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Distribution of 1~ 2~ and *SZn, in liver and kidney of Carassius 
auratus, 24 h after i.p. injection of 30 nmoles of each labelled metal 
(% of the dose) 

109 Cadmium 203 Mercury 65 Zinc 

Liver 
Total 27.5 6.9 8.1 
Cytosol 26.3 2.3 4.9 
Cd-BP 24.5 1.2 3.2 

Kidney 
Total 7.4 4.0 1.6 
Cytosol 6.1 1.3 0.3 
Cd-BP 5.2 0.5 0.03 
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Gel filtration on Sephadex G-75 of the cytosol of liver and kidney 
of goldfish injected with 30 nmoles of 1~ ~~ and *SZn, 24 h 
before the sacrifice. 

t h e  cytosol  b y  t he  c h r o m a t o g r a p h i c  p rocedure  of SIIAIK 
a n d  LlJcIIs t l  on  a S e p h a d e x  G-75 columns,  100 • 3 cm, 
equ i l i b r a t ed  w i t h  Tris-C1 buffet" 10 m M  a t  p H  8.2. The  
! JV- t r ansmiss ion  of t h e  e lua te  was c o n t i n u o u s l y  moni -  
to red  a t  254 nm,  and  t he  r ad ioac t iv i t i e s  measu red  in t he  
col lected f rac t ions  (5 ml). 

The  F igure  shows the  e lu t ion  profi les  o b t a i n e d  f rom 
t h e  ge l - f i l t ra t ion  of t h e  l iver  alxd t h e  k i d n e y  cytosol .  
Besides  t h e  c a d m i u m ,  t he re  was also m e r c u r y  a n d  zinc 
i nco rpo ra t ed  in to  Cd-BP,  b o t h  in t h e  l iver  a n d  in t he  
k idney .  In these  2 organs,  al l  t h e  c a d m i u m  r a d i o a c v i t y  
was recovered  in t h e  C d - B P  fract ions ,  whi le  for m e r c u r y  
and  zinc t h e  r a d i o a c t i v i t y  was  found  b o t h  in t h e  C d - B P  
a n d  t he  h ighe r  molecu la r  we igh t  pro te ins .  

The  resu l t s  r epo r t ed  in t he  Tab le  show the  d i s t r i b u t i o n  
of l~ 2~ and  ~sZn in t h e  l iver  a n d  in t he  k idney .  
I t  was  found  t h a t  m o s t  c a d m i u m  was p r e s e n t  in  t h e  
cytosol  of t h e  liver,  and  t h a t  i t  was  i nco rpo ra t ed  in to  t h e  
Cd-BP.  I n  t he  k idney ,  t he  f r ac t ion  b o u n d  to  t he  C d - B P  
represen t s  on ly  70% of t h a t  f ound  in t h e  t o t a l  organ.  
The  resul t s  for Hg  indicate ,  in compar i son  to  Cd, lower 
p ropor t ions  found  in t h e  cytosol  ( a round  1/a ) a n d  in  t h e  
C d - B P  (12 to  17~o). These  p ropo r t i ons  a p p e a r  s imi la r  
for  l iver  and  k idney.  

