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Inhib i t ion  of S o d i u m  Transpor t  in Frog  Skin  by Cardiac Glycos ides  of Different Molecular  Structure  

The cardiac glycosides are the  specific inhib i tors  of 
N a K - A T P a s e  which  is involved in act ive Na  t r a n s p o r t  ~. 
In  view of the  va r i e ty  of the rapeu t i c  effects of cardiac 
glycosides and key role in the i r  cardiotonic  and natr i -  
uret ic  effect  of the  inhib i t ion  of Na  t r anspo r t  % 3, a s t u d y  
on the  in ter re la t ion  be tween  the i r  s t ruc tu re  and the i r  
influence an the  Na  p u m p  is of pa r t i cu la r  interest .  

The p resen t  inves t iga t ion  was carr ied out  on the  frog 
skin in which Na t r a n s p o r t  is d e p e n d e n t  only  on the  p u m p  
sensi t ive to s t r ophan th ine  and is comple te ly  inh ib i ted  by  
the  l a t t e r<  

Materials and methods. The exper imen t s  were pe r fo rmed  
on the  isolated abdomina l  skin on win te r  Rana temporaria 
(c~). The act ive  Na t r a n s p o r t  was measured  by  the  shor t  
circuit  cur ren t  m e t h o d  5 by  means  of an au tomat ica l ly  
compensa t ing  device 6. All t he  glycosides were added  to 
Ringers  solut ion f rom the  cor ium side. 

Results and discussion. A pre l iminary  inves t iga t ion  of 
the  inh ib i to ry  effect  of cardiac glycosides in a concent ra-  
t ion be tween  1 • 10-8-5 • 10-SM/I indica te  t h a t  the  dose 
2.36 X 10-6M/1 is the  bes t  for compara t ive  eva lua t ion  of 
the  effect iveness of p repa ra t ions  on Na t r anspo r t ;  a t  th i s  
concen t ra t ion  all the  p repa ra t ions  exh ib i t  the  inh ib i to ry  
influence.  The t ime  per iod  dur ing  which  the  init ial  Na  
t r anspo r t  decreased by  50% was used as an index  of the i r  
inh ib i to ry  act iv i ty .  

A m o n g  glycosides, K- s t rophan th in ,  K - s t r o p h a n t h o s i d  
and  ouabain  were found to be mos t  effective,  whereas  
sugarfree prepara t ion ,  i.e. ouabagenine,  exh ib i t ed  the  
weakes t  effect  on the  sodium t r a n s p o r t  (Table). 

The presence  of acetyl  radical  in the  molecule signific- 
an t ly  increases t he  inf luence of a glycoside upon the  N a  
t r anspor t ,  e.g., lana tos ide  C proved  to be more  act ive  
t h a n  desace ty l - lana tos ide  C and ace ty ld ig i tox in  ac ted  
more  effect ively t h a n  d ig i toxin  (Table). 

Higher  ac t iv i ty  of s t r ophan t ine  K and  s t rophan tos ide  K 
as compared  wi th  t h a t  of o ther  p repa ra t ions  seems to  

deper.d on the  presence  of - C < ~  group in posi t ion 19 of 

the  molecule. Similar  role of - C < ~  group has been revealed 

in s tudies  of the  inf luence of glucosides on the  Na  t rans -  
po r t  in the  frog m usc l eh  

Since the  cardio tonic  effect  of glycosides depends  on 
their  p r i ma ry  influence on the  Na p u m p  2, it  was of in te res t  
to compare  the  resul ts  ob ta ined  wi th  the  avai lable  da t a  
on the  molar  tox ic i ty  of the  same prepara t ions .  In  experi-  
ments  on cats, MACHOVA 8 found pos i t ive  corre la t ion 
be tween  the  average  le thal  dose of glycosides and the i r  
effect  on the  act ive  K t r a n s p o r t  in e ry throcy tes .  A s t u d y  
of in ter re la t ion  be tween  the  molar  tox ic i ty  of p repa ra t ions  
in cats  9 and  inhib i t ion  of the  Na  p u m p  in frog skin 
indica tes  the  exis tence  of pos i t ive  corre la t ion only  for 
some of t he  p repa ra t ions  (Figure), especial ly  for those 
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The relationship between the molar toxicity of the cardiac glycosides 
in cats and the inhibition of the sodium pump in frog skin. Ouabain 
(X); K-Strophantin {�9 K-Stropbantosid (O); Ouabagenin (A); 
Lanatosid C (~) ; Desacetyl-lanatosid C (&); Acetyl-digoxin (@) ; 
Aeetyl-digitoxin (It); Digitoxin (D). Ordinate, the molar toxicity 
btM/kg, abscissa, the time to inhibite by 50% the Na transport by 
adding 2.36 x 10 .6 M/1 ol the preparation. 

