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Fig. 1. NADPH~-linked enzymic reduction of aflatoxin B 1 to afla- 
toxicol and of androstenedione to testosterone. Structural formulae 
have been drawn to the same scale in order to indicate the broad 
similarities in substrata configuration. 
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Fig. 2. The inhib i t ion  of in  v i t ro  af latoxicol  format ion  by  andros tene-  
dione (a), and  andros tenet r ione  (b), and  oestrone (c) in a duck  l ive r  
homogenate .  Subs t ra ta  concen t ra t ion :  0.026 m M  af la toxin  B~. 
0.05 ral of 105,000 g supe rna t an t  l iver  fract ion (10 mg tissue) incuba t -  
ed 15 rain at  pH  7.4 and 37 ~ Uninh ib i ted  ra te  of aflatoxieol  forma- 
tion : 60 nmoles /g  l iver/rain.  

a f l a tox in  in a v i a n  a n d  r a b b i t  l ivers  t h a n  in guinea-pig,  
nlouse, and  sheep. E a c h  one of  t he  l a t t e r  species m e t a -  
bolizes t h e  t o x i n  t h r o u g h  mic rosomal  p a t h w a y s  (a l though  
the  m a j o r  p r o d u c t s  of m e t a b o l i s m  differ ~) a n d  unl ike  
r a b b i t  and  a v i a n  l ivers  t he re  is no a l t e r n a t i v e  p a t h w a y  in 
t he  cytosol.  Besides h a v i n g  an  a f f in i ty  for mic rosomal  
enzymes ,  a f l a tox in  appea r s  to  compe te  w i t h  s teroid  sex 
h o r m o n e s  for b i n d i n g  si tes on t he  endop lasmic  r e t i cu lum 
in t he  ra t " ,  ~ a n d  t h i s  m a y  also be t r ue  of o the r  species. 
However ,  in  a v i a n  a n d  r a b b i t  l ivers  a soluble  enzyme,  
p r o b a b l y  17-hydroxys te ro id  dehydrogenase ,  also com- 
pe tes  for a f la toxin .  Th i s  would  t e n d  to mod i fy  any  toxic  
effects a r i s ing  f rom i n t e r ac t i on  w i t h  t he  endop lasmic  
r e t i c u l u m  6. 

Zz~sammen/assung. Die im Z y t o p l a s m a  der  Vogel-  a n d  
K a n i n c h e n l e b e r  e n t h a l t e n e  N A D P - a b h g n g i g e  17-Hydro-  
xys te ro id  D e h y d r o g e n a s e  be te i l ig t  s ich wahr sche in l i ch  a m  
e x t r a m i k r o s o m a l e n  Stoffwechsel  des Af la toxins .  Die enzy-  
m a t i s c h e  R e d u k t i o n  des yon  Af la tox in  B ,  s t a m m e n d e n  

Cyc lopen ten0ns  b i lde t  den  s e k u n d ~ r e n  Alkohol  Afla toxi -  
kol. Diese R e a k t i o n  wi rd  d u t c h  A n d r o s t e n d i o n  u n d  
Oes t ron  g e h e m m t .  

D. S. P. PATTERSON a n d  
B. A. ROBERTS 

Central Veterinary Laboratory, 
Biochemistry Department, 
Weybridge (Surrey, England), 
7 January 7972. 

D. S. P. P*rT~RSON, Biochem. J. 725, 19P (1971). 
B. R. RABId-, G. H. StJtCSmNE and D. J. WlLLtA~IS (1970), in 
Chemical ReacHviiy and Biological Role o/ Functional Groups in 
Enzymes (Ed. R. M. S. SMELLIE Biochemical Society Symposium 
No. 31, Academic Press, London 1970). 

