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Effect of  A f l a t o x i n  B~ on  the  in v i tro  I n c o r p o r a t i o n  of  ~4C-Acetate into  H u m a n  S k i n  Lip ids  

Aflatoxin  B 1 is the  mos t  p o t e n t  of t he  carcinogenic 
metab01ites p roduced  by  s t ra ins  of Aspergillus /lavus 1. 
This fungal  p roduc t  causes liver tumors  in numerous  
species of exper imenta l  animals  and appears  to be a 
r a the r  specific inhib i tor  of pro te in  syn thes i s  2-5. P ro te in  
synthes is  is p r e sumab ly  inh ib i ted  as the  resul t  of the  
in te rac t ion  of the  tox in  and  D N A  and the  resul t ing  
inhibi t ion of messenger  R N A  fo rmat ion  ~. 

The mani fes ta t ions  of af la toxin  poisoning appear  a lmos t  
exclusively in the  liver, t he  p r imary  t a rge t  organ 6. I t  has  
been  shown t h a t  a l though a f la tox in  is readi ly absorbed  
th rough  the  skin of the  rat ,  no gross tox ic  effects occur 
in th is  t issue 7. Cont ra ry  to results  ob ta ined  wi th  ra t  skin, 
JOFFE and UNGAR s have  d e m o n s t r a t e d  t h a t  exposure  of 
r abb i t  skin to ve ry  low levels of the  tox in  resul ts  in severe 
ep idermal  lesions. These au thors  have  emphas ized  the  
possibi l i ty  of dermatoses  occurr ing in h u m a n s  who come 
in con tac t  wi th  af latoxins.  The possible b iochemical  
lesions in th is  t issue resul t ing f rom af la toxin  poisoning 
have  received l i t t le  a t t en t ion .  This  pape r  repor t s  t he  
effects of af la toxin  B 1 on the  in v i t ro  incorpora t ion  of 
l~C-acetate into h u m a n  skin lipids. 

Materials and methods. Fresh  h u m a n  skin  specimens  
were Obtained f rom the  lower a b d o m e n  of male  Caucasians. 
The area was anes the t ized  wi th  1% lidocaine and the  skin 
r emoved  wi th  a 6 m m  dermal  punch.  Subcutaneous  t issue 
was t r i m m e d  and  discarded.  The skin was r insed wi th  
buffer,  b lo t t ed  d ry  and weighed,  and placed in 15 ml  mano-  
met r ic  reac t ion  flasks conta in ing  2.0 1111 Kreb ' s -R inge r  
p h o s p h a t e  buffer,  p H  7.4, and  50 v~g af la toxin  B~. The 
tox in  was e i ther  dissolved in e thanol  or e thano l -p ropy lene  
glycol (1:1 v/v).  E t h a n o l  levels did no t  exceed 1% of the  
to ta l  volume and the  control  con ta ined  an equal  volume 
of alcohol or a lcohol-propylene glycol. The flasks were 
incuba ted  for 1 h a t  37~ af ter  which  0.5 ml  buffer  con- 
ta in ing 1 [zC 1-~4C-acetate was added  to  t he  incuba t ion  
med ium f rom the  s ide-arm of the  reac t ion  flask. I ncuba t i on  
cont inued  for an addi t iona l  6 h a t  which  t ime  the  react ion 
was hal ted.  Resp i r a to ry  ra tes  were de t e rmined  mano-  
metr ica l ly  for the  to ta l  incuba t ion  period.  The skin 
specimens  were sect ioned (50 ~ diameter)  w i t h  a freezing 
s tage mic ro tome  and  the  to ta l  l ipid ex t r ac ted  by  the  
m e t h o d  of FOLCH et al.% Phosphol ip ids  were isolated by  
the  m e t h o d  of SINCLAIR and  DOLAN lo and free sterols, 
as the  digi tonides,  by  the  m e t h o d  of SPERRY and  WEBB 11. 
Neut ra l  fa ts  were isolated af ter  the  prec ip i ta t ion  of phos-  
phol ipids  and the  values in the  Table have  been  correc ted  
for sterols.  Rad ioac t i v i t y  of each fract ion was  coun ted  in 
a l iquid scint i l la t ion spec t rometer .  Total  con ten t  of digi- 
ton ide-prec ip i tab le  sterols per  uni t  weight  of t issue was  
de t e rmined  gravimetr ical ly .  Inorganic  phosphorous  was 
de t e rmined  by  the  me thod  of FZSKE and SUBBAROW 12. 

