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Cardiac Glucosides and Lundsgaard Contracture 

The striped muscle of ver tebrates  poisoned with 
monohalogeno acetate  shows when s t imula ted  a progres- 
sive, irreversible contracture  and inexcitabil i ty.  This 
contracture, the Lundsgaard phenomenon,  is associated 
with the inhibition of carbohydrate  metabolism. All the 
substances which react with the - S H  groups of cysteine, 
glutathione, and proteins (i. e. " th io lopr ive"  substances1), 
when applied to isolated amphibian  muscle, give the 
same contracture  curve when the muscle is s t imula ted:  
for instance, heavy metal  ions, arsenic compounds z, 
vesicants and lacrymators,  maleic acid (but not  fumaric) 
and oxidizing substances including quinones and 
peroxides. 

Fur the r  work has shown tha t  the Lundsgaard 
contracture is the physiological translat ion of a n y  bio- 
chemical lesion of carbohydrate  metabolism a. 

At  first sight, nothing is closer to the Lundsgaard 
phenomenon than  the contracture  of the frog's hear t  
poisoned ~ i t h  a cardiac glucoside, and this s imilari ty is 
not accidentalL 

A series of papers of KRAYER, R. MENDEZ, and 
others 4 have shown the following fac t s : -  (1) substances 
(synthetic or natural) containing the unsa tura ted  lactone 
ring, which in the molecule of cardiac glucosides is 
essential for digitalis-like action, cause a progressive 
ventricular  contracture of the isolated frog's heart ;  (2) 
ascorbic acid, which can be considered as an unsaturated 
lactone, has a digitalis-like action on the frog's heart,  
and this action is due to hydrogen peroxide formed 
during the oxidation of ascorbic acid; (3) besides HaO.~ 
(a confirmation of RICHTER'SS observations), various 
sulfhydryl reagents applied to the frog's hear t  lead to 
progressive contracture  and inexcitabili ty.  

Recent  work in my  laboratory  has proved tha t  
isolated amphibian striped muscle, when poisoned with 
digitoxin, shows an incomplete contracture  when 
periodically excited with  KC1; but  we have  not  observed 
a react ion i n  vi tro between cardiac glucosides and 
sulfhydryl substances in an atmosphere of nitrogen. 

Many substances have the same general effect (with 
quant i ta t ive  differences) on striped and cardiac muscle; 
the digitalis ventr icular  contract ion of the frog's hear t  
may be considered as a par t icular  case of the Lundsgaard 
contracture.  The biochemical background of the Lunds- 
gaard contracture  is an inhibit ion of glycolysis by 
blocking of the SH enzymes;  lactic acid is not  produced; 
the phosphagen stores are rapidly exhausted.  

Several invest igat ions by  various german authors 
show tha t  cardiac glucosides inhibit  glycolysis i n  vitro : -  
(1) s t rophanthin  0.001 to 0.1% decreases oxygen con- 
sumption and CO~ production of mouse l iver and 
guinea-pig's brain;  anaerobic glycolysis is inhibited by 
s t rophanthin concentrat ion as low as 0.001%6; (2) ac- 
cording to HAARMANN 7 and TOBBEN s, lactic acid 
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formation in hearts poisoned with s t rophanthin is i:tearly 
completely inhibited, al though it  might  be increased 
when small concentrat ions of s t rophanthin are used. 
Fur the r  discussion of these facts is given by LENI)L~ x. 
In this field of biochemical act ion of cardiac glucosides, 
much more information is needed before reaching a 
definite conc lus ion;  all tha t  can be said a t  present  is 
tha t  already a few data are available by favour of the 
hypothesis  which assimilates cardiac glucoside con- 
t rac ture  to the Lundsgaard phenomenon on striped 
muscle. 

Quite naturally,  many arguments  can be raised 
against  this idea; conflicting observations are numerous. 
We agree with MENDEZ 2 when he stresses the point  tha t  
therapeut ic  and toxic actions are very different pheno- 
mena in digitalis action; but  wc like to give a final 
clinical argument.  

The typical  disease where inhibition of carbohydrate  
metabolism (at the level of pyruvic  acid) plays the 
dominant  role is beriberi. Sudden death from cardiac 
failure and vasomotor  collapse is common in human 
severe thiamin deficiency; it is usual in criminal 
digitalis intoxications.  The T wave of the electro- 
cardiogram is typical ly  f lat tened or inver ted  in beriberi 
and in digitalis poisoning; this anomaly disappears when 
both conditions are cured; failure of the beriberi hear t  
to respond to digitalis therapy has been noted, and 
considered as a cri terium 3. 

Thus, if one considers the pharmacological  evidence, 
the clinical data  and the l i t t le we know about  the bio- 
chemical action of cardiac glucosides, one gathers 
wi thout  difficulty the elements of a sound working 
hypothesis which may be formulated as follows: the 
act ion of cardiac glucosides on the hear t  is the con- 
sequence of a discrete inhibit ion of carbohydrate  
metabolism, presumably by the indirect blocking 
of some - S H  enzyme (or enzymes). 

Z. M. BACQ 

Laboratoire  de pathologic et thdrapeutique g~ndrales, 
Universit6 de Liege, Belgique, le 8 jarkvier t949. 

