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l i p i d e m i c  r e s p o n s e  of  H M G  c o u l d  i n v o l v e  a s h i f t  in  l ipo-  
p r o t e i n  s p e c t r u m  1~,~5. R e c e n t l y  we  h a v e  s h o w n  t h a t  
H M G  h a s  n o  e f f ec t  o n  o ro t i c  a c i d  f a t t y  l i ve r  in  r a t s  s4. 
S ince  T r i t o n  is k n o w n  p h y s i c a l l y  t o  a l t e r  V L D L ,  a n d  
H M G  is c a p a b l e  of  c o u n t e r a c t i n g  T r i t o n - i n d u c e d  h y p e r l i -  
p i d e m i a ,  t h e  p o s s i b i l i t y  o f  H M G  e x e r t i n g  i t s  h y p o l i p i d e -  
Inic e f f ec t  t h r o u g h  i n h i b i t i o n  of  l i p o p r o t e i n s  s y n t h e s i s  
a p p e a r s  m o r e  p l a u s i b l e .  F u r t h e r m o r e ,  t h e  m e t h o d  u s e d  
d e t e c t s  c o m p o u n d s  w h i c h  i n h i b i t  l ip id  b i o s y n t h e s i s  o r  i t s  
c a t a b o l i s m  10, t h e  h y p o l i p i d e m i c  a c t i v i t y  of  H M G  m a y  be  
m e d i a t e d  t h r o u g h  i t s  e f f ec t  o n  l ip id  m e t a b o l i s m .  FOGEL- 
MA~ e t  al. 25 h a v e  v e r y  r e c e n t l y  s h o w n  t h a t  n o r m a l l y  
1 2 %  of  m e v a l o n i c  a c i d  is c a t a b o l i z e d  t h r o u g h  a s h u n t  
p a t h w a y  in  m a m m a l i a n  s y s t e m  i n v o l v i n g  t rans -3-methy l -  
g l u t a c o n y l  CoA.  A d e r a i l m e n t  in  t h e  o p e r a t i o n  of  t h i s  
p a t h w a y  m i g h t  e x p l a i n  t h e  h y p e r c h o l e s t e r o l e m i c  con -  
d i t i o n  in  r a t s  a n d  m a n .  I n  v i e w  of  ea r l i e r  r e p o r t s  on  h y p o -  
l i p i d e m i c  a c t i v i t y  of  H M G  la-~8 in  a n i m a l s  a n d  m a n ,  i t  is 
t e m p t i n g  to  s u g g e s t ,  t h e r e f o r e ,  t h a t  H M G  m a y  in  s o m e  
w a y  c o r r e c t  t h e  d e r a i l e d  p a t h w a y .  
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Summary .  Male  r a t s  k e p t  a t  a t e m p e r a t u r e  of  4 ~  ~ we re  r e f r a c t o r y  to  a l e t h a l  dose  of  a f l a t o x i n  c o m p a r e d  to  a n i m a l s  
a t  2 0 ~ 1 7 6  w h i c h  e x h i b i t e d  a h i g h  m o r t a l i t y  a n d  m a r k e d  l ive r  d a m a g e .  I t  is s u g g e s t e d  t h a t  t h i s  d e c r e a s e d  s u s c e p t i -  
b i l i t y  is m e d i a t e d  t h r o u g h  a s t i m u l a t e d  m i c r o s o m a l  d r u g - m e t a b o l i z i n g  s y s t e m  in  co ld  e n v i r o n m e n t .  

T h e  h a r m f u l  e f f ec t s  of  a f l a t o x i n  h a v e  b e e n  f o u n d  to  
be  m o d i f i e d  b y  a v a r i e t y  of  c o n d i t i o n s  i n c l u d i n g  p r o t e i n  
d e f i c i e n c y  1, v i t a m i n  A - d e f i c i e n c y  ~, h y p o p h y s e c t o m y  ~ a n d  
p r e g n a n c y  4. A c r i t i c a l  r e v i e w  of  t h e s e  c o n d i t i o n s  h a d  led 
t o  t h e  s u g g e s t i o n  t h a t  t h e  i n c r e a s e d  s u s c e p t i b i l i t y  of  r a t s  
in  t h e s e  c o n d i t i o n s  is d u e  t o  a d e f e c t i v e  d r u g - m e t a b o l i z i n g  
s y s t e m  in  t h e  l i ve r  ~, T h e  i n f l u e n c e  of e n v i r o n m e n t a l  
f a c t o r s  s u c h  as  co ld  e x p o s u r e ,  w h i c h  m o d i f y  t h e  h e p a t i c  
m i c r o s o m a l  d r u g - m e t a b o l i z i n g  s y s t e m  h a v e  b e e n  s t u d i e d  
in  o t h e r  h e p a t o t o x i n s %  H o w e v e r ,  n o  s u c h  s t u d i e s  a p p e a r  
t o  h a v e  b e e n  i n v e s t i g a t e d  in  a f l a t o x i c o s i s .  