Results and discussion. As seen in the  Table, a f la toxin  
effect ively inhibi ts  the  incorpora t ion  of l~C-acetate in to  
the  to ta l  lipid, phosphol ip id ,  free sterol,  and  neutrM fa t  

f ract ions of h u m a n  skin. Because the  ra tes  of isotope 
incorpora t ion  in to  all the  fract ions examined  were signifi- 
can t ly  lower t h a n  controls,  i t  appeared  t h a t  the  effect  of 
t h e  tox in  m i g h t  be due to general  cellular injury.  How- 
ever, t he  resp i ra to ry  ra tes  of t ox in - t r ea t ed  t issues were 
no t  grea t ly  affected and were only 6% less t h a n  controls  
a t  t he  end of the  expe r imen t  (Figure). 

SHANK and WOGAN 13 d e m o n s t r a t e d  t h a t  marked  reduc- 
t ions in precursor  incorpora t ion  in to  l iver l ipids occurred 
in ducklings t r ea ted  wi th  af latoxin.  The lowered ra te  of 
precursor  incorpora t ion  was accompanied  wi th  a rise in 
to ta l  l ipid content .  Similarly,  I~ATO, et  al. la have  shown 
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Effect of aflatoxin B 1 on the respiratory rates of human skin. Values 
represent the mean of 6 experiments i S.E.M. Respiratory rates 
are expressed on an accumulative basis. 

1 T. AsAo, G. B/3CHI, M. M. ABDEL-KADER, S. B. CHANG, E. L. WICK 
and G. N, WOGAN, J. Am. chem. Soc. 85, 1706 (1963). 

2 L. 1V[. ASHLEY, J. E. HALVER and G. N. WOGAN, Fedn Pron. 23, 
105 (1964). 
H. S. BLACK and A. M. ALTSCHUL, Bioehem. biophys. Res. Corn- 
mum 19, 661 (1965). 

4 J. ~, CLIFFORD and K. R. REES, Biochem. J. 702, 65 (1967). 
~. C. LANCASTER, F. B. JENKINS and J. McL. PHILP, Nature 192, 
1095 (1961). 

s G. N. WOGAN, G. S. EDWARDS and R. C. SHANK, Cancer Res. 27, 
1729 (1967). 
R. D. WEI, G. X. LIU and S. S. LEE, Experientia 26, 82 (1970). 

8 A. g. JOFFE and H. UNGAR, J. invest. Derm. 52, 504 (1969). 
9 j .  FOLCH, M. LEES and G. H. SLOANE S*ANLEY, J. biol. Chem. 

226, 497 (1957). 
x0 R. G. SINCLAIR and M. DOLAN, J. biol. Chem. 742, 659 (1942). 
11 W. M. SPERRY and M. WEBS, J. biol. Chem. 187, 97 (1950). 
12 C. H. FISKE and Y. SUBnAROW, J. biol. Chem. 66, 375 (1925). 
13 R. C. SHANK and G. N. WOGAN, Toxic. appl. Pharmac. 9, 468 

(1966). 
14 R. I~AT% K. ONODA and Y. OMORI, Experientia 25, 1026 (1969). 

Effect of aflatoxin B 1 on the incorporation of 1-14C-acetate into human skin lipids 

Treatment Total lipid Phospholipid Free sterols Neutral fats 
(dpm • 10-3]100 mg wet wt.) (dpm • 10-a/~g Pi) (dpm X 10-a/rag digitonide) (dpm • 10-a/100 mg wet wt.) 

