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Electrocardiographic Changes Produced on the Syrian Hamster (Cricetus 
auratus) by Diphtherial Toxins. (17331) 

K. BRAUN, L. A. STUCZYNSKI, AND N. GROSSOWICZ. (Introduced by L. Olitnki) 
From the Department of Medicine, Dirisioit B, Hadassah-Rothschild-University-Hospital, and 

the Departinent of Bacteriology, Hebrew Cniversity, Jerusalem, Israel. 

The golden hamster, Cricetus auratus, is 
sensitive to diphtherial toxin and exhibits 
neurotoxic symptoms when toxins exposed to 
alkaline reactions are administered, whereas 
toxins kept at  slightly acid or neutral re- 
actions do not exert apparent effects on its 
nervous system.lJ Since the clinical syn- 
drome of diphtheria is characterized by neuro- 
logical disturbances as well as abnormalities 
in the cardiac function, it was decided to study 
the effect of diphtherial toxins on the heart 
of the golden hamster. 

Methods. Toxin samples were prepared 
from filtrates of 8 day cultures of Corynebac- 
terium diphtheriae (Park No. 8 strain). With 
the aid of highly diluted HCI or NaOH the 
toxins were brought to the proper pH level 
and kept a t  it for 8 days at  30°C as de- 
scrib,ed elsewhere.l!* Clinical and elmectro- 
cardiographic examinations were made on a 
total of 24 hamsters; special attention was 
paid to the appearance of peripheral paraly- 
sis. Limlb leads electrocardiograms were taken 
on a portable amplifier instrument. Small 
(0.5 : 1.2 cm) electrodes of German silver 
were applied after the skin had been rubbed 
with e1ectrod.e jelly. 

Results. In 5 apparently normal hamsters 
electrocardiograms were taken at  3 day inter- 
vals for one month. They showed within 
this period a constant pattern, the various 
deflections being similar to those of the human 
electrocar'diogram. The P wave was indistinct 
owing to the rapid heart rate, 300-400 per 
minute, as shown in Fig. 1, Eeft side. 

Ten hamsters received minimal lethal doses 
of a toxin kept a t  pH 6.7; their average sur- 
vival time was 8 days. KO neurotoxic symp- 

toms appeared ; daily electrocardiograms did 
not reveal any disturbance of the heart func- 
tion. In 4 animals we succeeded in obtaining 
electrocardiograms 4 hours before death; they 
were found to be normal. At gross pathologic- 
al examination the classical signs of diphtherial 
intoxication were found: edlema and necrosis 
at  the site of injection and hemorrhages in 
the adrenal glands. 

Another group of 11 hamsters received 
minimal lethal doses of a toxin exposed to pH 
7.3.  In 5 of them paresis appeared and 
their electrocardiograms showed marked ab- 
normalities, summarized in the upper part 
of Table I. These changes preceded by some 
days the appearance of neurological abnorm- 
alities. In 6 other animals the electrocardio- 
gram and the neurological functions remained 
normal. 

A third group of 8 animals received minimal 
lethal doses of a toxin exposed to pH 8.5; 
their average survival time was 2 1  days. All 
of them showed paresis and marked electro- 
cardiographic disturbances, summarized in 
the second part of Table I. (cf. Fig. 1, right). 
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FIG. 1. 
Left: Electrocardiogram (leads I1 and 111) in 

Right : Auriculo-ventricular block after the in- 
a normal hamster. 

jection of a diphtherial toxin kept at pH 8.5. 



HEART CHANGES IN HAMSTERS BY DIPHTHERIAL TOXINS 

TABLE I. 
Paresis and Heart Disturbances Produced in  Hamsters by Minimal Lethal Doses of Diphtherial 

Toxins Exposed to Alkaline Reactions. 

First  appearance (days) of 
disturbances of the 

No. Toxinkept ., , Survival, Functional abnormalities 
hamster a t  p H  Nervous system Heart function days observed 

5 Ectopic beats 
9 ,  9 ,  

9 ,  ), 
1 7.3 4 3 
2 7.3 8 6 9 
3 7.3 10 7 25 
4 7.3 5 4 6 Partial auriculo-ven- 

5 7.3 11 7 12 Ectopic beats 
6 8.5 23 23 

tricular block 

30 ” ” , later 
total auriculo -ventricu- 
lar block 

7 8.5 25 25 28 LikeNo. 6 
8 8.5 7 7 9 total auriculo-ventricu- 

lar block 
9 8.5 7 7 12 LikeNo. 8 

10 8.5 22 22 28 Like No. 8 
11 8.5 22 22 30 Ectopic beats 
12 8.5 8 8 18 Partial  auriculo--ven- 

13 8.5 8 8 14 Like No. 12 
tricular block 

TABLE 11. 
Paresis and Heart Disturbances Produced in Hamsters by Sublethal Doses of Diphtherial 

Toxins Exposed to Alkaline Reactions. 

Paresis, day of Ectopic beats, day of 
NO. Toxin kept 1 > I f  \ 

hamster at p H  First  appearance Recovery First  appearance Recovery 

1 7.3 
2 8.5 
3 9.0 
4 9.0 

16 46 9 
10 44 20 
17 35 22 
17 45 22 

90 
150 
150 
270 

59 

I n  a group of 4 hamsters the action of sub- 
lethal doses (0.2-0.5 MLD) of toxins was ex- 
amined. In this group the neurotoxic symp- 
toms were of a transient character and disap- 
peared about 3 to 4 weeks after their first 
appearance. The electrocardiographic ab- 
normalities, on t,he other hand, persisted much 
longer and in one hamster were apparent 9 
months after the injection of the toxin. (Table 
11). 

Summary and conclusions. Diphtherial tox- 
ins exposed to alkaline reactions produced in 
the golden hamster, in addition to neurotoxic 
symptoms, marked disturbances in the heart 
function as indicated by electrocardiographic 

abnormalities. Acid-treated toxins on the 
other hand, did not cause any electrocardio- 
graphic changes. The first appearance of the 
electrocardiographic changes frequently pre- 
ceded that of the paralytic symptoms, and 
when sublethal doses were administered, the 
electrocardiogram remained abnormal even 
after the neurological symptoms had disap- 
peared. Electrocardiographic examination of 
the heart function seems, therefore, to be a 
more sensitive method of measuring the ac- 
tion of certain diphtherial toxins than the ob- 
servation of the neurotoxic symptoms. 
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