1 j .  C. SKOU, Physiol. Rev. 45, 396 (1965). 
2 F. Z. MEERSON, M. G. PSCKENNIKOVA, L. A. POGOSJAN, V. I. MAS- 

LYUK and N. V. KLYKOV, Mechanism o/ Cardiotonic Action o/ Car- 
diac Glycosides (Medieina, Moskow 1968), in Russian. 

3 j .  A. NELSON and ]3. R. NECHAY, J .  Pbarmac. exp. Ther. /75, 727 
(1970). 

4 Y u .  V. NATOCHIN, Biof iz ika  17, 626 (1966). 
5 H. H. USSlNG and K. ZERAHN, Acta physiol, stand. 23, 110 (1951). 
6 V. V. IVANOV, Yn. V. NATOCHIN, Fizio1. Zh. USSR 5d, 122 (1968). 
7 A. L. ABELES, J. gem Physiol. 5d, 268 (1969). 

The inhibition of active sodium transport by cardiac glycosides 

Glycosides and aglycon Modification of molecular structure 
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Rhamnose -- 51.0 I 4.4 
-- -- > 200 

Glucose-cymarose -- 38.8 :k 2.5 

Glucose(2]-eymarose -- 38.2 :}= 3.2 

Digitoxose (3)-glucose CHACO 79.3 ~ 13.5 
Digitoxose (3)-glucose -- 110.0 :k 9.1 
Digitoxose (3) CHACO 76.7 ~= 12.7 
Digitoxose (3) -- 125.0 i 14.3 
Digitoxose (3) CHACO 86.6 :Jz 5.9 
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used by  IV[AcHOVA. However ,  in a n u m b e r  of p repa ra t ions  
th is  corre la t ion was no t  observed  (Figure). 

These da t a  imply  t h a t  e i ther  glycoside = sensi t ive  Na  
p u m p s  are of d i f ferent  s t ruc tu re  in cardiac  muscle  of cats  
and frog skin Or the  in te rac t ion  of some glycosides wi th  
No, K - A T P a s e  in t he  whole  o rgan i sm differs f rom t h a t  in 
isolated biological  m e m b r a n e s  of frog skin. 
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JI0x<enHH Mo~eKyaN 0r<aaangcb HaH6oJiee 3(~(~eKTHBHBIMH 
HHFH6HTOpaMH HaTpHeB0rO Hacoca KJIeTOK K0>KH J1~trymKH. 
HaJIHqHe aqeTmibnoro pa~uKaJ~a yBeJinquBaao ~tHrHbnpy- 
myt0 CFIOC06HOCT% FJIVlK03HRa; arJ1HKOH oya6areHHH 
o~aaa~c~ caMbI~a c:Ia6b~M HHH6HTOp0M. 
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E f f e c t  o f  P y r u v a t e  o n  t h e  A c u t e  C y a n i d e  P o i s o n i n g  i n  M i c e  

I t  is well known tha t ,  besides o ther  collateral  effects, 
e.g. b lock of the  - S H  groups, the  acute  tox ic i ty  of cyanide  
is due to its capac i ty  to b ind  the  t e rmina l  oxidase  of the  
mi tochondr ia l  r e sp i ra to ry  syseeml .  