Control 40.02 3.69 15.29 19.46 
Aflatoxin 23.55 ( ~ 1 % )  2.49 (--32%) 8.89 (--42%) 14.01 (--28%) 

Values expressed for the total lipid arid neutral fat fractions represent the mean of 6 experiments and are significant at the 1% and 5% 
levels respectively. Specific activities for the phospholipid and free sterol fractions represent values obtained from the pooled extracts of 
6 experiments. Values for these fractions, based on wet weights of the 6 experiments, were significant at tile 1% level. 
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tha t  a f la toxin  B 1 affects the  ra te  of l tC-acetate  incorpora-  
t ion into cholesterol  in ra t  l iver  and in thei r  studies 
af la toxin  t r e a t m e n t  also resulted in e leva ted  levels of 
cholesterol.  These invest igators  suggested tha t  the  inhibi-  
to ry  act ion of af la toxin  on ace ta te  incorpora t ion  into 
cholesterol  was specific and not  the  result  of general  
hepat ic  injury.  

I n  our exper iments  the  level  of sterol digitonides 
increased 22% wi th  a concomi tan t  decrease in specific 
ac t iv i ty  of 42%. The increase of l ipid and cholesterol 
con ten t  in the  previous  studies could, as suggested by  
SHANK and WOGAN, have  resulted f rom failure of t ranspor t  
of these metabol i tes  f rom the  liver. The present  in v i t ro  
studies, in which t ranspor t  is not  involved,  indicate  t ha t  
the  tox in  affects b o t h  the  rate  of synthesis  and tu rnove r  
of lipids in the  skin. Fur thermore ,  the  failure of af la toxin  
to affect the  respi ra tory  rates of skin also suggests t ha t  
the  effects on l ipid metabol i sm are of a more specific 
na tu re  than  tha t  of general  toxici ty .  CLIFFORD and REES 4 
have  repor ted  comparable  results on the  respi ra tory  rates 
of af la toxin  poisoned liver. 

A l though  i t  is general ly  concluded t h a t  the  tox ic i ty  of 
a f la toxin  B 1 is t issue specific, the  similari t ies of results 
f rom the  present  s tudy  wi th  human  skin to those of pre- 
vious ones of lipid metabo l i sm in an imal  l iver  suggest 
t ha t  a) at  least  this facet of af la toxin  act ion m a y  be 

common  to all tissues ac t ive ly  engaged in lipid metabol i sm 
via  similar  b iosynthet ic  pa thways  and b) t h a t  this effect 
of af la toxin  on lipid metabo l i sm is of a specific n a t u r e  
The re la t ionship of these findings to the  possible occur- 
rence of dermatoses  in h u m a n  skin mus t  awai t  fur ther  
s tudy  15. 

Zusammen/assung, Afla toxin  B 1 h inder t  den in v i t ro  
Einbau  des laC-Azetats in die Gesamtlipide,  die freien 
Sterine, die Phosphol ipide und die Neut ra l fe t t e  der 
menschl ichen Haut .  Die Atmungsgeschwindigke i t  der 
tox inbehande l ten  Gewebe wurde nicht  beeinflusst.  

I{. S. BLACK, J. D. SMITH, 
B. J. AUSTIN and E. W. RAUSCHKOLB 

Veterans Administration Hospital and 
Departments o/Dermatology and Biochemistry, 
Baylor College o/Medicine, Houston ( Texas 77031, USA ), 
8 June 1970. 

1~ Supported in part by The Robert A. Welch Foundation Grant 
No. Q-253, USPHS Grant No. EC00110-03, and Clinical Investiga- 
torship Award of Veterans Administration. 

Calcium Sensitivity o f  Succinate and Pyruvate 
Skeletal Muscle 

Tile calcium-sensi t ive proteins,  as well as acidic pro- 
teins, of amphib ian  gast rocnemius  muscle showed ca thodal  
migra t ion  suggesting a ne t  posi t ive  sign of charge on 
t h e m  1. Similar ly  some of the  dehydrogenases were also 
found to possess a ne t  posi t ive  sign of charge2-4. Since 
the  acidic prote in  env i ronmen t  is known to elevate  the  
ac t iv i ty  of dehydrogenases  2 ~ and the  denerva ted  muscle 
has al tered calcium levels, i t  is essential  to see whether  
calcium-sensi t ive proteins  or calcium sensi t iv i ty  of the  
dehydrogenases  exists in the  denerva ted  muscle. 

