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E f f e c t s  of  A f l a t o x i n  B ~ o n  H u m a n  S k i n  L i p i d s  M e t a b o l i s m  - a S i t e  of  A c t i o n  o n  1 - t 4 C - A c e t a t e  I n c o r -  

p o r a t i o n  

Af l a tox in  ]31 is t he  m o s t  p o t e n t  ca rc inogen  a m o n g  t he  4 
tox ins  i so la ted  f rom dspergillus flavus 1, ~. I t s  role to  t he  
t a r g e t  organ,  l iver,  ha s  been  well  s tud ied  3-5. Recent ly ,  
JOFFE a n d  UNGAR 6 d e m o n s t r a t e d  an  ep ide rma l  lesion 
o b t a i n e d  b y  t he  local  app l i c a t i on  of a f l a tox ins  on to  r a b b i t  
sk in  a n d  p o s t u l a t e d  a poss ible  cause  of t h e  h u m a n  occupa-  
t i ona l  de rma toses  in  t he  h a n d l e r  of g r o u n d n u t s  or o the r  
g ra in  c o n t a m i n a t e d  w i t h  t o x i n - p r o d u c i n g  Aspergillus 
/lavus. There  was ev idence  t h a t  a f l a tox in  B~, indeed,  has  
s ign i f ican t  effect  on  t he  sk in  l ip id  syn thes i sL  T he  in- 
co rpo ra t i on  of 1-~aC-acetate in to  h u m a n  sk in  l ipids was 
pa r t i a l l y  i n h i b i t e d  b y  a f l a tox in  t31 whi le  those  of t he  
specific ac t iv i t i e s  were s o m e w h a t  s ign i f i can t ly  enhanced .  
Th i s  s imi la r  p h e n o m e n o n  ha s  also been  r epo r t ed  in 
n u m e r o u s  cases s,". The  p r e s en t  no te  i n t e n d s  to  e luc ida te  
t he  role of a f l a tox in  B 1 on  t h i s  i n h i b i t i o n  so as to  locate  
t he  possible  b iochemica l  site(s) of i ts  ac t ion.  

Materials and methods. F r e s h  h u m a n  skin  spec imens  
were o b t a i n e d  f rom th e  lower a b d o m e n  of ma le  cacasians .  
The  a rea  was anes th e t i z ed  w i t h  1% l idocaine  and  t h e  
skin  r e m o v e d  w i t h  a 6 m m  d e r m a l  punch .  T he  spec imens  
were t r i m m e d  and  f u r t h e r  t r e a t e d  as p rev ious ly  descr ib-  
ed l~ The  p r e p a r e d  biopsies  were p laced  in 15 ml  m a n o -  
me t r i c  r eac t ion  f lasks c o n t a i n i n g  50 bag a f l a t o x i n  ]31, 
2.0 m l  K r e b s - R i n g e r  p h o s p h a t e  buffer ,  p H  7.4. The  
a f l a t o x i n  B 1 was p rev ious ly  dissolved in  e thano l -p ropy lene  
glycol (1:1 v /v)  a n d  f resh ly  p r e p a r e d  for each  use. The  
con t ro l  c o n t a i n e d  equa l  v o l u m e  of e t h a n o l - p r o p y l e n e  
glycol a n d  t he  a m o u n t  d id  n o t  exceed 1% of t he  t o t a l  
i n c u b a t i o n  volume.  The  f lasks  were i n c u b a t e d  a t  37 ~ for 
1 h a f te r  wh ich  0.5 Inl buf fer  c o n t a i n i n g  e i the r  1 baCi 
1-14C-acetate (61.4 mCi /mmole)  or 1 btCi 3H-acetyl  CoA 
(1.2 Ci /mmole)  was  added  to  t he  i n c u b a t i o n  m e d i u m  f rom 
the  s ide -a rm of t he  r eac t ion  flask. I n c u b a t i o n  was con- 
t i n u e d  for a n  a d d i t i o n a l  5 h. R e s p i r a t o r y  r a t e s  were 
d e t e r m i n e d  m a n o m e t r i c a l l y  for t he  t o t a l  i n c u b a t i o n  
period.  Af te r  i ncuba t ion ,  t he  t o t a l  l ipids of t he  spec imens  
were ex t rac ted .  R a d i o a c t i v i t y  f rom t h e  t o t a l  l ip ids  was 
d e t e r m i n e d  w i t h  dup l i ca te  samples  (10% of t he  t o t a l  

e x t r a c t )  b y  l iquid  sc in t i l l a t ion  spec t rome t ry .  T he  m e a n  
coun t ing  eff ic iency for 14C a n d  ~H were 78% a n d  30~ 

