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S t e r o i d  S e x  H o r m o n e s  as  I n h i b i t o r s  of  A f l a t o x i n  

I n  a n  ear l ier  p a p e r  1 i t  was  d e m o n s t r a t e d  t h a t  r a b b i t  
a n d  a v i a n  l ivers  c o n t a i n  a soluble  N A D P - l i n k e d  e n z y m e  
s y s t e m  capab le  of r educ ing  a f l a t o x i n  B~ to  a f la toxico l  
(Figure 1) a n d  a f l a tox in  B~ to  d i h y d r o - a f l a t o x i c o l .  Be- 
cause of t h e  genera l  s t r u c t u r a l  s imi l a r i t y  b e t w e e n  aria- 
t o x i n  and  C 17-steroid molecules  f i rs t  no ted  b y  WILLIAMS 
a n d  RABIN ~ in t he i r  work  on  t he  com pe t i t i ve  b i n d i n g  of 
a f l a tox in  to sex d e t e r m i n e d  si tes  on t he  endop lasmic  
r e t i c u l u m  of hepa tocy te s ,  i t  seemed p r o b a b l e  t h a t  N A D P -  
l inked  17 -hydroxy  s te ro id  d e h y d r o g e n a s e  (E.C.1.1.1.51) 
was  i nvo lved  in th i s  reac t ion .  The  p re sen t  c o m m u n i c a t i o n  
repor t s  t h a t  andros tened ione ,  a n d r o s t e n e t r i o n e  a n d  oes- 
t r one  are all  c apab le  of i n h i b i t i n g  t he  in v i t ro  r educ t i on  of 
a f l a tox in  b y  t he  105,000 g s u p e r n a t a n t  f rac t ion  of r a b b i t  
and  a v i a n  l ivers  a n d  t h a t  these  l ivers  also possess N A D P H  2- 
1inked 17-ke tos te ro id  r educ tase  a c t i v i t y  (i.e. t h e  reverse  
17 -hydroxys t e ro id  d e h y d r o g e n a s e  r eac t ion ;  see F igure  1). 

A p rocedure  for  t h e  p r e p a r a t i o n  of l iver  h o m o g e n a t e s  
in  0.15 MKC1 a n d  t h e  s p e c t r o p h o t o m e t r i c  a s say  of a l ia-  
t o x i n  r e d u c t i o n  b y  105,000 g s u p e r n a t a n t  f r ac t ions  of l iver  
f rom chicken,  duck,  guinea-pig,  meuse ,  r abb i t ,  r a t  a n d  
tu rkey ,  a n d  t h i n  l ayer  c h r o m a t o g r a p h i c  i den t i f i ca t ion  of 
me t abo l i t e s  were descr ibed  in t he  ear l ier  p a p e r  x. The  
same  assay  m e t h o d  has  now been  appl ied  to l ivers  of sheep  
a n d  J a p a n e s e  quai l ,  z /~-androstene-3 : 17-dione, J~-andros-  
tene-3 :  11 :17- t r ione  a n d  oes t rone  used as i n h i b i t o r s  or 
s u b s t r a t e s  were added  as 0.1 ml  m e t h a n o l i c  so lu t ion  to  t he  
i n c u b a t i o n  med ium,  5 ml  of which  c o n t a i n e d  N A D P ,  
1 ~mole;  g lucose-6-phospha te ,  40 ~zmoles; glucose-6- 
p h o s p h a t e  dehydrogenase ,  Boehr inger ,  2 ~1; m a g n e s i u m  
chlor ide  (MgC12), 25 ~zmoles; sod ium p h o s p h a t e  buffer,  
p H  7.4, 140 ~xmoles; a f l a tox in  B~ a p p r o x i m a t e l y  0.13 
~moles.  W h e n  m e a s u r i n g  17-ketos tero id  r educ ta se  ac t iv-  
i ty,  a f l a tox in  was o m i t t e d  f rom t he  m e d i u m  a n d  t h i n  
layer  c h r o m a t o g r a p h y  p r o v i d e d  t he  m e a n s  of d e t e r m i n i n g  
v i sua l ly  t h e  a p p r o x i m a t e  p r o p o r t i o n  of s tero id  c o n v e r t e d  
to  a n  iden t i f i ab le  me tabo l i t e .  Sil ica gel p la tes  w i th  or 
w i t h o u t  f luorescen t  a d d i t i v e  were used, c h r o m a t o g r a m s  
were deve loped  in ace tone :  ch lo ro fo rm (1 : 9 b y  vo lume)  
a n d  t e s t o s t e r o n e  was obse rved  as a U V  a b s o r b i n g  spot ,  
whi le  oes t rad io l  was  v i sua l ized  as 2 p i n k  spots  a f te r  
s p r a y i n g  w i t h  ace t i c -anhydr ide -H2SO4 s. S o m e t i m e s  
N A D P H  2 was i n c o r p o r a t e d  in t he  m e d i u m  in place  of t he  
r e g n e r a t i n g  s y s t e m  (g lucose-6-phospha te  dehydrogenase) ,  
when  the  r a t e  of N A D P H  2 o x i d a t i o n  was fol lowed a t  340 