At  present ,  the  mos t  used an t ido tes  to cyanide  poison-  
ing are:  a) compounds  able to p roduce  me thaemoglob in ,  
such as sodium or amyl  n i t r i te  ~, 3, p - aminop rop iophen o n e  
and m e t h y l e n e  blue ~ or b) thiosulfate2,  a, which is 
subs t r a t e  for the  enzyme  rodhanase .  The reason for 
employ ing  the  f irs t  groups  of compounds  is based on the  
fact  t h a t  t he  compe t i t i on  be tween  m e t h a e m o g l o b i n  and 
cy toch rome  oxidase  for cyanide  makes  possibie the  
fo rma t ion  of the  non- tox ic  cyanmethaemoglob in .  How-  
ever, since the  cy toch rome  oxidase-cyanide  complex  is 
much  less dissociable t h a n  c y a n m e t h a e m o g l o b i n  4, a h igh 
level of m e t h a e m o g l o b i n e m i a  is required.  W h e n  thiosul-  
fate  is used, rodhanase  cata lyzes  the  following reac t ion:  
CN-  + - S  compounds  ~ CNS -3. The resul t ing t h i o c y a n a t e  
is no t  toxic.  The use of such an t ido te  has  also some 
l imi ta t ions  due to the  presence  of rodhanase  a lmos t  
exclusively in tbe  tissues, so t h a t  its ac t iv i ty  is res t r ic ted  
to t he  free cellular cyanideK In  addi t ion,  t he  rodhanase  
ac t iv i ty  is coun te rac ted  by  the  ac t iv i ty  of t h iocyana te  
oxidaseK For  a more  deta i led  descr ip t ion  of the  p resen t  
t r e a t m e n t  of the  acute  cyanide  in toxica t ion ,  see DONE 3. 

In  a recen t  pape r  we p resen ted  evidence for the  ac t iv i ty  
of p y r u v a t e  in r emoving  quickly the  inhib i t ion  of respi- 
ra t ion  induced by  cyanide,  leaving unaf fec ted  the  in tegr i ty  
of oxida t ive  phosphory la t ion  of Ehr l ich  ascites cells in 
v i t roK The etfect  of th i s  c o m p o u n d  was a t t r i bu t ed  to its 

react ion wi th  cyanide  which leads to the  fo rma t ion  of 
the  non- tox ic  py ruv ic -cyanhydr in .  On th is  expe r imen ta l  
basis  and  because of all t he  difficult ies in the  p resen t  
t h e r a p y  of acute  cyanide  in toxica t ion ,  we t h o u g h t  it  
w o r t h  tes t ing  the  effect iveness  of sodium p y r u v a t e  on the  
cyanide  poisoning in mice. The resul ts  p re sen ted  here  
show t h a t  p y r u v a t e  is able to remove,  even in  vivo, the  
b ind ing  of cyanide  to c y t e c h r o m e  oxidase.  Moreover  
py ruva te ,  since is no t  toxic  a t  the  doses used and  lowers 
s ignif icant ly  the  le tha l i ty  by  cyanide,  appears  to be an 
an t ido te  re la t ively  more sui table  t h a n  the  others  de- 
scribed above. 

JVfaterials and methods. Male albino mice of the  Swiss 
s t ra in  weighing 23-25 g were used in all exper iments .  The 
auimals  were housed at  r a n d o m  in s tock cages, in groups 
of 12, and fed wi th  a s t an d a rd  ba lanced diet  and t ap  
wa te r  ad l ibi tum.  The drugs were suppl ied  to  animals  
fas ted 6 hours.  NaCN, dissolved in bidis~ilted water ,  was 
given i.p.; sodium pyruva te ,  dissolved in sterile 0,9% 
NaC1, was in jec ted  i.v. 30 sec af ter  NaCN. Groups of 
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Effect of sodium pyruvate, injected i.v., on the mortality induced by cyanide in mice ~ 

Treatment % Mortality (cumulative values) n = 12 ~ NaCN mg/Kg i.p. LD~0 Limits PR b 
(95 % confidence) 

3.50 4 .50  4.75 5.00 5.25 5 .50  6 .00  7 .00  7 .25 7 .50  8 .00  8 .50  9.00 

25 41.7 67.7  91.7 100 100 100 100 100 . . . .  4.785 

-- -- -- 0 0 0 8.3 66 .7  83.3 100 100 -- - -  6.705 0.71 

- -- -- 0 0 0 0 0 25 58.3 66.7 100 7.914 0.60 

Controls (4.650-4.923) 
Sodium pyruvate 
250 mg/kg i.v. (6.487-6.931) 
Sodimn pyruvate 
500 mg/kg i.v. (7.565-8.280) 

Number of animals tested at each dose level, b LDb0 NaCN/LD~ ~ NaCN -}- sodium pyruvate. The slopes of all lines compared did not deviate 
significantly. ~ For the experimental conditions see materials and methods. 


