-a-terpineol is not included in the listings of the FD A , FE M A  (1965) or Council 

of Europe (1970), nor in the Food Chemicals Codex (1972).

Biological data
Acute toxicity. Both the acute oral L D 50 value in rats and the acute dermal L D 50 value 

in rabbits exceeded 5 g/kg (Moreno, 1973).
Irritation. Dihydro-oc-terpineol applied full strength on intact or abraded rabbit skin for 

24 hr under occlusion was moderately irritating (Moreno, 1973). Tested at 10% in petrola
tum, it produced no irritation after a 48-hr closed-patch test in 25 human subjects (K lig - 
man, 1972).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
m aterial was tested at a concentration of 10% in petrolatum and produced no sensitization 
reactions (K ligm an, 1972).
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DIMETHYLBENZYL CARBINOL

Synonyms: a,a-Dimethylphenethyl alcohol; l,l-dim ethyl-2-phenylethanol.
Structure: C 6H 5 C H 2 C (C H 3 )2 O H .
Description and physical properties: Givaudan Index (1961).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By Grignard synthesis from benzyl magnesium chloride and acetone 
(Bedoukian, 1967).
Uses: In  public use since the 1950s. Use in fragrances in the U SA  amounts to less than 
2000 lb/yr.

Concentration in final product (% ):
Soap Detergent Creams, lotions Perfume 

U sual 0-02 0-002 0-01 0-3
M axim um  0-15 0-015 0-1 0-8

Analytical data: Gas chromatogram, R IF M  no. 72-130; infra-red curve, R IF M  no. 72-130.

Status
Dim ethylbenzyl carbinol was granted G R A S status by FEM A  (1965) and is approved 

by the FD A  for food use (21 C F R  121.1164). The Council of Europe (1970) included 
dimethylbenzyl carbinol in the list of admissible artificia l flavouring substances, at a level 
of 5 ppm. The Food Chemicals Codex (1972) has a monograph on dimethylbenzyl carbinol.

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 1-35 g/kg (1-02-1-68 g/kg) 

(Moreno, 1973). The acute dermal L D 50 in rabbits was reported as >5 g/kg (Moreno,
1973).

Subacute toxicity. In  feeding studies in rats, neither 10,000 ppm fed in the diet for 16 wk 
nor 1000 ppm fed in the diet for 28 w k had any effects (Hagan. Hansen, Fitzhugh, Jenner, 
Jones, Taylo r, Long, Nelson & Brouwer, 1967).

Irritation. Dim ethylbenzyl carbinol applied fu ll strength on intact or abraded rabbit 
skin was not irritating (Moreno, 1973). Tested at 8% in petrolatum, it produced no irr i
tation after a 48-hr closed-patch test in 25 human subjects (Kligm an, 1973).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
m aterial was tested at a concentration of 8% in petrolatum and produced no sensitization 
reactions (K ligm an, 1973).
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DIMETHYLBENZYL CARBINYL ACETATE

Synonyms: oc,a-Dimethylphenethyl acetate; benzyldimethyl carbinyl acetate.
Structure: C 6H 5 • C H 2 • C (C H 3)2 • 0 2C  • C H 3.
Description and physical properties: EO A  Spec. no. 186.
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By acetylation of dimethylbenzyl carbinol (Bedoukian, 1967).
Uses: In  public use since the 1930s. Use in fragrances in the U SA  amounts to about
50,000 lb/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-03 0-003 0-02 0-3
Maximum 0-2 0-02 0-10 0-40

Analytical data: Gas chromatogram, R IF M  no. 70-35; infra-red curve, R IF M  no. 70-35.

Status
Dimethylbenzyl carbinyl acetate was granted G R A S  status by FE M A  (1965) and is 

approved by the FD A  for food use (21 C F R  121.1164). The Council of Europe (1970) in
cluded dimethylbenzyl carbinyl acetate in the list of tem porarily admissible artificia l 
flavouring substances. The Food Chemicals Codex (1972) has a monograph on dim ethyl
benzyl carbinyl acetate.

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 3-30 g/kg (2-55-4-05 g/kg) 

(Moreno, 1971). The acute dermal L D 50 in rabbits was reported as >3 g/kg (Moreno,
1971).

Irritation. Dim ethylbenzyl carbinyl acetate applied full strength on intact or abraded 
rabbit skin for 24 hr under occlusion was moderately irritating (Moreno, 1971). Tested at 
4% in petrolatum, it produced mild irritation after a 48-hr closed-patch test in 25 human 
subjects (Kligm an, 1971).

Sensitization. A  m axim ization test (Kligm an, 1966) was carried out on 25 volunteers. 
The m aterial was tested at a concentration of 4% in petrolatum and produced no sensitiza
tion reactions (Kligm an, 1971).
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3,7-DIMETHYL-l-OCTANOL

Synonym: Tetrahydrogeraniol.
Structure: C H 3 • C H (C H 3) • [C H 2] 3 ■ C H (C H 3) • [C H 2] 2 • O H .
Description and physical properties: Food Chemicals Codex (1972).
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By reduction of geraniol or by reduction of citronellol, citronellal or citral 
(Arctander, 1969).
Uses: In  public use since the 1930s. Use in fragrances in the U SA  amounts to less than
10,000 lb/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-03 0-003 0-02 0-2
M axim um  0-2 0-02 0-1 0-8

Analytical data: Gas chromatogram, R IF M  no. 72-129; infra-red curve, R IF M  no. 72-129.

Status
3,7-Dimethyl-1-octanol was granted G R A S status by FEM A  (1965) and is approved 

by the FD A  for food use (21 C F R  121.1164). The Council of Europe (1970) listed 3,7- 
dimethyl-1-octanol (tetrahydrogeraniol), giving an A D I of 5 mg/kg. The Food Chemicals 
Codex (1972) has a monograph on 3,7-dimethyl-1-octanol.

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as > 5 g/kg (Shelanski & M ol

dovan, 1973a). The acute dermal L D 50 in the rabbit was reported as 2-4 g/kg (1-7—3-4 g/kg) 
(Shelanski & M oldovan, 1973a).

Irritation. 3,7-Dimethyl-1-octanol applied full strength on intact or abraded rabbit skin 
produced irritation (Shelanski & M oldovan, 1973b). Tested at 8% in petrolatum, it pro
duced no irritation after a 48-hr closed-patch test in 25 human subjects (K ligm an, 1973).

Sensitization. A m axim ization test (K ligm an, 1966) was carried out on 25 volunteers. The 
material was tested at 8% concentration in petrolatum and produced no sensitization reac
tions (Kligm an, 1973).
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DIMETHYLPHENYLETHYL CARBINOL

Synonyms: a,a-Dimethyl-y-phenylpropyl alcohol; l,l-dim ethyl-3-phenylpropanol. 
Structure: C 6H 5 • [C H 2] 2 • C (C H 3)2 • O H .
Description and physical properties: EO A  Spec. no. 277.
Occurrence: Has apparently not been reported to occur in nature.
Preparation: By reaction of phenylethyl magnesium chloride with acetone (Bedoukian, 
1967).
Uses: In  public use since the 1950s. Use in fragrances in the U SA amounts to less than 
7000 lb/yr.

Concentration in final product (% ):

Soap Detergent Creams, lotions Perfume 
Usual 0-02 0-002 0-01 0-3
Maximum 0-1 0-01 0-03 0-4

Analytical data: Gas chromatogram, R IF M  no. 72-131; infra-red curve, R IF M  no. 72-131.

Status
Dim ethylphenylethyl carbinol is not included in the listings of the FD A , FE M A  (1965) 

or the Council of Europe (1970), nor in the Food Chemicals Codex (1972).

Biological data
Acute toxicity. The acute oral L D 50 in rats was reported as 2-2 ml/kg (1-8-2-7 ml/kg) 

(Shelanski, 1973). The acute dermal L D 50 in rabbits was reported as 3-5 ml/kg (2-6—4 3 ml/ 
kg) (Shelanski, 1973).

Irritation. Dim ethylphenylethyl carbinol applied full strength on intact or abraded rab
bit skin produced a moderate to severe irritation (Shelanski, 1973). Tested at 4% in petrola
tum, it produced no irritation after a 48-hr closed-patch test in 25 human subjects (K lig- 
man, 1973).

Sensitization. A  m axim ization test (Kligm an, 1966) was carried out on 25 volunteers. The 
material was tested at a concentration of 4% in petrolatum and produced no sensitization 
reactions (K ligm an, 1973).
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Review Section

R E V IE W S  O F  R E C E N T  P U B L IC A T IO N S

List of Additives Evaluated for their Safety-in-Use in Food. F irst series. Jo int FAO /W H O  
Food Standards Programme, Codex Alim entarius Commission, C A C /FA L  1-1973. Food 
and Agriculture Organization of the United Nations, Rome, 1973. pp. 88. £0-40. [O btain
able in U K  through H M SO .]

W ith the growing number of reports issuing from the Jo int FA O /W H O  Expert Com
mittee on Food Additives, it has become an increasingly time-consuming process to track 
down the evaluation of a particular additive. The present publication, which lists a ll addi
tives evaluated by the Committee, w ith their acceptable daily intakes and w ith reference 
to the appropriate reports in which the toxicological evaluations and specifications can be 
found, is therefore very welcome. It  is also good to see that the many additives evaluated 
at the 17th Meeting, the report of which is still unpublished, have been included.

The additives have been classified into four lists, according to the conclusions reached 
by the Jo int FA O /W H O  Expert Committee w ith regard to their acceptability for use in 
food. L is t A (l) includes additives that have been allocated an unconditional or conditional 
acceptable daily intake or that have not been lim ited toxicologically, while list A(2) in
cludes those that have been accepted for use on a provisional basis. L is t C (l) contains sub
stances regarded as unsafe for use in food, whereas additives which have been restricted 
for toxicological reasons are relegated to list C (2); at present only cyclamates and hydro
gen peroxide appear on this last list. Each list is further subdivided according to additive 
function.

The reason for this particular format would appear to be that the publication is directed 
prim arily at those concerned w ith regulating the use of food additives, but since it w ill 
obviously be of use to a much wider audience as an index to existing FA O /W H O  reports, 
it is perhaps a pity that the information was not presented in the form of a single alphabeti
cal list. Fortunately, just such a list was recently published elsewhere (C R C  Critical 
Reviews o f Toxicology 1973, 3, 75), but it did not include additives considered at the 17th 
Meeting.

The publication under review also contains a list of additives approved by the Codex 
Alim entarius Commission, on the basis of the Jo int FA O /W H O  Expert Committee eva
luations, for use in specific foods, w ith details of the foods and the maximum level (if any) 
in each case. A  list of the Recommended International Codex Standards is also given. The 
functions of the Codex Alim entarius Commission, the Codex Committee on Food Addi
tives and the Jo int FA O /W H O  Expert Committee on Food Additives are discussed in the 
short introduction, which also defines terms used in the document and includes a state
ment of the general principles for the use of food additives, adopted by the N inth Session 
of the Codex Alim entarius Commission.
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Safe Use of Pesticides. Twentieth Report of the WHO Expert Committee on Insecticides. 
Tech. Rep. Ser. Wld Hlth Org. 1973, 513. pp. 54. £040.

The WHO Expert Committee on Insecticides has, in this report, widened its scope to 
cover the safe use of pesticides not only in vector control, as before, but also in agricultural 
applications. In all cases a balanced view has been taken, with consideration of the toxico
logical data and a careful weighing of the risks against the ensuing benefits.

A good example is provided by DDT, which is still essential in some areas for malaria 
eradication. Despite the fact that one of two recent studies by the International Agency 
for Research on Cancer has revealed liver tumours in male mice fed only 0-3 mg DDT/kg/ 
day, a daily intake similar to the highest human exposure known at present, no tumours 
or other adverse effects have been detected in a small group of heavily exposed men who 
have been followed for 20 years. Long-term studies on two larger groups have now been 
organized, and it is hoped that more will soon be initiated. The Committee urges that com
prehensive metabolic studies in a variety of animal species, including man, and carcino
genicity tests now in progress in species other than mice, should be completed before any 
more drastic restrictions on its use are imposed.

The WHO programme for the evaluation and testing of new insecticides has been in 
operation for 12 years, during which more than 1600 compounds have been evaluated. In 
recent years growing attention has been paid to biodegradability, and there has been a 
continuous decline in the number of new compounds submitted. The high rejection rate 
is illustrated by the fact that only three compounds are in operational use for malaria era
dication and control, while a few others are regarded as suitable for controlling the vectors 
of other diseases. The further trials on indoor application of propoxur and fenitrothion 
recommended in the Committee’s Sixteenth Report (Cited in F.C.T. 1968, 6 , 754) have been 
completed with evidence of only slight and transient side-effects, and these compounds 
have now joined malathion as suitable alternatives for DDT, when use of the latter is not 
appropriate. Nine other compounds—the carbamates bux, landrin, mobam and o-cyclo- 
pentylphenyl methylcarbamate, and the organophosphorus compounds dicapthon, phen- 
thoate, phoxim, chlorphoxim and jodfenphos—have been examined in village-scale field 
trials, allowing recommendations for larger-scale trials to be made in most cases. Larvi- 
cides, for use against mosquitoes and blackfly, and insecticides for human louse control 
have also been evaluated, with particular reference in the latter category to mobam, abate, 
carbaryl and propoxur.

Studies of products for aircraft disinsection have yielded no evidence of toxic hazard 
for the synergized pyrethrins or pyrethroids or for dichlorvos, which acts as an alkylating 
agent in vitro but apparently not in vivo, presumably because it is readily demethylated. 
The technique of ultra-low-volume application of insecticides is also discussed, as are alter
native methods of insect control such as the use of chemosterilants.

Of the molluscicides, which still provide the most effective way of controlling schistoso
miasis, the most appropriate for aquatic use are niclosamide and frescon (¿V-tritylmorpho- 
line), both with a fairly low toxicity to mammals. More toxicity data are required on yuri- 
min for soil application, while organotin compounds are commanding increasing interest 
for use in slow-release devices.

Following the widespread development of resistance to anticoagulant rodenticides 
among rats and mice, materials of high acute toxicity have again come into prominence. 
Use of red squill, norbormide and zinc phosphide with “ordinary care” is endorsed by the
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Committee, while maximum precautions are considered necessary in the handling of 
sodium fluoroacetate, fluoroacetamide and strychnine. Arsenic trioxide, phosphorus, thal
lium sulphate, 1-naphthylthiourea and gophacide are regarded as too dangerous for use.

The health hazards relating to transportation, storage and use of agricultural pesticides 
are discussed in the report. Recommendations include the generation of more specific data 
on accidental poisoning, the issuance of insecticide data sheets, the development of a classi
fication scheme for pesticides according to the hazard they present, the promotion of medi
cal and other services to deal with poisoning, the provision of emergency aid in poisoning 
outbreaks, and further education and training in pesticide toxicology. Progress in diag
nosis and treatment of pesticide exposure is reviewed, and a summary of the treatment 
of poisoning is given in an annex reprinted from the Sixteenth Report, with minor amend
ments and with the addition of a section on organochlorine compounds.

Annual Report 1972 of HM Chief Inspector of Factories. Department of Employment. 
HMSO, London, 1973. pp. xvii +  133. £1.

The Work of tlje Inspectorate during 1972 reflected the increasing public concern with 
matters of environmental and industrial health and particularly with the problem of lead. 
A considerable proportion of the resources of the Industrial Hygiene Unit during the year 
was deployed in surveys and investigations of lead hazards in a wide variety of industries. 
These studies merited a whole chapter in the report. Greatly increased facilities for the 
estimation of blood levels of lead have become available in the laboratory of the Employ
ment Medical Advisory Service, and new techniques using cnly very small blood samples 
have been developed. Analysis of the incidence of cases of lead poisoning in preceding 
years showed that three sections of the lead trade—lead smelting and refining, manufac
ture of electrical accumulators and ship breaking—stood out as needing special attention, 
and events brought the first category into prominence. In the case of one refinery in the 
Isle of Dogs, the children of workers proved to have abnormally high lead levels acquired 
from their father’s contaminated clothing. This incident led to a general move within the 
industry to improve standards of cleanliness.

Severe problems of hygiene control presented by the lead/zinc smelter at Avonmouth 
caused the closing of the plant for part of the year and the setting up of a committee of 
enquiry. The various measures recommended by this committee had been largely imple
mented by the end of 1972. After the plant reopened in April 1972, both environmental 
and biological monitoring gave encouraging results and from then until the end of the year 
there were no cases of reportable lead poisoning. A working group with representation 
from all sides of the lead smelting and refining and electrical accumulator sections of the 
industry was set up as a result of this incident and formulated a Code of Practice (now 
published), which it is hoped will be observed on a voluntary basis. A further working 
party is now considering the effect of particle size on lead absorption, the need for more 
detailed knowledge about levels of lead absorption, and possible long-term effects.

The Inspectorate has been involved in many discussions and meetings aimed at formu
lating practical methods of handling and using highly hazardous substances, including 
weak carcinogens. Visits to firms using methylene-bis-o-chloroaniline as a hardener for 
urethane rubbers continued, and advice was given where necessary on improving handling
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precautions, but no further evidence relating to the possible carcinogenicity of this mater
ial was acquired during the year. Chloromethyl ethers, on the other hand, are now 
regarded as presenting such a carcinogenic risk that no detectable exposure should be per
mitted, and it is intended to develop a mass spectrographic method for determining ex
tremely low concentrations; a TLV of 0-001 ppm has been suggested. Investigations into 
the basic hazards associated with organic isocyanates have led in some cases to greater 
control of exposure, in others to the substitution of methylene diisocyanate for the more 
volatile toluene diisocyanate, and a technical data note on the subject has been prepared. 
Other problems dealt with by the Inspectorate have arisen from the generation of sulphur 
dioxide from fuel oil, of nitrous fumes from natural gas burned in oxygen, and of cobalt 
from the grinding of the tungsten carbide tips of tools.

The report observes that the asbestos industry generally has made great strides in com
plying with the Asbestos Regulations, 1969, but 14 successful prosecutions were still 
recorded during the year. A new programme involving extensive atmospheric sampling by 
asbestos workers should in time lead to a better knowledge of hygiene standards. The con
struction industry has received increasing attention, and the importance of analysing old 
lagging before demolition and of using specialist sub-contractors to remove asbestos has 
been stressed. The cotton-dust problem has led to a programme of dust sampling in 34 
mills, which should permit a comparison of the different methods used to determine the 
TLV of 0-2 mg/m3 recently recommended by the American Conference of Governmental 
Industrial Hygienists and the hygiene standard of 0-5 mg/m3 approved by the Joint Stand
ing Committee on Health and Welfare in the Cotton Industry. Elsewhere in the report, 
it is interesting to learn that work has commenced in the Council of Europe on the compil
ation of a European list of acceptable levels for contaminants in working areas.

The endeavours of the Inspectorate to safeguard and improve the working environment 
are always praiseworthy, and this report makes interesting and informative reading.

Annual Report of the Scientific Adviser 1972. Greater London Council Scientific Branch, 
Director-General’s Department. Greater London Council, 1974. pp. 136. £4 00.

The confusion caused by the lack of international harmonization in food-additive regu
lations is well illustrated in this report, which deals not only with the activities of the 
Branch in the food field but also with such wide-ranging subjects as water pollution, refuse 
disposal, building materials, environmental studies, fire prevention and the supply of 
school meals. Non-permitted colourings were found in 44 of the samples of foods analysed, 
and 18 of these contained Brilliant Blue FCF, which is permitted in the United States but 
not in Britain. Patent Blue V, permitted in the EEC but as yet only proposed for addition 
to the UK list, was identified in a further sample, while another contained the EEC-listed 
colouring, Ponceau 6R. Other colourings identified had either been banned from use in 
the UK (Ponceau MX) or had never been permitted in the UK or many other countries 
(Xylenol Red B, Rhodamine B and Orange II). In 12 samples of blackcurrant-containing 
foods, the presence of a non-permitted red colouring was associated with the use of Red 
10B and was ascribed to decomposition of this somewhat unstable compound. In addition, 
51 samples transgressed against the Preservatives in Food Regulations, largely through 
the use of benzoic acid, sulphur dioxide or sorbic acid in foodstuffs for which such use
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is not permitted or at levels higher than are allowed in the regulations. Despite the ban 
on cyclamate since January 1970, two samples still contained this artificial sweetener.

An unusual problem was posed by the “catty” odour of some pork luncheon meat, 
which was eventually attributed not to urine, as originally suspected, but to a reaction of 
sulphur-containing substances naturally present in the meat with minute traces of residual 
solvents derived from the lacquering of the can.

A number of investigations involved metallic contamination, and it is reassuring to find 
that only one of 20 baby foods examined exceeded the 0-5 ppm limit for lead; moreover, 
this sample was taken early in the year, before the permitted level had been reduced from
2-0 ppm. Nine of 2500 other samples exceeded the maximum limits prescribed in the Lead 
in Food Regulations, the highest lead level, found in a sample of turmeric, being 108 ppm. 
Excessive levels of copper and zinc were also discovered in a few cases, but the mean level 
of 0-15 ppm mercury in white fish was well below the US guideline level of 0-5 ppm. Five 
toys bore paint containing more than the prescribed 0-5% lead, and in one case the yellow 
paint on a multicoloured toy xylophone was found to contain 15% lead. More seriously, 
several instances of lead poisoning resulted from the use of an eye cosmetic subsequently 
identified as pure lead sulphide, and a further case was attributed to the mouth-piece of 
a flute made of soft lead alloy with a 77% lead content.

The Scientific Branch has also been concerned with atmospheric pollution, and it is 
encouraging to see that the sulphur dioxide concentration in London air still seems to be 
declining, although smoke levels have stayed virtually constant since 1968. The sulphur 
dioxide situation may be reversed, however, if several planned power stations are built in 
the Greater London area. Oxford Street shoppers will be pleased to learn that pavement 
widening and traffic restrictions have resulted in a drastic reduction in carbon monoxide 
levels. The relation between atmospheric and blood levels of lead has also been under con
sideration. One of the major difficulties in this area of study is the great variation in ana
lytical results obtained in different laboratories, a fact brought to the fore at an interna
tional conference held in the Netherlands during 1972.

