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level  in  each  case. T h e  increase  in exc re t i on  f rom these  
mice  w h e n  c o m p a r e d  w i t h  female  mice  m a i n t a i n e d  a lways  
a t  + 2 1 ° C  was  found  to  be  s ign i f i can t  a t  t he  1% level  
( P  < 0.01). I t  was  also found  t h a t  t h e  i.p. i n j ec t i on  of 1 ml  
of d is t i l led  w a t e r  1 h before  dos ing  w i t h  2 - n a p h t h y l a m i n e  
d id  n o t  r e su l t  in  a s ign i f i can t  increase  in t he  exc re t ion  of 
2 - a m i n o - l - n a p h t h o l  a n d  i ts  con juga tes .  W h e n  t h e  2- 
n a p h t h y l a m i n e  was g iven  b y  s t o m a c h  t u b e  t h e  subse-  
q u e n t  exc re t ion  of 2 - a m i n o - l - n a p h t h o l  a n d  i ts  c o n j u g a t e s  
was  found  to  be  s ign i f i can t ly  ra i sed  (0.05 > P > 0.02). 

These  resu l t s  are  of i n t e r e s t  in  c o n n e c t i o n  w i t h  in-  
dus t r i a l  b l a d d e r  carcinogenesis .  E v i d e n c e  h a s  b e e n  pre-  
s en t ed  t h a t  ortho-hydroxylated m e t a b o l i t e s  of a r o m a t i c  
a m i n e s  (such as 2 - a m i n o - l - n a p h t h o l )  are  i n v o l v e d  in  t h e  
i n d u c t i o n  of b l a d d e r  t u m o u r s  b y  t h e  carc inogenic  a m i n e s  
(CLAYSON 3). T h e  p r e sen t  work  sugges ts  t h a t  cold a n d  un-  
p l e a s a n t  work ing  cond i t i ons  a d d  to  t he  r isks of h a n d l i n g  
t h e  ca rc inogen ic  a r o m a t i c  amines .  

2 - N a p h t h y l a m i n e  a p p e a r s  to  be  m e t a b o l i z e d  b y  two 
m a j o r  p a t h w a y s ;  N a c e t y l a t i o n  fol lowed b y  h y d r o x y l a -  
t i on  in t he  6 pos i t ion  or  h y d r o x y l a t i o n  in t he  1 pos i t ion  
w i t h o u t  p r io r  a c e t y l a t i o n  (WILLIAMS4). T h e  h y d r o x y l a -  
t i on  of 2 - n a p h t h y l a m i n e  to  give 2 - a m i n o - l - n a p h t h o l  is 
ca r r i ed  ou t  b y  a N . A . D . P . H .  d e p e n d e n t  e n z y m e  s y s t e m  as- 
soc ia ted  w i t h  t h e  m i c r o s o m a l  f r ac t ion  of t he  l iver.  T h e  
m i c r o s o m a l  o x i d a t i v e  e n z y m e s  a re  i n v o l v e d  in t he  m e t a b -  
ol ism of a wide  r ange  of d rugs  a n d  foreign c o m p o u n d s  
(BRODIES). The  increase  in e x c r e t i o n  of 2 - a m i n o - l - n a p h -  
t ho l  a n d  i ts  c o n j u g a t e s  w h e n  2 - n a p h t h y l a m i n e  is g iven  b y  
s t o m a c h  t u b e  impl ies  t h a t  mi s l ead ing  resu l t s  could be ob-  
t a i n e d  f r o m  s tud ies  in  d rug  m e t a b o l i s m  in  w h i c h  t h e  d rug  
is a d m i n i s t e r e d  to  e x p e r i m e n t a l  a n i m a l s  in  th i s  way.  T he  
resu l t s  sugges t  t h a t  t h e  increases  in  exc re t i on  fo l lowing 
f r igh t  a n d  exposu re  to  cold m a y  be  p r o d u c e d  b y  d i f fe ren t  
m e c h a n i s m s .  The  increase  in  exc re t i on  d u r i n g  t h e  bu i ld ing  
w o r k  was  a b o u t  120%,  d u r i n g  t h i s  pe r iod  t he  a n i m a l s  
were s u b j e c t e d  to  b o t h  cold a n d  s t ress  whi l s t  t he  increase  
in  exc re t ion  f rom an ima l s  s u b j e c t e d  to  cold a lone  or  f r i gh t  
(dosing b y  s t o m a c h  tube)  was of t he  o rde r  of 60%.  I t  m a y  
be, however ,  t h a t  t h e  a n i m a l s  were exposed  to  a g r ea t e r  
degree  of s t ress  d u r i n g  t h e  bu i ld ing  work  t h a n  d u r i n g  t h e  
o t h e r  e x p e r i m e n t s .  

