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T ABLE II. Effect of Thyroprotein on Plasma Protein.
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tion of plasma protein occurred equally as
rapidly as in other experiments in which rats
were similarly repleted after bring depleted
without thyroactive protein.

This modification of the Cannon technic
has been applied to mixed feeds containing
both animal and vegetable proteins. In this
assay trial. nitrogen intake was kept con­
stant. Commercial casein and blood fibrin. as

standards representing good quality protein,
raised the plasma protein 1.10 g and 1.29 g
respectively. A mixed feed which had given
questionable results with other animal species
raised the plasma protein only .59 g. So far
as the method was concerned the only effect of
iodinated casein appeared to be to speed up
reduction of body weight and plasma protein.
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Comparison of Cardiac Action of Bufalin, Cinobufotalin, and
Telocinobufagin with Cinobufagin. (18493)
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Chan Su is a commercial preparation of the
Chinese toad venom employed in medicine for
centuries. Previous investigations in this
laboratory ( 1-3) resulted in the isolation of
two digitalis-like principles. cinobufagin and
cinobuiotoxin. The source of Chan Su was
proved to be the parotoid secretion of Bufo
bu]o gargarizans (4). The chemical structure
of cinobufagin was elucidated by Tschesche
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and Offe(6) and ]ensen(6). From a supply
of Chan Su from this laboratory Meyer ( 7)
in T. Reichsteiri's laboratory, succeeded in
isolating 6 well-characterized substances, all
having a digitalis-like action. They are
cinobufagin, bufalin, bufotalin, cinobufotalin,
gamabufotalin (gamabufagin), and telocino­
bufagin. Bufalin, cinobufotalin, and garna­
bufotalin were previously isolated by Kotake
and Kuwada (8). Bufotalin is identical with
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Telo cino bu f a gLn

The formulas of cinobufotalin and cinobu­
fagin are tentative. It must be stated that the
cinobufagin originally reported on from this
laboratory(1-3) was a molecular compound
of constant composition and melting point. It
contained 2 parts of cinobufotalin and 1 part
of a second substance. Kotake and Kuwada
(8) retained the term cinobufagin for the
latter. It was only by chromatography that
the two could be separated (7). The sample
of cinobufagin in this investigation was there­
fore a single substance in contrast with the
molecular compound which we previously
studied.

Our principal interest was to compare their
activity on the heart. All 4 substances re­
quired ethanol for solution. The stock solu­
tion of each was 0.1% with 47.5% of ethanol.
Dilutions of this stock solution in water or
saline were clear-suitable for animal experi­
ments.

When a dose of 0.25 to 0.5 mg (total) was

the principle which occurs in the venom of
the common European toad, Bufo vulgaris.
Telocinobufagin is a new substance. Through
the cooperation of Prof. T. Reichstein of the
Pharmaceutical Institute of the University
of Basel. we had access to cinobufagin,
bufalin, cinobufotalin, and telocinobufagin for
a pharmacological study. The structural rela­
tionship of the four substances, based on the
work of Meyer (7) and Kuwada and Kotake
(9). is as follows:
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injected into the lymph sac of the common
frog, Rana pipiens, weighing between 25 and
30 g, systolic standstill resulted as observed
in an hour. In etherized cats a 1: 100)000
solution injected intravenously at the rate of
1 cc per minute produced slowing of heart
rate, followed by irregular pulse, secondary
tachycardia, and finally ventricular fibrilla­
tion which was the cause of death. Electro­
cardiograms recorded from the barbitalized
dog during the injection of a 1: 50,000 solution
at the rate of 1 cc per minute revealed changes
typical of digitalis administration. Brady­
cardia, P-R prolongation, inversion of T­
wave, ectopic rhythm, ventricular tachycardia,
bundle branch block, and ventricular fibrilla­
tion. occurred in order. The results were
similar with all 4 substances.

Each substance was then assayed in ether­
ized cats by the intravenous infusion of a
1: 100,000 dilution at the rate of 1 cc per
minute until death occurred-10 cats for
each substance. The mean (geometric) lethal
dose of the present sample of cinobufagin in
10 cats was found to be 0.2016 -+ standard
error of 0.0181 mg per kg. When compared
with the mean (geometric) lethal dose of the
sample of cinobufagin previously isolated in
this laboratory(10), which was 0.2191 ±
0.0115 mg per kg in 44 cats, the difference
was statistically not significant. In other
words, cinobufagin as a single substance has
approximately the same potency as its mole­
cular compound of cinobufotalin and itself.

Protocols are summarized in Table 1. The
potency of cinobufotalin, as judged by the
mean lethal dose, is very close to that of
cinobufagin. Both bufalin and telocinobufa­
gin are decidedly more potent than cinobufa­
gin. Telocinobufagin is the most potent of all
four substances studied in this investigation.

It is obvious that the presence of the ace­
toxy group at Cl~ diminishes the cardiac ac­
tivity since both cinobufotalin and cino-

bufagin are weaker than bufalin and telocino­
bufagin (see formulas above). The occur­
rence of an OR group at C5 definitely confers
a higher potency on telocinobufagin as com­
pared with bufalin. Xo significant difference
in activity occurs when a double bond appears
between C, and Cll in the molecule of cino­
bufagin, and an OR group replaces the R­
atom at C, of cinobufotalin. All four sub­
stances have a higher activity on the cat's
heart than many digitalis-like glycosides(lO).
This may be attributed to the 6-membered
lactone ring in their structure, just as helle­
brigenin exceeds its glycosides in activity (11).
Conjugation with sugar molecules at the OR
group of C3 will very likely render bufalin,
telocinobufagin, cinobufagin, or cinobufotalin
less potent.

Like cinobufagin which was previously re­
ported (3)" bufalin, cinobufotalin, and telo­
cinobufagin injected intravenously, induced
vomiting in non-anesthetized cats, in the dose
of one-half of the median lethal dose as de­
termined in etherized animals. Sublethal
doses of either substance rapidly injected by
vein raised the carotid blood pressure. Con­
traction of isolated rabbit intestine immersed
in Tyrode's solution took place when a small
amount of either of the three substances was
added to the bath.

SU11111wry. The cardiac activity of bufalin,
cinobufotalin, telocinobufagin and cinobufa­
gin has been compared. They all have a
digitalis-like action. In etherized cats the
order of activity from high to low is telecino­
bufagin> bufalin > cinobufotalin = cino­
bufagin.
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