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U p t a k e  o f  A f l a t o x i n  B~ b y  t h e  S k i n  of  R a t s  

Afla tox in  B 1, a me tabo l i t e  p roduced  by  some s t ra ins  of 
A sperg$llus /lavus, has  been  shown to  be an ex t r eme ly  
p o t e n t  h e p a t o t o x i n  to  mos t  an imal  species e i ther  given 
oral ly or in t raper i tonea l ly  ~. WOaAN et al. 2 r epor ted  t h a t  
0.5 h af ter  admin is t ra t ion ,  a f la toxin  B~ was p resen t  a t  
m a x i m u m  levels in l iver and  k idneys  of the  rat .  The con- 
cen t r a t i on  was 5-15 t imes  grea ter  in liver t h a n  in o ther  
t issues,  and at  t he  end of 24 h, t he  l iver  con ta ined  an 
a m o u n t  equal  to  t he  con t en t  of the  r ema inde r  of the  car- 
cass. This has  been  used to  expla in  the  fact  t h a t  the  
histologic and  b iochemica l  mani fes ta t ions  of the  toxic  
ac t ion  appear  a lmos t  exclusively in liver. To our  knowl- 
edge, no ep idermal  carcinogenesis  caused by  af la toxin  
has  been repor ted .  

The aim of the  p resen t  s t u d y  was to  inves t iga te  the  up-  
take  of a f la toxin  in r a t  skin pa in t ed  wi th  a f la toxin  B 1 
solut ion and  the  pa thologica l  changes  of skin and  l iver 
p roduced  by  the  t r e a t m e n t .  

Materials and methods. R a t s  of the  Sprague-Dawley  
s t ra in  aged 4 weeks and  weighing abou t  55 g each were 
used. They  were m a i n t a i n e d  on a commerc ia l  d ie t  ~ wi th  
free access to  water .  

For  histological  studies,  12 ra ts  were d iv ided  into 2 
groups.  The expe r imen ta l  animals  were pa in t ed  on the  
dorsal  skin, an area of abou t  2 cm e which  was previously  
shaved  to r emove  the  fur, w i th  100 ~g of a f la toxin  B~, 
dissolved in 10 F1 of N, N - d i m e t h y l  fo rmamide -p ropy lene  
glycol (1:1, v/v),  once a day  for 50 days. The control  
an imals  were s imilar ly  t r e a t ed  wi th  the  vehicle. The b o d y  
weight  of the  animals  were recorded daily. At  the  51st 
day  the  an imals  were exsanguina ted .  The skin and  l iver 
were r emoved  and f ixed in 10% neu t ra l  formal in  for 
his tological  studies.  

To de te rmine  the  absorp t ion  ra te  of a f ia tox in  B v 
ano the r  14 ra ts  were used. The skin of each an imal  was 
pa in t ed  s imilar ly  wi th  a single dose of 6.5 Fg of af la toxin  
B1-~4C, p repa red  according to  ADYE and  MATELES 4 wi th  a 
specific ac t iv i ty  of 6.5 Fc/~mole. Af ter  0, 0.5, 1, 3, 6, 10 
and  24 h, each group of 2 an imals  was exsanguina ted .  
The skin was carefully d issec ted  off t he  under ly ing  tissue, 
fascia and  muscle.  The pa in t ed  skin sample,  to ta l ly  a b o u t  
1 cm 2 in size, was placed in a count ing  vial and dried a t  
100-105 ~ for 1 h. To dissolve the  skin, the  d ry  sample  
was  mois ted  wi th  0.3 ml  of dis t i l led wa te r  for a shor t  
per iod and  t h e n  was mixed  wi th  3 ml  of Solubilizer 
(Nuclear-Chicago Corp., Des Plaines,  Ill.; N.C.C.). The 
solut ion was then  mixed  wi th  10 ml  of di luted Liquif luor  
(N.C.C.) and  coun ted  in a l iquid sc int i l la t ion counter  
(model 6850, N.C.C.). The count ing  efficiency was deter-  
mined  by  an in ternal  s t a n d a r d  of benzoic acid 14C. 