This report always makes interesting reading, from which all those concerned with con
forming to present regulations should benefit.
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Chemical Mutagens. Principles and Methods for Their Detection. Vols 1 and 2. Edited by
A. Hollaender. Plenum Press, New York, 1971. pp. cxxx + 610. £8.20 per volume.

Concern about mutagens in our environment has been increasing during the last few 
years. There seems to be a trend of opinion among informed observers that human 
mutations are being observed much more frequently than anticipated. Furthermore, labor
atory investigations are continually adding to the list of compounds with allegedly muta
genic properties. The test organisms employed to detect such activity cover a wide range 
Trom phage to mammals, while the experimental methods used and the type of mutation 
thought relevant are numerous. A lot can be said in favour of most of the procedures used, 
if they are considered as a means of acquiring basic knowledge on the genetics of the 
organism concerned, and it is true that most workers do not profess to claim any more 
for their methods than this limited objective.

Unfortunately, however, the data thus acquired tend to attract the attention of scientists 
who, with much broader interests, seek in the results of such investigations significant indi
cations of mutagenic potency which the original workers never intended. The gap between 
these two approaches is extremely difficult to define and even more difficult to bridge, so 
it was with some relief that we studied the two volumes on chemical mutagens named 
above.

The first volume may be described as laying the foundation for the conduct and interpre
tation of the tests. It deals with molecular mechanisms of mutation, the central role played 
by DNA, and a number of test systems involving mainly viruses and bacteria. The second 
volume deals primarily with descriptions of methods, although some guidance is also given 
on the interpretation of results. Among the more important tests mentioned are the 
dominant lethal test, the host-mediated assay and direct cytogenetic observation, all per
formed on mammals. Tests designed to detect the induction of recessive mutations and 
chromosome aberrations in cells cultured in vitro are also described.

On the whole these two volumes provide an authoritative introduction to a complicated 
and difficult subject. They will be useful to toxicologists and other scientists interested in 
public health who, reluctantly or otherwise, have to grasp the thorny problem of identify
ing mutagens in our environment. All such readers will be glad to know that the standard 
of production is high, the chapters are written in a readable style and the diagrams and 
references are both apt and numerous.

Residue Reviews. Residues of Pesticides and Other Contaminants in the Total Environment.
Vol. 46. Edited by F. A. Gunther. Springer-Verlag, Berlin, 1973. pp. ix +  250. DM70.20.

This volume of Residue Reviews is devoted to the problem of residues of organophos- 
phorus esters in meat. An introductory chapter stating the aims of the authors (K. Kaem- 
merer and S. Buntenkotter) and their approach to the subject, is followed by 45 mono
graphs on individual organophosphorus esters.

545
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The two major sources of the organophosphates that may contaminate the edible tissues 
of livestock are veterinary application and secondary exposure from the ingestion of plant 
fodder treated with herbicides or insecticides during growth or storage. The former offers 
the highest risk of residues in the meat since high doses may be given for therapeutic pur
poses, but the significance of the residues depends on the time between treatment and 
slaughter. Exposure from secondary sources involves smaller quantities but tends to be 
more continuous.

Some authorities have considered that, in spite of their comparatively high acute toxi
city, these esters do not represent a serious residue problem as they are rapidly decom
posed and cleared. The animal itself acts as a screen, developing visible symptoms in re
sponse to unacceptable levels of a highly toxic material and generally affecting some degree 
of detoxication and clearance, although it is important to remember that in some cases 
metabolites may be more toxic than the parent compound, not less. The authors point 
out the danger of accumulation from secondary sources in some cases, however, and the 
risk of high tissue concentrations arising from veterinary use in individual animals shortly 
before slaughter. Perhaps the most salient point they make, but one which is unfortunately 
not covered by the brief of this book, concerns the lack of consideration that has been 
given to the possible combined effects of residues of several different chemicals occurring 
together in the same meat product.

Details of the innate toxicity, metabolism, stability and type of use of any compound 
are among the data needed for an assessment of any possible hazard to man. The well- 
referenced monographs give this information concisely, together with available residue 
data and published tolerances. Perhaps the only factor detracting from the quality of the 
book is the standard of translation from the original German, as the resulting text is not 
particularly easy to read. However, this does not alter the fact that this is a useful survey 
of the whole question of organophosphorus residues occurring in meat intended for 
human consumption.

Health Effects of Environmental Pollutants. By G. L. Waldbott. The C. V. Mosby Com
pany, St. Louis, 1973. pp x +  316. £3.40.

This book differs from many in the field in reviewing the problem of environmental pol
lution in terms of its effect on human health. It is clear that the interests of the author 
lie mainly in the sphere of atmospheric pollution and inhalation toxicity, but this is not 
in itself a serious limitation since respiratory disease, much of which is caused by some 
sort of pollution, either environmental or voluntary (tobacco smoking, for example), is a 
major cause of death, especially in this country. Moreover the effects of atmospheric pollu
tion act more directly on the human population than some other forms of environmental 
contamination.

In the case of chronic diseases caused by pollutants, especially when the victims are free 
from clinical signs and symptoms until many years after exposure, it is often difficult to 
correlate the effects with the cause, and the author has included data from animal exper
iments to help fill the gaps in existing knowledge, particularly with regard to the biological 
mechanisms of the toxicity. One facet of the book which should prove particularly interest
ing to the layman is the story of how particular sources or types of pollution came to be 
discovered and the descriptions of some of the environmental conditions that lead to their 
occurrence.
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Dealing with pollution in its many forms, the author attempts to cover in a relatively 
short book what is now a vast subject. He does in fact manage to deal with most of the 
important aspects, presenting his data in a form which is readily comprehensible to the 
layman as well as the clinician. An aid to this is the short glossary of technical terms 
included at the end of the book. Also included are an author index and a comprehensive 
subject index.

Information Resources in the Environmental Sciences. Edited by G. S. Bonn. University of 
Illinois Graduate School of Library Science, Champaign-Urbana, 111., 1973. pp. 238. $6.00.

The title of this slim, well-produced volume is perhaps a little misleading. One might 
expect an arid listing, source by source, of holdings in the environmental sciences, but in
stead this is a call to arms for all environmentalist librarians. No longer should they merely 
collect, catalogue, file and collate: the time has come for them to infiltrate, activate, prise 
open the secrets of government and industry alike, fight censorship and apprise scientists 
and the public of things they could never find out on their own.

This thread runs through this collection of 15 papers originally presented at the eigh
teenth 3-day Institute held in 1972 by the University of Illinois Graduate School of Library 
Science at Allerton Park, itself currently at the centre of an environmental controversy. 
The literature of environmental science is particularly diffuse, partly because the subject 
is still young enough not to have established set borders and partly because it overlaps 
with so many other sciences. Chapters on the complexities of US government agencies and 
on information sources in the private sector are helpful for those seeking to tap such wells, 
as are details of information centres and services and of library publications and direc
tories, some of which may be an eye-opener for the parochial British reader.

The problems of keeping pace with the rapidly expanding numbers of journals and other 
publications in this field, in terms of time and cost, are valid points in favour of the alert 
and in-touch librarian who can assess the needs of his own library and liaise successfully 
with others. One author estimates that the number of books relevant to the environment. 
published in 2000 AD will be double the present annual output of 13,500—a problem of 
almost epidemic proportions. Other contributors deal with university requirements, 
regional environmental libraries and information centres, public and school libraries and 
the stresses placed on libraries concerned with environment by the varied requirements 
of library users.

The question of ‘activist’ librarians is a more uneasy proposition. Librarians are seen 
classically as being passive and neutral, but it is the contention of M. Schneiderman, 
author of the first paper in this book, that librarians, while not sponsoring any particular 
ideas on the data they hold, should sponsor the full use of these data. Neutrality automati
cally favours the well-informed, who readily take full advantage of library facilities, but 
the active provision of digested material, abstracts, bibliographies and other aids can assist 
the less well-informed. It is a laudable concept that library resources should be used as 
fully as possible, as exemplified in the review of available sources in environmental science 
given in this book, but there is a danger that at some point the cart may overtake the 
horse—the librarian may become a research analyst with a point of view.

Although this volume does not have much to offer specifically to the toxicologist, it will 
be of interest to any information scientist who wishes to look into environmental docu
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mentation, particularly in the USA. It is well referenced, with useful appendices of relevant 
information centres and services.

Laboratory Primate Handbook, By R. A. Whitney, Jr., D. J. Johnson and W. C. Cole. Aca
demic Press, New York, 1973. pp. xi +  169. £4.40.

This manageable little handbook sets out “to provide knowledge essential for maintain
ing nonhuman primates in a laboratory environment”. It seeks to achieve this aim in ten 
short chapters, each of which is split into small sections with the subject matter clearly 
defined by bold headings.

The first chapter deals with the classification of living primates, identifying many of the 
common members of monkey families from both the new and old worlds. Primate pro
curement and production, followed by housing and care, are the subjects of chapters 2 and 
3. The latter includes a useful table giving recommended cage sizes.

The important topics of personnel protection, quarantine and diagnostic procedures are 
given only a few pages, but the essential information is there, as is the case with the chapter 
on restraint and special techniques. Under this heading some suitable anaesthetics are dis
cussed. The sources of twelve vitamins and their role in disease resistance, are set out in 
another chapter, which also deals with other nutrient requirements and provides references 
to the work of a number of other authors.

Localized infectious diseases and parasites are discussed under the headings of the par
ticular organ systems commonly involved. Consideration is also given to generalized infec
tious diseases, special attention being paid to tuberculosis and viral diseases. Some 20 
pages of the book are taken up with physiological data, normal haematological values 
being given for 18 species and blood chemistry data for ten. Some reproduction data on 
25 species are also included.

The fact that this handbook is American in origin makes the last quarter of it, devoted 
to Federal policies, regulations and standards and to US primate research centres less 
helpful to the British reader than the rest of the book. The final contributions—a list of 
suggested reading matter and the bibliography—are of much more general value and, as 
a whole, the handbook is readable and well illustrated. The ease with which reference can 
be made to any particular topic may be jointly attributed to the size of the book, the clear 
identification of subject matter in the text and the provision of a good subject index.

BOOKS RECEIVED FOR REVIEW
Liver and Pregnancy. By N. A. M. Bergstein. Excerpta Medica, Amsterdam, 1973. pp. v + 

222. $24.00 (approx.).
The Physiological Clock. Circadian Rhythms and Biological Chronometry. By E. Biinning. 

Revised 3rd Ed. The English Universities Press Ltd., London/Springer-Verlag, Berlin, 
1973. pp. xiii +  258. DM17.40.

The Excretory Function of Bile. The Elimination of Drugs and Toxic Substances in Bile.
By R. L. Smith. Chapman and Hall, London, 1973. pp. xii +  283. £5.00.
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Organometallic Compounds: Methods of Synthesis, Physical Constants and Chemical Reac
tions. Edited by M. Dub. Vol. II. Compounds of Germanium, Tin and Lead Including 
Biological Activity and Commercial Application. First Supplement Covering the Litera
ture from 1965 to 1968. By R. W. Weiss. Springer-Verlag, Berlin, 1973. pp. xxiv +  1116. 
DM112.90.

Tissue Culture: Methods and Applications. Edited by P. F. Kruse, Jr. and M. K. Patterson, 
Jr. Academic Press, New York, 1973. pp. xxvii +  868 . £10.15.

The Macrophage. A Review of Ultrastructure and Function. By I. Carr. Academic Press, 
London, 1973. pp. viii +  154. £5.20.

Pathobiology of Development—Or Ontogeny Revisited. American Association of Patholo
gists and Bacteriologists, Cincinnati, Ohio, 1972. By E. V. D. Perrin and M. J. Finegold. 
Williams & Wilkins Co., Baltimore, 1973. pp. xi +  151. $19.75.

/
Recent Advances in Studies on Cardiac Structure and Metabolism. Vol. 2. Cardiomyopathies.

Medical and Technical Publishing Co. Ltd., Lancaster, 1973. pp. xiii +  842. $39.50.
The Hazards of Work: How to Fight Them. By P. Kinnersly. Pluto Press, London, 1973. 

pp. 394. £0.90.
Writing Medical Papers—A Practical Guide. By J. Calnan and A. Barabas. William Heine- 

mann Medical Books Ltd., London, 1973. pp. iii +  121. £1.25.
Pharmacological and Chemical Synonyms. A Collection of Names of Drugs and Other 

Compounds Drawn from the Medical Literature of the World. Edited by E. E. J. Marler. 
Excerpta Medica, Amsterdam, 1973. pp. vii +  456. Dft.92.00.

Biological Nomenclature. Edited by Charles Jeffrey. Edward Arnold (Publishers) Ltd., Lon
don, 1973. pp. ix +  69. £2.00.

Eating Disorders: Obesity, Anorexia Nervosa, and the Person Within. Edited by Hilde 
Bruch. Routledge & Kegan Paul, London, 1974. pp. x +  396. £3.95.
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ARTICLES OF GENERAL INTEREST

QUESTIONS OF HALOETHER CARCINOGENICITY
The highly reactive a-haloethers have achieved wide usage in industry, in the prep

aration of ion-exchange resins, in the treatment of textiles, as intermediates in organic syn
theses and as solvents for polymerization reactions. Since these alkylating agents offer a 
potential occupational hazard, both in terms of skin contact and inhalation exposure, 
several workers have recognized the need to test them for possible carcinogenicity and to 
determine whether any specific structural feature can be correlated with tumorigenic acti
vity. In at least one case, that of chloromethyl methyl esther (CMME), used in the manu
facture of ion-exchange resins, carcinogenicity studies have also been prompted by reports 
of lung cancer in workers routinely contacting either this material or bis-chloromethyl 
ether (BCME), one of the by-products of CMME manufacture.

Studies in rats and mice have strongly suggested that BCME is a carcinogen in these 
species, and there is a growing volume of data to incriminate CMME as well. Thus, an 
enhanced incidence of adenomas occurred in the lungs of newborn mice following a single 
sc injection of the maximum tolerated dose of BCME (Cited in F .C .T . 1970, 8, 109) and 
an increased frequency of lung tumours was recorded in mice following repeated vapour 
inhalation of 1 ppm BCME for up to 130 days over a 6-month period (Leong et al. Archs 
envir. Hlth  1971, 22, 663), but in both cases the evidence was inconclusive for CMME. Las- 
kin et al. (ibid 1971, 23, 135) exposed rats 101 times to 0T ppm BCME for 6 hours/day 
on 5 days/week, and all died within 659 days of the initial exposure. A high incidence of 
nasal tumours and squamous carcinomas of the lung was observed (nine tumour-bearing 
animals were found among the 19 on which gross and histological examination had been 
completed), but unfortunately the incidence of tumours in the control animals was not dis
closed in the preliminary report cited here.

Van Duuren et al. (J . natn. Cancer Inst. 1969, 43, 481; ibid 1972, 48, 1431) reported 
CMME to be an initiating agent in two-stage carcinogenesis in mouse skin, and on sc in
jection the compound induced a 33% incidence of sarcomas at the injection site in mice. 
Similar injection in rats, however, resulted in only a 5% incidence of injection-site sarcoma. 
The studies reported by Van Duuren et al. (1969, loc. cit.) confirmed the potent reactivity 
of BCME, but this and the later study indicated a lack of significant carcinogenic activity 
on the part of certain other related compounds, including octachlorodi-n-propyl ether, a,a- 
dichloromethyl methyl ether and bis-(jS-chloroethyl) ether. Bis-(a-chloroethyl) ether pro
duced a 13% incidence of sarcomas at the injection site (Van Duuren et al. 1972, loc. cit.).

The latter paper also reports on the relation between the biological activity of CMME, 
BCME and related compounds and their chemical reactivity, as reflected in their rates of hy
drolysis. Although both compounds were rapidly hydrolysed, the breakdown products, 
formaldehyde, methanol and hydrochloric acid, are not known carcinogens. In a more 
rigorous test for a possible relationship between hydrolysis rate and carcinogenicity,
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Nichols & Merritt {ibid 1973, 50, 1373) showed the solvolytic rate ratio of CMME: BCME 
to be 1:5000 in methanol. With a more highly ionizing medium, 25% aqueous dimethyl- 
formamide, the rate differential would be of the order of 106, which would be expected 
to make CMME a more potent carcinogen than BCME. However, since the reverse is 
true, solvolytic reactivity cannot be a major factor in the carcinogenic potency of 
compounds in this group.

The first hint that BCME might be carcinogenic to man came in 1965, following the 
early death from lung cancer of two men who had worked for a US manufacturer of ion- 
exchange resins, using a process involving BCME (Lancet 1973, ii, 365). Further cases of 
lung cancer among workers in a factory using CMME have since been identified by the 
National Institute for Occupational Safety and Health (Occup. Hlth Safety Lett. 1972, 2, 6 ; 
cited from Nelson, New Engl. J .  Med. 1973, 288, 1123). More recently, Figueroa et al. 
(ibid 1973, 288, 1096) reported a roughly eightfold enhancement of lung-cancer incidence 
among men exposed to CMME at another chemical plant. Histological studies were car
ried out in 13 of these subjects, all of whom were aged between 33 and 55 years, and 12 
were found to have oat-cell carcinomas. Smoking habits were taken into account, but the 
results strongly suggested an occupational hazard.

These findings are undeniably disturbing, but the information so far available is far from 
complete. The potent carcinogenicity of BCME is generally accepted, but this compound 
is no longer used per se in industry. More questionable is the case of CMME, since this 
is usually contaminated with BCME, possibly at levels as high as 6- 8% (Nelson, loc. cit.). 
The extent to which its contaminant may be responsible for the reported effects of CMME 
has not been established with any certainty and seems an obvious target for research. 
Another question demanding further study is whether the reported reversible reaction 
between gaseous formaldehyde and hydrochloric acid in moist air to form BCME (Nelson, 
loc. cit.) could be of practical significance under laboratory and industrial conditions. 
Finally the need for carefully designed and monitored epidemiological studies is clear. 
CMME is produced in the UK, several other EEC countries, Russia, East Germany and 
Japan, as well as in the USA. Perhaps the two UK plants in which CMME has been pro
duced for over 15 years, and in which stringent precautions are taken for the protection 
of the workers, could be used as a focus for such studies.

[J.J.-P. Drake—BIBRA]

CARDIAC RESPONSES TO FLUOROCARBON PROPELLANTS
The controversy over the safety of fluorocarbon propellants continues. One of the 

workers responsible for the studies which initially gave rise to concern (Cited in F .C .T . 
1971, 9, 728) has recently reviewed his group’s experimental work on this subject in the 
light of more recent developments (Harris, Archs intern. Med. 1973, 131, 162). Several 
authors have disagreed with the original claim that fluorocarbons sensitize the mouse to 
partial asphyxia, producing abnormal heart rhythms. Egle et al. (J . Am. med. Ass. 1972, 
222, 786) tried to duplicate this finding. They included a study of the effects of partial 
asphyxia in pentobarbitone-anaesthetized mice both after exposure to nitrogen and after 
exposure to fluorocarbon. The fluorocarbon mixture (28% trichloromonofluoromethane, 
F ll ,  and 72% dichlorodifluoromethane, F12) was administered either with or without a
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bronchodilator, isoproterenol being used in some studies and the longer-acting albuterol 
in others. No significant difference was found between any of the groups of mice; all the 
animals eventually developed irreversible bradycardia and some degree of AV block. 
These authors suggest that the cardiac effects observed in partial asphyxia after haloalkane 
exposure may have been due merely to anoxia, which would have been aggravated by prior 
inhalation of either nitrogen or fluorocarbon.

This conclusion finds support in some of the earlier studies (Cited in F.C.T. 1971, 9, 728). 
However, it does not explain why the challenge of partial asphyxia can still elicit a response 
15 minutes after exposure to fluorocarbon as the fluorocarbon would rapidly leave the 
lungs via the blood and exhaled air.

An earlier study of the production of cardiac sensitization to a challenge dose of adrena
line by fluorocarbons (ibid 1971, 9, 751) has now been extended to demonstrate in dogs 
the effects of exercise-induced endogenous adrenaline release on propellant-induced car
diac arrhythmias (Muffin et al. Am. ind. Hyg. Ass. J. 1972,33, 389). Eight beagle dogs wear
ing electrocardiogram (ECG) electrodes were trained to run in an enclosed treadmill 
(speed 3000 fpm). The animals were then exposed to F12 (5, 7 5 or 10% v/v), 1,2-dichloro- 
tetrafluoroethane (FI 14; 2-5, 5-0 or 10%) or F l l  (0-5, 075 or 1-0%), while on the treadmill 
for 16 minutes. The ECG was recorded continuously during the exposure period and dur
ing 2- and 3-minute control periods before and after exposure, respectively. Body move
ment interfered with the trace, preventing the recording of mild changes in heart rate. In 
many cases the dogs became anaesthetized and were unable to run properly for the full 
test exposure, and this may have prevented the development of a cardiac effect in some 
cases. Marked responses (multiple ventricular beats) were produced within 1-5 and 3 
minutes by 5 and 10% FI 14 and by 10% F12, but these responses were all in the same 
dog. Because of this and the reduced exposure time of many dogs, these results are difficult 
to interpret. Even so, there is a wide margin between the high dose of fluorocarbon 
required to sensitize the beagle heart to endogenous adrenaline and the dose effective with 
injected adrenaline, and the authors interpret this as an indication that there should be 
no danger from the use of these compounds under the intended conditions.

The cardiac response to aerosol inhalation has also been examined in terms of acid-base 
relationships (Flowers & Horan, Chest 1973, 63, 74). Dogs were exposed to a mixture of 
FI 1 and F12 (65 and 35% respectively in 28 cases and 35 and 65% in two), under pentobar
bitone anaesthesia and artificial ventilation. Blood samples were obtained from a cannula 
in the right femoral artery, and used for determinations of oxygen tension (p0 2), carbon 
dioxide tension (pCOz), pH, oxygen saturation, base excess and bicarbonate at the begin
ning and then at 5-minute intervals (or more frequently) during the experiment. An intracar
diac catheter was used to monitor heart function electrographically, and the animals were 
exposed to the fluorocarbon mixture until the first sign of cardiac abnormality appeared, 
when samples for blood-gas determinations were again taken and the animal was put back 
on controlled ventilation.