Mater ials  and  methods. 12 m a l e  a l b i n o  r a t s  w e i g h i n g  
a p p r o x i m a t e l y  120 g we re  d i v i d e d  i n t o  2 g r o u p s .  O n e  
g r o u p  w a s  k e p t  a t  r o o m  t e m p e r a t u r e  ( 2 0 - 2 1 ~  w h i l e  
t h e  o t h e r  g r o u p  w a s  p l a c e d  in  a n  a d e q u a t e l y  v e n t i l a t e d  
co ld  r o o m  h a v i n g  a t e m p e r a t u r e  of  4 - 5  ~ Al l  t h e  a n i m a l s  
r e c e i v e d  t h e  c o l o n y  s t o c k  d i e t  a n d  w a t e r  ad  l i b i t u m .  A t  
t h e  e n d  of 72 h ,  a l l  t h e  a n i m a l s  r e c e i v e d  i .p.  a p u r e  p r e -  
p a r a t i o n  of  a f l a t o x i n  c o n t a i n i n g  p r e d o m i n a n t l y  B 1 in  a 
dose  of  8 m g / k g  b o d y  w e i g h t .  T h e  e x p e r i m e n t  w a s  
t e r m i n a t e d  b y  s a c r i f i c i n g  a l l  a n i m a l s  in  b o t h  g r o u p s  
w h i c h  we re  a l ive  72 h a f t e r  a d m i n i s t r a t i o n  of t h e  t o x i n .  
T h e  l i ve r s  of  t h e  d e a d  as  wel l  a s  t h e  s ac r i f i ced  a n i m a l s  we re  
f i x e d  in  f o r m a l i n  a n d  p r o c e s s e d  for  m i c r o s c o p i c  e x a m i n a -  
t i o n  in  t h e  u s u a l  m a n n e r .  

Results  and discussion. B e t w e e n  40 a n d  48 h f o l l o w i n g  
t h e  a d m i n i s t r a t i o n  of  t h e  t o x i n ,  5 of  t h e  6 a n i m a l s  a t  r o o m  
t e m p e r a t u r e  d ied .  L i v e r s  of  t h e s e  a n i m a l s  e x h i b i t e d  ex -  
t e n s i v e  n e c r o s i s  of  l i ve r  cei ls  in  t h e  p e r i p o r t a l  a n d  m i d -  
zones .  T h e  r a t s  e x p o s e d  to  low t e m p e r a t u r e ,  h o w e v e r ,  
we re  a p p a r e n t l y  u n a f f e c t e d .  L i v e r s  of  t h e s e  a n i m a l s  s h o w e d  
n o  p a r e n c h y m a l  d a m a g e .  T h e r e  was ,  h o w e v e r ,  b i l e - d u c t  
a n d  d n c t u l a r  p r o l i f e r a t i o n  w i t h  p r o m i n e n t  p o r t a l  t r a c t s .  

O n  t h e  b a s i s  of  t h e  m o r t a l i t y  a n d  t h e  h i s t o l o g y  of 
l ive r s ,  i t  is c l ea r  t h a t  t h e  s u s c e p t i b i l i t y  of  r a t s  to  a f l a t o x i n  
is d e c r e a s e d  b y  e x p o s u r e  to  co ld .  E x p o s u r e  t o  lower  
t e m p e r a t u r e  h a s  b e e n  f o u n d  to  r e s u l t  in a n  i n c r e a s e  in  t h e  
m i c r o s o m a l  d r u g - m e t a b o l i z i n g  e n z y m e s T .  Ea r l i e r ,  we  h a d  
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sugges ted  t h a t  t he  d r u g - m e t a b o l i z i n g  enzymes  are r a t e -  
l imi t ing  in t he  de tox i f i ca t ion  of a f l a tox in  5. The  acu te  
t ox i c i ty  is inve r se ly  r e l a t ed  to t he  t o t a l  a c t i v i t y  of d rug-  
me t abo l i z i ng  sys tem.  The  p r e s en t  e x p e r i m e n t  lends  
s u p p o r t  to  th i s  suggest ion.  