Table I. Effect of aflatoxin B 1 on the incorporation 1-i*C-acetate 
into human skin lipids ~ 

Fraction Experiment 

Control Aflatoxin Change (%) 
(dpm/100 mg wet wt.) 

respect ively .  Q u e n c h i n g  was d e t e r m i n e d  b y  t he  a u t o m a t i c  
ex t e rna l  s t a n d a r d i z a t i o n  me thod .  

The  r e m a i n i n g  sample  was r educed  to 50 al  u n d e r  a 
s t r e a m  of N 2. Po la r  l ipids,  f a t t y  acids, sterols,  t r ig lycer ides  
a n d  s te ro l  esters  of t he  t o t a l  l ip id  e x t r a c t  were s epa ra t ed  
and  t he  r a d i o a c t i v i t y  of each  f r ac t ion  of l ipids  were 
m e a s u r e d  b y  t he  m e t h o d  p rev ious ly  descr ibed  11. 

Results and discussion. The  i n c o r p o r a t i o n  of 1-14C- 
ace t a t e  in to  skill  t o t a l  l ip ids  was m a r k l y  i n h i b i t e d  b y  
a f l a tox in  B1. This  i n h i b i t i o n  was non-specif ic  in  r ega rd  to  
a s imi la r  level of t he  i n h i b i t o r y  responses  of t he  d i f fe ren t  
classes of l ipids  to  i ts  ac t ion  (Table  I). A l t h o u g h  the re  
were more  p r o n o u n c e d  i n h i b i t i o n  in b o t h  t r ig lycer ides  a n d  
s terol  es ter  synthes is ,  t he  da ta ,  a t  leas t  72 .1% of t he  
i n h i b i t i o n  for all of t he  classes of l ip id  syn thes i s ,  sugges ted  
t h a t  t h e  m a j o r  s i te  of t he  i n h i b i t o r y  effect  of a f l a tox in  B~ 
on t he  i n c o r p o r a t i o n  of ]-14C-acetate m a y  ac t  u p o n  t he  
f o r m a t i o n  of a c o m m o n  precursor  of these  synthes is ,  i.e. 
ace ty l  CoA. A poss ible  r educed  level  of ace ty l  CoA forma-  
t i on  caused  b y  t he  presence  of a f l a t o x i n  B I in  sk in  may ,  
thus ,  r esu l t  in  a genera l  i n h i b i t i o n  of l ip id  synthes is .  Th i s  
a s s u m p t i o n  is deduced  b y  t he  resu l t s  s h o w n  in  Tab le  n .  
I n s t e a d  of 1-~4C-acetate, ~H-acetyl  CoA was used  as 
p recursor  of l ip id  synthes is .  The  di f fus ion of 8H-acetyl  
CoA in to  sk in  slices a n d  t h u s  i t s  u t i l i za t ion  to  syn thes ize  
sk in  l ipids  is d e m o n s t r a t e d  (control  of Tab le  II). I n  con- 
t r a s t  to  1-~4C-acetate, t he  i n c o r p o r a t i o n  of 3H-ace ty l  CoA 
in to  t o t a l  l ip ids  as wel l  as d i f fe ren t  classes of l ipids  are  no t  
s ign i f i can t ly  af fec ted  b y  a f l a tox in  B 1 (Table  II). A 
m a r k e d  i n h i b i t i o n  of 3H-acetyt  CoA i n c o r p o r a t i o n  which  
m a y  para l le l  to  t h a t  of 1-1~C-acetate would  h a v e  been  
expec ted  if t he  m a j o r  si te  of t he  effect  of a f l a t o x i n  B 1 was 
loca ted  somewhere  a f t e r  ace ty l  CoA synthes is .  These  
grea t  dif ferences  b e t w e e n  1-14C-acetate a n d  8H-acetyl  
CoA inco rpo ra t i on  s t rong ly  sugges ted  t he  s i te  of a f l a t o x i n  
B I i n h i b i t o r y  effect  m a y  be  pr io r  to  t he  syn thes i s  of t h i s  
p recur so r -ace ty l  CoA. 