Thirteen of the dogs developed various disturbances of rhythm, including sinus brady
cardia and junctional or ventricular escape rhythms, leading to death in electrical asystole 
(in the majority) or ventricular fibrillation. The remaining 13 (four having been eliminated 
by laboratory accidents) developed sinus slowing, but no other signs of disturbance except, 
in a few cases, ventricular tachycardia or premature beats. Analysis of blood samples 
showed that survivors had a greater base-line base deficit than the non-survivors. The pH 
was slightly above 7-3 in the ultimate survivors and slightly below 7-4 in the non-survivors.

F.C.T. 12/4— H
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This value dropped somewhat in survivors during the test period and rose in non-survi
vors. There were no significant changes in bicarbonate or in oxygen tension or saturation 
at any point.

The authors suggest several theories to explain in part why these cardiac effects may 
be pH-dependent, as the existing evidence concerning the relationship between blood-gas 
parameters and heart rhythm is conflicting. They consider it unlikely that death in their 
animals was due to catecholamine sensitivity, because the dogs generally died in asystole, 
rather than developing ectopic tachycardia and ventricular fibrillation. While these data 
leave many questions unanswered, they do suggest that the acid-base response of a subject 
to a fluorocarbon may be one of the factors determining the likelihood of severe toxic reac
tion.

Another approach to the question of the toxic effect of fluorocarbons is demonstrated 
in a further study by Kilen & Harris (J . Pharmac. exp. Ther. 1972, 183, 245), concerned 
with investigating the inotropic effect of propellants by recording electronically the con
tractility of an in vitro preparation of the left ventricular papillary muscle of the rat. Expo
sure to various concentrations of F12 (1-06-11-35 mg/100 ml organ-bath fluid) was studied 
at normal and reduced levels of oxygenation, and compared with the effect of reduced oxy
genation alone. At a level of 11-35 mg/100 ml, F12 reversibly reduced the amount and rate 
of development of isometric force in the isolated cardiac muscle. This negative inotropic 
effect was enhanced by hypoxia, and was dose-related, and the findings thus indicated a 
direct effect of the fluorocarbon on the ventricular muscle, at least under in vitro condi
tions. The question of possible species variation in the cardiotoxic effects of propellants 
arises, and thus it is noteworthy that a dose-related depression in isometrically developed 
force and the rate of its development has also been demonstrated in preparations of human 
papillary muscle (Harris et al. Circulation 1971, 44, suppl. I I , 119).

However, Azar et al. (Am. ind. Hyg. Ass. J .  1972, 33, 207) have investigated the acute 
toxicity of F I2 in two young male volunteers exposed to concentrations of 1000 or
10,000 ppm for 2-5-hour periods. A complete physical and clinical examination and a series 
of psychomotor tests were carried out at the start of the study and the ECG continued 
to be monitored during exposure periods. Two exposures of each subject to each con
centration were then carried out on four separate days over a 2-week period, intermediate 
exposures to air under test conditions serving as the control. F12 could not be detected 
in the atmosphere at the concentrations used, and the subjects did not know when they 
were being exposed to the compound. On a clinical level the subjects tolerated the expo
sures quite well, and no ECG abnormalities were observed. Analysis of expired air showed 
that F12 was rapidly eliminated from the lungs, and breath samples were back to control 
levels 24 hours after exposure. A slight decrease in psychomotor performance was found 
after exposure to the higher concentration of F I2, but this was not a lasting effect. Azar 
et al. (loc. cit.) suggest, on the basis of this study and previous work, that man should be 
able to tolerate single, brief exposures (less than 2-5 hours) to 10,000 ppm F I2 without 
permanently affecting his health.

The evidence on inhalation toxicity has been supplemented by a recently published 
report of a series of subacute and long-term toxicity studies on six fluorocarbons (Smith 
& Case, Toxic appl. Pharmac. 1973, 26, 438). Mice were exposed to a mixture of F12, F ll, 
FI 14 and trichlorotrifluoroethane (FI 13), to provide a daily dose of 970 mg/kg for 5 days/ 
week for 23 months, rats were exposed to an F12/F114/ethanol mixture at a dose rate of 
164 mg/kg/day on 7 days/week for 93 days, and beagle puppies inhaled a dichloromono-
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fluoromethane (F21)/monochlorodifluoromethane (F22) mixture in a daily dose of 1714 
mg/kg on 5 days/week for 2 weeks. Adult dogs fitted with face masks breathed on 7 days/ 
week a mixture of either FI 14, F12 and ethanol (700 mg/kg/day) for 90 days or FI 1, FI 14, 
F12 and Span 85 (560 mg/kg/day for 90 days or 2240 mg/kg/day for 1 year). Body weights, 
haematology, blood chemistry and various other parameters were monitored in some or 
all species and histological studies were carried out at autopsy, but in no cases were there 
any pathological findings, beyond sedation and ataxia in the puppies and occasional drow
siness in the adult dogs during exposure. No changes in ECG traces were detected in the 
dog studies. These authors estimate that a 50-kg patient using correctly a medical aerosol 
containing fluorocarbon propellant would be exposed to 11 mg/kg/day, a far lower dose 
than the levels to which these animals were exposed.

Although the question of fluorocarbon cardiotoxicity is still not fully solved, it would 
seem from some of these papers that both from an industrial and medical point of view, 
fluorocarbons are unlikely to constitute a hazard if they are used according to instructions 
and if specified restrictions on exposure are observed. The Threshold Limit Value for fluoro
carbons in factory atmospheres is 1000 ppm for example. However, abusers of fluoro
carbons, like the abusers of many other products, are still at risk.

[F. A. Charlesworth—BIBRA]

EFFECTS OF CARBON TETRACHLORIDE ON LIPID METABOLISM

Introduction

The quest for a common biochemical explanation for the diverse hepatotoxic responses 
to carbon tetrachloride (CC14) still continues, despite innumerable theories which, for three 
decades, have provoked much speculation. The currently-favoured idea, which provides 
the theme of this article, assigns an aetiological role to the peroxidation of liver microso- 

'mal lipids by this solvent. In a previous review (Cited in F .C .T . 1970, 8, 87) evidence was 
reported suggesting that CC14 per se was not the direct toxic agent. It was postulated that 
the C-Cl bond split to form a free radical, which attacked methylene-group hydrogens of 
the polyenoic fatty acids constituting the structural lipids of the membrane of the endo
plasmic reticulum.

Free radicals and protein denaturation in lipid peroxidation

As a sequel to the work mentioned above, Rao & Recknagel (Exp l mol. Path. 1969, 10, 
219) reported an experiment in which they examined the time-scale of incorporation of 
14C label from CC14 into microsomal lipids. On the basis of :he lipid peroxidation theory, 
rapid incorporation of the CCI3 free radical into the fatty acid chain was to be expected, 
and this was confirmed by feeding 14CC14 to rats by stomach tube. Lipids of the liver- 
microsomal fraction were rapidly labelled, the process being complete within 5 minutes. 
After this time there was a slight decrease in the degree of labelling, which then remained 
at a level of 80% of the maximum for the remainder of the experiment. Incorporation of 
label into mitochondrial lipid or into microsomal proteins was much less effective than 
in the case of the microsomal lipids. In view of this preferential reactivity, the authors con
cluded that C-Cl bond cleavage and microsomal lipid peroxidation were key steps in CC14 
hepatotoxicity.
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In an examination of the time-course of changes induced in the fatty acid pattern of mic
rosomal phospholipids by CC14 poisoning, Comporti et al. (Ita l. J .  Biochem. 1971, 20, 156) 
found the only consistent alteration to be a decrease in the arachidonic acid content of the 
microsomal phospholipids, 4 and 12 hours after poisoning. No effective variation in the level 
of this acid was detected in liver triglycerides, however, 12 hours after poisoning. These data 
support the idea of a selective free-radical attack on the polyenoic fatty acid content of 
microsomal membranes, the stereochemical organization of lipid-protein complexes poss
ibly resulting in exposure of only a limited number of unsaturated lipid molecules. CC14- 
induced lipid peroxidation can be usefully monitored in vitro, since such fatty acid decom
position yields malonaldehyde, which can be detected by its reaction with thiobarbituric 
acid. This reaction was exploited by Slater & Sawyer (F E B S  Lett. 1970, 11, 132) to demon
strate that CCl4-induced lipid peroxidation in a rat-liver microsomal system was directly 
proportional to the square root of the CC14 concentration in the incubation mixture. This 
suggested that the induction of peroxidation was not merely a function of the lipophilic 
action of CC14 on the membranes of the endoplasmic reticulum and supported the free- 
radical initiation theory of lipid decomposition.

The process of lipid peroxidation may perhaps contribute to the liver damage associated 
with CC14 through denaturation of proteins and other macromolecules. Since measure
ments of enzyme activity offer a particularly sensitive means for detecting such changes, 
this possibility was examined by means of a study of the lipolytic activity of the liver in 
CCl4-poisoned rats and in vitro experiments designed to probe the mechanism of the inhi
bition of hepatic lipase by CC14 metabolites (Ugazio & Torrielli, L ife  Sci. Part I, 1969, 
8 , 197). A sharp decrease in hepatic lipolytic activity was demonstrated within 4 hours of 
intragastric treatment with 0-25 ml CC14, and was also apparent in rat-liver homogenates 
after in vitro treatment with CC14.

Turning to CC14 metabolites, these authors showed that the free-radical scavenger, pro
pyl gallate, protected lipase activity from in vitro inhibition by CC14. Such a finding lends 
support to the idea that the effective CC14 metabolites are free radicals. Free-radical 
involvement may also be inferred from a reported correlation between the bond- 
dissociation energies of several halomethanes and their ability in vitro to stimulate 
malonaldehyde production, already identified as an index of lipid peroxidation (Slater 
& Sawyer, loc. cit.).

A more controversial issue would seem to be whether CC14 inhibits lipolytic activity 
solely by means of free-radical attack or through the additional involvement of lipid perox
idation products. Some support for the latter possibility was gleaned from in vitro exper
iments in which rat-liver lipolytic activity was impaired by treatment of the homogenate 
with lipoperoxides obtained by ultraviolet-irradiation of unsaturated fatty acids (Ugazio 
& Torrielli, loc. cit.). This lipolytic inhibition was also interpreted as being a possible 
contributory factor in the onset of CCl4-induced fatty liver.

One set of liver enzymes profoundly affected by CC14 is the group of mixed-function 
oxidases associated with the microsomal fraction. Since the system is also very sensitive 
to lipopero'xidation, it was considered worthwhile to search for a possible link between 
this reaction and the CCl4-induced depression of drug metabolism (Glende, Biochem. 
Pharmac. 1972, 21, 2131). In liver-microsome preparations, peroxidative decomposition of 
lipids was paralleled by a reduced biotransformation of foreign compounds, as measured 
by the activity of aminopyrine demethylase. An aetiological connexion between these para
meters was also suggested by the observation that addition of up to 4 ¡A CCl4/ml to micro
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somal preparations protected from lipid peroxidation by ethylenediaminetetraacetic acid 
did not affect residual enzyme activity.

Searching for the biochemical site of inhibition of drug metabolism by CC14, Glende 
(loc. cit.) monitored changes in the activity of NADPH-cytochrome c reductase, and found 
that this actually increased as CCl4-induced per oxidative damage to the membrane pro
gressed. This enzyme is representative of the flavoprotein stage of the electron-transport 
chain responsible for demethylation of aminopyrine, and it seems therefore that the lipo- 
peroxidation effect is remote from the flavoprotein stage of the electron-transport system. 
To complement these studies, the earlier work of Slater & Sawyer (loc. cit.) appears to 
exclude cytochrome P-450 as a site for CC14 attack. It was shown that when inhibitors 
were added to microsomal suspensions from rat liver, at concentrations sufficient to de
crease the rate of drug metabolism at the P-450 site, they actually enhanced the stimula
tory action of CC14.

Catecholamine hypothesis

It has been suggested (Cited in F .C .T . 1970, 8 , 92) that CCl4-hepatotoxicity is evoked 
by a direct action on the central nervous system, the resulting discharge of sympathetic 
nerves being accompanied by a release of catecholamine. In one recent study in which 
[3H]adrenaline was injected iv into rats pretreated with CC14, the rate of disappearance 
of radioactivity from the serum was similar to that in controls not treated with CC14 (Sha- 
frir & Khassis, Israel J .  med. Sci. 1969, 5, 975). Differences were observed, however, in the 
tissue distribution of radioactivity, in that less was taken up by the liver and more was 
bound to other tissues, notably adipose tissue, in the CCl4-treated rats than in the controls. 
Diminished activity of two enzymes responsible for metabolizing catecholamines in the 
liver (catechol-O-methyl transferase and monoamine oxidase) suggested that these amines 
may play a part in the increased release of free fatty acids (FFA) from peripheral adipose 
tissue associated with CC14 administration.

Several authorities (Cited in F .C .T . 1970, 8 , 92) have expressed reservations about the 
soundness of this theory, however, and far more direct evidence will be required before 
it achieves the status currently held by the lipid peroxidation hypothesis.

Processes involved in the development o f fatty liver

Some doubts were cast on the scope of the lipid peroxidation hypothesis by Scheig & 
Klatskin (L ife  Sci. Part 1 ,1969,8, 855), who failed to obtain a quantitative relation between 
CCl4-induced peroxidative decomposition and fatty-liver production (triglyceride accu
mulation) in rats. Production of malonaldehyde in the untreated 9000 g supernatant (con
taining cell sap and microsomes) of liver homogenate from untreated rats was slightly 
higher in fasted than in fed animals, and was four times greater in 400 g than in 200 g un
fasted rats. In  vitro, addition of CC14 to the liver preparations derived from 400 g unfasted 
animals enhanced malonaldehyde production, but failed to do so in preparations either 
from fasted rats of this weight or in fasted or fed rats weighing 200 g. Invariably, however, 
such animals do show large increases in hepatic triglyceride levels after CC14 dosage. These 
observations are not in keeping with a purely lipoperoxidative aetiology for CCl4-induced 
fatty infiltration. We have previously indicated (Cited in F .C .T . 1970, 8 , 89) that the devel
opment of fatty liver in response to CC14 probably results primarily from an impaired sec
retion of hepatic triglyceride into the plasma. On this basis, we might also expect the sol
vent to affect the concomitant secretion of triglyceride into the bile. Indeed, following ip
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injection of CC14 at a rate of 03 mg/kg, significant decreases have been reported in the 
blood and biliary triglyceride levels of cannulated rats, with concomitant increases in 
hepatic triglyceride content (Juggi, Biochem. Med. 1972, 6 , 111). The author discussed 
these results in terms of a direct toxic effect of CC14 on “the hepatic triglyceride secretory 
mechanisms”, but such a basic conception of the intricate biochemical changes leading to 
such secretion may be somewhat misleading. In fact, triglyceride egress appears to rely on 
a dual mechanism, whereby the availability of the apoprotein moiety of the secreted lipo
protein complex is as important as that of the triglyceride moiety itself (Cited in F.C.T. 
1970, 8 , 89).

In recent years it has been considered unlikely that a breakdown in the hepatic metabo
lism of phospholipids is a major factor in the accumulation of triglyceride caused by CC14. 
However, some correlation between these two events is still conceivable, since hepatic tri
glyceride and glycerophosphatides are synthesized from a common precursor, 1,2 -diacylgly- 
cerol. To investigate this possibility, a group of Japanese workers (Sugano et al. Biochem. 
Phannac. 1970,19, 2325) examined the changes in fatty acid composition of these glycer
ides in rat liver after CC14 administration. CC14 decreased the concentration of total phos
pholipids, phosphatidylcholine (PC) and phosphatidylethanolamine (PE) in the liver. 
There was at the same time a change in the pattern of the phospholipid components, the 
percentage of PC being decreased and that of PE increased. The only significant change 
in the distribution of the various molecular species of PC and PE in CCl4-treated animals 
compared with that of controls treated with liquid paraffin was a large increase in the 
monoenoic fraction. Changes induced by CC14 were more prominent in female rats, and 
also in the livers of animals killed 20 hours rather than 6 hours after the CC14 dose.

The observed effects of CC14 on phospholipid composition could be explained in terms 
of a reduction in the synthesis of PC and PE from the diglycerides as a result of the degener
ation of the endoplasmic reticular membrane, where most phospholipid synthesis occurs. 
However, such alterations are also explicable in terms of a block in conversion of PE to 
PC. Significant changes in liver triglycerides were associated with increased palmitic and 
decreased linoleic acid levels in CCl4-treated rats. In the case of PC and PE, however, de
creases were observed in arachidonic, docosahexaenoic and palmitic acid levels, and in
creases in oleic, stearic and linoleic acids. Present evidence was thus deemed inadequate 
to correlate the changes in hepatic phospholipids with the mechanism of fatty infiltration.

Another possible mechanism of fatty-liver production involves the induction by various 
agents of FFA release from adipose tissue, since the uptake of FFA by the liver is in direct 
proportion to their availability. We have already touched upon this in connexion with the 
hypothesis of catecholamine release and the work of Shafrir & Khassis (loc. cit.), who 
found that following intragastric administration of CC14 to rats, a fall in serum triglyceride 
levels slightly preceded an enhanced rate of FFA release. The peak value for such release, 
at about 24 hours, coincided with the maximal accumulation of triglyceride in the liver.

The influence of increased FFA mobilization on eventual fatty infiltration in the liver 
was assessed by administration of glucose and insulin (known to have a suppressing effect 
on FFA release from adipose tissue) to CCl4-treated and control animals. The CC14- 
treated group alone showed a marked decrease in liver triglyceride content after gastric 
intubation with 3 g glucose, although the level was still higher than that in control animals. 
Glucose supplementation of CCl4-treated rats also resulted in a notable lowering of serum 
FFA content and a suppression of excessive adipose-tissue FFA release, compared with 
that in animals not receiving the carbohydrate. These findings suggested a correlation
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between the reduced triglyceride accumulation in the liver and the suppression of excessive 
FFA mobilization.

To trace the pattern of fat release, adipose tissue triglycerides were labelled in vivo by 
incorporation of [ l - 14C]palmitate. CC14 administration was found at least to double the 
proportion of label transported to the liver within 24 hours and concomitantly muscle 
labelling was enhanced. Glucose supplementation markedly reduced the flow of label into 
both of these tissues. These parallel changes in muscle radioactivity support the view that 
the corresponding hepatic triglyceride changes may be attributable, at least in part, to 
alterations in the FFA supply.

Conclusions
Much of the information reviewed here appears to support the concept that free radical 

liberation from CC14 triggers the rapid peroxidation of microsomal lipids in the liver, thus 
explaining the early lunctional and structural damage to the endoplasmic reticular mem
brane observed in CC14 intoxication. Whether these early changes are the sole aetiological 
basis for the numerous hepatotoxic responses of CC14 is still unclear. Certainly in the case 
of triglyceride accumulation, no integrated concept of the mechanism involved can be for
mulated at present.

[J.J.-P. Drake—BIBRA]

THE COMPLEXITIES OF PYRROLIZIDINE ALKALOID TOXICITY

Introduction
Composites of the genus Senecio and of a few closely related genera have come under 

suspicion as factors contributing to the liver disease and primary liver tumours common 
in industrially developing countries where natural products are relied upon for medicinal 
and cooking purposes (Cited in F.C.T. 1973, 11, 343). The alkaloids incriminated in these 
toxic effects include retrorsine, monocrotaline, fulvine, lasiocarpine, heliotrine and senkir- 
kine. All of these are esters of l-hydroxymethyl-l,2-dehydropyrrolizidine and are probably 
metabolized by liver microsomal-enzyme systems to hepatotoxic pyrroles (ibid 1971, 9, 
895; ibid 1972,10, 873).

Distribution and uses
According to Rose (S. Afr. med. J. 1972, 46, 1039) there are more than 300 Senecio spe

cies widely distributed over Southern Africa, a number of them being used as food and 
medicine by people of the Transkei and Ciskei. In addition, pyrrolizidine alkaloids are 
present in some of the Boraginaceae (Heliotropium, Amsinckia, Echium, Cynoglossum 
and Trichodesma) and Leguminosae (Cortalaria species). Most of the alkaloid content 
occurs in the aerial portions before flowering and in the roots at the end of the growing 
season. Alkaloids are predominantly present as A'-oxides, especially during the flowering 
period of the plant. Of 35 species of Senecio collected in the Transkei and the Eastern 
Cape, 15 are locally used as spinach, seven as snuff, one for smoking and others for various 
inhalations. Some species are also used extensively as purgatives, administered by mouth 
and by enema. S. coronatus has a special use over the entire area studied: a cold infusion 
of the chopped roots in water is given by mouth and also as an enema for the ritual purging
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of infants at weaning. A decoction of the roots is also drunk for tuberculosis, haemoptysis 
and rectal prolapse.

Toxicity studies
In domestic animals the most common signs of acute Senecio poisoning are staggering 

gait, diarrhoea and nervous incoordination, followed by coma and death within a few days 
(Rose, loc. cit.). In man, diarrhoea, liver enlargement, ascites and death, after intervals 
ranging from 14 days to 2 years, have been reported. Post-mortem examinations have 
revealed haemorrhages in most organs, with centrilobular liver necrosis in the acute stage, 
followed by enlargement of hepatocytes in the mid-zone and peripheral regions of the 
lobules. In man, liver cirrhosis with venous occlusion and bile-duct proliferation are found 
at a relatively late stage (Rose, loc. cit.).

Schoental & Cavanagh (J . natn. Cancer Inst. 1972, 49, 665) described two spinal cord 
tumours and one brain tumour in rats exposed to one of a variety of pyrrolizidine alka
loids. A spinal cord tumour, associated with paraplegia and a distended urinary bladder 
occurred in a rat given an sc injection of 600 mg retronecine/kg neonatally and in another 
rat from the litter of a female given 5% Heliotropium ramosissimum in the diet on days 0-15 
of gestation and days 10-31 after parturition, the offspring being fed the test diet directly 
for 10 days when 6 month old. A cerebral astrocytoma, or possibly several, occurred fol
lowing the ip injection of a weanling rat with 300 mg hydroxysenkirkine/kg. As tumours 
of the central nervous system were virtually unknown in untreated rats of this particular 
colony, it may be concluded that some tumours affecting the central nervous system may 
be attributed to exposure to natural pyrrolizidine alkaloids during the perinatal stage of 
life.