AXELROD a n d  INSCOE 6 f o u n d  t h a t  t he  power  to  h y -  
d r o x y l a t e  ace tan iRde  increased  b y  7 0 % ] g  of we t  l iver  a n d  
8 7 % / m g  of m i c r o s o m a l  p r o t e i n  in  r a t s  w h e n  t h e y  were  
s u b j e c t e d  to  cold. T h e y  also found  t h a t  t he  power  to fo rm 
g lucuron ides  was  n o t  a f fec ted  a n d  N d e m e t h y l a t i o n  ac t i -  
v i t y  was  depressed.  T h e r e  h a v e  b e e n  few r epo r t s  of t h e  
effects  of cold a n d  s t ress  u p o n  d r u g  m e t a b o l i s m  b y  t h e  
m i c r o s o m a l  o x i d a t i v e  e n z y m e s  b u t  t he  p r e s e n t  work  ap -  
pears  to  be  c o n s i s t e n t  w i t h  t h a t  of AXELROD a n d  INSCOE. 

T h e  m e c h a n i s m  of t he  process  m a y  be  assoc ia ted  w i t h  a 
decl ine  in a n a b o l i s m  r e d u c i n g  t h e  r a t e  of o x i d a t i o n  of 
N . A . D . P . H .  (This  a p p e a r s  to  be  a n  essen t ia l  co- fac tor  
for f a t  s y n t h e s i s  etc.) T h e r e  is also ev idence  t h a t  t h e  
N . A . D . P . H . / N . A . D . P . +  r a t i o  is p a r t l y  con t ro l l ed  b y  t he  
r a t e  of glucose 6 p h o s p h a t e  d e h y d r o g e n a s e  a c t i v i t y  wh ich  
con t ro l s  t he  r a t e  of f o r m a t i o n  of N . A . D . P . H .  b y  t he  pen-  
tose  p h o s p h a t e  p a t h w a y .  T h u s  t h e  effects  of increased  
c a t a b o l i s m  a n d  decreased  a n a b o l i s m  in  a n i m a l s  exposed  
to  cold a n d  s t ress  would  be  to  f a v o u r  N . A . D . P . H .  de-  
p e n d e n t  e n z y m e  sys t ems  such  as t he  m i c r o s o m a l  ox ida-  
t ive  enzymes .  

Zusammen]assung. An M~iusen wurde  fes tgestel l t ,  dass  
n a c h  E x p o n i e r e n  in K/i l te  a n d  LArm bei  dos ie r t e r  Ver -  
a b r e i c h u n g  v o n  2 N a p h t y l a m i n  mi t t e l s  Magensch l auch ,  
e ine V e r m e h r u n g  des 2 - A m i n o - l - n a p h t o l d e r i v a t s  in  der  
E x k r e t i o n  s t a t t f a n d .  
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T h e  E f f e c t  o f  7 - I r r a d i a t i o n  on  the  A m o u n t  o f  5 -  

H y d r o x y t r y p t a m i n e  in  the  Gut  and  S p l e e n  in the  
Ear ly  P h a s e  af ter  I r r a d i a t i o n  

I t  is k n o w n  t h a t  5 - h y d r o x y t r y p t a m i n e  (5-HT) is a 
n o r m a l  c o n s t i t u e n t  of va r ious  t i ssues  in  t he  b o d y  1, 2, a n d  
t h i s  s u b s t a n c e  is also k n o w n  to  be  a r a d i o p r o t e e t i v e  
a g e n t  3-6. I t  was  f o u n d  p rev ious ly  t h a t  t h e  b a r b i t u r a t e  
s leep ing  t i m e  was  p ro longed  in X - i r r a d i a t e d  r a t s  7 a n d  
t h a t  th i s  effect  of X - i r r a d i a t i o n  could  be  p a r t l y  depressed  
b y  m e t h y s e r g i d e  s, a h i g h l y  p o t e n t  a n d  specific 5 -HT an-  
t agon is t .  I t  was  t he r e fo re  dec ided  to  s t u d y  t h e  effect  of 
7 - i r r ad i a t i on  a n d  of c y s t e a m i n e  p r o t e c t i o n  on  t h e  a m o u n t  
of two  t y p i ca l  s tores  of 5-HT,  t he  g u t  a n d  t he  spleen.  