Results. As shown in Figure  1, the  g rowth  ra te  of t he  
expe r imen ta l  rats" was  m a r k e d l y  r e t a rded  as compared  
wi th  t he  controls.  This g rowth  r e t a rda t ion  was similar  to 
the  an imals  t r ea ted  wi th  a f la tox in  B~ i.p. or orally 5. 
The morphologic  changes  of t he  a f la toxin  B~-painted ra ts  
were  found main ly  in the  liver. The skin of t he  pa in t ed  
area showed l i t t le  change.  Histological  s tudies  of the  liver 
of t he  expe r imen ta l  an imals  revealed sca t te r ing  focal 
necrosis,  por ta l  round  cells inf i l t ra t ion wi th  duc tu la r  and  
bile duc t  pro l i fera t ion;  the  n u m b e r  of large nuclear  and  
binucleolar  cells w a s  s ignif icant ly  increased.  Meanwhile,  
abnorma l  nodula r  lesions, which  appeared  as round  nests  
of clear cy top lasmic  hepa t ic  ceils, were universal ly  pres- 
ent.  Those clear hepa t ic  cells were conf i rmed wi th  e- 
amylase  to be rich in glycogen. 

The ra te  of up take  of a f la tox in  t3~-~C is shown in 
Figure  2. I t  indicates  t h a t  a s ignif icant  por t ion  of the  
appl ied  rad ioac t iv i ty  d i sappeared  f rom the  skin as early 

as 0.5 h af ter  pa in t ing ,  and b y  1 h abou t  half  of the  1~C 
has been  absorbed.  The  ra te  decl ined rap id ly  in the  suc- 
ceeding hours.  Abou t  20% of rad ioac t iv i ty  was still 
p resen t  in t he  skin a t  24 h. 

Discussion. The resul ts  r epor ted  herein d e m o n s t r a t e d  
t h a t  t he  dermis  of ra t s  is capable  of t ak ing  up af ia toxin  
B~. Since the  main  t a rge t  organ of the  tox in  is shown to be 
liver and  the  toxic  effect  was absen t  on the  pa in t ed  skin 
area, the  p resen t  s tudies  also indica te  t h a t  the  tox ic i ty  of 
a f la toxin  B 1 is t issue specific. 

I t  has  been  suggested6 t h a t  a f la toxins  are carcinogenic 
per  se, and t h a t  t h e y  can exer t  the i r  carcinogenic  act ion 
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Fig. 1. Growth of rats painted on the skin with aflatoxin B 1 solution 
(�9169 or only with vehicle (O--S). The vehicle used was N,N- 
dimethyl formamidc-propylene glycol (1:1, v/v). Data are expressed 
as mean values -E S.E.M. from 6 rats/group. 
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Fig. 2. Uptake of aflatoxin B1-14C by the skin of rats at various time 
intervals after painting. The method is described in the text. Values 
are averages of 2 experiments. 
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in va r ious  o rgans  of t h e  b o d y  to wh ich  t h e y  are  carr ied  b y  
the  blood s t r e am .  RAO et  al. ~ r ecen t ly  i nd i ca t ed  t h a t  
a f l a tox in  B was  capab le  of b ind ing  wi th  p l a s m a  a l b u m i n  
in Vitro. There fo re  a possible  in v ivo  t r a n s p o r t  m e c h a n i s m  
for a f l a t o x in  as an  a l b u m i n  c o m p l e x  ha s  been  sugges ted .  