Lipomatous kidney tumours are also rare in this type of rat, but Schoental et al. (ibid 
1971, 47, 1037) found six such tumours among small groups of rats treated neonatally, as 
weanlings or in utero with retrorsine (in three oral doses of 30, 30 and 8 mg/kg over 10 
months), with crude alkaloids from H. supinum (in a single intragastric dose of 400 mg/kg) 
or with seeds of Amsinckia intermedia (at a dietary level of 25% during pregnancy). The 
compounds involved here all contained activated double bonds, which would be expected 
readily to undergo epoxidation.

The effects of prolonged administration of retrorsine to vervet monkeys have been de
scribed by Van der Watt et al. (J. Path. 1972, 107, 279). Intragastric doses of 20 mg/kg 
were given once weekly for 30 weeks and thereafter every 14 days until hepatic coma devel
oped. After the first 25-30 doses, vomiting usually occurred 6-12 hours after treatment and 
was followed during the subsequent period up to 72 hours by diarrhoea and melaena. After 
30 weeks, these toxic reactions were not consistently observed. The earliest date for the 
appearance of jaundice was 23 weeks from the start of treatment. Progressive weight loss 
occurring 2-3 weeks before death was followed by dullness, incoordination and, finally, irre
versible hepatic coma. Monkeys dying between 20 and 27 weeks after the start of the exper
iment showed lung oedema, while those dying later had a variable degree of oedema of 
the abdominal and thoracic lymph nodes, ascites, hydrothorax and hydropericardium. 
Hepatic fibrosis was apparent in animals dying at 50 weeks or later. Vaso-occlusive liver 
lesions started with subendothelial oedema and luminal fibrin deposition in small central 
veins, and led to venous occlusion and later recanalization. Marked iron storage disease 
resembling Banta siderosis, occlusion of kidney nephrons, and atrophy of the germinal 
epithelium of the testes also occurred.



Articles of general interest 561

Pulmonary and myocardial changes rather than liver lesions were the principal findings 
in a study of stumptail monkeys (Macaca arctoides) given monocrotaline in an sc dose of 
30 mg/kg when 1 month old (Chesney & Allen, Cardiovasc. Res. 1973, 7, 508). Survival 
time of the treated monkeys ranged from 199 to 325 days (mean 241 days) and death was 
preceded by marked pulmonary hypertension and vasoconstriction. Enlargement of indi
vidual endothelial cells and hypertrophy of the medial musculature led to partial or com
plete obliteration of pulmonary vessels, and ultrastructural studies demonstrated 
numerous fibrin and platelet thrombi in the capillaries and arterioles. In some cases, 
oedema was prominent in the endothelial lining of arterioles and muscular arteries. Myo
cardial hypertrophy and a marked dilatation of the right ventricle also occurred in the 
treated monkeys.

In view of the probable role of pyrrole derivatives in the hepatotoxic action of the pyrro- 
lizidine alkaloids, Plestina'& Stoner (J. Path. 1972,106, 235) carried out some experiments 
actually using monocrotaline pyrrole. Rats injected iv with 5-10 mg/kg became ill after 
2-3 weeks and half of them died by the end of month 2. Those injected with 30 mg/kg 
showed respiratory embarrassment after about 15 hours, and by 48 hours convulsions and 
death, associated with pleural effusions, generally ensued. The relative lung weight in such 
animals was significantly greater than that in controls at 6 hours, as maximal at 9 hours 
and thereafter decreased and gave way to pleural effusion. Protein concentration in the 
pleural fluid did not exceed that in normal lung lymph and was much lower than that 
observed after treatment with a-naphthylthiourea (ANTU). Carbon labelling located the 
pyrrole-induced lesions in the capillaries, whereas ANTU damages venules. 5-Hydroxy- 
tryptamine has been suggested as an effective intermediate in the pulmonary activity of 
monocrotaline, but this too affects the venules rather than the capillaries. Moreover, the 
reaction of the rat to monocrotaline pyrrole was not modified by pretreatment with p- 
chlorophenylalanine, which would be expected to inhibit 5-hydroxytryptamine synthesis.

Metabolism
Continuing earlier studies on the metabolic conversion of many pyrrolizidine alkaloids 

to pyrroles by the microsomal enzymes of the rat liver, Mattocks (Chemico-Biol. Interac
tions 1972, 5, 227) compared the total hepatic pyrrole levels at different times after 
administration of various alkaloids (ip or by intubation) and attempted to relate the find
ings to the acute toxicity of the alkaloids. While the individual toxicities of the alkaloids 
differed widely, the hepatic levels of pyrrolic metabolites a few hours after administration 
of the LD 50 were closely comparable. This suggested that the pyrroles were the cause of 
the toxic effect, although the possibility of other toxic metabolites could not be ruled out. 
Sex differences in sensitivity were apparent, retrorsine and monocrotaline being more toxic 
to males than to females. Both liver pyrrole concentration and toxicity were reduced by 
pretreatment with SKF 525A. On the other hand, phenobarbitone pretreatment increased 
the rate of conversion to pyrrolic metabolites, increasing acute toxicity when normal meta
bolism was low, as with monocrotaline, with retrorsine (in female rats) and with heliotrine. 
When metabolism was normally rapid, as with lasiocarpine, phenobarbitone tended to 
reduce the rats’ susceptibility, possibly by accelerating further conversion to a secondary 
metabolite.

These findings support those of an earlier study (Cited in F.C.T. 1973, 11, 161), which 
showed also that the sensitivity of rats to lasiocarpine and heliotrine given repeatedly in 
small doses increased with age. Mattocks & White (Chemico-Biol. Interactions 1973, 6 , 297)
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found that liver-microsomal preparations from newborn rats showed a very low capacity 
for converting retrorsine to pyrrolic metabolites, but that within 5 days of birth this capa
city increased markedly, only to decrease again after 30 days in the livers of females. Simi
larly, when retrorsine was given to rats within 1 hour of birth, pyrrolic metabolites were at 
a low level 2 hours later, whereas in animals treated when 1-17 days old, the pyrrole levels 
after 2 hours were much higher. After 30 days the production of metabolites in females was 
only about 30% of that in males. The susceptibility of rats of different ages to the hepato- 
toxic effects of this pyrrolizidine alkaloid reflected the capacity of their livers to produce 
and retain pyrroles.

The overall toxicity of monocrotaline to rats has also been shown by Allen et al. (Toxic, 
appi. Pharmac. 1972, 23, 470) to depend on the level of hepatic microsomal activity. Prior 
treatment with phenobarbitone was reflected in poorer weight gain, earlier and more 
severe lung lesions, and earlier death from a dose of 60 mg monocrotaline/kg. Treatment 
with the enzyme inhibitor chloramphenicol prevented death after this dose, preserved a 
normal weight gain, and ameliorated the acute lesions, though it did not prevent the 
appearance of chronic liver lesions. That there is a considerable species difference in the 
interaction of enzyme inducers and retrorsine toxicity appears from a paper by White et 
al. (Chemico-Biol. Interactions 1973,6, 207). LD 50 values for retrorsine varied from 65 mg/ 
kg in mice to 279 mg/kg in the quail and over 800 mg/kg in the guinea-pig. Pretreatment 
with phenobarbitone decreased the susceptibility of mice but increased that of guinea-pigs. 
In more susceptible animal species it was found that liver levels of pyrrole 2 hours after 
an ip dose of retrorsine were generally higher than those in resistant species.

Allen & Chesney (Expl mol. Path. 1972,17, 220) reported a difference in organ sensitivity 
in stumptail monkeys of different ages exposed to monocrotaline. They attributed this to 
differences in microsomal-enzyme levels and the resulting differences in liver con
centrations of metabolites. Monkeys were given four sc injections of monocrotaline (com
prising doses of 30,60,60 and 60 mg/kg) at 2-month intervals, either from the age of 4 weeks 
or 15 months. Towards the end of the course, those in the younger age-group showed an 
increase in haemoglobin, haematocrit, red cell mass and arterial p C 0 2 and a decrease in 
arterial p 0 2 and pH, together with an increase in right-heart and pulmonary-artery pres
sures. As in the study mentioned earlier (p. 561), bilateral myocardial hypertrophy with 
dilatation of the right ventricle was seen post mortem. The lungs were firm, with thickened 
arterial walls and narrowed lumina. The myocardium of the right ventricle was oedema- 
tous, the endocardium was fibrosed and the arteries were disrupted. The most prominent 
findings in the older monkeys, however, were ascites, distended abdominal veins and a rise 
in portal venous pressure. Post-mortem findings in these animals included small, firm, 
granular livers, with venous occlusion extending from the centrilobular to the large hepatic 
veins and associated with dilated blood-filled sinuses.

Protection
Previous observations have suggested that a low-lipotrope diet will protect male rats 

against the acute effects of monocrotaline, presumably by reducing liver microsomal- 
enzyme activity and thus pyrrole production (Cited in F.C.T. 1972, 10, 861). A possible 
method of protecting sheep likely to graze on Senecio and other toxic species has been 
indicated by Lanigan (Ausi. J. agric. Res. 1972, 23, 1085), who had previously demon
strated that the suppression of methane-forming bacteria in rumen fluid in viti-o markedly 
increased the rate of metabolism of heliotrine (idem, ibid 1971, 22, 123). When sheep were
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given an intraruminal dose of chloral hydrate (10 mmols), bromoform (0-5 mmols) or iodo
form (0-5 mmols) to inhibit methane production, followed 18 hours later by 2 g Heliotropium 
europaeum alkaloids (32% heliotrine, 36% lasiocarpine, 18% europine, 8% heleurine and 
6% supinine), the normal time for disappearance of the alkaloids from the rumen (7-8 hours) 
was shortened to 2-3 hours. In further experiments, marked differences in the rate of disap
pearance of heliotrine and of lasiocarpine became apparent, and there were indications 
that the induction of lasiocarpone metabolism was possibly stimulated by the simul
taneous breakdown of some other pyrrolizidine alkaloid. There appears, however, to be 
no direct evidence as yet that these effects on the rate of metabolism would necessarily 
afford protection for the target organs of the pyrrolizidine metabolites.

[P. Cooper—BIBRA]

HEXACHLOROPHENE

Introduction

Hexachlorophene (HCP) has been a widely used bacteriostatic agent for almost 25 years 
and is noted for its effectiveness against the gram-positive organisms that usually colonize 
normal skin, it is used by the cosmetics industry in the manufacture of talcum powders, 
deodorants and shampoos at concentrations between 0-1 and 0-5%, and in medicinal pro
ducts for topical application at higher levels of 0-5-3%. Until recently, this phenol deriva
tive was generally regarded as innocuous at the concentrations to which man is normally 
exposed, except for isolated cases of allergic dermatitis or photosensitivity arising from its 
contact with hypersensitive human skin. Early in 1971, however, the US FDA published 
a study showing that signs of central nervous system disorder could be evoked in rats fed 
25 mg HCP/kg/day and demonstrating that these effects were associated with a spongy 
degeneration of the white matter of the brain (Cited in F.C.T. 1972, 10, 275). Readers will 
be familiar with succeeding events leading up to the American restrictions on the use of 
HCP, and with the ensuing flurry of activity on behalf of other regulatory authorites. The 
aim of this article is to present and evaluate the more recent studies aimed at clarifying 
the benefit-risk balance associated with current usage of this material as a cleansing agent. 
The cosmetic use of HCP, generally involving the more transient use of HCP on restricted 
areas of the body, is not considered in detail here.

HCP in infant skin care
Official anxiety concerning the safety of HCP used in the antiseptic skin care of new

born infants was increased by reports of pathological lesions that developed in rhesus 
monkeys washed daily in a 3% solution of HCP/FDA announcement, 8 December 1971). 
At about the same time, it was reported that HCP was absorbed into the blood stream 
of babies bathed daily with a 3% solution for several days (Cited in F.C.T. 1972, 10, 114). 
The range of HCP levels in the umbilical-cord blood was 0 003-0-182 ppm, while the blood 
levels at the time the infants were discharged from hospital ranged from 0-01 to 0-65 ppm. 
Similar results have been observed in babies exposed to HCP in powder form. Thus, after 
15 healthy neonates had been treated in hospital for 8 days with a dusting powder con
taining 0-33% HCP, blood levels of the phenol derivative were in the range 0-04-0-5 ppm 
(Alder et al. Lancet 1972, ii, 384). These upper levels are more than half those known to
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be associated with histological changes in the white matter of the rat central nervous sys
tem (see below).

Among the first epidemiological surveys relating to the use of 3% HCP in hospitals 
was that carried out in Australia at Geelong Hospital, Victoria (Plueckhahn, Med. J. Aust. 
1973,1,93). A preliminary report on this study was mentioned earlier (Cited in F.C.T. 1973, 
11, 341). No evidence of neurotoxicity was observed in any of the 26,114 infants given this 
type of antiseptic skin care while in the hospital. The mean HCP concentration in the 
blood of these infants was approximately 0-05 ppm by the third or fourth washing, and 
the maximum concentration recorded was less than 20% of the minimum level found to 
be neurotoxic to rats or newborn monkeys. Reviewing the existing animal data, Plueck
hahn (loc. cit.) put the critical blood level of HCP at which spongy changes occur in the 
white matter of the central nervous system of rats and monkeys at between 0-5 and
1-0 ppm.' A retrospective review of 34 neonatal and 75 postnatal deaths occurring in the 
Australian infants failed to reveal any macroscopic changes or histological evidence of 
spongy change in the white matter of the cerebrum or cerebellum.

On a smaller scale, Abbott et al. (Aust. paediat. J. 1972, 8 , 246) determined the blood 
levels of HCP in 2-5-4-kg infants treated with pHisoHex (containing 3% HCP) and 
reported concentrations of 0-068-0-612 ppm after three applications of the antiseptic. 
When the HCP treatment was modified to provide for the dry-washing of the infants with 
pHisoHex on the day of delivery only, the maximum blood level attained was still of the 
order of 0-5 ppm. The relatively high blood levels of HCP recorded in this survey, com
pared with those observed at Geelong, cannot be attributed merely to contamination by 
HCP on the skin, since great care was taken to avoid this complication during blood sam
pling. It is difficult to make comparisons, however, because of the differing regimes of HCP 
application at the two hospitals. At Geelong, for example, babies had 2 ml of pHisoHex 
applied with cotton wool over their entire body (Cited in F.C.T. 1973, 11, 341). This was 
then washed into a lather with water and removed with a fresh supply of cotton wool. 
A further 2 ml pHisoHex was then applied and allowed to persist on the skin surface. In 
the study by Abbott et al. (loc. cit.), 7-5 ml pHisoHex was applied over the total body sur
face; this was washed off and the process was repeated. After the final washing no visible 
pHisoHex remained on the skin. The blood concentrations of HCP in ten full-term infants 
undergoing daily body-bathing with a 3% solution for between 13 and 82 days in an Inten
sive Care Unit were reported by M. D. Cunningham at a meeting of the American Aca
demy of Pediatrics held in October 1972 (cited from Plueckhahn, loc. cit.). The overall 
mean HCP level was 0-5 ppm, and subsequent screening revealed no neurological abnor
malities and a satisfactory rate of development.

There is thus no current evidence clearly against the. hospital use of 3% HCP emulsions 
on full-term babies weighing over, say, 1 -5 kg. The value of HCP in the management of 
nursing epidemics of staphyloccocal infections is undisputed (Plueckhahn, loc. cit.) and un
til an effective alternative (such as chlorhexidine) has been thoroughly tested, the risk asso
ciated with its continued use is likely to be exceeded by that which could accompany its 
withdrawal. Hospital staff should nevertheless be aware of the relatively small margin of 
safety existing between present levels of infant exposure and the threshold toxicity level 
for this bactericide, and every care should be taken to avoid excessive use.

It seems that stronger evidence is available to support the view that the bactericide 
should not be applied to premature babies. Thus Powell et al. (J. Pediat. 1973, 82, 976) 
described the occurrence of spongiform changes in the brains of infants who had died in
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the perinatal period. In the case of babies weighing less than 1-4 kg, no cases of spongiform 
myelination were observed in those subjected to less than four HCP exposures and six 
of the seven infants affected in this way had been washed nine times in 3% HCP. In a larger 
study (Shuman et al. J. Am. med. Ass. 1974, in press; cited from Powell et al. loc. cit.), 
vacuolation was found in the long myelinated tracts of 21 infants, 18 of whom had had 
multiple exposures to 3% HCP and most of whom had been born prematurely. Although 
they showed no abnormal neurological signs, five infants of low birth-weight, who were 
bathed daily for 21-56 days with a 3% HCP solution diluted about eightfold with water, 
had blood-HCP levels of 0-21—1-1 ppm (Kopelman, J. Pediat. 1973, 82, 972).

Some 5 years back, the dermal absorption of HCP during total-body bathing of burned 
babies was implicated as a factor in the development of burns encephalopathy (Larson, 
Hospitals 1968,42, 63). Lockhart (Pediatrics, Springfield 1972,50,229) also draws attention 
to a more recent case reported to the FDA, involving a 10-yr-old boy with 25% body burns 
who was treated with frequent applications of an antiseptic preparation containing 3% 
HCP and died in coma within 2 weeks. Some 2 days after the last application, the blood 
level of HCP was recorded as 2-2 ppm. In a similar case, Mullick (ibid 1973, 51, 395) de
scribed signs of neurotoxicity in two children treated with 3% HCP baths for burns. Both 
children died and in them, and in two infants treated similarly for congenital ichthyosis, 
severe vacuolization of the white matter of the cerebrum and cerebellum was evident post 
mortem. Such findings are clearly sufficient to contraindicate the use of this antiseptic on 
the skin of burned babies.

Topical application to adults
Reports of the acute toxic effects of the misuse of HCP products are now plentiful, but 

there appears to have been no documentation of toxic effects in individuals using HCP 
products as recommended by the manufacturers. It is thus of interest to compare the blood 
concentrations of HCP in surgical personnel, routinely using HCP formulations for the 
cleaning of hands and forearms, with those levels known to be accompanied by toxic signs 
in animals. Butcher et al. (Archs Surg. 1973, 107, 70) recorded blood concentrations of 
HCP in individuals who scrubbed with 3% HCP detergent, and reported a mean value 
(0-2 ppm) some seven times as high as that of randomly chosen patients. On the other 
hand, the blood level (0-06 ppm HCP) among users of a soap containing 0-25% HCP was 
only twice the patient baseline. Follow-up blood samples taken 2-3 weeks after exposure to 
the HCP product was terminated indicated a rapid return to the initial background level 
of HCP contamination. These findings show that HCP levels are higher in users of HCP 
detergent than in those using the HCP soap and the variation in blood levels was greater 
in the former group, although the reason for this is not clear.

A similar baseline blood level (0-02 ppm) was reported by Ulsamer et al. (Fd Cosmet. 
Toxicol. 1973, 11, 625), who carried out controlled studies on the use of HCP products 
for whole-body or hand washing and for mouth washing. Blood levels found ranged from
0-38 ppm in the blood of an individual who used a 3% HCP cleanser for daily total-body 
washing over a prolonged period to less than 0-005 ppm in some of the test subjects who 
used 1 or 3% HCP cleansers for hand-washing only. Blood levels resulting from prolonged 
use of a soap containing 0-75% HCP ranged from 0-02 to 0-14 ppm, similar to those (0-02-
0-12 ppm) following daily use of a mouthwash containing 0-5% HCP for 3 weeks.
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Oral toxicity in experimental animals
Reports of neurotoxicity arising from topical application of HCP inevitably focused 

attention on the possibility of food contamination following the use of this chemical as 
a foliage fungicide and bactericide in agriculture. It was thus deemed important to deter
mine a threshold level of oral intake for the central nervous system effects in experimental 
animals.

In a group of female rats fed 100 ppm HCP in the diet for 98 days, 80% developed focal 
areas of spongy degeneration in the white matter of the brain, although there were no signs 
of the leg weakness which was apparent in rats fed 500 ppm HCP in the diet (Gaines et 
al. Toxic, appl. Pharmac. 1973, 25, 332). A no-effect level of 20 ppm HCP in the diet was 
demonstrated in this study, compared with a value of 50 ppm indicated by another 16-weeks 
feeding study in rats (Nakaue et al. ibid 1973, 24, 239) and with some unpublished results 
from Biotest Laboratories cited by Lockhart (loc. cit.) which established a no-effect level 
of 65 ppm HCP in the diet (leading to a blood level of 0-4-0-8 ppm) with respect to the 
development of brain lesions.

Lockhart (loc. cit.) also refers to some unpublished work by G. Kennedy (in 1971) on 
the reversibility of HCP-induced brain lesions. Rats given doses of 40 mg HCP/kg orally 
for 6 weeks developed hind-limb paralysis and lethargy and showed “moderate” focal vacuoli
zation of the brain and spinal cord. After 6 weeks on the HCP diet, animals were sacrificed 
after various intervening periods and pathological examinations were conducted over an 
84-day period. Vacuolization decreased steadily during this time but had not disappeared 
completely at the end of the observation period. Clearer evidence for the reversibility of 
neuropathic responses to HCP treatment has been documented by de Jesus & Pleasure 
(Archs Neurol. 1973, 29, 180). Rats fed diets containing 25-35 mg HCP/kg showed little, 
if any, neurological impairment, but animals on diets containing 50-70 mg/kg showed 
hind-limb weakness after 1-2 weeks, and this effect became severe within 1 month. The 
motor-nerve conduction velocity (MNCV) of sciatic nerves was decreased in rats on both 
levels of treatment, and occasional demyelination was evident in some internodes. One 
week after discontinuation of HCP feeding, neuromuscular dysfunction had cleared and 
the MNCV had returned to normal.

Histological abnormalities of the type observed in rats appear to be absent from dogs 
fed relatively high levels of HCP, at least on an acute basis. Thus, Scott et al. (J . Am. vet. 
med. /l.s',5. 1973, 162, 947) reported a general lack of gross and histopathological changes 
in two 12-kg dogs each given a single dose of 450 mg HCP in gelatin capsules. The animals 
died within 24 hours of treatment after developing diarrhoea, vomiting, hypersalivation, 
tachypnoea, depression and hypocalcaemia.