Male r a t s  we igh ing  f rom 190 to  215 g were  used in  these  
expe r imen t s .  7 - I r r a d i a t i o n  was a d m i n i s t e r e d  to  r a t s  b y  a 
coba l t -60  source.  T h e  a n i m a l s  rece ived  900 r w i t h  a n  
ave rage  of 44 r / m i n .  T h e  a n i m a l s  were  sacr i f iced 24 a n d  
48 h a f t e r  i r r ad ia t ion .  A piece of g u t  we igh ing  2 g a n d  t h e  
whole  sp leen  were  t a k e n  o u t  a n d  e x t r a c t e d  acco rd ing  to  
t h e  m e t h o d  of CORREALE 9. T he  e x t r a c t s  were a s sayed  
biological ly  on  t h e  i so la ted  r a t  f u n d u s  10 in t h e  p re sence  of 

a t r o p i n e  (0.1 t~g/ml) a n d  a n t a z o l i n e  (5 vg/ml) .  A four  
p o i n t  a s say  was used.  I n  a n o t h e r  series of an ima l s ,  12 r a t s  
in  each  group,  i r r a d i a t e d  in t he  same  way  a n d  w i t h  t h e  
s a m e  dose, t h e  n u m b e r  of p l a t e l e t s  was  c o u n t e d  in  t he  
p e r i p h e r a l  b lood  in va r ious  per iods  of t i m e  a f t e r  i r r ad ia -  
t ion  (24 h, 2, 4, 6, 8 a n d  14 days) .  T h e  re su l t s  are  pre-  
s e n t e d  in  Tab le  I a n d  Tab le  I I .  
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Table I. The effect of y-irradiation (900 r) and cysteamine on the amount  of 5-hydroxytryptanaine in the gut, '24 h and 48 h after irradiation 
(mean ± standard error !n izg]g fresh tissue). The number  of experiments is indicated in brackets 

1 9 3 4 5 

Controls "24 h after 48 h after 24 h after 48 h after 
irradiation irradiation irradiation and irradiation and 

cysteamine treatment eysteaminc t reatment  

P 

4.4 4- 0.56 (7) '2.7 ± 0.59 (7) 3.1 :J= 0.71 (7) 3.3 4- 0.59 (7) `2,9 :~ 0.74 (7) (I :'2) not significant 
([ :3) not significant 
(1:4) not significant 
(t : 5) not significant 

Table II. The effect of y-irradiation (900 r) and cysteamine on the amount  of 5-hydroxytryptanfine in the spleen, '24 h after irradiation 

Controls y-Irradiated animals 

No. of Weight of Amomlt of Amount  of Weight of Amount  o[ Amount  of 
exper - the spleen 5-HT (in 5-HT (in the spleen 5- t tT (in 5-HT in 
ment (in nlg) ~tg/whole [xg/g fresh (in nlg) [xg/whole [xg/g fresh 

spleen) tissue) spleen) tissue) 

y-Irradiated and cysteamine treated 
animals 

Wright  of Antount of Amount  of 
the spleen 5-HT (in 5-HT (in ptg-g 
(in mg fzg/whole fresh tissue) 

spleen} 

1 - - 4.0 280 4.4 15.6 3 t 5 2.1 6.6 
2 46(i) 3,8 8.'~ 260 3.7 14.4 190 1.5 7.9 
3 410 '2.6 6.8 230 3.5 15.3 180 1.6 8.8 
4 480 3.0 6.2 315 4,3 13,8 185 1.7 9.2 
5 335 2.3 6,9 2'25 "2.8 19.6 .210 ! .8 8.6 
6 420 9,6 6,3 210 9,9 14,0 '270 1.5 5.5 
7 425 3.0 7,0 240 .2.6 10,9 200 2.9 14.6 
8 350 3.2 9.2 '275 5.5 19.9 220 3.8 17.3 
9 400 1,3 3.'2 '265 "2.5 (,).(4 335 1.8 5.4 
10 630 3.'2 5.0 '250 3.2 1'2.7 '255 1.6 6.1 

Mean 
± sl~ 
434 ::L '28 2.7 4- 0..23 6.~ 4- 0.57 255 ~ 9 3.5 :~_ 0.30 13.8 4- 0.88 `236 4- 17 2.0 4- 0.23 9.0 i t .'24 

(l) ('2) (3) {4) (5) (6) (7) {8) (9) 

P (1:4) <20.OOl, P (1:7) <: 0,001, P (4:7} not significant, P (3:6) <20.OOl, P (3:9) <2 0.005, P (2:5) not significant, P (6:9) <20.OO1, 
P (2:8) <2 0.05, P (5:8) <2 t),005. 