T h e  m a r k e d  increase  of g lycogen  c o n t e n t  of t he  h e p a t i c  
ceils is r a t h e r  surpr i s ing .  T h e  resu l t  is in c o n t r a s t  to t he  
repor t  of SHANK and  WOGAN 8 who f o u n d  t h a t  l iver  
g lycogen  was  no t  a f fec ted  by  a 5 dai ly  oral a d m i n i s t r a t i o n  
of s u b l e t h a l  dose of the  t o x i n  to ra ts .  W h e t h e r  or no t  th i s  
is due  to  t h e  d i f fe ren t  r ou t e s  of a d m i n i s t r a t i o n  or t h e  du ra -  
t ion  of t r e a t m e n t  r e m a i n s  to be s tud ied  9. 

Zusammen/assung. N a c h w e i s  der  A b s o r p t i o n  yon  
Af l a to x in  B 1 d u r c h  die ]Ra t t enhau t .  Die t ox i s che  Leber -  
w i r k u n g  n a c h  der  H a n t b e p i n s e l u n g  e n t s p r a e h  den  y o n  

a n d e r e n  A u t o r e n  g e f u n d e n e n  Verh~tl tnissen bei  perora le r  
oder  i n t r a p e r i t o n e a l e r  Ve rab re i chung .  
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Enhanced Phagocyt ic  Funct ion in vivo After Whole 

Cells of the  r e t i cu loendo the l i a l  s y s t e m  (RES) are  
genera l ly  cons idered  to be ve ry  r ad io res i s t an t .  T h e y  
usua l ly  sh o wn  no morpho log ica l  d a m a g e  a f te r  even  h i g h  
doses of r ad i a t i o n  ~ a n d  l i t t le  change  in p h a g o c y t i c  
c a p a c i t y  wh en  t e s t ed  in v i t ro  2,~. T h e  resu l t s  are  far  more  
d ive rgen t ,  however ,  w h e n  t h e  p h a g o c y t i c  a c t i v i t y  of t h e  
R E S  as a whole is s t u d i e d  in i r r ad ia ted  a n i m a l s :  depres-  
sion, no change  an d  increase  of a c t i v i t y  h a v e  been  re- 
po r t ed  4. Th i s  is p r o b a b l y  p a r t l y  due  to d i f ferences  in 
species, n a t u r e  of par t ic les  used  for m e a s u r i n g  phago-  
cytosis ,  dose of rad ia t ion ,  and  t i m e  af te r  t he  exposure ,  
a m o n g  t h e  d i f fe ren t  au tho r s .  One  t h i n g  is, however ,  corn- 
moil  to m o s t  of t hese  in v ivo  s tudies ,  n a m e l y  t h a t  t i E S  
f u n c t i o n  was  t e s t ed  on ly  w i th in  the  f i rs t  few days  a f te r  
i r rad ia t ion .  

E x p e r i m e n t s  descr ibed  below were des igned  to t e s t  t he  
p h a g o c y t i c  a c t i v i t y  of the  R E S ,  wi th  e i ther  ine r t  or 
i m m u n o g e n i c  par t ic les ,  a t  la ter  t imes  a f te r  sub l e tha l  or 
l e tha l  i r rad ia t ion .  

Clearance o/colloidal carbon. C B A / H  mice, 4 5 m o n t h s  
old, were i r r ad ia t ed  wi th  600, 800 or 1000 rads  of X - r a y s  5. 
7 or 14 d a y s  la te r  t h e y  were in jec ted  i.v. w i th  colloidal  
ca rbon  (16 rag/100 g b o d y  wt. ,  Pe l ikan  C l l / 1 4 3 1 a )  a n d  
t he  r a t e  of c learance  was  m e a s u r e d  as descr ibed  before 5, 
excep t  t h a t  blood s a m p l e s  were ob t a ined  f rom the  
orb i ta l  v e n o u s  p lexus .  