Caldwell et al. (Biochem. Pharmac. 1972, 21, 2425) found HCP to be a very potent un
coupler of oxidative phosphorylation. Following oral dosing of rats with 20 or 100 mg 
HCP/kg, liver mitochondria from these animals exhibited a decrease in oxidative phos
phorylation but no modification in the activities of electron-transport enzymes when com
pared to controls. The maximal effect occurred about 12-15 hours after dosing and com
plete recovery occurred in about 36 hours. These authors also noted a substantial increase 
in adenosine triphosphatase activity in liver mitochondria from rats given the lower dose, 
but increasing the HCP dose to 100 mg/kg caused no further increase in this enzyme acti
vity.

An elimination study discussed by Kimbrough (Pediatrics, Springfield 1973, 51, 391) 
demonstrated a fairly rapid excretion rate from rats that had been fed 25 mg/kg/day for



Articles of general interest 567

55 days, the half-life in kidney, liver and blood being about 10 hoars and that in brain about 
19 hours. Other unpublished studies cited by Plueckhahn (loc. cit.) have indicated that the 
excretion of HCP occurs rapidly within 24 hours of absorption and is virtually complete 
within 1 week. The metabolism of HCP involves glucuronide conjugation, the glucuronide 
being excreted in the bile (Gluck, Pediatrics, Springfield 1973, 51, 400). It follows that 
studies are required not only on the blood levels of HCP itself but also in the relative blood 
concentrations of conjugated and unconjugated HCP resulting from HCP usage. Studies 
should also be conducted on the toxicity of the glucuronide itself.

Reproduction studies
Since HCP appears to cross the placenta (Cited in F.C.T. 1972, 10, 114), it is of great 

importance to assess its teratogenic potential, and to relate this to in-use conditions. 
Gaines et al. (loc. cit). found that the survival of offspring was slightly reduced in the Fj 
generation when the parent rats were fed HCP at a dietary level of 100 ppm (8 mg/kg/day). 
These offspring were mated after 54 or 166 days on the test diet and continued to receive 
this diet throughout mating, gestation and lactation. Litters in :he resulting F 2 generation 
tended to be smaller than those in the preceding one, but the incidence of white-matter 
vacuolation decreased in successive generations. A dietary level of 20 ppm was found to 
have no effect on reproduction.

Since HCP is widely used in feminine-hygiene sprays, Kimmel et al. (Lancet 1972, ii, 
765) attempted to determine whether absorption of HCP through the vaginal mucosa 
might interfere with embryonic development. In a preliminary study, 0-2 ml of a suspen
sion containing 450 mg HCP/ml was inserted into the vagina of rats on days 7, 8, 9 and 
10 of gestation and the animals were killed on day 20. Two out of 12 rats died after only 
2 days of treatment with HCP. The foetal malformation rate in treated animals was 40% 
compared with 4% in control rats treated with the aqueous vehicle of suitable consistency, 
and the combined death plus resorption rate in the treated group (33%) was four times 
higher than that in controls. Abnormalities most frequently observed were microphthal
mia, hydrocephalus and wavy ribs, but there were only two cases of cleft palate. Other 
studies employing lower levels of HCP comparable to those likely to arise from the use 
of commercial sprays, are to be published in due course and should provide a firmer basis 
for an assessment of the teratogenic potential of HCP when applied to mucous mem
branes. Nevertheless, when one considers that the proportion of HCP found in feminine 
deodorant sprays has been alleged in some cases to reach 1% as the propellant gas evapor
ates (Sunday Times, 12 November 1972), and in view of the fact that this phenol derivative 
is absorbed through the vaginal mucosa six times as readily as through the skin, such 
superfluous usage of a potential intoxicant can only be discouraged. Indeed the very basis 
for the inclusion of HCP in toothpastes, mouthwashes or vaginal deodorants is highly 
questionable, since Staphyloccocus aureus is rarely found in either mouth or vagina.

Conclusions
There are two major prerequisites for a clear assessment of the short-term hazard asso

ciated with topical application of consumer products containing HCP. Primarily, the pat
tern of daily use of specific products must be related to subsequent blood levels of the bac
tericide (regarded as an index of HCP toxicity). Secondly, a concentration of HCP at which 
no neurological effects occur must be defined, on the basis of epodemiological data and 
animal experimentation, in terms of both HCP application rate and blood levels. Some
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considerable progress has now been made towards meeting the first requirement, and 
quantitative estimates of HCP absorption have been elaborated for infants bathed in HCP 
detergents (006-0-6 ppm) and for various HCP cleansing products (0-06-0-2 ppm). The 
second demand is not so easily satisfied. It may be argued that no neurological symptoms 
have been observed in individuals whose blood concentration of HCP exceeded 0-5 ppm, 
nor indeed in animals after histological examination of brain tissue. Nevertheless, this level 
is far too close to the 0-8 ppm in rat blood that has been associated with mild neurological 
effects to be dismissed lightly. Except for those medicinal products in which the known 
benefits of HCP incorporation exceed its ostensible hazard, a more realistic safety margin 
should be the aim. Thus, the routine use of 0-25% HCP soap by surgical personnel for 
hand-washing, giving rise to blood levels of the order of 0-06 ppm HCP, would not appear 
unjustified. In certain cases, however, such as in mouthwashes and vaginal deodorants, the 
potential risk associated with the use of this bactericide greatly outweighs its intended effi
cacy, leaving little justification for its continued use.

[J.J.-P. Drake—BIBRA]
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TOXICOLOGY: BIBRA ABSTRACTS AND COMMENTS
EMULSIFIERS AND STABILIZERS

2714. Carboxymethylcellulose sensitivity: A new phenomenon
Müller, Eva, Pevny, Irmgard u. Metz, G. (1973). Allergie gegenüber Carboxymethylcellu
lose, Bestandteil einer Steroidkristallsuspension. Hautarzt 24, 317.

Sodium carboxymethylcellulose (CMC) has been shown to remain unabsorbed during 
passage through the gut and to have no systemic effects (Frawley et al. Fd Cosmet. Toxicol. 
1964,2, 539; McElligott & Hurst, ibid, 1968, 6 ,449). No previous reports of any sensitizing 
potential of this compound have been located.

An urticarial reaction, complicated by the appearance of vascular oedema (Quincke’s 
oedema) appeared in a woman, aged 29, who was given a second intralesional injection 
of a steroid formulation containing 0-75% CMC 4 wk after her initial dose of the same 
preparation. Intradermal tests with the components of the preparation showed that 0-75 
and 0-375% CMC in saline provoked a +  +  reaction after 30 min, progressing to +  +  + 
after 45 min and +  +  + +  after 60 min. In view of the widespread use of CMC both in 
pharmaceutical preparations and in food technology, this isolated report is considered sig
nificant, especially as the reaction occurred in the presence of triamcinolone acetonide, 
which might have been expected to suppress any allergic response.

PRESERVATIVES

2715. The complexity of sulphite excretion
Gunnison, A. F. & Palmes, E. D. (1973). Persistence of plasma 5-sulfonates following expo
sure of rabbits to sulfite and sulfur dioxide. Toxic, appl. Pharmac. 24, 266.

Sulphur dioxide and sulphites circulating in the blood are disposed of by formation of 
S-sulphoproteins, through the sulphitolysis of disulphide bridges (Cited in F.C.T. 1973, 11, 
504). The study reported here deals with the formation, persistence and clearance of 
S-sulphonates in the plasma of rabbits exposed to oral or iv-administered sulphite or 
inhaled sulphur dioxide.

When sulphite in a dose of 0-9 mmol/kg was injected iv, S-sulphonate formation was 
rapid, reaching a peak 20-30 min after the injection, by which time plasma sulphite had 
decreased almost to zero from the level of about 500nmols/ml recorded at 10-15 min. 
Clearance of the sulphonate so formed was also rapid, about half of the total being cleared 
within a further 40-60 min. The peak S-sulphonate concentrations ranged from 110 to 
180 nmols/ml. After exposure to 8-9 or 26/nmols sulphite/ml in drinking-water or to 
10 ppm S 0 2 in the atmosphere over several days, equilibrium levels of S-sulphonate were 
established in the rabbit plasma. Neither mode of administration led to any detectable free 
sulphite in the plasma, but S-sulphonate levels rose over the first 3-5 days and then main
tained a roughly constant level until the exposure was terminated. On cessation of the
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exposure, plasma clearance of S-sulphonate was initially exponential (to a level of about 
1 0 nmols/ml above the endogenous concentration) and then levelled off for several days 
before falling again to the endogenous level. Clearance of exogenous S-sulphonate was sig
nificantly slower after inhalation of S 0 2 than after sulphite ingestion, the mean half-lives 
being 4-1 and 1-3 days, respectively. Dialysis experiments showed that the diffusibility of 
exogenous S-sulphonate depended on the mode of its formation and therefore on the route 
of absorption of the sulphite giving rise to it. Evidence suggests that the clearance of 
plasma protein S-sulphonates is relatively slow and that the more rapid clearance is asso
ciated with the formation of compounds from other plasma components and probably 
specifically with that of cysteine S-sulphonate.

AGRICULTURAL CHEMICALS

2716. Reproduction effects of Delnav, toxaphene and Herban
Kennedy, G. L., Jr., Frawley, J. P. & Calandra, J. C. (1973). Multigeneration reproductive 
effects of three pesticides in rats. Toxic, appl. Pharmac. 25, 589.

The insecticides Delnav and toxaphene have been investigated fairly thoroughly from 
a toxicological viewpoint (Cited in F.C.T. 1964, 2, 500), the no-effect levels for their pro
longed dietary administration to various animal species being well above the con
centrations of these pesticides liable to be ingested by man. Comparatively little has been 
established, however, about the possible effects of these compounds on reproductive per
formance, and the authors cited above therefore undertook a study in rats, using feeding 
levels slightly above and below those that marginally failed to evoke any adverse effects 
in subacute feeding tests. The sübstituted-urea herbicide, Herban, was tested in the same 
manner. The technical-grade pesticide was used in each case.

Groups of weanling rats were fed 3 or 10 ppm Delnav in the diet for 79 days before mat
ing. All the animals were continued on their test diet during mating and gestation, and 
two further generations were treated likewise, two litters being bred in each generation. 
Reproductive indices were calculated, body weights were recorded, haematology, blood- 
chemistry determinations and urine analyses were carried out on the F 2 generation par
ents, and complete gross and histopathological examinations were made after 
administration of Delnav for 42 wk to the F0 parent generation and for 39 wk to the F, 
and F 2 parents. No measurable abnormalities occurred among either the parents or their 
offspring.

In the corresponding experiment with toxaphene, dietary levels of 25 and 100 ppm had 
no effect on litter size, pup survival or the body weights of weanlings, but the level of 
100 ppm caused slight cytoplasmic fatty vacuolization of the liver in parent rats. There 
were no concomitant effects on growth, mortality, clinical parameters, organ weights or 
reproductive capacity. At a dietary level of 500 ppm, Herban had no untoward effects on 
any animals, but at 3000 ppm the growth of parental animals was depressed slightly, an 
effect attributed to the unpalatability of the test diet. Absolute liver weights and liver-to- 
body weight ratios were increased in all animals in this group.
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The authors deduced no-effect levels of 10, 25 and 500 ppm in the diet of rats for Delnav, 
toxaphene and Herban, respectively. Reproduction was unaffected by these three pesti
cides at levels of 10, 100 and 3000 ppm, respectively, in these experiments.

2717. Tissue distribution of paraquat and diquat
Litchfield, M. H., Daniel, J. W. & Longshaw, Susan (1973). The tissue distribution of the 
bipyridylium herbicides diquat and paraquat in rats and mice. Toxicology 1, 155.

The widely-used herbicides diquat and paraquat are well known for their acute toxic 
effects. This is particularly true of the severe, and frequently fatal, pulmonary changes 
that follow the accidental ingestion of paraquat by man (Cited in F.C.T. 1972, 10, 700). 
Although in rats the major part of an oral dose of either herbicide is known to be 
eliminated in the faeces and most of the absorbed material is rapidly excreted in the urine 
(ibid 1967, 5, 242), urinary excretion of small amounts of paraquat have been detected in 
man for up to a month after ingestion of paraquat solutions (ibid 1972, 10, 701). This is 
presumably due to tissue binding, for which there is some evidence, but information on the 
tissue distribution of these bipyridylium compounds is sparse. The authors named above 
have investigated this aspect in mice, using the technique of whole-body autoradiography, 
and in rats by the colorimetric determination of tissue levels after the continuous feeding 
of the compound.

Mice were injected iv with either [ 14C]paraquat (20 mg cation/kg) or [ 14C]diquat 
(50 mg cation/kg) and the animals were killed at various intervals for autoradiographic 
examination. Within 10 min, both compounds were distributed throughout most tissues, 
with particular concentration in the cartilaginous and hepatic tissues. While paraquat was 
distributed throughout the liver parenchyma, diquat was largely restricted in the liver to 
the gall bladder. Other differences were that whereas low diquat levels were found in the 
brain and spinal cord, no paraquat was detected in the central nervous system (CNS) and 
the concentrations in cardiac muscle were substantially greater with paraquat. Elimination 
of diquat from all tissues except the intestine and bladder was complete within 24 hr, while 
low levels of paraquat remained in the lungs, skeletal muscle and CNS, although these 
were no longer visible in the 72-hr autoradiogram.

Analysis of brain, lung, liver, kidney, muscle, stomach and intestinal tissues from rats 
fed 50-250 ppm paraquat or 250 ppm diquat in the diet for up to 8 wk showed no accumula
tion of either compound. When surviving rats were returned to a normal diet for 7 days 
neither herbicide was detectable in the tissues studied.

In conclusion, the authors note that the uptake of paraquat by cardiac muscle and the 
persistence of this compound in lung tissue represent the most conspicuous differences 
between paraquat and diquat as regards their distribution in the body. They point out, 
for example, that feeding rats on diets containing paraquat concentrations of only twice 
the no-effect level of 120 ppm led to a level of the compound in the lungs some 5-10 
times higher than that found after consumption of the 120 ppm diet. Such data should 
provide sufficient stimulus to provoke further investigation of the nature of the binding 
of this hazardous herbicide to lung tissue.
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2718. 2,4,5-T and testosterone metabolism
Lloyd, J. W., Thomas, J. A. & Mawhinney, M. G. (1973). 2,4,5 T and the metabolism of 
testosterone-1,2-3H 2 by mouse prostate glands. Archs envir. Filth 26, 217.

With the exception of DDT, few pesticides have been investigated in depth as regards 
their possible effects on male reproductive organs. The recent experiments of Lloyd et 
al. (cited above), who fed high doses of 2,4,5-trichlorophenoxyacetic acid (2,4,5-T) to mice, 
were aimed specifically at investigating the effects of this herbicide on the accumulation 
of androgen by the prostate gland.

2,4,5-T was administered to groups of mature male mice at levels of 6-25, 12-5 or 25 mg/ 
kg daily for 10 days, by gastric intubation. This treatment was followed after a 24-hr inter
val by a single ip injection of [l,2-3H 2]testosterone ([3H 2]T) and the rats were killed 5 min 
later. The prostate gland from control animals metabolized about half of all assimilated 
[3H2]T within 5 min, the major metabolite being dihydrotestosterone. Treatment with
2,4,5-T markedly reduced the assimilation of [3H 2]T by the prostate, but did not substan
tially affect the proportions of specific steroid metabolites produced. The reduced [3H2]T 
accumulation by the gland was not a dose-related effect and did not appear to be reflected 
in any increase in the hepatic formation of polar metabolites of [3H2]T or of dihydrotes
tosterone, androstanediol or androstenedione in the mice treated with the herbicide.

The authors suggest that 2,4,5-T may exert a direct effect on the prostate gland, the 
observed decreases in accumulation of the steroid reflecting changes in its binding to the 
target tissue.

[in vitro incubation of 2,4,5-T with fractions of prostate would provide a useful adjunct 
to this work. Similar experiments have recently been conducted with dieldrin, which inhi
bited the binding of dihydrotestosterone to fractions of rat ventral prostate gland, at least 
in the test-tube.]

FEED ADDITIVES

2719. Propylene glycol as a feed additive
Sauer, F. D., Erfle, J. D. & Fisher, L. J. (1973). Propylene glycol and glycerol as a feed 
additive for lactating dairy cows: An evaluation of blood metabolite parameters. Can. J. 
Anim. Sci. 53, 265.

The viscous liquids, propylene glycol (PG) and glycerol, have achieved wide usage as 
solvents in the food industry, and are generally considered to be of low oral toxicity (Cited 
in F.C.T. 1963,1, 273; Weil et al. Fd Cosmet. Toxicol. 1971, 9, 479; Gaunt et al. ibid 1972, 
10 ,151). Some of the properties of these chemicals have been exploited in pharmaceuticals 
for human use, and some Canadian workers (cited above) have now discovered that they 
can be used to combat hyperketogenesis in lactating cows. In these animals, ketone-body 
formation is accentuated by the constant drain on low carbohydrate stores imposed by 
lactose synthesis and secretion. This effect can be counteracted by administration of glu
cose, but since glucose itself is not absorbed effectively from the gastro-intestinal tract, suit
able gluconeogenic precursors have been examined. Of these, PG and glycerol were the 
most promising.
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This study involved a total of 120 milking cows fed for 8 wk after the birth of their calves 
with either glycerol or PG at levels of 3 or 6% in the diet. PG was also given at 9%. Weekly 
blood analyses were used to classify the animals as either normal, clinically ketonic or sub- 
clinically ketonic. In cows not subjected to low concentrate intakes or in those with only 
average yields of milk, neither glycerol nor PG had much depressant effect on /f-hydroxy- 
butyrate, acetoacetate or free fatty acid (FFA). Flowever, in conditions of stress due to 
reduced concentrate intake or adverse environmental factors, PG at all the dietary con
centrations tested significantly reduced the levels of blood ketones and plasma FFA and 
increased blood-glucose levels. Similar improvements were seen with glycerol.

The authors conclude that the addition of 3-6% PG to the feeds of dairy cattle markedly 
decreases the incidence of clinical and subclinical ketosis during the critical period 4-8 wk 
after parturition. They point out that studies carried out elsewhere (Emery et al. J. Dairy 
Sci. 1964, 47, 1074) showed that over 99% of administered PG was metabolized, with no 
detectable secretion into the milk, and that blood levels remained below 10 mg PG/100 ml 
when up to 2 kg PG was fed daily.

PROCESSING AND PACKAGING CONTAMINANTS

2720. Safety-in-use of a butylene glycol adipate plasticizer
Fancher, O. E., Kennedy, G. L., Jr., Plank, J. B., Lindberg, D. C , Hunt, W. H. & Calandra, 
J. C. (1973). Toxicology of a butylene glycol adipic acid polyester. Toxic, appl. Pharmac. 
26, 58.

Santicizer 334F® (Monsanto Co., St. Louis, Mo.; S-334F) is a 1,3-butylene glycol adipic 
acid polyester (mol wt 1700-2200) terminated with a 16% w/w mixture of myristic, palmitic 
and stearic acids. The compound is permitted in the United States as a plasticizer for PVC 
intended for food-contact use, the clearance having been based partly on the results of the 
study reported here.

S-334F was fed to rats at dietary levels of 1000, 5000 and 10,000 ppm for 2 yr. The treat
ment had no significant effects on the rate of body-weight gain, food consumption or mor
tality or on the results of haematological examinations, serum chemistry studies or urine 
tests. No consistent differences were observed in the absolute or relative organ weights (the 
latter being calculated on the basis of both body and brain weights). No gross or micro- 
pathological effects attributable to S-334F were detected.

Treatment of beagle dogs with the same dietary levels of S-334F for 2 yr similarly caused 
no adverse changes in any of the parameters examined.

In a three-generation reproduction study in rats, again using dietary levels of 1000, 5000 
and 10,000 ppm S-334F, the rate of body-weight gain was slightly depressed in both males 
and females at the top dietary level, and in females given 5000 ppm. Survival was not 
affected, however. Both absolute and relative organ weights showed several significant dif
ferences, but in the absence of any pathological changes these were attributed to the 
smaller body weights of these animals. Mating indices, incidences of pregnancy and partur
ition and gestation times for treated animals compared favourably in all instances with 
the controls. The lactation indices [(number of viable pups at lactation day 21/number 
viable at day 5) x 100] were slightly lower for the first litters of the second generation fed
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5000 ppm and of the first and second generations fed 10,000 ppm. This pattern did not per
sist into the second litter of the same generations or into either litter of the third gener
ation. The numbers of offspring delivered and the numbers viable at various stages of the 
lactation period were not adversely affected at any dose level. The survival indices, body 
weights and general behaviour compared favourably with those of the progeny of control 
animals.

These results indicate a no-effect level of 10,000 ppm in both species. The results of 
extraction tests on 4 mil PVC film containing S-334F (50phr) using water, heptane, 8% 
ethanol and 3% acetic acid as food simulants suggests that the maximum amount of S- 
334F likely to be extracted by food under anticipated conditions of use would allow a very 
large margin of safety for the plasticizer in view of the established no-effect level.

2721. A dubious study on phthalates
Nikonorow, M., Mazur, H. & Piekacz, H. (1973). Effect of orally administered plasticizers 
and polyvinyl chloride stabilizers in the rat. Toxic, appl. Pharmac. 26, 253.

The authors of this paper describe four different experiments in the rat using di-(2-ethyl- 
hexyl) phthalate (DEHP), di-n-butyl phthalate (DBP), and two tin stabilizers, di-(n-octyl)- 
tin S,S"-bis(isooctyl mercaptoacetate) (DOTOM) and dibenzyltin S,S'-bis(isooctyl mer- 
captoacetate) (DBTOM). For each compound the work included a short-term toxicity 
study using oral intubation, a 12-month feeding study, and two reproduction studies, using 
female rats given the additives by oral intubation. In one of the latter studies, female rats 
were treated for 3 months before being mated, while in the other study treatment was con
fined to pregnancy.

The short-term study utilized two dose levels of each compound, 0-34 and 340 g DEE1P, 
0-12 and 1-2 g DBP, 0-02 and 0-2 g DOTOM and 0-018 and 0-18 g DBTOM/kg/day. There 
were fatalities at the top level of treatment of all the compounds, DOTOM and DEHP 
producing 100 and 75% mortality respectively. However the autopsy findings in several 
animals were purulent pneumonia and endometritis, suggesting the likelihood of bacterial 
infection, and “loss of mucosa in the stomach and some parts of the intestine”, findings 
which could probably be attributed to autolysis.