M e t a b o l i s m  in  L i v e r  H o m o g e n a t e s  

n m  in a record ing  s p e c t r o p h o t o m e t e r  ( P y e - U n i c a m  
SP  800) t h e r m o s t a t i c a l l y  cont ro l led  a t  37 ~ 

As s h o w n  in F igure  2, and ros t ened ione ,  a n d r o s t e n e t r i o n e  
a n d  oes t rone  i n h i b i t e d  t h e  b io - r educ t ion  of a f l a tox in  b y  
54.4, 16 a n d  49% respec t ive ly  w h e n  added  to  i n c u b a t i o n  
m i x t u r e s  a t  a p p r o x i m a t e l y  t h e  s ame  c o n c e n t r a t i o n  (0.026 
raM) as t h e  a f l a t o x i n  B 1 subs t r a t e .  A t  c o n c e n t r a t i o n s  
above  0.052 m M  a f l a t o x i n  i n h i b i t e d  i ts  own  reduc t ion ,  
b u t  b y  v a r y i n g  s u b s t r a t e  c o n c e n t r a t i o n s  below th i s  va lue  
i t  was  d e t e r m i n e d  t h a t  t he  a p p a r e n t  K m  for th i s  r eac t ion  
was a p p r o x i m a t e l y  9.3 ~xM. I n  t he  presence  of 0.026 m A /  
andros tened ione ,  th i s  was increased to 47.6 ~xM. B y  in- 
spec t ion  of a L i n e w e a v e r - B u r k e  plot,  t h e  i n h i b i t i o n  ap- 
pea red  to be  of t he  s imple  c o m p e t i t i v e  type.  

Livers  of species t h a t  reduce  a f l a tox ins  v ia  th i s  N A D P H  2- 
d e p e n d e n t  soluble  e n z y m e  s y s t e m  also reduce  and ros t ene -  
d ione  a n d  oestrone.  In  t he  Tab le  a p p r o x i m a t e  levels of 
17-ke tos te ro id  r educ ta se  a c t i v i t y  are given.  Pa i r s  of 
assays  were m a d e  us ing  l ivers  f rom male  a n d  female  
an ima l s  b u t  no  cons i s t en t  sex differences  were observed.  

I t  h a d  a l r eady  been  shown  t h a t  NADH~ was a poor  
s u b s t i t u t e  for N A D P H 2  as co-fac tor  ior  t he  in v i t ro  reduc-  
t ion  of a f l a tox in  1 a n d  in t h e  few" in s t ances  where  i t  was 
i n v e s t i g a t e d  these  soluble  l iver  f r ac t ions  were found  to  
reduce  17-ke tos te ro ids  more  r ap id ly  in t h e  presence  of 
N A D P H ~  t h a n  NADH~.  R a t e s  d e t e r m i n e d  spec t ropho to -  
me t r i ca l l y  for d u c k  l iver  were  0.580 vmole  andros tene= 
d ione  pe r  g /min  w i t h  NADPH~,  a n d  0.129 ixmole pe r  
g / ra in  w i th  NADH~. 

A n d r o s t e n e d i o n e  i n h i b i t e d  a f l a tox in  r educ t i on  b y  t he  
l ivers  of species capab le  of th i s  b i o t r a n s f o r m a t i o n  b u t  
17-ketos tero id  r educ ta se  a c t i v i t y  was also m e a s u r a b l e  in 
mouse,  gu inea-p ig  and  sheep l ivers  where  l i t t l e  or no 
a f l a tox in  r educ ta se  a c t i v i t y  could be de t ec t ed  (Table).  
I t  t he re fo re  appea r s  t h a t  t he  same  soluble  N A D P H e -  
l inked  r educ ta se  is p r o b a b l y  i nvo lved  in b o t h  sex h o r m o n e  
a n d  a f l a tox in  r educ t ions  b u t  i t  has  a g rea te r  a f f in i ty  for 
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NADPH2-dependent reduction of 17-ketosteroids by 105,000 g supernatant liver fractions 

Aflatoxin ~ reducing activity Inhibitory effect of 
17-ketosteroids 

Proportion of substrate 
metabolized in 30 rain at 37 ~ b (%) 

Androstenedione o Oestrone d 

Chicken Highly active + 20 10 
Duck + 12.5 11.5 
Quail + 50 11 
Rabbit + 20 3 
Turkey + 40 8 

Guinea-pig Inactive 0 20 4.5 
Mouse 0 6 10 
Rat 0 2 0 
Sheep 0 60 3 

Aflatoxin B 1 reduced to a/latoxieol (i.e. cyclopentenone reduction) ~. b Incubation mixture (see methods section) contained one or other 
hormone (approximately 0.05 mM final conch.) and 105,000 g liver supernatant equivalent to 150 mg liver tissue. ~ The major metabolite was 
testosterone, a Oestradiol-17c~ and oestradiol-17/~ formed (predominantly the latter). 
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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 .  
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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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