Colloidal ca rbon  was  cleared e x p o n e n t i a l l y  f rom peri-  
phera l  b lood of all mice,  b u t  f a s te r  in i r r ad ia t ed  t h a n  in 
cont ro l  ones.  At  7 d a y s  a f te r  1000 rads  and  14 d a y s  a f te r  
800 rads ,  ca rbon  d i s appea red  a b o u t  twice as fas t  as in 
u n i r r a d i a t e d  cont ro ls  (To. ~ = 29.6 and  34.0 ra in  respec-  
t ive ly  as c o m p a r e d  to  60.5 rain). The  ra te  of c learance,  K 
(also k n o w n  as  t h e  p h a g o c y t i c  index),  was  s ign i f i can t ly  
h ighe r  in  all i r r ad ia t ed  g roups  t h a n  in t h e  con t ro l  g roup  
a n d  inc reased  w i t h  increase  in t h e  r ad i a t i on  dose  (Table  I). 

Th e  r a t e  of c learance  of par t ic les  f rom the  blood is con- 
s idered to be a m e a s u r e  of the  overal l  p h a g o c y t i c  a c t i v i t y  
in v ivo  in wh ich  t h e  l iver  is k n o w n  to  p l ay  a m a j o r  p a r t  ~. 
T he  p r e s e n t  resu l t s  could the re fo re  be i n t e r p r e t e d  as  
i nd i ca t i n g  e n h a n c e d  p h a g o c y t i c  func t ion  of t he  R E S  
a f te r  i r rad ia t ion .  However ,  in v iew of t he  s u g g e s t e d  
increase  in v a s c u l a r  p e r m e a b i l i t y  a f te r  i r r ad ia t ion  7 it  
could be  a rgued  t h a t  f a s t e r  d i s a p p e a r a n c e  of colloidal 
par t ic les  f r o m  pe r iphe ra l  blood is a r e su l t  of genera l  
l eakage  f ro m  t h e  v a s c u l a r  s y s t e m  and no t  necessar i ly  
caused  b y  an  increased  a c t i v i t y  of the  m ac rophage  s y s t e m .  

Body Irradiation 

The se  2 poss ibi l i t ies  could  be d i s t i n g u i s h e d  by  m e a s u r i n g  
the  u p t a k e  of par t ic les  by  those  o rga ns  k n o w n  to p l a y  a 
m a j o r  role in t h e  r e m o v a l  of pa r t i c l es  f r om the  blood 
s t r e a m  by  R E S  ac t iv i ty .  A genera l  increase  in v a s c u l a r  
pe rme a b i I i t y  would  lead to  a r educed  u p t a k e  in specif ic 
o rgans  whiIe a n  increased  u p t a k e  in  an  o rga n  like t he  
l iver would  sugges t  g rea te r  a c t i v i t y  of t he  m a c r o p h a g e  
sy s t e m.  In  order  to s t u d y  t he  o rgan  u p t a k e  of par t ic les ,  
r ad ioac t ive ly  label led bac t e r i a  were used  in t he  n e x t  
e x p e r i m e n t .  

Clearance and uptake o/ bacteria. E. coli, s t r a in  B/r, 
were g rown  to s t a t i o n a r y  phase ,  killed b y  h e a t i n g  to  
60 ~ for 30 rain a nd  labelled w i th  ~Cr  ( sod ium c h r o m a t e  
solut ion,  216 p.Ci/1 lzg Cr, A m c r s h a m )  as descr ibed b y  
HOWARD et  al. s. The re  was  less t h a n  3% free 5~Cr in the  
f inal  p repa ra t ion .  C B A / H  ma le  mice, a b o u t  5 m o n t h s  old, 

"Fable 1. Rate of clearance of colloidal carbon from peripheral blco:l 
of irradiated and co, trol 1nice '~ 

Radiation 
dose 
(rads} 

Rate of clearance (K • 100) at times 
after irradiation b, ,, 
7 days 14 days 

60o 1.46 • 0.08 (5) 1.32 + 0.03 (5) 
800 1.80 • 0.11 (15) 2.25 • 0.17 (20) 

1000 2.41 • 0.13 (9) - 
Controls 1.17 =L 0.03 (32) 

All values are means • standard errors. ~ Number of mice per 
group is given in brackets, o All means are significantly different 
from the control at 0.05-0.01 level. 
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