The  effect  of a f l a t o x i n  B1 m i g h t  be  due  to a genera l  
cel lular  i n j u r y  was e l i m i n a t e d  b y  t h e  e x a m i n i n g  of t he  
r e s p i r a t o r y  r a t e s  of t o x i n - t r e a t e d  t issues.  The re  were 
on ly  7% less t h a n  con t ro l s  a t  t he  end  of t h e  expe r imen t s .  

Late ly ,  KATO et  al. s d e m o n s t r a t e d  a s imi la r  i n h i b i t o r y  
effect  of t he  same  t o x i n  to r a t  l iver  choles tero l  syn thes i s .  
A l t h o u g h  the re  is no  ev idence  for t h e  same  s i te  of ac t ion  
of t o x i n  on  l ip id  syn thes i s  in  r a t  l iver,  t he  resu l t s  pre-  
sen ted  here  as well  as t he  l igh t  effect  on t he  i n h i b i t i o n  of 
l ip id  syn thes i s  10 also ac t ing  on t he  si te  p r io r  to  t h e  fo rma-  
t ion  of ace ty l  CoA (unpub l i shed  da ta )  sugges ted  t h a t  t h e  
ac t ion  of t o x i n  on  l ip id  syn thes i s  in  d i f fe ren t  t i ssues  a n d  

Total lipids 7,000 1,820 -- 74.0 

Polar lipids b 3,961 1,107 -- 72.1 

Free fatty acids 444 91 -- 79.5 

Free sterols 2,250 384 -- 82.9 

Glycerides 282 0 -- i00 

Sterol esters 374 0 -- i00 

Total lipids were determined by the direct measurements of the 
radioactivity of the samples obtained from the chloroform: methanol 
(2:1, v/v) extract of human skin. Different classes of lipids were 
measured by the scrapping off the correspondent spots from the 
thin-layer chromatogram (TLC) and counted directly by mixing 
them with the scintillation cocktails. Details were described in ref. 11. 
b Polar lipids represent phospholipids and other polar materials of 
total lipid extract. 
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the  d i f fe ren t  agents ,  n a m e l y  l ight  and  a f la tox in  B 1, 
ac t ing  on the  same t issue served a s imilar  mode  of reac- 
t ion.  Al though  a possible  l imi t a t ion  of t he  avai labi l i ty  of 
the  co-factors,  e i ther  A T P  or CoA to re ta in  the  precursor  
syn thes i s  caused by  the  presence  of a f la tox in  B 1 in skin is 
no t  e l iminated ,  the  b ind ing  of a f la toxin  wi th  some pro-  
reins12,13 and  its inh ib i t ion  of some enzyme  ac t iv i ty  14 
m a y  suggest  its in te rac t ion  wi th  ace ta te  th iok inase  
(EC. 6.2.1.1.) and  thus ,  resul ts  in t he  observed  inh ib i to ry  
effect  15. 

Table II. Effect of aflatoxin B 1 on the incorporation of 3H-adetyi 
CoA into human skin lipids~ 

Fraction Experiment 

Control Aflatoxin Change (%) 
(dpm/100 mg wet wt.) 

Zusammen/assung. Afla toxin  B t h e m m t  den E inbau  von  
1-~tC-Azetat in die Lipide  der  mensch l i chen  Hau t .  Wi rd  
abe t  3H-Azetyl-CoA als Vors tufe  fiir den Lip ide inbau  
ve rwende t ,  so k o m m t  es zu keiner merk l ichen  H e m m u n g .  
Die Aze t a t ak t iv i e rung  scheint  somi t  die wicht igs te ,  v o m  
Toxin  beeinf lussbare  Stufe der  L ip idsyn these  zu sein. 
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Total lipids 5,570 5,240 5.4 
Polar lipids 1,767 1,800 + 1.9 
Free fatty acid 845 799 --5.4 
Free sterols 871 954 +9.5 
Glycerides 771 774 + 0.3 
Sterols esters 771 745 -- 3.4 