6 D. J. WILLIA.~S and B. R. RABIN, Nature, Lond. 232, 102 (1971) 

Effect of  L i t h i u m  Chlor ide  on  the  Rat ' s  P a w  E d e m a  Induced  by S e r o t o n i n ,  H i s t a m i n e  and F o r m a l i n  

R e c e n t l y  i t  h a s  been  r epo r t ed  f rom th i s  l a b o r a t o r y  t h a t  
l i t h i u m  chlor ide  has  an  analgesic  and  h y p o t h e r m i c  effect  
in r a t s  w h e n  g iven  p a r e n t e r a l l y  1. I t  enhances  t he  analgesic  
effect  of m o r p h i n e  b u t  i nh ib i t s  i ts  h y p e r t h e r m i c  ac t ion .  
Th i s  effect  ha s  been  shown to  be  somehow re l a t ed  to t h e  
effect  of l i t h i u m  ion on b r a i n  m o n o a m i n e s ,  wh ich  has  been  
t a k e n  in to  cons ide ra t ion  b y  m a n y  a u t h o r s  to  exp la in  the  
ame l io r a t i ve  effect  of l i t h i u m  in t h e  t r e a t m e n t  of m a n i a  
and  aggress ive b e h a v i o r  ~-5 

Since l i t h i u m  chlor ide  ha s  an  analges ic  effect  in  ra ts ,  i t  
appea red  of i n t e r e s t  to  i nves t i ga t e  w h e t h e r  th i s  ion also 
ha s  an  a n t i - i n f l a m m a t o r y  effect. The  p r e s en t  p a p e r  de- 
scr ibes  t he  resu l t s  of th i s  inves t iga t ion .  

Methods'. E x p e r i m e n t s  were pe r fo rmed  on w h i t e  ma le  
r a t s  f rom a homogenous  s t r a in  weighing  150 to 250 g. The  
an ima l s  were fed w i t h  a s t a n d a r d  r a t  food an}t a l lowed to 

d r i n k  o r d i n a r y  w a t e r  ad libitum. E x p e r i m e n t s  were car-  
ried ou t  a t  room t e m p e r a t u r e  (21~ A group  of r a t s  were 
b i l a t e r a l l y  a d r e n a l e c t o m i z e d  u n d e r  e the r  anes thes i a  24 h 
before  the  expe r imen t s .  These  a n i m a l s  were g iven  physio-  
logical  sal ine so lu t ion  for d r ink ing .  The  di f ference in 
v o l u m e  of paw  was o b t a i n e d  b y  m e a s u r i n g  t h e  displace-  
m e n t  of w a t e r  level  in  a spec ia l ly  des igned  g r a d u a t e d  
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cyl inder .  E d e m a  was i nduced  b y  se ro ton in  (5 -HT,  0.005 %, 
0.1 m l  = 5 Fg), h i s t a m i n e  (0.05%, 0.1 ml  = 50 ~g) and  
fo rmMin  (1%).  These  agen t s  were  d i l u t ed  in sa l ine  a n d  
in j ec t ed  i n to  t h e  sole oi t h e  r i g h t  p a w ;  t h e  lef t  paw  was  
used for  t h e  con t ro l  i n j ec t i on  of saline.  T he  t o t a l  v o l u m e  
of i n j ec t ed  f lu id  was  0.1 ml  a n d  t h i s  a m o u n t  was  k e p t  
c o n s t a n t  for al l  e x p e r i m e n t s .  Since t h e  p e a k  swell ing t i m e  
was d i f fe ren t  for  each  agonis t ,  t h e  paw  v o l u m e  was the re -  
fore d e t e r m i n e d  45 m i n  a f t e r  i n j ec t ing  5-HT, 60 ra in  a f t e r  
i n j ec t ing  h i s t a m i n e  a n d  90 ra in  a f t e r  in j ec t ing  formal in .  
I n  o rder  to  f ind  the  i n t e r a c t i o n  be t w een  l i t h i u m  chlor ide  
a n d  e d e m a - i n d u c i n g  agents ,  2 sets  of e x p e r i m e n t s  were 
designed.  I n  t h e  f i rs t  e x p e r i m e n t  l i t h i u m  chlor ide  a lone  
was a d m i n i s t e r e d  (5% w/v)  i.p. and  the  paw m e a s u r e d  a t  
d i f fe ren t  in te rva l s ,  whi le  in t h e  second e x p e r i m e n t  ago- 
n is t s  were in jec ted  in to  t he  paw  a t  d i f fe ren t  i n t e rva l s  of 
t i m e  a f t e r  a d m i n i s t r a t i o n  of l i t h i u m  chloride.  I t  was  
obse rved  t h a t  m a x i m m n  e d e m a  i n h i b i t o r y  effect  of l i t h i u m  
chlor ide  was p roduced  w h e n  5 -HT or t he  o t h e r  agonis ts  
were in jec ted  2 h a f t e r  t he  a d m i n i s t r a t i o n  of l i t h i u m  chlo- 
ride.  The  same  p rocedure  was fol lowed w i t h  b i l a t e r a l l y  
a d r e n a l e c t o m i z e d  r a t s  a n d  r a t s  p r e t r e a t e d  w i t h  p h e n o x y -  
b e n z a m i n e .  P h e n o x y b e n z a m i n e  was  in jec ted  24 h before  
t h e  e x p e r i m e n t  (10 m g / k g  i.p.). Th i s  d rug  was  p re fe r red  
as a ~-adrenerg ic  b locker  because  of i t s  long- las t ing  effect  
w i t h o u t  d i r ec t ly  a f fec t ing  t h e  vessels  ~. 