Rdsumd 

De nombreux arguments  d 'ordre  pharmacotogique, 
en accord avec quelques expdriences biochimiques et des 
observations cliniques, mont ren t  que la contracture  
cardiaque provoqu~e par les corps digitaliques peut-~tre 
assimilde ~ la contracture  de Lundsgaard du muscle 
strid. Une hypoth~se de t ravai l  est proposde, scion la- 
quelle Faction des glucosides digitaliques sur le cceur 
est la consequence d 'une inhibit ion partielle du m~ta- 
bolisme des hydrates  de carbone. 
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Protect ing Ef fec t  of  Heparin 
on the Oxidation of  T h r o r n b i n  1 

There can be Icmnd many s ta tements  in the wide- 
spread l i terature on heparin about  its an t i th rombin-  
an t ip ro th rombin-and  antikinase effect. 

1 With the help of the ~Roche~,-Studienstiftung. 
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The present work demonstrates  a proper ty  of heparin. 
unknown till now, from which one could conclude-under  
certain circumstances-on a thrombin-protect ing effect 
of the heparin. 

In a previous work 1 it was reported, tha t  thrombin is 
oxidizable and tha t  i t  loses its coagulation ac t iv i ty  in 
this oxidized form. In the actual  work the oxidation of 
thrombin could be reached by streaming it  through 
with molecular oxygen, as our start ing material  (throm- 
bin, H o f f m a n n - L a  Roche) contains some unknown 
compound which act ivates  molecular oxygen. This 
proceeding can be shown in a typical  curve (see Figure). 
I t  is ev ident  from this curve tha t  th rombin  loses its 
ac t iv i ty  to coagulate plasma (0.2 % sodium oxalate) or 
fibrinogen (0-6%) gradual ly  and finally gets inact ive 
totally,  when it  is streamed through with  oxygen. 

If  heparin up to a concentra t ion of 15 7/mI is added 
to a solution of thrombin  the coagulation t ime against 
plasma increases from 10 to 26 seconds. When, on the 
other  hand, the same heparin thrombin mixture  and 
the solution of thrombin  whi thout  heparin are s t reamed 
through with oxygen at the same time, so the heparin- 
free solution of thrombin only loses its coagulation 
act ivi ty,  meanwhile the mixture  of thrombin and 
heparin keeps its original coagulation ac t iv i ty  com- 
pletely. 

Therefore heparin protects the thrombin from 
oxidation by oxygen. 
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Exper iments  on the behaviour  of heparin during 
oxidat ion of the plasma and the other  coagulation 
factors, are in process. 

The acting mechanism of heparin in this reaction is 
not known and should be further  investigated.  

L. A. P~.LOS 

Ins t i tu te  for Hygiene and Bacteriology of the 
Universi ty  of Basle, Switzerland, December 30, 1948. 

Zusammenlassung 
]:)as Thrombin ist  oxydierbar  und wird in seiner 

oxydier ten Form inaktiv.  Die Oxydat ion  des Thrombins 
kann durch sehr kleine Mengen Hepar in  gehemmt 
werdem V<enn das t tepar in  nfit Toluidinblau gebunden 
wird, kann die Oxydat ion vor  sich gehen, 

Effect of Thiamin,  Riboflavin, Pyridoxin, and 
Nicotinic Acid on the Intestinal Absorption of 

Dextrose 

In  earlier experiments  1 1 found tha t  after the admini- 
strat ion of unphysiologieaUy large doses of a vi tamin 
used in the metabolism in phosphorylated form, the 
apparatus of the phosphorylat ion becomes exhausted. I 
further found z tha t  the absorption of one v i t a m i n - - i n  my 
experiments t ha t  of t h i a m i n - - f r o m  the intestine was 
great ly  impaired, when other  vi tamins of the B complex 
were given in large doses before the experiment.  This 
fact  could also be demonst ra ted  by using dextrose 
instead of the  vi tamins.  So I could explain the cases of 
the so-called v i t amin  imbalance, i . e .  the  deficiency 
symptoms which became manifest  in a deficiency state 
during the t rea tment  with large doses of a single vitamin, 
symptoms of pellagra, for instance, after administrat ion 
of riboflavin, o r  symptoms of polyneurit is  during the 
t rea tment  with nicotinic acid. The high unphysiological 
dosis of a v i tamin  gives rise to the exhaustion of the 
phosphorylat ion apparatus  and other v i tamins  cannot 
be utilized. 

To get further  evidences of my hypothesis, I examined 
the absorption of dext rose-a  substance which must  be 
phosphorylated too when absorbed and ut i l ized-from 
the intestine of rats, after having administered large 
doses of the B-complex vitamins.  

I~,Iy method was tha t  of LASZT'S procedure 3 in which 
200 mg of dextrose in 2 cc phys. sodium chloride solution 
were given into a 30 cm long t ied bowel section of 
narcotized rats and after 30 minutes the unabsorbed 
quan t i ty  of the dextrose was determined. Details of the 
method  are given elsewhere~; 

The results of the control experiments  were the 
following: Table [ 

As the heparin is an esterified polysaccharide (Lique- 
min, Hoffmann-La Roche ester of polysulfuric acid of 
mucoitin), the exper iment  was repeated with other  non- 
esterified saceharides. I t  was shown tha t  nei ther  
disaccharides nor the polysaccharide starch has the 
oxidat ion-inhibi t ing qual i ty  of heparin. 

The specific ac t iv i ty  of heparin is proved by the fact 
that ,  if the  heparin in the mix ture  of thrombin  and 
heparin is combined with toluidina blue (25 7/ml) the 
ac t iv i ty  of heparin is excluded and an oxidation resp. 
inact ivat ion of thrombin  takes place (see Figure). 

1 L. A. P~LOS, Nature, in print. 

No. mg dextrose found mg dextrose absorbed dextrose 
after 30 m i n .  absorbed % 

120 
137 
112 
121 
109 
124 

80 
63 
88 
79 
91 
76 

40 
31 
44 
38 
45 
38 
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