Details were described in ref. 1I 
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A n t r e c t o m y  P r e v e n t s  N i c o t i n e  f r o m  A c t i v a t i n g  Rat  

The ac t iv i ty  of ra t  s t omach  h is t id ine  decarboxylase  
seems to  v a r y  wi th  t he  se rum gas t r in  level 1. Nicot ine  has  
been  r epo r t ed  to  cause ac t iva t ion  of t he  enzyme  2. This  
effect  m a y  be a d i rect  one, el ici ted in the  enzyme-con ta in -  
ing cell itself, or an indi rec t  one, med i a t ed  by  nicot ine-  
induced  release of gas t r in  f rom its  s torage site in t he  
a n t r u m  8. If  t he  enzyme  ac t iva t ion  seen af ter  admin i s t ra -  
t ion  of n icot ine  is med ia t ed  by  gastr in,  an t r ec tomized  
ra ts  should  no t  respond.  

Adu l t  male  albino ra ts  (Wistar  s train,  150-200 g b o d y  
weight)  were  used. A n t r e c t o m y  was pe r fo rmed  by  resec- 
t ion  of t he  dis ta l  hal f  of t he  g landular  s t o m a c h  (the 
pyloric gland area t oge the r  w i th  the  ad j acen t  por t ion  of 
the  oxyn t i c  g land area) and  the  duodena l  bulb  4. Gastro-  
in tes t ina l  con t inu i ty  was re-es tabl i shed b y  gas t ro-duo-  
d e n o s t o m y  end- to-end.  Opera t ed  ra t s  were al lowed to  
recover  for a t  least  3 weeks before t h e y  were used in 
exper iments .  Nicot ine  (0.2-5 mg/kg) was given s.c. in 
a single dose. If  no t  o therwise  s t a t ed  the  ra t s  were  killed 
2 h af ter  inject ion.  Controls  received saline. All ra t s  were 

S t o m a c h  H i s t i d i n e  D e c a r b o x y l a s e  

fas ted for 48 h (free access to  water)  before  sacrifice. They  
were killed by  decap i t a t ion  under  l ight  d ie thy l  e ther  
anaesthesia .  The s tomachs  were t aken  out,  cut  open  along 
the  maj or curva tu re  and washed  wi th  ice-cold 0.9 % saline. 
The mucosa  was scraped off the  oxynt ic  gland area, 
homogen ized  in 0.1 M p h o s p h a t e  buffer,  p H  6.9 (final 
t issue concen t ra t ion  100 mg  wet  weigh t  per  ml) and  
cent r i fuged a t  10,000 •  for 15 min  a t  0~ E n z y m e  
ac t iv i ty  was measured  as 1~CO2 produced  f rom 1-1*C-L - 
h i s t id ine  ~,5. The reac t ion  mix tu re  (0.5 ml) con ta ined  0.4 
ml  of t he  supe rna tan t ,  10 -5 M pyr idoxa l -5 ' -phospha te ,  

I R. H/~KANSON, G. LIEDBERG, J. REHFELD and F. STADIL, in 
preparation. 
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Table I. Effect of nicotine on the activity of rat stomach histidine 
decarboxylase (dose-response relationship)~ 

Nicotine 
(mg/kg) 

Histidine decarboxylase activity (nmoles 
CQ x 10-~/mg/h) mean :~ S.E.M. (n) 

0 6.3 i 0.7 (23) 
0.2 13.7 :~ 1.5 (17) P < 0.001 
1.0 12.8 d= 1.6 (20) P < 0.001 
5.0 5.8 ~: 1.2 (16) 

The rats were killed 2 h after injection. 

Table II. Histidine decarboxylase activity at various times after 
administration of 0.2 mg/kg nicotine 

Time Histidine deearboxylase activity (nmoles 
(h) CO~ • 10-3/mg/h) mean ~_ SEM (n) 

0 6.3 ~: 0.7 (23) 
1/~ 4.0 ::L 1.1 (5) 
1 8.1 • 2.5 (5) 
11/2 13.8 -4- 3.6 (5) 
2 13.7 ~ 1.5 (17) P < 0.001 