As fa r  as t he  d i s t r i b u t i o n  of ~sZn is concerned,  a s t r o n g  
difference was obse rved  be tween  l iver  a n d  k idney .  I n  
k idney ,  t h e  C d - B P  inco rpora t e s  m u c h  tess zinc (1.9%) 
t h a n  in l iver  (39.50/0). T h i s s u g g e s t s  t h e  poss ib i l i ty  of t h e  
presence  in f ish of an  h e p a t i c  z inc -b ind ing  pro te in ,  w i t h  
charac te r i s t i c s  s imi lar  to  t h e  Cd-BP,  as r epo r t ed  for t h e  
h u m a n  l iver  b y  BOHLE~ a n d  KXG112. A l t h o u g h  some 
differences were obse rved  b e t w e e n  t h e  3 me ta l s  in  t h e i r  
a f f in i ty  for  t h e  C d - B P  of l iver  a n d  k idney,  t he  resu l t s  
r epo r t ed  ind ica te  t h a t  in  fish, as in  m a m m a l s ,  t h i s  me ta l -  
b i n d i n g  p ro t e in  r ep resen t s  a n  i m p o r t a n t  b ind ing-s i t e  for  
t h e  I I B  e l emen t s  of t h e  per iodic  t ab le .  Since c a d m i u m  
s t imu la t e s  t he  syn thes i s  of t h e  Cd-BP,  t he  i nco rpo ra t i on  
of d i f fe ren t  me ta l s  in  t h e  same c o m p o n e n t  would  exp la in  
some in t e r ac t i ons  obse rved  in t he  m e t a b o l i s m  of such  
me ta l s  in  f ish exposed to po l lu ted  w a t e r  i3. 
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The R e s p o n s e  of C a - m e d i a t e d  Act ion Potent ia ls  and Contracti le  Act iv i ty  in M a m m a l i a n  Ventricular  
M y o c a r d i u m  T o w a r d s  Alka los i s  

~/~. KOI-ILHARDT and  K. HAAP 

Physiologisches Institut der Universitiit, Hermann-Herder-Strasse 7, D-78 Freiburg im Breisgau (German Federal Re- 
public, BRD),  19 september 1975. 

Summary. Alkalos is  (pH 7.8) p roduced  b y  r educ t i on  of CO S c o n c e n t r a t i o n  a u g m e n t e d  b o t h  u p s t r o k e  ve loc i ty  of Ca 
ac t ion  p o t e n t i a l s  a n d  i somet r ic  con t rac t i l e  force of m a m m a l i a n  h e a r t  muscle.  I f  t h e  increase  of p H  to  7.8 was ach ieved  
b y  a raise  of HCO 3 c o n c e n t r a t i o n  (wi th  s i m u l t a n e o u s  r e d u c t i o n  of CO S concen t ra t ion ) ,  t h e  pos i t ive  ino t rop ic  response  
was n o t  a c c o m p a n i e d  b y  a n  a u g m e n t e d  Ca cur ren t .  Obvious ly ,  t he  we l l -known pos i t ive  ino t rop ic  effect  of a lkalosis  
does  n o t  on ly  d e p e n d  u p o n  t h e  e n h a n c e m e n t  of t r a n s m e m b r a n e  Ca in f lux  d u r i n g  exc i ta t ion ,  b u t  c an  be  m e d i a t e d  
a lone  b y  a f fec t ing  i n t r ace l l u l a r  Ca m o v e m e n t s  as well. 

I t  is a we l l -known fac t  t h a t  changes  of p H  in  t h e  ex t r a -  
cel lular  f luid induce  a l t e r a t i ons  of con t r ac t i l e  a c t i v i t y  of 
t h e  m y o c a r d i a l  cell. Thus ,  a decrease  of t h e  I-I concen t r a -  
t i on  exer t s  a pos i t ive  ino t rop ic  effect  1. Th i s  ref lects  a 
Iarger  a m o u n t  of a c t i v a t o r  Ca ava i l ab le  a t  t he  myo-  
f ibr i ls  wh ich  could be  caused  b y  a p r o m o t i n g  ac t ion  of 

Mkalosis u p o n  Ca release f rom s tores  (NAIKAMARII a n d  
SCHWARTZ 2) if changes  of ex t r ace l lu l a r  p H  lead to  con-  
c o m i t a n t  a l t e r a t i ons  of t h e  H c o n c e n t r a t i o n  in t h e  celt. 
On t he  o t h e r  h a n d ,  i t  would  be  conce ivab le  t h a t  a lkalosis  
enhances  t r a n s m e m b r a n e  Ca i n w a r d  cu r ren t .  I n  o rder  to  
o b t a i n  a more  precise  i n s igh t  in  t h e  m e c h a n i s m  u n d e r -  