The only other data recorded in the short-term study were body weights, limited haema
tology and results of serum-protein fractionation. Histopathology and organ-weight 
measurements were restricted to the liver, spleen and kidneys. The one significant finding 
reported was an increase in relative liver weight with all of the materials.

The dietary levels chosen for the 12-month study were 0-35%DEHP, 0-125% DBP, 
0 02% DOTOM and 0-018% DBTOM. An increase in mortality was again seen in all 
groups, with the same primary causes of death. There was some body-weight reduction 
in the groups given DEHP and DOTOM and liver enlargement was reported with DEHP. 
No notable pathological changes were seen in the lungs, liver and spleen of any animals.

In rats treated for 3 months with 0-34 or 1-70 g DEHP, 0-12 or 0-60 g DBP, 0-02 or 0-04 g 
DOTOM or 0-018 or 0-09 g DBTOM/kg/day before mating, but strangely given no treat
ment during pregnancy, there were no effects on the number of young, the number of 
resorbed or dead young, foetal and placental weights or skeletal changes. However, when 
groups of female rats were treated only during pregnancy some effect was found, reduced
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foetal weights being associated with either level of DEHP or DBTOM and with the higher 
level of DBP, but only with the lower level of DOTOM.

[This is yet another paper describing dubious findings in reproduction tests with phtha- 
lates. Careful study of the figures tabulated for the second reproduction study suggests that 
reductions in foetal weight were associated with the high doses of DEHP and DBP but 
that with the other groups, in all of which the mean foetal weights were similar, the 
reported effect might well have been a reflection of an abnormally high control value. On 
the other hand, the doses used must have caused maternal toxicity, and in fact 50% of the 
dams given the top level of DOTOM died. It is possible, therefore, that the lower foetal 
weights and increases in foetal deaths and resorptions were a direct result of maternal toxi
city. In fact this study does not allow any assessment of the possible teratogenicity or foeto- 
toxicity of these compounds and only indicates that a well-designed study is required to 
clarify this point once and for all.

The other tests were as limited in scope and achievement as the reproduction studies. 
Indeed, there seems little justification at all for the 12-month feeding study, since it was 
too short to investigate carcinogenicity and the observations made were no less limited 
than those in the shorter one. The opportunity the longer test might have offered for deter
mining the reasons for the observed liver enlargement was not taken.

The paper as a whole is totally inadequate, none of the negative and few of the positive 
results being published. The commonly found situation in which only positive findings are 
published makes the overall assessment of a study difficult, as well as casting doubt on 
the limited results that are reported. Furthermore it is impossible to assess the significance 
of any findings in an experiment apparently conducted on badly infected animals and, in 
general, the dose levels used were so high that the results could make little or no contribu
tion to any judgement on the safety of these plastics additives.]

THE CHEMICAL ENVIRONMENT

2722. Boric acid baldness
Stein, K. M., Odom, R. B., Justice, G. R. & Martin, G. C. (1973). Toxic alopecia from inges
tion of boric acid. Archs Derm. 108, 95.

This paper describes the case history of a 32-yr-old woman who suffered a diffuse hair 
loss over a period of many months. About 1 yr before admission to hospital the patient 
was suffering from weakness, loss of appetite, weight loss and scanty menstrual bleeding, 
and had noted some thinning of scalp, axillary and pubic hair. Her condition became pro
gressively worse, with almost total hair loss, severe fatigue, anorexia and mental confusion. 
Her past history and extensive endocrine studies produced no information relevant to her 
disorder, until it was found that the patient used several bottles of mouthwash daily to 
relieve soreness of the tongue resulting from grand mal seizures, which had been occurring 
for about 4 yr. She gargled with large volumes of the mouthwash, which contained boric 
acid, and then swallowed it. Blood levels of boric acid were elevated to 3-2 mg/100 ml from 
the normal value of up to 0-3 mg/100 ml, calculated as boron. Avoidance of all borate-con
taining preparations led to regrowth of body and scalp hair, and blood levels of borate
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returned to normal. The mechanism of this effect is not known, but boron does accumulate 
in the brain, liver, kidney and skin and may have collected in the hair follicles.

Hair loss has previously been reported as a result of borate intoxication in adults (C ited  
in F.C.T. 1971, 9, 160), although the problems of boron toxicity more usually concern the 
mis-use on infants of products containing boric acid or borax (ib id  1971, 9, 914; ib id  1974, 
12, 277). Obscure widespread alopecia in adults may be an important clue in the diagnosis 
of boron intoxication.

2723. Hypersensitivity to nickel
McConnell, L. H., Fink, J. N., Schlueter, D. P. & Schmidt, M. G., Jr. (1973). Asthma caused 
by nickel sensitivity. Ann. intern. M ed . 78, 888.
Millikan, L. E., Conway, F. & Foote, J. E. (1973). In vitro studies of contact hypersensiti
vity: Lymphocyte transformation in nickel sensitivity. J. invest. Derm . 60, 88.

The ready permeability of the human dermis and epidermis to nickel (Ni) has led to 
the establishment of that metal as one of the commonest causes of contact dermatitis 
(C ited  in F .C.T. 1969, 7, 693), but dermatitis may not be the only manifestation of hyper
sensitivity to Ni, as appears from the first paper cited above. Within 1 wk of commencing 
work in a Ni-plating factory, a 24-yr-old man developed an itching vesicular rash on parts 
of his skin exposed to the plating solution. Protective covering improved his skin condi
tion, but some 2 wk later he complained of a non-productive cough, tightness of the chest 
and wheezing. This occurred shortly after the start of the day’s work and persisted for 
several hours after his return home. Dyspnoea increased and admission to hospital was 
necessary for treatment. On his return to work the patient again had dyspnoea and wheez
ing and had to discontinue handling the plating compounds. Experimental inhalation of 
Ni sulphate from a solution containing 10 mg/ml produced immediate hypoxia and bron
chial obstruction, while scratch-testing with 1 mg Ni sulphate/ml provoked an immediate 
wheal and flare reaction, suggesting the IgE was concerned in the reaction. No passive 
transfer of reactivity could be demonstrated.

The second paper cited described an in v itro  study of lymphocyte response using eight 
patients in whom Ni hypersensitivity had been confirmed by skin tests. The validity of 
the in vitro  response was established by determination of the patients’ normal phytohae- 
magglutinin (PHA) response. Lymphocytes from these patients, cultured for 6 days with 
an optimal concentration of Ni (between 40 and 120 yUg/4-ml culture) showed an uptake 
of thymidine 5-10 times that of controls and correlating with the intensity of the patch-test 
results. In one patient undergoing prednisone treatment there was depression of the PHA 
response without apparent depression of the in v itro  response to Ni.

2724. Pulmonary deposition o f uranium oxides
Leach, L. J., Maynard, E. A., Hodge, H. C , Scott, J. K., Yuile, C. L., Sylvester, G. E. & 
Wilson, H. B. (1970). A five-year inhalation study with natural uranium dioxide (U 0 2) 
dust—I. Retention and biologic effect in the monkey, dog and rat. H lth  P hys. 18, 599.
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Leach L. J., Yuile, C. L., Hodge, H. C., Sylvester, G. E. & Wilson, H. B. (1973). A five-year 
inhalation study with natural uranium dioxide (U 0 2) dust—II. Postexposure retention 
and biologic effects in the monkey, dog and rat. Hlth Phys. 25, 239.

Studies on the inhalation of insoluble uranium dusts have been carried out and have 
been used as a basis for the establishment of a threshold limit value (TLV) for uranium 
dusts in workroom atmospheres. However it has since been found that uranium dioxide 
(U 0 2) and uranium octoxide (U3O g) can be retained in the lungs in relatively large quanti
ties. Estimates of the extent of this accumulation have been made, but only on the basis 
of relatively few data. The investigators named above have therefore diverted their atten
tion from the known renal effects of uranium (Cited in F.C.T. 1969, 7, 695) to its storage 
in the body after inhalation, and to the possibility that this might constitute a radiological 
hazard.

Paper I cited above describes a study in which 110 pure-bred beagle dogs and 25 rhesus 
monkeys were exposed to 5-8 mg U 0 2/m 3 (mass median particle diameter approximately
1-0 /an) for an average of 5-4 hr daily on 5 days/wk for up to 5 yr. Animals were killed at 
selected intervals for histopathological examination of all major organs, and for deter
mination of uranium concentrations in the lung, liver, kidney, spleen, femur and tracheo
bronchial lymph nodes (TLN) by a fluorophotometric method. In addition, 200 rats were 
exposed to U 0 2 and handled similarly in two studies each lasting for 1 yr. A few animals 
from all three species were retained after the exposure period for further observation, the 
results of which are described in Paper II.

Mortality during the exposure period was low and did not appear to be attributable 
to U 0 2 inhalation. Weight changes were within normal limits, and blood parameters 
(measured bimonthly) showed no untoward changes. The uranium content of the tissues 
built up during the first year of exposure and then levelled off, except in the TLN in which 
the plateau was not reached until yr 4 in either the dog or monkey. The lungs and TLN 
were the principal sites of uranium accumulation, the steady-state values in the lung being 
about 2000 /rg/g in the dog, 3600 fig/g in the monkey and 800 /rg/'g in the rat, and these 
were the only tissues showing histological changes. The commonest change was the pres
ence of a granular black pigment, which to some extent increased with duration of expo
sure in dogs and monkeys but which was also found in smaller amounts in control animals. 
After long exposure some patchy pulmonary fibrosis was also seen in the monkeys, but it 
was not clear whether the changes were due to radiation or chemical activity. The absence 
of renal injury throughout the 5-yr period and the pattern of occurrence of the lesions 
found suggested that damage may have been due to radiation.

Natural U 0 2 is an a-emitter of low specific activity, 25 /ig uranium/g tissue giving a dose 
of about 0-03 rad/wk. This figure is very near the maximum permissible organ dose, which 
from the organ loads of uranium calculated, was exceeded in the lungs and TLN of both 
dogs and monkeys after the first few months of this study. Extrapolating from this, the 
authors suggest that there may be radiation hazards from the accumulation of uranium 
in the lung and TLN resulting from exposure to uranium levels equal to or less than the 
currently accepted TLV (250 /rg/m3).

In the second paper cited, animals observed in the post-exposure period of 6-5 yr were 
again killed at intervals and tissue histopathology and uranium content were investigated. 
The only abnormality observed in the surviving animals was a raised level of non-protein 
nitrogen (NPN) in the blood of older monkeys. Rats and dogs were not affected. Although 
the raised NPN levels were suggestive of kidney damage, none was noted.
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During the post-exposure period, the lung content of uranium gradually fell in all spe
cies, but the changes in the TLN were more complex. These nodes appeared to continue 
to concentrate uranium for up to 1 yr after exposure in the dog and for 1 month in the 
rat, before the levels began to fall. Fibrosis observed in the lungs and TLN was consistent 
with radiological damage and confirmed the suggestion in the earlier paper that radiation 
damage was present. There was a very slow release of uranium from bone, so that although 
this tissue initially contained low levels of uranium, it acquired, as the post-exposure 
period continued, an increasing proportion relative to other tissues in which uranium 
depletion was more rapid.

A sobering finding was that of pulmonary neoplasia in four of the 13 dogs surviving 
for 75 months after the end of a 5-yr exposure, with six showing foci of atypical epithelial 
proliferation. Spontaneous pulmonary tumours are rare in dogs. Serious injury of this 
nature has not previously been linked with uranium exposure, although indications of pul
monary neoplasia have been observed in dogs after inhalation of other radiation sources 
(238Pu0 2 and 239P u 0 2). The authors emphasize the importance of a long observation 
period as a factor in the appearance of these lesions.

Both of these papers suggest that there may be cause for concern over the exposure of 
workmen to the current TLV for U 0 2. However, as noted in the first paper, the persuasive 
if fragmentary evidence provided by the absence of clinical and medical signs of injury in 
exposed workers is reassuring. A comprehensive programme for collecting industrial data 
would assist the clarification of the question of the TLV.

[It is also reassuring that a recent paper by Donoghue et al. (Br. J. ind. Med. 1972, 29, 
81) reports that the uranium content in the lungs and pulmonary lymph nodes of a work
man, who was exposed to U 3O g and who died of natural causes at work, was significantly 
lower than the expected amounts estimated from environmental data using currently 
accepted parameters. Whether this can be attributed to a lower rate of deposition than 
anticipated or to a more rapid clearance is not altogether certain, but the former is consi
dered the more likely. The importance of the size and nature of the particles in relation 
to their deposition cannot be overlooked, and this may be another useful avenue of further 
research.]

2725. Subcellular reactions of acrolein
Munsch, Nicole, de Recondo, Anne-Marie & Frayssinet, C. (1973). Effects of acrolein on 
DNA synthesis in vitro. FEBS Lett. 30, 286.
Zollner, H. (1973). Inhibition of some mitochondrial functions by acrolein and methyl- 
vinylketone. Biochem. Pharmac. 22, 1171.

The increasing industrial use of acrolein and its demonstrated presence in the vapour 
phase of cigarette smoke, together with recent indications of its formation during the oxi
dative degradation of the antitumour agent cyclophosphamide and during the metabolism 
of allyl compounds (Cited in F.C.T. 1973, 11, 1139) have prompted several studies on the 
biological properties of this compound. In an early issue (ibid 1965, 3, 850), we referred 
to an enhancement of liver alkaline-phosphatase activity after inhalation or ip injection 
of rats with acrolein, a finding ascribed to a non-specific stimulation of the pituitary- 
adrenal system. Workers at two European Research Institutes have now examined other
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effects of acrolein at the molecular level, namely, its effects on DNA synthesis in v itro  and 
on mitochondrial processes involved in energy transfer.

The inhibitory effect of acrolein on RNA synthesis, at least in vitro, is known to stem 
from a reaction with RNA polymerase and not with DNA template, and so a similar inter
ference with DNA polymerase, possibly by reaction with the enzymatic thiol groups, might 
be expected to inhibit DNA synthesis. To investigate this possibility, Munsch e t al. (cited 
above) incubated acrolein with nucleoside triphosphate substrates, DNA template and one 
of two DNA polymerases, prepared respectively from regenerating rat liver and E sch eri
chia coli. Of these two enzymes, only that from rat liver contains a functional thiol group. 
When rat-liver DNA polymerase was used, polymerization of the four deoxyribonucleoside 
triphosphates, using calf-thymus DNA as template, was markedly reduced by the presence 
of acrolein, and was inversely proportional to the acrolein concentration. Enzyme inhibi
tion occurred at acrolein concentrations between 8 x  10“ 5 and 8 x  10” 4 M. It was con
cluded that an acrolein-enzyme interaction was responsible for the impaired replication 
of DNA in vitro. Since the E. co li enzyme was not affected, the inhibitory action of acrolein 
was ascribed to a reaction with thiol groups essential for the enzyme action. At very low 
acrolein concentrations, rat-liver polymerase was actually activated, a response thought 
to be due either to the oxidizing properties of the acrolein double bond or to the aldehyde 
moiety.

The authors speculate on the possibility that if acrolein plays a part in the carcinogenic 
process induced by tobacco, this role may be mediated through the action on mammalian 
nucleic acid polymerases.

The effect of acrolein and the related compound methylvinylketone (MVK) on mito
chondrial function has been examined by Zollner (cited above), who incubated the com
pounds with rat-liver mitochondria, cofactors, and either glutamate, succinate or ¿6-hyd- 
roxybutyrate as substrate. Respiration was inhibited by acrolein and by MVK with each 
of the three substrates, although sensitivity to acrolein varied according to the conditions. 
In particular, respiration with glutamate showed greater sensitivity to acrolein than that 
with succinate, and adenosine diphosphate-stimulated respiration was more sensitive than
2,4-dinitrophenol-stimulated respiration with respect to either substrate. Acrolein had 
least effect on the respiration of aged mitochondria with NADH.

The author postulates a three-fold action for acrolein, namely on glutamate transport, 
succinic dehydrogenase and transport of inorganic phosphate, the latter effect being com
petitive with respect to phosphate. The inhibitory action of MVK was similar to that of 
acrolein but was less potent because of substitution of the hydrogen of the aldehyde group.

2726. Background o f acrylamide neuropathy
Hashimoto, K. & Ando, K. (1973). Alteration of amino acid incorporation into proteins 
of the nervous system in vitro  after administration of acrylamide to rats. Biochem . P harm ac. 
22, 1057.

Rats pretreated with the liver microsomal-enzyme inducers DDT or phenobarbitone 
have been shown to be more resistant to acrylamide-induced neuropathy than controls, 
but whereas early functional neurological impairment was not associated with detectable 
peripheral neuropathy in rats treated only with acrylamide, severe nerve lesions appeared
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in those pretreated with phenobarbitone (Cited in F.C.T. 1974, 12, 281). Further clarifica
tion of this aspect of acrylamide toxicity is therefore welcome. The present study concerns 
the effect of acrylamide on the metabolism of nervous tissue.

Rats were fed 500 ppm acrylamide in the diet for 4 wk, and then given a normal diet 
without the amide for a further 4 wk. In treated rats there was greater incorporation of 
[ 14C]lysine into spinal-cord protein than in controls. The increase continued until wk 6-8 
and then tended to fall towards pretreatment levels. Lysine incorporation was more mark
edly increased in the lower part of the cord. In the sciatic-nerve protein there was a slight 
decrease in lysine incorporation at 2-3 wk, followed by a large increase after 4 wk and 
maximal incorporation at 6wk. Acrylamide also significantly increased [35S]methionine 
incorporation into spinal-cord and sciatic-nerve protein, but there was no early depression 
of methionine incorporation into the sciatic nerve as there was of lysine incorporation. 
Since incorporation of both amino acids was inhibited by potassium cyanide and 2,4-dini- 
trophenol, the process appears to be dependent on aerobic metabolic processes. Acryla
mide failed to modify amino-acid incorporation into brain or liver tissue, its effect 
apparently being specifically directed to the spinal cord and peripheral nerves.

2727. Rapid excretion of fully fluorinated hydrocarbons
Modell, J. G., Tham, M. K„ Modell, J. H., Calderwood, H. W. & Ruiz, B. C. (1973). Distri
bution and retention of fluorocarbon in mice and dogs after injection or liquid ventilation. 
Toxic, appl. Pharmac. 26, 86.
Clark, L. C., Jr., Becattini, F., Kaplan, S., Obrock, Virginia, Cohen, D. & Becker, C. (1973). 
Perfluorocarbons having a short dwell time in the liver. Science, N.Y. 181, 680.

Much has been said about fluorocarbon propellants and their inherent hazards when 
misused (see p.552 of this issue), but fluorocarbons can also appear in other guises. The 
group also includes highly fluorinated liquids, which can be used as oxygen-exchange and 
transport media and thus as potential blood substitutes (Lancet 1974,1, 126). Hence details 
of their toxicology, uptake, distribution and possible storage in the body are required.

The first authors cited above administered one of two fluorocarbons, Caroxin-D and 
FX-80, to mice in an ip or sc dose of 0-05 ml and observed the animals for 17-19 months 
before killing them to measure tissue levels of fluorocarbon. Growth rates were compar
able in saline controls and the test animals. Most of the fluorocarbon absorbed was 
retained in the mice, and accidental overheating of the animals due to failure of the air 
conditioning led to the sc formation of bubbles of FX-80 vapour in a few. Analysis of the 
tissues after 17-19 months, taking care to avoid contamination, showed the presence of 
fluorocarbon in the brain, lung, liver and other organs, generally at levels of 0T-0-2mg/ 
100 g tissue. The highest levels (0-5-0-6 mg/100 g) were found in the body fat.

The same authors also ventilated the lungs of dogs with Caroxin-D for 1 hr, prior to 
an observation period of 20-23 months. Fluorocarbon was again still present (about 
0-1 mg/100 g in most tissues), and apart from the site of administration, the highest con
centration was in the fat (1-9 mg/100 g). Although these substances appear to be inert (their 
persistent presence in the tissues being without any obviously toxic effect in this study), 
the fact that a small quantity can be absorbed, distributed and retained makes further 
study of their biochemical effects necessary before their general use can be considered.
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The second paper cited above recognizes that many perfluorocarbons (in this context, 
compounds in which all hydrogen atoms are replaced by fluorine) may be deposited in 
the liver and spleen, where they are stored for life, but repor:s the discovery of closely 
related compounds which become deposited in the liver of the mouse immediately after 
iv injection but leave it again within a few days, to be excreted via the lungs and skin. 
Perfluorodecalin and perfluoromethyldecalin, given to mice iv in a dose of 2 ml/kg at a 
rate of 2 ml emulsion/min, had each left the liver within a few days, while other perfluorocar
bons similarly administered were still present after a long period of time—certainly for 
months and probably for the lifetime of the animal. Perfluorinated cyclohexanes were also 
shown to leave the liver rapidly.

The authors suggest that some types of perfluorocarbon, notably those containing a C- 
O-C or C-N -C linkage, bind with parts of the liver tissue, while the fully fluorinated deca- 
lins are excreted comparatively rapidly either because they are not bound or because they 
are actively excreted. Such fluorocarbons, containing only carbon and fluorine, may thus 
represent a group which can possibly be used safely in intact animals.

2728. Bacterial buOd-up and breakdown o f methylmercury
Vonk, J. W. & Sijpesteijn, A. K. (1973). Studies on the méthylation of mercuric chloride 
by pure cultures of bacteria and fungi. A n ton ie .van--Leeuwenhoek 39, 505.

The discovery of relatively large amounts of methylmercury in fish and shellfish in 
waters contaminated with mercury from industrial effluent has stimulated research into 
the agents responsible for the méthylation of inorganic mercury in the environment. An 
earlier report (C ited  in F.C.T. 1971,9,140) on the méthylation of mercuric chloride by lake 
and aquarium sediments suggested that micro-organisms were involved. Since then, there 
have been reports of methylmercury formation by the fungus N eurospora  crassa  (Landner, 
N a tu re , L ond. 1973, 230, 452) and by the bacterium C lostrid ium  cochlearium  (Yamada & 
Tonomura, J . F erm ent. Technol., O saka  1972, 50, 159).