The  vo lume  change  in  t he  e x p e r i m e n t a l  paw  (right) was  
c o m p a r e d  w i t h  t h a t  of t he  con t ro l  paw  (left) a n d  was ex- 
pressed  as a pe r cen t  increase  of paw  vo lume  a p p l y i n g  t he  
fol lowing fo rmu la  : 

r ight  paw volume ( e l ) -  left paw volume (el)  
• 100 

left paw volume (mI) 

The  resu l t s  were ana lyzed  s t a t i s t i ca l ly  us ing  S t u d e n t ' s  
t- test .  

Results. I n t r a p e r i t o n e a l  a d m i n i s t r a t i o n  of l i t h i u m  chlo- 
r ide  a t  t he  dose r ange  of 0.59 to  2.36 m2VZ/kg d id  no t  
change  t he  paw  vo lume  of in t ac t ,  b i l a t e r a l l y  ad rena lec to -  
mized  a n d  p h e n o x y b e n z a m i n e  p r e t r e a t e d  ra t s  w h e n  com- 
p a r e d  w i t h  sal ine (0.1 e l / 1 0 0  g b o d y  wt.)  p r e t r e a t e d  rats .  
The  p e r c e n t a g e  increase  of p a w  v o l u m e  fol lowing in- 
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Effect of lithium chloride on the rat's paw edema induced by 5-HT, 
histamine and formalin. Each column represents the mean value of 
10 experiments. Vertical bars indicate the standard error of the mean. 

j ec t ions  of 5-HT, h i s t a m i n e  and  fo rma l in  a n d  t he  effect  of 
l i t h i u m  chlor ide  a t  t h r e e  d i f fe rent  doses in  i n t a c t  r a t s  are 
s u m m a r i z e d  in t he  Figure.  L i t h i u m  chlor ide  a t  a dose of 
0.59 m M / k g  decreased  s ign i f i can t ly  t he  p a w  e d e m a  in- 
duced  b y  h i s t a m i n e  (p < 0.05) b u t  n o t  b y  5-HT. However ,  
a t  t h e  dose of 1.18 m3/ / /kg  i t  s ign i f i can t ly  decreased t he  
swell ing induced  b y  b o t h  h i s t a m i n e  a n d  5-HT (p < 0.001). 
A t  a h i g h  dose (2,36 m M / k g ) ,  however ,  t h e r e  was signi- 
f i can t  decrease  in paw  swell ing i n d u c e d  b y  h i s t amine ,  
5-HT, a n d  formal in .  I n  b i l a t e ra l ly  a d r e n a l e c t o m i z e d  rats ,  
5 -HT induced  a v o l u m e  increase  of 4 9 . 0 •  (S.E.) 
n = 8, wh ich  is equa l  to  t he  vo lume  change  of i n t a c t  ra ts .  
Fo l lowing  p r e t r e a t m e n t  of b i l a t e ra l ly  ad rena l ec tomized  
ra t s  w i t h  l i t h i u m  chlor ide  a t  t he  dose level  of 1.18 m M / k g ,  
i n j ec t ion  of 5 -HT in to  t he  paw  induced  a vo lume  increase  
of 46.0~_-3.16% (S.E.), n = 8, wh ich  was a l m o s t  equa l  to  
t he  con t ro l  values.  In  p h e n o x y b e n z a m i n e  p r e t r e a t e d  in- 
t a c t  rats ,  5 -HT induced  a vo lume  increase  of 47.0 ~=3.91% 
(S.E.), n ~ 10. L i t h i u m  chlor ide  g iven  to t he  p h e n o x y -  