A v a r i e t y  of c o m p o u n d s  h a v e  been  t e s t ed  in cold 
e n v i r o n m e n t  in  an ima l s  s. A typ ica l  e x p e r i m e n t  of 
i m m e d i a t e  re levance  is t he  r epo r t ed  increased  suscept i -  
b i l i ty  of mouse  l iver  to  c a r b o n  t e t r ach lo r ide  (CC14) 
t ox i c i t y  u n d e r  cold e n v i r o n m e n t  s. The  b e h a v i o u r  of 
C C I  4 is found  to be  exac t ly  oppos i te  to  t h a t  of a f l a tox in  

in a g iven  s i t ua t i on  5. I t  is also bel ieved t h a t  CC14 requi res  
a c t i v a t i o n  before  be ing  toxic  9, 10. This  me tabo l i c  basis  
appea r s  to  be respons ib le  for t he  increased  suscep t ib i l i ty  
of mouse  l iver  to  CCI~ u n d e r  cold e n v i r o n m e n t .  I nves t i -  
ga t ions  of th i s  n a t u r e  t h u s  help  to exp la in  the  m e c h a n i s m  
of ac t ion  of a c o m p o u n d  u n d e r  s tudy .  

s S. E. I. ADAMS and E. THORPE, Br. J. exp. Path. 51, 394 (1970). 
9 R. O. RECHNAOEL and A. K. GHASHAL, Lab. Invest. [5, 132 (1966). 

lo T. F. SLAT~R, Nature, Lond. 209, 36 (1966). 
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Summary. I n  man ,  r a t s  a n d  mice, the  u r i n a r y  excre t ion  of the  h i s t a m i n e  and  L-his t idine me tabo l i t e ,  imidazole  acet ic  
acid, is increased  and  t h a t  of t he  c o n j u g a t e d  me tabo l i t e ,  r ibosyl imidazole  acet ic  acid, decreased b y  smal l  doses of sali- 
cylates .  I n  c o n t r a s t  to  sal icylates,  o the r  non-sa l i cy la t e  a n t i - i n f l a m m a t o r y  drugs,  i n d o m e t h a c i n ,  p h e n y l b u t a z o n e ,  
p h e n a c e t i n  and  a c e t a m i n o p h e n  do no t  inf luence  t he  excre t ion  of t he  u r i n a r y  me tabo l i t e s  of h i s t a m i n e  and  L-hist idine.  
Since imidazole  acet ic  acid is r epor t ed  to h a v e  analgesic  and  na rco t i c  ac t iv i ty ,  t he re  is t he  inference  t h a t  the  analgesic  
p roper t i e s  of sa l icyla te  m i g h t  be  due in p a r t  to  in te r fe rence  in imidazole  acet ic  acid me tabo l i sm.  

I n  a n  earl ier  s tudy ,  we r epo r t ed  t h a t  in m a n  a n d  r a t  
a d m i n i s t r a t i o n  of sa l icyla tes  resul t s  in a r educ t i on  in t he  
u r i n a r y  excre t ion  of the  h i s t id ine  and  h i s t a m i n e  m e t a -  
boli te,  r ibosy l in l idazole  acet ic  acid a. This  r educ t i on  is 
a c c o m p a n i e d  b y  a co r r e spond ing  increase  in t h e  excre t ion  
of free imidazole  acet ic  acid. A d d i t i o n a l  s tudies  in  v i t ro  
h a v e  i nd i ca t ed  t h a t  sa l icyta tes  i nh ib i t  (50% inh ib i t i on  a t  
0.2 m M )  imidazo leace t a t e  phos pho r i bos y l  t ransferase ,  
t he  e n z y m e  respons ib le  for t he  r ibosy la t ion  of imida -  
zo leace ta te  in v ivo  ~. Since i t  h a s  been  r epo r t ed  t h a t  imi-  
dazole acet ic  acid has  analgesic  and  na rco t i c  a c t i v i t y  in 
mouse  a,~, a c c u m u l a t i o n  of imidazole  acet ic  acid d u r i n g  
sa l icyla te  t h e r a p y  m i g h t  c o n t r i b u t e  to  t he  analgesic  ac t ion  
of these  drugs.  As p a r t  of a c o n t i n u i n g  s t u d y  to explore  
th i s  possibi l i ty ,  t h i s  r epo r t  compares  t he  effect  of sali- 
cy la tes  on imidazole  acet ic  acid m e t a b o l i s m  in mouse  
w i t h  t h a t  in r a t  a n d  man .  

Materials and methods. H i s t a m i n e  (2-ring-1~C) was pur -  
chased  f rom A m e r s h a m / S e a r l e  (Illinois). The  aH-imi-  
dazole acet ic  acid was p r e p a r e d  f rom un labe led  m a t e r i a l  
b y  ca t a ly t i c  exchange  w i th  t r i t i u m  gas (New E n g l a n d  
Nuc lea r  Corp.) and  was pur i f ied  b y  t h i n  l ayer  c h r o m a t o -  
g r a p h y  1. 