Vonk & Sijpesteijn (cited above) have investigated the ability of a variety of micro
organisms, most of them common in water or soil, to methylate mercuric chloride. Aerobic 
cultures of all the micro-organisms, namely P seudom onas fluorescens, M y co b a c ter iu m  ph lei, 
E scherichia  coli, A ero b a c ter  aerogenes, B acillus m egaterium  and three fungi, A sperg illu s  
niger, S copu lariopsis brevicau lis  and S acch arom yces cerevisiae, were found to be capable 
of forming methylmercury from mercuric chloride at rates of some 300-1000 ng/litre of 
culture/7 days. These rates were comparable to those observed in the work on lake sedi
ments (C ited  in F .C.T. 1971, 9, 140). It was noted that in A. n iger most of the methylmer
cury formed was present in the mycelium, whereas in P s. flu orescen s  most was found in 
the culture medium.

Under anaerobic conditions, méthylation of mercury by E. co li and A . aerogen es  was 
lower than that in aerobic cultures, and the authors point out that under natural anaerobic 
conditions formation of methylmercury may be prevented by precipitation of mercury as 
mercuric sulphide which, according to Yamada & Tonomura (lo c . c i t .), is not methylated 
to any appreciable extent.

[Clearly the condition^ and factors affecting methylmercury synthesis by micro
organisms need to be investigated more thoroughly before the contribution of bacteria and 
fungi to methylmercury levels in the environment can be assessed. In this context it is
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worth noting the work of Spangler et al. (Science, N.Y. 1973, 180, 192), who have shown 
that if the incubation period is long enough (more than 50 days) the methylmercury formed 
in the presence of lake sediments is broken down again to inorganic mercury.]

2729. Toxicity o f oxalate precursors
Richardson, K. E. (1973). The effect of partial hepatectomy on the toxicity of ethylene gly
col, glycolic acid, glyoxylic acid and glycine. Toxic. appl. Pharmac. 24, 530.

Several workers have speculated on the importance of biodegradation in determining 
the toxic response to ethylene glycol (EG), glycollate and glyoxylate in animals (McChes- 
ney etal. Fd Cosmet Toxicol. 1971,9, 21; Bachmann & Golberg, ibid 1971, 9, 39; McChes- 
ney et al. ibid 1972,10, 655) with particular reference to the metabolic formation of oxalate 
and/or glycollate. To investigate this question further, the authors cited above have fed 
these oxalate precursors to rats previously subjected to partial hepatectomy, since the 
enzymes responsible for oxalate formation are all present in the liver.

After removal of either one-third or two-thirds of the liver, groups of male rats were 
orally intubated with glycine, sodium glycollate, EG or sodium glyoxylate, and urine was 
collected from each rat for 48 hr. Partial hepatectomy increased the toxicity of glyoxylate, 
but decreased the toxicity of EG and glycollate. Concomitantly, the urinary oxalate con
tent was significantly affected only in rats fed glyoxylate, an increase being recorded in 
these animals. Liver regeneration was not altered by any of the compounds tested. In the 
isolated perfused liver, [U -14C]oxalate biosynthesis from the [U -14C]-labelled substrates 
decreased in the order glyoxylate, glycollate, EG and glycine.

The author inferred from the results that EG and glycollate toxicity are largely a func
tion of metabolite production, notably of glyoxylate and oxalate, and that the liver is the 
major source of endogenous oxalate synthesis, at least in the rat.

2730. A black list of contact allergens
Baer, R. L., Ramsey, D. L. & Biondi, Ella (1973). The most common contact allergens 
1968-1970. Archs Derm. 108, 74.

This report lists the 24 substances which were responsible for contact allergy and elicited 
a positive patch-test result in more than 3% of patients seen at the New York University 
Skin and Cancer Unit during the period 1968-1970. Each allergen was tested on groups 
of at least 200 patients.

The highest percentage of positive reactions (22-2%) came from mercuric chloride, 
although many of the reactions to this compound were of low intensity. Mercaptobenz- 
thiazole, thiram, diphenylguanidine and monobenzone (p-(benzyloxy)phenol), all additives 
commonly used in rubber technology, have attained increasing importance in recent years 
as causes of contact dermatitis. Sensitivity to p-phenylenediamine has proved to be twice 
as common in the USA as in Western Europe, possibly reflecting a higher exposure of the 
US population to cross-sensitizers of this structure. Ethylenediamine is a relatively new 
arrival among the important contact allergens and has probably acquired clinical impor
tance because of its structural relationship to many other commonly encountered com
pounds, such as antihistamines.
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Nickel sensitivity has remained remarkably constant over the past 35 yr. An apparent 
reduction in the incidence of sensitivity to formaldehyde (22-1% in 1961 to 8-7% in the pres
ent study) may be due to the fact that test concentrations used clinically have been reduced 
during that period to 2%. The 5% concentration used earlier probably led to the false in
clusion of cases of primary irritancy. The weak reactions to turpentine, formaldehyde, 
diphenylguanidine and Peruvian balsam often encountered probably indicate a level of 
sensitivity to these substances below that which normally induces clinical symptoms. The 
other substances featuring in the list are potassium dichromate, Bismarck brown, resor
cinol, epoxy resins and hardeners, ethyl aminobenzoate, neomycin, chrysoidine brown, 
acrylic monomer, 2-naphthyl benzoate, hexachlorophene, pyrethrum and poison ivy 
oleoresin.

NATURAL PRODUCTS

2731. The vicious circle o f drinker’s anaemia
Lockner, D. & Ericson, U. (1973). Haematological effects of chronic ethanol 
administration and folic acid'deficiency in mice. Acta haemat. 49, 242.

Ethanol may suppress the production of blood cells by a direct action on folate metabo
lism (Cited in F.C.T. 1970,8, 438), and chronic alcoholics who suffer liver damage are com
monly anaemic. Evidence is now adduced that ethanol acts in concert with folic acid defi
ciency to cause anaemia.

Groups of mice were given 10% (v/v) aqueous ethanol, or drinking-water containing a 
small amount of methotrexate (to induce folate deficiency), or 10% ethanol plus a little 
methotrexate, for periods of 5-52 wk. A control group was given tap-water. No haematolo
gical defects appeared in the groups given either agent alone, but in the mice given both 
agents, moderate anaemia appeared within 5 wk and severe anaemia was demonstrable 
after 18wk. The anaemia was of the hyperchromic-macrocytic type, and there was also 
a significant decrease in the white-cell count. This group showed a reduction in body 
weight and in liver and kidney weights and an increase in spleen weight.

This study also provided some support for the direct involvement of ethanol with folic 
acid metabolism, since blood levels of folic acid were somewhat lower in animals treated 
only with ethanol than in the controls, although in this study the difference was not signifi
cant.

2732. Structure and hepatotoxicity o f substituted furans
Seawright, A. A. & Mattocks, A. R. (1973). The toxicity of two synthetic 3-substituted furan 
carbamates. Experientia 29, 1197.

The furanosesquiterpene essential oils are found in the foliage of various species of Myo- 
poraceae and are quite commonly responsible for the poisoning of livestock in Australia 
and New Zealand. The best known essential oil in this group is ngaione. In sheep, it causes 
hepatocellular necrosis, which may be either centrilobular or periportal. In mice, a similar
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hepatic lesion is produced in the mid-zonal region. The location of the lesion can be varied 
by appropriate alteration of the levels of microsomal mixed-function oxidases. Stimulation 
of these oxidases by phenobarbitone shifts the lesion to a periportal location while their 
depression by pretreatment with SKF 525A transfers the lesion to the centrilobular area.

These' facts suggest that metabolic conversion to an active intermediate probably 
accounts for the toxic properties of ngaione, but they give no clue to the part of the 
molecule involved. There are indications, however, from studies of a group of related 
furan derivatives that produce the same type of liver lesion in mice, that the furan 
ring with a substituent side chain at position 3 may be important. Preliminary studies 
showed that simple analogues such as 3-hydroxymethylfuran, 3-carboxyfuran and the 
methyl ester of the latter produced centrilobular necrosis in mice when given ip at the 
LD50 level (150-380 mg/kg). The site of the necrosis could not be shifted by altering the 
level of mixed-function oxidase activity. The /V-cthylcarbamate derivative of 3-hydroxy- 
methylfuran (with an LD50 of only 32 mg/kg in mice) produced severe extrahepatic lesions, 
notably pulmonary oedema and renal tubular necrosis, while hepatic involvement was 
slight or absent.

After the activity of mixed-function oxidases had been increased by phenobarbitone pre
treatment, mice could tolerate as much as 50-60 mg/kg. Centrilobular liver necrosis was 
consistently produced at these dose levels, but the extrahepatic lesions were less severe. 
Depression of the oxidase activity by carbon disulphide pretreatment did not affect liver 
injury, but lung and renal lesions occurred at higher doses.

The ;Y, N -diethy 1 carbamatc of 3-hydroxymethylfuran produced extensive centrilobular 
necrosis in a dose of 60 mg/kg (the LD50), while higher doses (100 mg/kg) produced more 
rapid death associated with pulmonary oedema. Stimulation of mixed-function oxidases 
changed the location of the liver lesion to the periportal zone, but did not reduce the level 
of toxicity. Depression of these enzymes by carbon disulphide markedly reduced the liver 
lesion.

These findings suggest that the furan ring substituted in position 3 is basically re
sponsible for the hepatotoxic effect exhibited by the series of substituted furans, although 
the changes produced depend on the side-chain structure. It seems that hepatic microso
mal metabolism has a role to play in the mechanism of the hepatotoxicity and possibly 
also in the development of the extrahepatic lesions produced by these compounds.

2733. Skin reactions among the lilies

Bleumink, E. & Nater, J. P. (1973). Contact dermatitis to garlic; cross-reactivity between 
garlic, onion and tulip. Arch, dermatol. Forsch. 247, 117.

Some time ago we described the case of a man who showed hypersensitivity to garlic 
and onion, with weak reactivity to tulip, the phenomenon being attributed to a heat- and 
acid-labile hydrophilic allergen (Cited in F.C.T. 1973,11, 520). A more extensive study has 
now been reported involving the patch testing of 63 patients with ulcera cruris and 168 
with contact dermatitis. Of the first group, 11% gave positive reactions to aqueous and/or 
ethanolic extracts of garlic and to between one and five of the common test allergens in 
a standard series. Of the second group, 4-2% gave a positive reaction to garlic extracts. 
In neither group was any patient who was sensitive to garlic also sensitive to onion 
extracts, although both types of extract were prepared by a similar method. One of eight
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patients reacting to garlic gave a positive reaction to tulip extract, while one who had pre
viously shown contact dermatitis attributed to tulip failed to react when tested with garlic 
extracts.

Gas chromatography showed that tuliposide-A (the glucose ester of a-methylene-y- 
butyrolactone), the allergenic component of tulip bulbs, was absent from extracts of garlic 
and onion, so that the possibility of cross-reactivity due to this factor was excluded. Garlic 
extracts contained tuliposide-B (the glucose ester of a-methylene-/J-hydroxy-y-butyrolac- 
tone), a compound which readily reacts with thiol groups (e.g. in cysteine), but since incu
bation of garlic with cysteine did not reduce skin reactivity, this compound was unlikely 
to be involved in epicutaneous reactions to garlic.

The active compound in garlic allergy was concluded to be a low-molecular-weight, 
hydrophilic, heat- and acid-labile substance, which could be expected to be inactivated 
during normal cooking processes. Many persons who reacted to garlic reacted positively 
to some or all of the common allergens, coal tar, wood tar, Peruvian balsam, wool alcohols 
and colophony, and the presence of some cross-reacting substance common to these 
materials cannot be ruled out.

2734. Gossypol locks up the iron
Herman, D. L. & Smith, F. H. (1973). Effect of bound gossypol on the absorption of iron 
by rats. J. Nutr. 103, 882.

It has been reported that diets containing 10% cottonseed protein containing bound 
gossypol at levels up to 0-68% had little effect on the growth of weanling rats, but higher 
concentrations of bound gossypol impaired weight gain, prooably by reducing the avail
ability of essential amino acids (Cited in F.C.T. 1973,11, 695). The toxic effects of gossypol 
have been reduced or eliminated by the addition of divalent iron to the diet of non
ruminant animals, and the finding that iron would form a complex with gossypol in vitro 
prompted an investigation into the importance of this reaction in the gastro-intestinal 
tract.

In rats fed 0-005 (control), 0-12,0-24 or 0-35% bound gossypol in the diet, the absorption 
of divalent iron, added to the feed at levels of 400 and 1600 ppm, decreased linearly with 
increasing gossypol concentration. When dietary iron (as ferrous sulphate) was in
creased, the absolute quantity of iron absorbed increased, although there was a reduction 
in absorption expressed as a proportion of the total ingested. The levels of free and bound 
gossypol in the animals’ livers rose as the feed content was increased, but diminished with 
any increase in iron intake. It is suggested that if a gossypol-iron complex is formed in 
the liver rather than in the gut, biliary excretion of this complex and its consequent loss 
in the faeces could explain the apparent reduction in iron absorption in gossypol-fed rats. 
This study indicates, however, that bound gossypol in the diet complexes with iron in the 
intestinal tract with a consequent reduction in the absorption of both components.

2735. Tannic acid and vitamin Bn absorption
Carrera, G., Mitjavila, S. et Derache, R. (1973). Influence de l’acide tannique sur la disponi
bilité digestive de la vitamine B12 chez le rat. Ann. Nutr. Alim. 27, 73.

F .C .T . 12/4—J
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Previous studies by these authors (C ited  in F .C.T. 1973,11, 1156) have shown that tannic 
acid (TA) depresses the absorption of dietary nitrogenous material, such as methionine, 
and of vitamin Bi2 . This paper describes a study of the bioavailability of vitamin B12 after 
its interaction with glycoprotein-TA complexes in the gastro-intestinal tract.

The excretion of an intragastric dose of 0-5 p g  of radiolabelled B12 (specific activity, 
0-25 p C i)  was investigated in groups of four Sprague-Dawley rats dosed 2 hr previously 
by gavage with either normal saline or 250 or 500 mg TA/kg body weight. Faeces were 
collected every 24 hr for 3 days and on day 3 the animals were killed and the gut contents 
of each was added to the faeces collection for that day. The results of this work are 
expressed in terms of the ‘digestive utilization coefficient’ of vitamin B12, which was uti
lized more effectively by the saline-treated controls than by the TA-treated groups, 
although no significant difference was found between the two TA levels of treatment.

Verzar’s in situ  technique was used to examine the effect of TA-glycoprotein complexes 
on vitamin B12 absorption, 30 anaesthetized rats being catheterized near the pylorus and 
the ileocaecal junction, with ligation of this section of the gut. Either 6 ml Ringer-Locke 
solution or 2 ml TA (125mg/ml) plus 4 ml gastric juice, or the latter mixture centrifuged 
to remove the TA-glycoprotein complex was introduced into the ligated part of the gut. 
Labelled vitamin B12 was added to all three solutions, before their introduction. After per
fusion for 1-5 hr the rats were killed for removal of the ligated gut, the contents and wash
ings were centrifuged and the complexed B12 was measured by scintillation counter. The 
highest level of B12 complex was found in the group given TA and gastric juice, without 
centrifugation. Initial removal of the TA-glycoprotein complex by centrifugation of the 
other TA mixture reduced the formation of a B12 complex by half and accordingly in
creased B12 availability.

It is also possible for TA to complex with vitamin B12 directly under certain conditions 
of pH and concentration (Carrera e t  al. Trav. Soc. Pharm . M on tpellier , in press). TA-B12 
dissociates above pH 5, the initial pH of the gut section used, and as the pH rises to 7 
(the pH of the distal section) a complex containing increasing quantities of mucin is pro
duced to give a stable TA-B12-glycoprotein complex, which reduces the bioavailability 
of vitamin B12.

2736. New mycotoxins characterized
Eppley, R. M. & Bailey, W. J. (1973). 12,13-Epoxy-A9-trichothecenes as the probable 
mycotoxins responsible for stachybotryotoxicosis. Science, N .Y . 181, 758.

Although first associated with horses, stachybotryotoxicosis has since been shown to 
affect a wide variety of domestic and farm animals. This mycotoxicosis results from the 
ingestion of feed contaminated with certain strains of S ta ch yb o trys  a tra  (also known as 
S. a ltern ans) and occurs in two fairly distinct forms. The acute or ‘shock’ form is character
ized principally by nervous disorders, which may terminate in death, while the other ‘typi
cal’ form develops through three stages, of which the main signs are stomatitis and necrosis 
of oral fissures, thrombocytopaenia and an increase in clotting time, and finally an increase 
in thrombocytopaenia and leucopaenia, total failure of the clotting mechanism, an increase 
in body temperature and development of further areas of necrosis, frequently accompanied 
by bacterial infection. In these cases, death usually ensues within 1-6 days.
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Cultures of S. a tra , grown for 4 wk at 20-22°C on oats, produced five compounds which 
were toxic to the larvae of the brine shrimp (A rtem ia  salina). The compounds were desig
nated satratoxins C, D, F, G and H, according to their distribution on thin-layer chroma
tograms. From 2 kg oats were isolated 2 mg satratoxin C, 3 mg D, 2 mg F, 8 mg G and 
12 mg H. Satratoxin D was found to be identical with the known fungal metabolite roridin 
E, a macrocyclic sesquiterpene. Satratoxins G and H, with molecular weights of 544 
(C28H 32O u ) and 528 (C29H36 0 9), respectively, both yielded verrucarol on alkaline 
hydrolysis in methanol. In this respect, they resembled the roridins and verrucarins. The 
satratoxins thus appear to be members of the 12,13-epoxy-A9-trichothecene group, closely 
related to the toxins produced by various species of Myrothecium.

2737. Another fungal toxin
Hutchison, R. D., Steyn, P. S. & van Rensburg, S. J. (1973). Viridicatum-toxin, a new myco- 
toxin from P en ic illiw n  virid icatum  Westling. T oxic , appl. P harm ac. 24, 507.

One of the relatively recent additions to the seemingly endless list of toxigenic fungi is 
P enicillium  viridicatum , which is known to cause tubular degeneration in the pig kidney 
and liver lesions in rats and guinea-pigs (C ited  in F .C.T. 1971, 9, 759). It has also been 
shown to have some carcinogenic effect (Zwicker e t al. F d C osm et. T oxicol. 1973, 11, 989). 
A substance which was apparently the sole acutely toxic component of maize cultures of 
this fungus has now been characterized.

Cultures of a toxigenic P. virid icatum  strain were subjected to several chloroform and 
methanol extractions and the final methanol-soluble product was fractionated by column 
chromatography on formamide-impregnated cellulose powder. The toxin so obtained was 
reported to be a yellow pigment with a molecular formula C30H 31N O i0. The acute oral 
LD50 in male rats was 122-4 mg/kg. Deaths were generally sudden, with no preceding clini
cal signs, and the time of occurrence was dose related, the first deaths occurring within 
24 hr in the group given the highest dose (500 mg/kg) and the last on day 7 among rats 
given the lowest dose (50 mg/kg). Post-mortem examination revealed hyaline-droplet 
degeneration of the myocardium in all treated animals, renal tubular necrosis in those that 
died and a frequent incidence of hepatocyte changes and splenic atrophy.

COSMETICS, TOILETRIES AND HOUSEHOLD PRODUCTS

2738. Investigations into the fate o f chlorhexidine
Winrow, M. J. (1973). Metabolic studies with radiolabelled chlorhexidine in animals and 
man. J. periodon t. R es. 8, (Suppl. 12), 45.

Although chlorhexidine has been used for some 20 yr as a topically applied bactericide, 
interest in its metabolism, absorption and excretion has come to the fore only recently, 
prompted no doubt by its increasing use in oral hygiene, by its potential as a substitute 
for hexachlorophene and, on the practical side, by the increasing availability of radio- 
labelled compounds. We reported last month (C ited  in F .C.T. 1974,12, 433) on an autora
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diographic study of the tissue distribution of [ 14C]chlorhexidine given orally to mice, and 
the paper cited above reports further on the fate of the compound in several species.

Chlorhexidine labelled with 14C in either the aromatic ring or central hexamethylene 
chain was administered orally, as the digluconate salt, in varying amounts to the rat, 
mouse, dog, marmoset and rhesus monkey. Urinary excretion of chlorhexidine was ex
tremely low in all species, over 90% of the administered dose being recovered, mainly from 
the faeces, within 72 hr. Except in the mouse (in which the figure was 3-7%), less than 1% 
of the administered dose was recovered in the urine over a period of about 7 days. Less 
than 0-25% of the administered dose was found in the liver and kidney of the rodents, while 
the brain, lungs, heart, spleen, fat and muscle were devoid of radioactivity (the limit of 
detection being 0-01 fig chlorhexidine/g). Similar results were obtained in the other animal 
species examined.

In the single human volunteer studied, only 82% of the dose of 0-07 mg/kg, administered 
as a solution of the digluconate in a gelatin capsule, was recovered in the 6 days of the 
experiment. It was thought, however, that quantitative recovery would have been obtained 
if sampling had continued longer. No radioactivity was found in the blood or saliva.

Urine samples, including those from the volunteer, were examined by thin-layer chro
matography (TLC), particularly for p-chloroaniline, an established chemical breakdown 
product of chlorhexidine known to be rapidly excreted by the kidney after oral 
administration. No p-chloroaniline was detected in any of the samples examined. Ring- 
and chain-labelled chlorhexidine produced essentially the same radioactivity distribution 
on the TLC plates, showing that metabolic cleavage was minimal. Only unchanged chlor
hexidine was detected in the faecal extracts.

The contention that the high faecal content of chlorhexidine was due to extremely low 
absorption rather than to absorption followed by biliary excretion was supported by the 
finding that in rats with implanted biliary cannulae, 50-70% of an iv dose was excreted 
in the bile within 48 hr, while only 0-2% was recovered in that time after oral dosing. TLC 
examination of the bile of iv-dosed rats revealed only polar metabolites and a small 
amount of chlorhexidine.

A mouth-rinse study, using 10 ml of a 0-2% [ 14C]chlorhexidine solution, was conducted 
on a volunteer to investigate uptake and retention in the human mouth. After rinsing with 
the solution for 1 min, the subject removed about 67% of the radioactivity by ejecting the 
solution and subsequently rinsing his mouth with water. Levels of 14C in plaque and saliva 
were then monitored for 24 hr. The amount in saliva fell steadily, while plaque levels 
remained more constant.