15.2. 1976 Specialia 151 

Control 

A) 

pH 7.8 (11.9 rnM 
NaHCO3, 0.5% CO2) 
15min 

200 msec 

1 
20 msec 

14o B) 7 
% T Isometric 

T / . , ~ .  ~ contraction 

L /  ~Upstr0kevel0city 
120 / / I t of Ca action 

, ~ /  1 I potential 

1000 5 1'0 1'5 min pH 7.8 
(11.9 mP'/NaHCO3.0.5 % CO 2) 

Fig. 1. A. Left panels : registration of the Ca mediated action potential 
and the isometric contraction of a papillary muscle from the right 
ventricle of a eat. Right panels: Differentiation of the upstroke 
phase of the Ca action potential. The upper records represent the 
control values at pH 7.4, the lower records were obtained 15 mill 
after the increase of pH to 7.8 by reducing the CO 2 concentration to 
0.5%. Continuous impalement of the microelectrode. 

B. Time course of the effect of pFI 7.8 (11.9 mM HCO3, 0.5% CO2) 
upon upstroke velocity of the Ca action potential (filled circles) and 
isometric contraction (open circles). Each point represents the mean 
value from 10 experiments (vertical bars: standard deviation). 
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Fig. 2. Registration of Ca action potential and isometric contrac- 
tion of a papillary muscle before (upper panel), 20 min after the 
addition of 0.5 mg]l D600 (middle panel), and after switching to a 
D600 - containing medium with a pH of 7.8 (11.9 mM HCO 3. 
0.5% CO2). Continuous impalement ot the microelectrode. 

ly ing t h e  pos i t ive  ino t rop ic  ac t ion  of alkalosis,  t h e  changes  
of t h e  Ca m e d i a t e d  ac t ion  p o t e n t i a l  a n d  t h e  con t rac t i l e  
a c t i v i t y  in  pap i l l a ry  muscles  of ca t s  were  s tud ied  follow- 
ing a n  increase  of ex t race l lu la r  p H  f rom 7.4 to  7.8. 

Methods. Accord ing  t h e  p rocedure  descr ibed  b y  
MASCHER 3, Ca m e d i a t e d  ac t ion  po t en t i a l s  were el ic i ted 
a f t e r  i n a c t i v a t i o n  of t h e  fas t  N a  s y s t e m  of t h e  m e m b r a n e  
which  was ach ieved  b y  decreas ing  t h e  r e s t ing  p o t e n t i a l  
to  - -50 m V  us ing  K- r i ch  (15 raM) T y r o d e  so lu t ion  
(NaC1 137 raM,  CaCI 2 2 raM,  NaHCO3 11.9 raM,  N a H 2 P O  4 
0.42 m M ,  glucose 10 r a M ;  b u b b l e d  w i t h  ca rbogen  (97% 
03, 3% CO~, t e m p e r a t u r e  34~ Fo r  t h e  r eg i s t r a t ion  of 
t h e  ac t ion  p o t e n t i a l s  KCl-fi l led microe lee t rodes  were 
used. T h e  r a t e  of rise was  cons idered  to  be  r e p r e s e n t a t i v e  
for t h e  (Ca carried) slow i n w a r d  cu r ren t .  S t i m u l a t i o n  
f r equency  60/rain.  