The results of the present experiments indicate that  y- 
i r r a d i a t i o n  (900 r) d id  n o t  p r o d u c e  a s i g n i f i c a n t  c h a n g e  in  
t h e  a m o u n t  of  5 - H T  in  t h e  g u t  24 a n d  48 h a f t e r  i r r a d i a -  
t i on .  T h i s  is in  c o n t r a s t  w i t h  t h e  p r e v i o u s  f i n d i n g s  o f  
o t h e r  i n v e s t i g a t o r s n  w h o  h a v e  f o u n d  t h a t  5 - H T  c o n t e n t  
in  t h e  i n t e s t i n e  w a s  d e c r e a s e d  24 h a f t e r  i r r a d i a t i o n .  T h e  
a m o u n t  of  5 - H T  in  t h e  s p l e e n  24 h a f t e r  i r r a d i a t i o n ,  e x -  
p r e s s e d  p e r  g of  f r e s h  t i s s u e ,  w a s  s i g n i f i c a n t l y  i n c r e a s e d  in  
y - i r r a d i a t e d  a n i m a l s  a n d  s i g n i f i c a n t l y  d e c r e a s e d  b y  a d -  
m i n i s t r a t i o n  of c y s t e a m i n e  b e f o r e  i r r a d i a t i o n .  M e a n w h i l e ,  
t h i s  i n c r e a s e  w a s  n o t  s i g n i f i c a n t  if t h e  a m o u n t  o f  5 - H T  
w a s  e x p r e s s e d  in lxg p e r  w h o l e  sp l een .  T h i s  i n d i c a t e s  t h a t  
loss  in  t h e  w e i g h t  of  t h e  s p l e e n  in  y - i r r a d i a t e d  r a t s  is n o t  
d u e  to  d e t e r i o r a t i o n  o f  5 - H T  c o n t a i n i n g  e l e m e n t s  in  t h e  
sp l een .  T h i s  d o s e  of  y - i r r a d i a t i o n  c a u s e d  a d e c r e a s e  in  t i le  
n u m b e r  of  p l a t e l e t s ,  24 h a f t e r  i r r a d i a t i o n ,  I r o m  767 ,200  
4 - 9 5 , 0 0 0  ( s t a n d a r d  d e v i a t i o n )  in  c o n t r o l s  t o  610 ,916  
4- 86 ,000 ( P  < 0.005) in  i r r a d i a t e d  a n i m a l s  a n d  t o  622 ,083  
4 - 7 2 , 0 0 0  ( P <  0.005) in  i r r a d i a t e d  a n d  c y s t e a m i n e  p r o -  
t e c t e d  a n i m a l s .  N e v e r t h e l e s s ,  t h e  o b s e r v e d  d e c r e a s e  in  
p l a t e l e t s  w a s  s t i l l  i n s u f f i c i e n t  to  p r o d u c e  a c h a n g e  in  t h e  
a m o u n t  of  5 - H T  in  t h e  sp l een ,  a s  e x p r e s s e d  p e r  w h o l e  
o r g a n .  I t  h a s  b e e n  a l r e a d y  f o u n d  t h a t  6 d a y s  a f t e r  i r r a d i a -  
t i o n ,  p a r a l t e l  w i t h  a v e r y  s i g n i f i c a n t  r e d u c t i o n  in  p l a t e l e t s ,  
t h e  a m o u n t  of  5 - H T  in  t h e  s p l e e n  w a s  s i g n i f i c a n t l y  re-  
d u c e d ~ L  C y s t e a m i n e  p r o t e c t i o n  w a s  f o u n d  to  d e c r e a s e  

significantly the amount  of 5-HT in the spleen. The 
w e i g h t  loss  of  t h e  s p l e e n  is a l m o s t  i d e n t i c a l  in  y - i r r a d i a t e d  
animals as well as in cysteamine protected animals. 
N e v e r t h e l e s s .  t i l e  a m o u n t  o f  5 - H T  is  s i g n i f i c a n t l y  l o w e r  
in  a n i m a l s  p r o t e c t e d  b y  c y s t e a m i n e  t h a n  in  t h e  i r r a d i a t e d  
c o n t r o l s .  

Rdsumd. 24 et 48 h apr6s irradiation-y (900 r) la quan- 
tit6 de 5-hydroxytryptamine dans l'intestin du rat n'a pas 
chang6 de maniSre significative. La quantit~ de 5-hy- 
droxytryptamine dans la rate du rat, exprim6e par g de 
tissu frais a augment6. Le pr6traitement avec de la 
cyst~amine abaisse nettement la quantit6 de 5-hydroxy- 
tryptamine dans la rate, apr~s l'irradiation. 
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