Material and methods. Rana hexadactyla of med ium size 
were denerva ted  uni la tera l ly  by  sciatic nerve  section 
under  aseptic conditions.  The  frogs were main ta ined  in 
aqua r ium tanks  and were fed wi th  cockroaches or ear th-  
worms.  After  30 days, the  normal  and denerva ted  gastro- 
cnemius  muscles were isolated and used for enzymat ic  
studies. 

5% (wt/vol) homogenates  of normal  and denerva ted  
muscles were prepared  in 0.25M sucrose solut ion and 
centr i fuged at  1500g for 20 rain. 2 ml  al iquots  of each 
superna tan t  was t ransferred into 3 centr ifuge tubes. Tile 
first  tube  received 1 ml  0 .25M sucrose and this  served 
as the  control.  The  second and th i rd  tubes received 1 ml  
10 m M  calcium chloride and 1 ml  1.5 m M  sodium ci t ra te  
respect ively.  Tile mix tures  were centr i fuged a t  1000g for 
10 min  and t i le levels of the  succinate  dehydrogenase  
(SDH, EC  1.3.99.1) and py ruva t e  dehydrogenase  (PDH,  
EC  1.3.4.1) act ivi t ies  were de te rmined  in the  supernatant ,  
adopt ing  the  t r iphenyl  t e t r azo l ium chloride reduct ion  
me thod  of SRIKANTAN and KRISHNAMOORTHY 5 as s tand-  
ardised by  GOVINDAPPA and SWAMI 3. The chosen molar  
concent ra t ions  of calcium chloride and sodium ci t ra te  
were arr ived a t  af ter  several  p re l iminary  exper iments ,  
where thei r  effects on enzyme act ivi t ies  were found to  
be opt imal .  

Results and discussion. Since the  b inding of ca lc ium to 
proteins  is known to be p H  dependen t  s, the  effects of 

Dehydrogenases in the Denervated Amphibian 

calcium and c i t ra te  on S D H  and P D H  act ivi t ies  were 
s tudied at  the  p H  5.8, 6.8 and 7.8 (Tables I and II) .  
The p H  va lue  of 6.8 represents  the  muscle homogena te  
p H  and this condi t ion will p rovide  a na t ive  env i ronment  
to the  muscle homogenate .  The p H  values  5.8 and 7.8 
were selected so tha t  a re la t ive ly  acidic and alkaline envi-  
ronmen t  respect ively  was induced on the  enzyme system. 

At  6.8 p H  both  the  enzymes are ac t iva ted  by  calcium 
and inac t iva ted  by citrate.  Thus, i t  appears  t ha t  bo th  the  
enzymes require an increase in the  posi t ive  charge densi ty  
in the  env i ronmenta l  protein for thei r  ac t ivat ion,  since 
calcium is known for induct ion  of posi t ive charges on 
prote in  by  neutral iz ing nega t ive  chargesL At  p H  5.8, the  
S D H  ac t iv i ty  of normal  and denerva ted  muscles was 
s ignif icant ly e levated by  calcium and suppressed by citrate.  
At  p H  7.8, the  S D H  was inhibi ted bo th  by  calcium and 
citrate,  bu t  the  inhibi t ion by calcium was more pronounced  
and s ta t is t ical ly  significant  while the  inhibi t ion by c i t ra te  
was not  significant.  Increase in the  acidi ty  (i.e., p H  5.8) of 
the  medium normal ly  involves  the  deplet ion of negat ive  
charges cont r ibu ted  by carboxyl  and phospha te  groups 
of proteins as some of the  groups approach the  p K a  values  
in the  direct ion of acidity.  Addi t ion  of calcium at  this p H  
migh t  have  fur ther  decreased the  nega t ive  charge densi ty  
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