Results and discussion. I n  a f i rs t  t y p e  of expe r imen t s ,  
t h e  p H  of 7.8 was a t t a i n e d  b y  decreas ing  t h e  CO S con-  
c e n t r a t i o n  f rom 3% to  0.5%. As s h o w n  in F igure  l a ,  
15 mil l  a f te r  swi tch ing  to  t h i s  a lka lo t ie  T y r o d e  so lu t ion  
a n  increase  of ups t roke  ve loc i ty  of t h e  Ca m e d i a t e d  ac t ion  
p o t e n t i a l  occur red  wh ich  a m o u n t e d  to  33~ in t h i s  
expe r imen t .  Compared  w i t h  t h e  con t ro l  va lues  a t  p H  
7.4, r e s t ing  po ten t i a l ,  o v e r s h o o t  a n d  d u r a t i o n  (at  t h e  
level  of 50~o a n d  90% repo!a r iza t ion  ) of t h e  Ca ac t ion  
p o t e n t i a l  r e m a i n e d  unaf fec ted .  As expec ted ,  t h e  force of 
i somet r ic  c o n t r a c t i o n  w e n t  up,  in  th i s  case b y  40%.  I n  a 
q u a n t i t a t i v e  respect ,  t h i s  t y p e  of a lkalosis  p roduced  a 
n e a r l y  iden t i ca l  response  of b o t h  u p s t r o k e  ve loc i ty  a n d  
i somet r i c  c o n t r a c t i o n  (Figure  l b ) .  W i t h i n  15 rain,  a 
g r a d u a l  increase  appea red ,  a n d  f ina l ly  a m e a n  a u g m e n t a -  
t ion  of u p s t r o k e  ve loc i ty  b y  24.7% a n d  of con t r ac t i l e  
force b y  29.7~o was o b t a i n e d  w h i c h  does n o t  differ  signif-  
i c an t l y  f rom each  o ther .  Th i s  increase  of u p s t r o k e  velo-  
c i ty  of t h e  Ca ac t ion  p o t e n t i a l  ref lects  an  e n l a r g e m e n t  of 
t h e  t r a n s m e m b r a n e  slow i n w a r d  cu r ren t .  As r ecen t l y  
sugges ted  b y  DROOIN a n d  N~IJMCKE ~, t h e  i n w a r d  
m o v e m e n t s  of N a  ions t h r o u g h  t h e  f a s t  m e m b r a n e  
c h a n n e l  p resupposes  t h e i r  b i n d i n g  to  specific nega t i ve  
charges  wh ich  become  p r o t o n a t e d  in t h e  presence  of low 
ex t race l lu la r  p H  t h u s  b lock ing  t h e  f a s t  N a  cur ren t .  Con- 
sequent ly ,  t h e  rise in  p H  shou ld  lead to  a r educed  p r o t o n a -  
t i on  of n e g a t i v e l y  cha rged  groups.  I f  t h e  t r a n s p o r t  ele- 
m e n t s  of t h e  slow c h a n n e l  r eac t  in  t h e  same  way,  an  
increase  in  t r a n s m e m b r a n e  Ca c u r r e n t  occurs. 

I t  was  n o w  t h e  ques t ion  w h e t h e r  th i s  a lkalosis  could 
neu t r a l i ze  t h e  ac t ion  of D 6 0 0 : 5  m i n  a f te r  a d d i n g  t h i s  
c o m p o u n d  to  t h e  Tyrode  so lu t ion  (pH 7.4) t h e  k n o w n  
decrease  of u p s t r o k e  ve loc i ty  a n d  ove r shoo t  of t h e  Ca 
ac t ion  p o t e n t i a l  appea red  acco mp an i ed  b y  a d i m i n u t i o n  
of con t rac t i l e  force (TRITrHART e t  al.~). As shown  in 
F igu re  2, a f t e r  a t i m e  of exposure  of 20 rain  to  D600 
(0.5 rag/i) t h e  Ca ac t ion  p o t e n t i a l  a n d  t h e  con t r ac t i l e  
a c t i v i t y  d i s appea red  i n d i c a t i n g  t h e  b lockade  of t h e  slow 
m e m b r a n e  c h a n n e l  (IKOHLHARDT e t  al.G). Th i s  b lock ing  
effect  of D600 was n o t  neu t r a l i zed  b y  alkalosis  w h i c h  
m a y  be  exp la ined  b y  t h e  r e l a t ive ly  smal l  increase  of s low 
c h a n n e l  c o n d u c t a n c e  due  to  p H  7.8 so t h a t  t h e  s t rong  
i n h i b i t o r y  D600 ac t ion  could  n o t  be  overcome.  
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The  resul t s  descr ibed  above  c lear ly  d e m o n s t r a t e  t h a t  
t he  a u g m e n t a t i o n  of con t rac t i l e  force in t h e  presence  of 
p H  7.8 depends  m a i n l y  u p o n  t h e  e n h a n c e d  t r a n s m e m b r a -  
ne  Ca inf lux  d u r i n g  exc i ta t ion .  I n  o rder  to  see w h e t h e r  
alkalosis  exer t s  i ts  pos i t ive  ino t rop ic  effect  on  pr inc ip le  v ia  
a n  increase  of Ca cur ren t ,  in  a second t y p e  of e x p e r i m e n t s  
p H  was e l eva ted  b y  means  of a s t ronger  HCO 3 concen-  
t r a t i o n  (23.8 m M )  w i t h  s i m u l t aneous  r educ t i on  of t he  CO~ 
c o n c e n t r a t i o n  to  1%. F igure  3 shows t h e  e v a l u a t i o n  of 
these  exper imen t s .  Again,  w i t h i n  15 m i n  a n  increase  of 
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Fig. 3. Changes of upstroke velocity o~ Ca action potential (filled 
circels) and isometric contraction (open circles) following perfusion 
with a 23.8 mM HCO~- and 1% CQ-containing medium (pK 7.8). 
Each point represents the mean value from 5 experiments (vertical 
bars: standard deviation). 