H u m a n  sub jec t s  (18-54 years  of age) inc luded  2 n o r m a l  
v o l u n t e e r s  a n d  9 p a t i e n t s  w i t h  mi ld  h y p e r t e n s i o n  or 
R a y n a u d ' s  disease who were receiving no  drugs  excep t  
aspir in.  Aspi r in  was a d m i n i s t e r e d  4 t imes  da i ly  for 1 
week before  the  in jec t ion  of saC-labeled h i s t amine .  I n  
con t ro l  s tudies ,  a sp i r in  t r e a t m e n t  was suspended  for 1 
week  before  in j ec t ion  of 14C-histamine. All  sub jec t s  were 
ful ly in fo rmed  of t he  n a t u r e  of t h e  e x p e r i m e n t s  a n d  were 
free to  d i scon t inue  t h e i r  p a r t i c i p a t i o n  in t he  s t u d y  if t h e y  
wished.  An ima l s  were k e p t  in  glass me tabo l i c  cages (1 r a t  
per  cage, 5 mice  per  cage) w i t h  free access to  food and  
water .  Food  was w i t h d r a w n  du r ing  the  per iod  of u r ine  
collection.  Asp i r in  a n d  o the r  drugs  were a d m i n i s t e r e d  
ora l ly  b y  s t o m a c h  t u b e  in a single or r epea t ed  (q.i.d.) 
doses. 

14C-Histamine (5 ~Ci/kg in m a n  or 25 ~zCi/kg in r a t  and  
mouse) and  aH-imidazole  acet ic  acid (20 vCi/kg) were 
g iven  i.v. 2 h a f t e r  the  a d m i n i s t r a t i o n  of drug.  Ur ine  was 
t h e n  col lected for 6 h per iods  a n d  frozen.  Al iquo t s  (10 ill) 
of u r ine  were assayed  for labeled h i s t a m i n e  me tabo l i t e s  
b y  t h i n  layer  c h r o m a t o g r a p h y  on c h r o m a t o g r a m s  of cel- 
lulose powder  on  f lexible 20 • 5 cm p las t i c  sheets  in bu-  
t a n o l : e t h a n o l : a m m o n i a  (80: 10:30  p a r t s  b y  volume)  sol- 
v e n t  for 90 rain  and  b y  isotope d i l u t i on -de r iva t i ve  tech-  
n iques l ,  K As discussed elsewhere 1, t he re  is close agree- 
m e n t  in values  o b t a i n e d  b y  the  two procedures .  

Results. i n  u r ine  of all species, 3 m a j o r  peaks  of radio-  
a c t i v i t y  - r ibosy l imidazole  acet ic  acid, u n c o n j u g a t e d  
acids ( imidazole and  me thy l imidazo le  acet ic  acid), and  
m e t h y l h i s t a m i n e  - were ident i f ied  on t h i n  layer  chro-  
m a t o g r a m s  a f te r  the  in jec t ion  of *4C-histamine (Figure).  
2 m a j o r  peaks  - r ibosyl imidazole  acet ic  acid and  imidazole  
acet ic  acid - were ident i f ied  a f t e r  the  in jec t ion  of aH- 
imidazole  acet ic  acid (not  shown  in t h e  Figure) .  U p o n  
t r e a t m e n t  w i t h  aspir in,  t he  r ibosyl imidazole  acet ic  acid 
p e a k  d i s appea red  in all species (Figure) a n d  r e a p p e a r e d  
once asp i r in  t r e a t m e n t  was  s topped.  

In  h u m a n s ,  a f t e r  t r e a t m e n t  w i t h  4 •  m g  or  4 • 
600 m g  aspi r in  daily,  t he  excre t ion  of a4C-ribosylimidazole 
acet ic  acid decreased  f rom 18% to 4 %  (percent  of in- 
j ec ted  label). The  o u t p u t  of u n c o n j u g a t e d  acids increased  
b y  a co r r e spond ing  a m o u n t .  The  exc re t ion  of h i s t a m i n e  
and  m e t h y l h i s t a m i n e  was u n c h a n g e d  (Table).  In  all 
subjec ts ,  r ibosy l imidazole  acet ic  acid r e a p p e a r e d  in ur ine  
w h e n  asp i r in  was  s topped .  

I n  ra ts ,  t he  r ibosyt  d e r i v a t i v e  of imidazole  acet ic  acid 
a c c o u n t e d  for t he  m a j o r  p a r t  of t he  labe l  in ur ine  (Figure  
and  Table) .  T r e a t m e n t  w i t h  as l i t t le  as 25 mg /kg  asp i r in  
r educed  ur ine  exc re t ion  of the  r ibosy l  c o n j u g a t e  b y  
5 0 - 6 0 %  ; h ighe r  doses of asp i r in  p roduced  an  even  g rea t e r  
r e d u c t i o n  1. As in  h u m a n s ,  t h e  exc re t ion  of nncon juga~ed  
acid increased  b y  a co r re spond ing  a m o u n t  while  t h a t  of 
m e t h y l h i s t a m i n e  a n d  h i s t a m i n e  was u n c h a n g e d  (Table).  