b e n z a m i n e  p r e t r e a t e d  an ima l s  a t  t he  dose of 2.36 m M / k g  
s ign i f i can t ly  r educed  t he  5 -HT induced  paw  e d e m a  (7.0 j= 
1.69% (S.]E.), n = 10). 

Discussion. The  resu l t s  ind ica te  t h a t ,  w h e n  g iven  i.p., 
l i t h i u m  chlor ide  ha s  an  a n t i - i n f l a m m a t o r y  effect  on  t he  
r a t ' s  paw  swell ing induced  b y  3 d i f fe rent  e d e m a - p r o d u c i n g  
agents .  Since t h e  l i t h i u m  ion can  reduce  t h e  swell ing in- 
duced  b y  5-HT, h i s t amine ,  as well  as formal in ,  i t  is t he re -  
fore obv ious  t h a t  i t  does n o t  ac t  b y  in te r fe r r ing  w i t h  t h e  
m e t a b o l i s m  of exogenous ly  appl ied  5-HT a n d  h i s t amine .  
However ,  r ecen t  s tud ies  s t rong ly  i nd i ca t e  t h a t  t h i s  ion 
m a y  p l ay  a n  i m p o r t a n t  role on  t h e  up take ,  m e t a b o l i s m  
a n d  release of biogenic  amines  b y  neu ra l  t issues.  Th i s  
face t  m a y  also exp la in  i ts  ame l io ra t i ve  effect  on  m a n i a c  
s t a t e  a n d  aggressionS, 4. The  p r e s e n t  s t u d y  c lear ly  shows 
t h a t  b i l a t e ra l  a d r e n a l e c t o m y  comple t e ly  abol ishes  t he  
a n t i - i n f l a m m a t o r y  effect  of l i t h i u m  chloride,  t h u s  indi-  
ca t ing  a n  ind i rec t  m e c h a n i s m  for such  an  effect. Since 
p h e n o x y b e n z a m i n e  p r e t r e a t m e n t  does no t  abol i sh  t he  
a n t i - i n f l a m m a t o r y  effect  of l i t h i u m  chloride,  i t  is un l ike ly  
t h a t  the  ion causes  t he  release of c a t echo l amines  f rom the  
ad rena l  medul la .  However ,  t h e r e  is, as yet ,  no ev idence  
conce rn ing  ca t echo lamine - re l eas ing  ac t ion  of l i t h i u m  chlo- 
r ide  f rom the  ad rena l  medul la .  I t  is obvious,  therefore ,  
t h a t  t h e  a n t i - i n f l a m m a t o r y  effect  of l i t h i u m  chlor ide  is 
p r o b a b l y  m e d i a t e d  b y  t h e  release of cor t icos tero ids  f rom 
t h e  ad rena l  cor tex.  Such  a n  effect  of t h e  l i t h i u m  ion ha s  
been  p rev ious ly  obse rved  in r a t s  7 a n d  in p a t i e n t s  s. 

Rdsumd. A d m i n i s t r a t i o n  pa r en t6 r a l e  de ch lorure  de 
l i t h i u m  inh ibe  l 'oed~me de la p a t t e  p r o d u i t  p a r  l ' i n j ec t ion  
locale de sero tonine ,  h i s t a m i n e  ou fo rmol  chez le r a t  
n o r m a l  ma i s  n o n  pas  chez le r a t  sur r6nal6c tomiz~.  Ces 
r e su l t a t s  sugge ren t  que  l ' e f fec t  a n t i p h l o g i s t i q u e  du  chlo- 
ru re  de l i t h i u m  est  du  & une  l i be ra t i on  de cor t icosteroides .  
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