i sometr ic  c o n t r a c t i o n  force occur red  which  a m o u n t e d  to  
28.7% on a n  average.  A longer  t ime  of exposure  to  t h e  
a lka lo t ie  Tyrode  so lu t ion  h a d  no  a d d i t i o n a l  effect.  
However ,  a c lear ly  d i f fe ren t  response  of t h e  Ca ac t ion  
p o t e n t i a l  was  o b t a i n e d ;  10 ra in  a f t e r  swi tch ing  to  th i s  
m e d i u m  a s l igh t  decrease  of i t s  u p s t r o k e  ve loc i ty  b y  
14.5% appeared .  I t  was fol lowed b y  a rise a t t a i n i n g  t he  
con t ro l  va lues  of ups t roke  ve loc i ty  5 m in  later .  Obvious ly ,  
t he  increase  of con t rac t i l e  force is n o t  a c c o m p a n i e d  w i t h  
p r o p o r t i o n a l  changes  in  t r a n s m e m b r a n e  Ca cur ren t .  The  
s ame  p h e n o m e n o n  was found  u n d e r  t he  inf luence  of 
card iac  glycosides (THYRUMT; ~N~AWRATH et  al.S), wh ich  
proves  t h a t  an  e n l a r g e m e n t  of Ca in f lux  d u r i n g  exc i t a t i on  
has  no t  to  be  cons idered  as a n  essent ia l  p re requ i s i t e  for  
the  pos i t ive  ino t rop ic  ac t ion  in h e a r t  muscle.  R a t h e r  t h e  
u n d e r l y i n g  increase  in a c t i v a t o r  Ca can  be  caused  pre-  
d o m i n a n t l y  b y  changes  of i n t r ace l lu l a r  Ca m o v e m e n t s  as 
well. I n  t he  case of ex t race l lu la r  a lkalosis  (produced  b y  
increased  I-ICO 3 a n d  reduced  CO 2 concen t r a t i on )  t he  
a u g m e n t e d  con t rac t i l e  a c t i v i t y  seems to  resu l t s  f rom 
p r o m o t i n g  t he  Ca release f rom stores  p r o b a b l y  induced  
b y  c o n c o m i t a n t  changes  of t h e  in t r ace l lu l a r  H concen t r a -  
t ion.  I f  t h i s  leads to  a rise in  i n t r ace l lu l a r  free Ca, a 
p laus ib le  e x p l a n a t i o n  for  t he  u n e x p e c t e d  cessa t ion  of t he  
a u g m e n t a t i o n  of Ca c u r r r e n t  becomes  avai labIe .  
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0 H. NAWRATH, T. F. McDoNALD and W. TRAUTWEIN, Arch. exp. 

