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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.  
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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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Table I. Effect of calcium and citrate on succinate dehydrogenase activity of normal and denervated muscle homogenates 

Muscle pH 5.8 pH 6.8 pH 7.8 

Control CaC12 Sodium Control CaC12 Sodium Control CaCI~ Sodium 
added citrate : added citrate added citrate 

added added added 

Normal 
Difference o 
from control (%) 
Significance 
Denervated 
Difference o 
from control (%) 
Significance 

319.9=t=22.6 b 405.6/=63.1 250.1/=36.7 168.9/=19.7 252.3/=14.3 130.9/=10.6 66.7/=13.2 46.9/=7.8 64.8/=15.8 
+ 26.8 --21.8 + 49.4 --22.5 --31.2 --2.8 

P <  0 .02  P<0.01 P<0.001 P<0.001 P<0.05 N.S. 
143.9-t-25.5 b 206.9Jc42.9 112.1/=11.5 77.8~20.1 138.4/=36.9 46.6/=8.9 29.6:h4.9 22.3/=4.3 26.4/=10.2 

+ 43.8 --22.1 + 77.8 --40,1 --24.9 --10.9 

P<0.05 P <  0.05 P <  0.02 P <  0.02 P <  0.05 N.S. 

Enzyme activity expressed as ~g of formazan/g wet wt./h. ~ Each value is mean of 6 individual observations, b _4_ S.D. e The values indicate 
% increase (+) or decrease (--) in activity in relation to the control. N.S., not significant. 

Table II. Effect of calcium and citrate on pyruvate dehydrogenase activity of normal and denervated muscle homogenates 

Muscle pH 5.8 pH 6.8 pH 7.8 

Control CaC12 Sodium Control CaC12 Sodium Control CaCI~ Sodium 
added citrate added citrate added citrate 

added added added 

Normal 
Difference 
from control (%) 
Significance 
Denervated 
Difference c 
from control (%) 
Significance 

592.6=t=35.9 b 425.6/=54.4 561.9/=34.6 286.6/=32.4 429.2/=96.1 220.3_t=23.9 45.4/=10.9 70.8/=6.2 37.5/=11.9 
--28.3 --5.2 + 51.4 --23,1 + 56.1 --17.4 

P <  0.001 N.S. P <  0 .02  P<0.01 P<0.01 N.S. 
460.6• b 336.6/=47.8 384.3/=56.1 174.6/=20.8 269.1/=33.5 132.6/=11.0 31.8/=9.6 55.6/=2.8 24.4/=6.7 

--26.9 --16.6 + 54.2 --24.0 + 74.7  --23.1 

P<0.01 N,S. P<0.01 P<0.01 P<0.01 N.S. 

Enzyme activity expressed as ~xg fornmzan/g wet wt./h. ~ Each value is mean of 6 observations, b/= S.D. o The values indicate % increase (+) 
or decrease (--) in activity in relation to the control. N.S., not significant. 

in the  env i ronmen ta l  pro te ins  and  th is  condi t ion  migh t  
have  e levated  the  S D H  act iv i ty .  Sodium c i t ra te  t r e a t m e n t  
e l iminates  the  effect  of calcium, as the  c i t ra te  is a p o t e n t  
chela t ing  agent  of calcium, t hus  inducing nega t iv i ty  on 
carboxyl  groups and subsequen t ly  t he  SDH ac t iv i ty  has  
been  suppressed  at  p H  5.8 by  ci t rate .  The increase of 
p H  to  7.8 induces  greater  ionizat ion of carboxyl  and p h o s -  
pha t e  groups which  in the i r  ionized s t a te  will con t r ibu te  
to  negat ive  charge dens i ty  in the  medium.  Fur the r ,  the  
shif t  t owards  the  a lkal in i ty  of the  med ium indicates  an 
increase in O H -  groups in t he  medium.  In  addi t ion,  o ther  
ionizable groups of pro te ins  hav ing  p K a  values  in t he  
alkaline range get involved in deve lopmen t  of charges.  
Thus,  the  add i t ion  of calcium a t  p H  7.8 migh t  have  
neut ra l ized  a t  least  some of the  nega t ive  charges in t he  
med ium and  thus  the  SDH ac t iv i ty  should have  been  
e levated  a t  th is  pH.  However ,  in the  p resen t  s t u d y  b o t h  
calcium and c i t ra te  had  ident ical  p a t t e r n  of inac t iva t ion  
suggest ing t h a t  t hey  are involved in secondary  react ions  
inf luencing a c o m m o n  factor .  Thus,  i t  m a y  be inferred 
t h a t  ca rboxyl  and p h o s p h a t e  groups of the  env i ronmen ta l  
pro te ins  are involved in t he  regula t ion of SDH act iv i ty ,  
as has  been  suggested previous ly  s, 9. 

The P D H  had  a sens i t iv i ty  p a t t e r n  d i f fe rent  f rom t h a t  
of SDH. At  p H  5.8, the  calcium suppressed  the  P D H  
ac t iv i ty  more  t h a n  the  ci t rate ,  showing a t r e n d  opposi te  
to  t h a t  observed  for SDH.  At  p H  7.8 calc ium e levated  
the  P D H  act iv i ty ,  a s i tua t ion  which  is con t r a ry  to t h a t  
of SDH.  P robab ly  carboxyl  and p h o s p h a t e  groups  had  
minor  inf luence in t he  regula t ion of P D H  act iv i ty ,  Thus,  
the  e levat ion  of P D H  ac t iv i ty  by  calcium in t he  alkaline 
med ium suggests  t h a t  th is  enzyme  depends  on o ther  
groups such as guanidine  and  amino  groups of p ro te ins  
for i ts  ac t iva t ion .  

The dys t roph ic  muscle,  w h i c h  exhibi t s  more  or less 
s imilar  b iochemical  changes  as the  dene rva t ed  muscle,  
showed an increased calc ium co n t en t  1~ 11. Fur ther ,  the  
dene rva t ed  muscle  showed increased Ca++ Ilux 12, and  
this  increase is t h o u g h t  to  be pa r t ly  due to increased free 
Ca ++ levels in t h a t  muscle  18. Thus  the  increased free 
calcium levels in the  dene rva t ed  muscle  should have  
e levated  the  act ivi t ies  of dehydrogenases .  Cont ra ry  to  
this,  there  is a decrease in the  act ivi t ies  of S D H  and P D H  
in the  dene rva t ed  muscle,  suggest ing t h a t  t he  calcium 
sens i t iv i ty  of these  dehydrogenases  was a l tered in the  
dene rva t ed  muscle.  

Zusammen/assung. Es wird  nachgewiesen,  dass die 
Akt iv i t~ t  yon  Succinat  Dehydrogenase  und  yon  P y r u v a t  
Dehydrogenase  in E x t r a k t e n  normale r  und  denerv ie r te r  
Muskula tur  durch  Ca++ im pH-Bere i ch  yon  5,8 bis 7,8 ill 
ve r sch iedenem Ausmass  e rh6ht  bzw. erniedr ig t  wird.  
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