METHODS FOR ASSESSING TOXICITY

2739. Scrum urocanase in toxicity testing

Trip, J. A. J., van Dam, J., Eibergen, R. & Que, G. S. (1973). Investigations on correlations 
between serum enzymes and histological findings in liver disease. With special reference 
to transaminases and urocanase. Acta med. scand. 193, 113.

The value of serum enzyme studies in toxicity testing has been mentioned in these pages 
recently (Cited in F.C.T. 1973,1 1 ,930). It was reported that although microscopic methods
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are more sensitive in determining toxic effects, it is possible to quantitate the release of 
certain enzyme proteins into the blood, and thus provide an early indication of minimal 
organ damage of a specific type to augment, rather than supplant, histopathological 
studies at autopsy.

In a search for a specific enzyme suitable for detecting liver-cell damage, Trip et al. (cited 
above) examined the correlation between urocanase levels in the serum and histological 
findings in needle-biopsy specimens from 186 patients with liver disease or some other dis
ease affecting liver function. A variety of such diseases was encountered, ranging from cir
rhosis, hepatitis and cholestasis to liver conditions of unknown aetiology. Because uro
canase is an enzyme specific to the liver, it might be anticipated that its appearance in the 
serum would be a reflection of liver-cell necrosis.

Good agreement with histological findings was indeed found for serum urocanase levels 
in about 75% of patients, but similar correlations were also established for serum gluta- 
mic-oxalacetic and glutamic-pyruvic transaminases, which are not liver-specific enzymes. 
It was felt that an enhanced degree of correlation might have resulted from a more repre
sentative mode of biopsy, but this was not considered likely to be the major explanation 
since in most cases where a lack of correlation was found it concerned only one of the 
enzymes. Since the results with no single enzyme were clearly superior to those with the 
other two, even with respect to individual diseases, and since urocanase determination is 
a fairly time-consuming procedure, it was not judged to be an appropriate choice for the 
routine laboratory screening of liver damage.

2740. Improving on Draize
Marzulli, F. N. & Ruggles, D. I. (1973). Rabbit eye irritation test: Collaborative study. J. 
Ass. off. analyt. Client. 56, 905.

Many studies have aimed at establishing the reliability and reproducibility of tests for 
irritancy using the rabbit eye. Scores obtained in different laboratories have shown con
siderable variation, however, consistently high or low figures being associated with certain 
laboratories (Weil & Scala, Toxic, appl. Pharmac. 1971, 19, 276).

Ten laboratories collaborated in evaluating the Draize rabbit-eye irritation test, using 
the same range of sample materials and 70% isopropanol as the common standard. The 
materials were 12% aqueous potassium oleate, 100% polyoxyethylene nonylphenol, 1% 
zinc pyrithion in dimethylsulphoxide, 5% aqueous polyoxyethylene(20) oleyl ether, 8-3% 
aqueous silicic acid, and undiluted 1,1,1-trichloroethane. Of these borderline substances, 
five were agreed irritants and two were non-irritants by the criteria and techniques 
adopted. Observation periods of 24, 48 and 72 hr and 7 days were adopted and criteria 
of corneal changes, iris changes, conjunctival redness and chemosis were applied by means 
of a simple pass/fail procedure.

Adherence to this procedure yielded reliable and reproducible results, with different 
laboratories distinguishing between irritants and non-irritants with a high degree of con
sistency. Only where a single parameter was used, rather than all four, was the consistency 
of the results inadequate. Additional studies to identify and eliminate the remaining 
sources of variability will be necessary, however, before a reproducible assessment of the 
degree of irritancy of a substance can be obtained. Fluorescein staining appeared to be
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a potentially useful adjunct in the estimation of corneal damage, and it is suggested that 
its application be further explored.

PATHOLOGY
2741. Inert particles in the alveoli
Heppleston, A. G. & Young, A. E. (1973). Uptake of inert particulate matter by alveolar 
cells: An ultrastructural study. J. Path. I l l ,  159.

Inhaled mineral particles less than 5 /un in size penetrate into the alveoli, from where 
they may be transported back into the bronchi as free particles and subsequently dis
charged with mucus by means of ciliary action. Alternatively they may be ingested by 
alveolar macrophages, which then emigrate into the lumen. The extent to which phagocy
tosis by the alveolar epithelial cells may also play a part in disposing of particulate matter 
has provoked much controversy. The study cited above looked into this question and par
ticularly into the specific functions of the type I and type II (granular pneumocyte) epithe
lial cells.

The particles used in this study were relatively small, a suspension of India ink contain
ing carbon particles below 50 nm in size being diluted with saline and instilled into the 
trachea of mice. The treatment was repeated on five successive days and animals were 
killed at intermals of 3-4 days after the final treatment, up to day 24. Most of the carbon 
particles were found within macrophages lying in the alveolar spaces. A few were readily 
identified in a minority of type I epithelial cells, but none were detected in the type II cells. 
The latter cells were concluded to be not phagocytic but secretory, providing the pulmon
ary surfactant.

The type I epithelial cells may transfer particles of the size used in this experiment from 
the alveolus to the interstitial space between the epithelium and the blood vessels. Larger 
particles, such as are commonly inhaled under conditions of industrial exposure, may not 
be transportable in phagosomes through the type I epithelium but may reach an interstitial 
location as a result of the growth of epithelium over the macrophages and deposition of 
reticulin. If this process is repeated in a number of adjacent alveoli, an area of consolida
tion will result and this may gradually develop into dust lesions of the type frequently 
found in coal workers.

2742. Morphological background to DMNA-induced ascites

Bhathal, P. S. & Hurley, J. V. (1973). An electron microscope study of the production of 
ascites in acute dimethylnitrosamine (DMN)-induced liver injury. J. Path. I l l ,  103.

A single high dose of dimethylnitrosamine (DMNA) administered ip to rats produces 
hepatocellular necrosis within 1 day and a rise in intrahepatic portal pressure and ascites 
within 3-5 days. A similar condition may occur in several disease processes, including liver 
cirrhosis and congestive heart failure. The mechanism by which the raised intrahepatic 
pressure results ultimately in the leakage of excess fluid through the liver capsule into the



Cancer research 591

peritoneal cavity, where it may accumulate, is well known, and the paper described here 
clarifies the morphological changes accompanying this movement of fluid, at least as far 
as the liver response to DMNA is concerned.

The morphological features of the mésothélial layer covering the liver were studied during 
ascites formation both ultrastructurally and by a silver impregnation technique, livers being 
taken for examination at intervals up to 11 days after DMNA treatment. During days 3-5, 
when ascites formation was maximal, the mésothélium on the liver surface became hyper
trophied and developed increasing numbers of microvilli and cytoplasmic organelles 
(mitochondria, Golgi vesicles and phagolysosomes). Gaps up to 1 /zm across were present 
between the mésothélial cells during this period. These gaps were revealed relatively infre
quently by the electron microscope, but they were demonstrable by silver impregnation 
as dense localized deposits or small gaps and were seen to occur in large numbers. The 
ascitic fluid is thought to escape through these gaps. There was no evidence that the peri
toneal surface covering other viscera contributed to the formation of ascites.

During the period of ascites formation there was widespread oedema beneath the cap
sule of the liver. The basement membrane of the capsule appeared to offer little hindrance 
to the passage of plasma protein, a situation which accounted for the high protein content 
of the ascitic fluid.

CANCER RESEARCH

2743. Asbestos properties and mesothelioma production
Stanton, Mearl F. & Wrench, Constance (1972). Mechanisms of mesothelioma induction 
with asbestos and fibrous glass. J. natn. Cancer Inst. 48, 797.
Wagner, J. C., Berry, G. & Timbrell, V. (1973). Mesotheliomata in rats after inoculation 
with asbestos and other materials. Br. J. Cancer 28, 173.

Mesothelioma of the pleura, comparable to that found in man, can readily be induced 
in the rat by direct intrapleural application of asbestos. This offers a means for investigat
ing the carcinogenic mechanisms involved. In an effort to determine the importance of the 
physical form of the fibre in relation to its carcinogenic potential, three types of asbestos 
(one of them in five different forms), six types of fibrous glass, two types of silica and two 
types of metal particles were applied on gelatine-saturated fibrous glass pledgets directly 
to the pleura of rats. The pledgets were from a single source of fibrous glass of the type 
used in building construction for thermal insulation. The strand diameters were 3-10 times 
greater than those of the asbestos fibres, with a mean of 5 ¿zm but an upper level of over 
25 /zm. They acted as a scaffold to retain the asbestos and to distribute it uniformly over 
a large area. The pledgets also acted as an irritant, which additionally served as a control 
on the specificity of the carcinogenic response. In preliminary experiments, the glass pled
gets did not appear to be carcinogenic or to increase the incidence of asbestos-induced 
mesotheliomas.

Each material was implanted in this way in the pleura of 30 Osborne-Mendel rats (11- 
16 wk old), having been applied to the pledget suspended in warm gelatine. The animals 
were observed daily for 2 yr, only moribund rats being killed in the interim. Amosite, chry- 
sotile and crocidolite, conforming to UICC reference standards and all applied in a dose
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of 40 mg, were potently carcinogenic, producing a mesothelioma incidence in the 58-75% 
range. South African crocidolite and partially pulverized standard UICC crocidolite were 
equally potent. Another type of crocidolite, which was hand-milled so that it was not 
exposed to extraneous oils or metallic milling, gave a tumour response comparable to 
those of a standard reference milled crocidolite. Reducing the dose of the implanted 
asbestos decreased the tumour incidence. More important, however, was the reduction in 
tumour incidence associated with implantation of a standard crocidolite reduced by exces
sive milling to submicroscopic fibrils (1-2-5 /¿m in diameter).

Other types of materials implanted in the pleura in the same way as asbestos produced 
fewer tumours. Thus microspheres of noncrystalline silica (15-150 nm in diameter) pro
duced a single mesothelioma among 48 rats. Fibrous glass of the type used as the vehicle 
in these studies, and two other types of fibrous glass with mean diameters ranging from 
5 to 10 fim produced a mesothelioma incidence of about 4% when reduced to short fibrous 
fragments before application. Two forms of an especially fine fibrous glass, ranging from 
0-06 to 3 ¡im in diameter and further milled to a length approaching that of asbestos fibres, 
resulted in moderately high incidences of mesotheliomas in the 12-18% range.

Thus the carcinogenicity of asbestos and fibrous glass seems to be related primarily to 
the particle size and shape of these materials rather than to their physico-chemical proper
ties.

In another series of experiments (Wagner et al. cited above), samples of different forms 
of asbestos (both normal and benzene-extracted) from various sources, and certain other 
materials (such as barium sulphate, ceramic and glass fibres, glass powder and aluminium 
oxide) were administered by intrapleural inoculation to rats, mainly in doses of 20 mg. SFA 
chrysotile and crocidolite were also administered in five different doses between 0-5 and 
8 mg.

A high proportion of most asbestos-treated groups developed mesothelioma, a total of 
386 tumours occurring in 1112 rats examined. Crocidolite was the most carcinogenic, fol
lowed in descending order by amosite, anthophyllite and chrysotile. The risk of developing 
a mesothelioma at a given time after injection was found to be approximately proportional 
to the dose for both SFA chrysotile and crocidolite. Brucite was found to be about as car
cinogenic as Canadian chrysotile. A few (three) mesotheliomas occurred in 31 rats treated 
with the ceramic fibre and single tumours occurred in groups of 30-35 rats treated with 
barium sulphate, glass powder or aluminium oxide.

Types of asbestos with very different chemical compositions produced comparable 
numbers of mesotheliomas. The removal of oils by benzene extraction had no significant 
effect on the carcinogenicity of the samples, nor had large differences in their trace-metal 
content.

When the samples were examined by electron microscopy and classified according to 
the number of “significant” fibres (less than 0-5 ¡iva in diameter and greater than 10 ¡im 
in length), good agreement with the reported order of carcinogenicity was found.

2744, The urinary factor in bladder cancer

Chapman, W. H., Kirchheim, D. & McRoberts, J. W. (1973). Effect of the urine and cal
culus formation on the incidence of bladder tumors in rats implanted with paraffin wax 
pellets. Cancer Res. 33, 1225.
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It is widely held that bladder tumours are caused by carcinogens excreted by the kidney. 
Although there is little to support this belief in the case of human bladder tumours, there 
are at least two sets of animal experiments which provide some support. In dogs fed /?- 
naphthylamine, Scott & Boyd (J . U rol. 1953, 70, 914) diverted the urine from the bladder 
to the sigmoid colon and prevented the appearance of bladder tumours, while McDonald 
& Lund (ib id  1954, 71, 560) isolated the top half of the bladder from the urinary stream 
by a constriction and found that tumours developed only in the intact lower half, the only 
part in contact with the urine.

Further studies have now been carried out on the role of the urine in the development 
of urinary tumours and on the role of 3-hydroxyanthranilic acid (OHAA), which is thought 
to be responsible for the induction of some bladder tumours in man. The bladder of inbred 
Fischer 344 rats was divided into a double pouch by a midline ligature and a paraffin-wax 
pellet, with or without OHAA, was implanted in each part. The lower pouch remained 
in contact with the urine in all the animals, while the upper was completely isolated and 
kept free of urine in about one-third. In roughly another one-third of the rats, the upper 
and lower pouches remained in communication, so that the urine had access to the upper 
part, while in the remainder the constricting suture eroded through the bladder wall, so 
that the bladder reverted to a single cavity (“single pouch”). All rats surviving for over 
40 wk were included in the final assessment.

No tumours formed in the 99 isolated upper pouches, while 49 formed in the 119 com
municating upper pouches, which were in contact with urine, and 79 formed in the 102 
single pouches. The presence of 20% OHAA in the pellets did not affect the incidence of 
tumours. Stone formation was evident in half of the pouches that were in contact with 
urine and the incidence of tumours approximately doubled in the pouches with stone for
mation. No tumours were produced in areas that were not in contact with urine, even 
when foreign bodies were present.

2745. A touch of the sun
Black, H. S. & Douglas, D. R. (1973). Formation of a carcinogen of natural origin in the 
etiology of ultraviolet light-induced carcinogenesis. C ancer R es. 33, 2094.

The aetiology of carcinogenesis of the skin induced by ultraviolet (UV) irradiation is 
not yet clear. Cholesterol a-oxide (CaO), a product of the photochemical reaction of 
sterols, has been shown to be carcinogenic (Bischoff e l al. F edn P roc. F edn  Am . S ocs exp. 
Biol. 1955,14, 183) and to be formed in v itro  in human skin exposed to irradiation (Black 
& Lo, N atu re , L ond. 1971, 234, 306). It has also been found in the skin of hairless mice 
exposed to such irradiation (Black & Douglas, C ancer R es. 1972, 32, 2630).

In an attempt to establish whether the formation of this compound may be a factor in 
the development of UV-induced skin cancer, these same authors exposed two groups of 
hairless mice to sub-erythemic doses of UV radiation from a mercury arc lamp for 5 days/ 
wk. One of the groups was retained as a control to establish the time of tumour formation, 
while animals from the second group were killed at fortnightly intervals during exposure 
for skin analysis. Two further groups were maintained in parallel with the first two, but 
were not exposed to irradiation. An area of the dorsal skin was excised from the killed 
animals and analysed using thin-layer chromatography, followed—after esterification of 
CaO with acetic anhydride [ 14C]—by gas-liquid radiochromatography.
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The levels of CaO in the skin of the non-irradiated control mice remained roughly con
stant throughout the study within the range of 0-3-1-0 jug/g skin. This was also true of the 
test animals during the first 6 wk of irradiation, but the level then rose sharply reaching 
at wk 10 a peak equivalent to about 16 /ig CaO/animal (from the base level of about 2 pg/ 
animal). The level then began to fall again and soon after the first squamous cell car
cinomas appeared, the incidence being about 25% at wk 16 and 90% by wk 24.

Bischoff (Adv. Lipid Res. 1969, 7, 161) reported only 20-50% tumour induction with an 
sc dose of 20 mg CaO, a dose far greater than the low level of CaO found here, and the 
tumours produced were sarcomas. However, there is probably little justification for com
parisons between the effects of a compound administered sc and those resulting from its 
formation within the target tissue. The success of the present study in demonstrating in
creased levels of CaO in association with a high tumour incidence in the skin of UV-irra- 
diated mice suggests that this may be a line of investigation worth pursuing.

TERATOGENESIS

2746. The subtler side of hydroxyurea
Butcher, R. E., Scott, W. J., Kazmaier, Kathy & Ritter, E. J. (1973). Postnatal effects in 
rats of prenatal treatment with hydroxyurea. Teratology 7, 161.

Previous work by some of these authors has suggested that hydroxyurea administered 
to rats on day 12 of gestation is bound to embryonic tissues (Cited in F.C.T. 1973,11, 169). 
In these experiments, embryotoxicity involving the neural tube did not lead to observable 
malformations of the central nervous system. That this picture may not be adequate 
appears from the present paper.

Rats were injected ip on day 12 of gestation with 375 or 500 mg hydroxyurea/kg. After 
5 hr, these animals were anaesthetized and the numbers of implantation sites were counted. 
A few embryos were removed for microscopic examination and hydroxyurea determina
tion. The rats were then allowed to deliver normally and all litters were examined at birth 
and weaned 25 days later. Between 30 and 40 days after birth, open-field exploratory acti
vity of the offspring was tested, and at 50 days the animals were weighed and swimming 
ability and the capacity to learn the escape route from a water-barred maze were assessed. 
An appreciable amount of hydroxyurea was identified in 12-day embryos from the treated 
animals, and microscopic examination of the neural tube revealed evidence of cytotoxicity, 
the severity of which was dose-related. Litter size was comparable in treated and control 
animals, and at birth there was no external evidence of malformation in either group given 
hydroxyurea. However, in the group given the higher dose a reduction in weight was 
apparent in 50-day-old offspring and in both groups the open field tests showed a failure 
of normal neuromuscular control of the hind limbs. By this stage of the study, too, kinking 
of the tail was apparent in 47% of the offspring of the group given 500 mg hydroxyurea/kg 
compared with 6% in the group given 375 mg/kg, none in the control group and only 3% 
in 20-day foetuses of dams given the higher dose level in the earlier study. Swimming ability
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was not significantly affected, but maze-learning was impaired in hydroxyurea-treated ani
mals. This effect was apparently dose-related and was not modified when the young were 
reared from birth by control dams.

These findings indicate that standard teratological studies may fail to detect significant 
physical and behavioural consequences of prenatal treatment with hydroxyurea.
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MEETING ANNOUNCEM ENT

HEALTH EFFECTS OF CHEMICALS IN FOODS

To commemorate the centennial anniversary of the introduction of legislation pertain
ing to the safety of foods in Canada, the Health Protection Branch will host an interna
tional symposium on food safety on 12-14 May 1975 in Ottawa, Canada.

The symposium will be entitled “Health Effects of Chemicals in Foods”. Subjects to be 
discussed include an assessment of world food needs and future trends in food production, 
a survey of the public health implications of chemicals (both natural and synthetic) in 
foods, newer methodological approaches to the epidemiological and toxicological evalua
tion of potential toxicants in food with special emphasis on the assessment of subtle and 
irreversible toxic effects, methods that may be used to extrapolate experimental animal 
data to human population groups and the benefit/risk analysis of the use of chemicals in 
foods, particularly in relation to regulatory controls. A generous amount of time has been 
allotted in the programme to the exchange of informed opinion regarding approaches to 
the evaluation of food safety.

The symposium will be held in the auditorium of the National Library, 395 Wellington 
Street, Ottawa. The registration fee is $50.00. Details of the programme and information 
on accommodation may be obtained from Mrs. Jean R. Renaud, Head, Technical Secretar
iat, Room 1-8, Health Protection Branch Building, Health & Welfare Canada, Ottawa, 
Ontario, Canada KIA OL2 (Telephone: 996-4613).
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FORTHCOMING PAPERS

It is hoped to publish the following research papers and other communications in the next
issue of Food and Cosmetics Toxicology :

Long-term toxicity studies of carmoisine in mice. By P. L. Mason, I. F. Gaunt, K. R. But- 
terworth, Joan Hardy, Ida S. Kiss and P. Grasso.

Short-term toxicity of cyclohexylamine hydrochloride in the rat. By I. F. Gaunt, M. Shar- 
ratt, P. Grasso, A. B. G. Lansdown and S. D. Gangolli.

Accumulation of ingested sulphite- and sulphate-sulphur and utilization of sulphited pro
teins by rats. By W. B. Gibson and F. M. Strong.

The short-term toxicity of quillaia extract in rats. By I. F. Gaunt, P. Grasso and S. D. Gan
golli.

Two-year feeding and multigeneration studies in rats on five chemically modified starches. 
By A. P. de Groot, H. P. Til, V. J. Feron, Harriet C. Dreef-van der Meulen and Marian 
I. Willems.

Development and reversibility of pancreatic acinar cell changes in the rat produced by 
tebuthiuron (l-(5-ierf-butyl-l,3,4-thiadiazol-2-yl)-l,3-dimethylurea). By W. J. Grilling 
and G. C. Todd.

Study on the carcinogenicity of lead arsenate and sodium arsenate and on the possibly 
synergistic effect of diethylnitrosamine. By R. Kroes, M. J. van Logten, Johanna M. 
Berkvens, T. de Vries and G. J. van Esch.

Carcinogenic effects of low dietary levels of aflatoxin B! in rats. By G. N. Wogan, S. Paglia
lunga and P. M. Newberne.

The aetiology of caecal enlargement in the rat. By D. C. Leegwater, A. P. de Groot and 
Marina van Kalmthout-Kuyper.

Sanguinarine in the blood and urine of cases of epidemic dropsy. By I. S. Shenolikar, C. 
Rukmini, K. A. V. R. Krishnamachari and K. Satyanarayana. (Short Paper).

Monographs on fragrance raw materials. By D. L. J. Opdyke.
Chemical carcinogens in the environment and in the human diet: Can a threshold be 

established? By G. Claus, I. Krisko and Karen Bolander. (Review Paper).
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The Journal provides a wide-ranging service of general articles and abstracts on food and cosmetics toxi
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