Path. Pharmak. 287, R24 (1975). 
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Summary. 5-Thio-D-glucose comple t e ly  i n h i b i t e d  o-d iphenoloxidase  f rom a n i m a l  as well  as p l a n t  sources. I t  h a s  been  
r epo r t ed  t h a t  th ioglucose  suppresses  spe rma togenes i s  in  mice  a n d  also insec t  me t amorphos i s ,  p r o b a b l y  t h r o u g h  inh ib i -  
t i on  of glucose t r a n s p o r t .  I n h i b i t i o n  of o -d iphenoloxidase  (which is ac t ive  in s p e r m a t o z o a  a n d  insec t  larvae)  is sugges ted  
as an  a l t e r n a t i v e  m e c h a n i s m  of ac t ion  of th ioglucose.  

Th i s  c o m m u n i c a t i o n  deals  w i t h  a possible  m e c h a n i s m  
of ac t ion  of 5-thio-D-glucose, wh ich  h a s  b e e n  r epo r t ed  to  
be  a u n i q u e  male  c o n t r a c e p t i v e  1. I n  th ioglucose ,  wh ich  
was  syn thes i zed  in  1962, t h e  r ing  oxygen  of glucose is 
rep laced  b y  a su l fu r  a t o m  S. Feed ing  of ma le  mice  w i t h  
t h e  c o m p o u n d  resu l ted  in t e s t i cu la r  a t r o p h y  a n d  t o t a l  
i n h i b i t i o n  of spe rma togenes i s  1. T he  effect  was  ful ly  
revers ib le  on  w i t h d r a w i n g  t h e  drug.  W h e n  th ioglucose  
was  fed to  l a rvae  of Drosophila melanogaster, m e t a m o r -  
phos is  of t h e  l a rvae  was  suppressed  ~. A l t h o u g h  t he  d rug  
i nh ib i t s  c o m p e t i t i v e l y  t h e  ac t ive  t r a n s p o r t  of D-glucose 
across cell m e m b r a n e s %  t h e  exac t  m e c h a n i s m  of ac t ion  
of th ioglucose  on  spe rma togenes i s  or  insec t  m e t a m o r p h o -  
sis ha s  n o t  ye t  been  es tab l i shed .  

I t  h a s  beert  po in t ed  o u t  t h a t ,  s ince glucose is a m a j o r  
ene rgy  source  for b r a i n  me tabo l i sm,  a n  a n t a g o n i s t  of 
glucose could h a v e  ser ious side effects  s. However ,  no  
acu te  tox ic  effects  were obse rved  ill e x p e r i m e n t a l  an ima l s  
g iven  large  doses of t he  drug,  a n d  LDs0 of th ioglucose  was 
qu i t e  h i g h  (14 g /kg  b o d y  weight)~.  E v i d e n t l y ,  t he  com- 
p o u n d  m i g h t  h a v e  some o t h e r  m o d e  of ac t ion  as well, 
bes ides  i n h i b i t i n g  glucose t r a n s p o r t .  S p e r m a t o z o a  con-  
t a i n  a n  e n z y m e  w h i c h  ac t ive ly  oxidizes d o p a  to  pig-  
mentT-% a n d  su l fu r -con ta in ing  c o m p o u n d s  are  k n o w n  to  

be  i nh ib i t o r s  of o -d iphenolox idase  ( tyrosinase)  (o-diphenol  : 
oxygen  oxidoreductase)10.  Moreover ,  t ryos inase  is k n o w n  
to  h a v e  an  i m p o r t a n t  role in  insec t  d e v e l o p m e n t  n .  

Methods. To s t u d y  t he  effect  of 5-thio-D-glucose on  
o-diphetmloxidase ,  t h e  o x i d a t i o n  of d o p a  (3, 4 -d ihyd roxy-  
pheny la l an ine )  b y  cu l t u r ed  m e l a n o m a  ceils a n d  b y  lyo- 
phi l ized  m u s h r o o m  ty ros inase  was t e s t e d  w i t h  a n d  wi th -  
ou t  t h e  drug.  M u s h r o o m  ty ros inase  a n d  5- thio-glucose 
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