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Some Actions of Mercury Compounds on the Heart." (18504)
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}'IG. 1.
Eff('('t of cysteine on electrocardiographic

('hangeR produced by free Esidron acid. Male dog
8.G l<g :EOG Lead II. At A: infusion of Esidron
(B mieromolcs per kg per min.) was started. At B
:JJ1d C: 2 and 5 mg per kg cysteine hydrochloride
respectively given by vein. Abscissa, time in min.
Ordinates, the downward displacement of the ST
segment in millivolts, or length of the QRS in sec.
.---. QRS in sec. 0--0 Displacement of
the T wave in millivolts.

acids (2- [2-hydroxy-mercuri-3-hydroxy-pro­
pyl-carbamyl] nicotinic acid) Esidron acid
with theophylline, ~ p-chloromercuribenzoate
and mercury bichloride. Sodium salts of these
compounds; except mercury bichloride, were
prepared by the addition of equivalent quan­
tities of sodium hydroxide.

Results. Following the infusion of a mer­
curial diuretic such as mersalyl or Esidron
acid with and without theophylline, a fairly
constant sequence of events occurred in the
electrocardiograms taken either by conven­
tional or by direct leads from the heart. The
earliest changes observed were a depression
and change in configuration of the ST seg­
ment, the "T wave" originating from the S
wave. Changes in the height of the T wave
were determined by the original state of this
wave during the control period. If the T
wave was upright, there were usually the ST
changes and an increase in the height of the
T wave; if inverted the main changes were
the ST changes described above. The dis­
tance from S to the end of the T wave was
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Severe impairment in cardiac function can
be produced by the intravenous injection of
mercurial diuretics (1-3). The object of the
present investigation was to relate the dosage
of the mercurials to the changes in the electro­
cardiogram and to determine differences in
cardiac action of various types of mercury
compounds.

.J1ethods. All experiments were performed
on mongrel dogs weighing 6 to 13 kg. The
anesthetic used was Dial Urethanes (0.6-0.7
cc per kg given intraperitoneally). The aver­
age arterial pressure was recorded from the
common carotid or the femoral artery by
means of a mercury manometer. Electrocar­
diographic tracings were obtained by means
of subcutaneous leads, lead 2 being usually
employed. Records were taken on an ink­
writing oscillograph. In 3 experiments leads
were taken directly from the auricle or ven­
tricle by means of small metal clips attached
to the respective organs. The mercurial to
be studied was infused at a rate of 3 micro­
moles per kg per minute into the femoral
vein by means of a constant rate infusion
pump. The mercury compounds employed
were mersalyl] (2-[ (2-hydroxy-mercuri-3­
methoxypropyl) carbamyl] phenoxy-acetic
acid) mersalyl with theophylline, II Esidron
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TABLE T. Effect of Mercury Compounds on the EOG of the Anesthetized Dog. Constant in­
fusion of the mercurial at a, rate of 3 micromoles per kg per min. All values are in lInicromQle,s.

Toxic Lethal No.of
dose" doset expo

44.~ ± 4 48.6 ± 5 6
~8.7 ± 3:3 33.5 ± 2.9 7
32.7 ± 2.8 37.9 ± 3.4 6
28.0 ± 7.2 31.0 ± 6.1 3

160 ± 20 5

Min. QRS
changes

28.9 ± 3.~

16.9 ± 5.2
18.8 ± 3.6
16.0 ± 5.0

~Iin. T
changes

16.8 ± G.1
10.2 ± 3
]2.8 ± ~.7

11.8 ± 4:.5
2;').2 ± ~

Compound

Free salyrgau
Free Esidron
Esidron with theophylline
Mercurv bichloride
P chloromereuribenzoate

-----._._--_._------------------_._---------

* Dose which doubles the width of the QRS complex.
t Dose producing vent ricular fllnil lat ion or curdiac arre-st.

not changed appreciably even during the se­
vere stages of poisoning with the mercurial
diuretics. Changes in the QRS wave oc­
curred somewhat later than the T wave
changes and were characterized by widening
and notching of the QRS complex (Fig. 1).
With lethal doses of the above mercurial di­
uretics there was a period of ventricular
tachycardia followed by ventricular fibrilla­
tion. In Table I are given the dosages of
some mercury compounds producing the var­
ious electrocardiographic changes described
above.

It can be seen from Table I that with all
compounds the T wave changes were the first
to appear. .-\11 compounds except p-chloro­
mercuribenzoate produced widening of the
QRS wave, Parachloromercuribenzoate is
unique in this series since in the doses em­
ployed it produced only T wave changes with
no change in the width of the QRS even fol­
lowing lethal doses.

The other changes observed with the mer­
curial diuretics containing no aminophylline
are widening of the P wave and prolongation
of the PR interval. The prolongation of the
PR interval may occur before or after the
beginning of the QRS changes. With the
aminophylline containing diuretics Esidron
and mersalyl the PR changes are minimal or
absent. .-\11 the above changes are readily
reversed by an adequate dose of a cysteine
Hel or 2.3-dimercuptopropanol (B.-\L) (2).
The observation has been made that following
the injection of a thiol the ST and T wave
changes produced by the mercurial diuretics
are slower to respond than the QRS complex.
With small doses of cysteine it is possible to
correct the QRS changes while the T wave is
only partially corrected. By increasing the

dose of the sulfhydryl compound the T wave
changes also disappeared (Fig. 1).

Hearl tate and PR interval changes pro­
duced by the various mercurial diuretics are
not the same. With the aminophylline free
mercurial diuretics mersalyl and Esidron acid,
an increase in heart rate occurred only during
the very late stages of poisoning and was due
to ventricular tachycardia. The PR interval
was increased with both the free compounds
and both ventricular tachycardia and PR pro­
longation were readily reversed by the intra­
venous injection of cysteine (Fig. 2A). With
the theophylline-containing mercurial prepara­
tions Esidron and mersalyl there was a 20 to
30rc increase in sinus heart rate which started
during the early stages of the injection per­
iod. The PR changes were minimal and a
slight increase occurred only during the latter
stages of the poisoning. The tachycardia
could not be abolished by cysteine, thiogly­
colic acid or B.-\L. The PR interval was
reduced below control levels by these thiols
(Fig. 2B ) . Since the above differences could
be due to the theophylline content of these
compounds, aminophylline was infused in 2
dogs at a rate of 3 micromoles per kg per
minute. There was first a cardiac slowing
lasting 30 to 60 seconds followed by an in­
crease in heart rate and some decrease in the
PR interval. Xeither heart rate increase nor
PR change could be affected either by BAL
or cysteine (5 and 10 mg per kg respectively) .

The action of p-chloromercuribenzoate. The
intravenous infusion of this compound at a
rate of 3 micromoles per kg per minute re­
sulted in marked ST and T wave changes.
XO QRS changes were observed even with
doses 2 to 3 times as great as the lethal
dose of the other mercurials studied (Table I
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FIG. 2.
Effeet of free Es idron an d Esi dron with theophylline on heart r ate and PR

inte rva l in the anesthetized dog. A. Female dog 6.6 kg. 1 : Start of the in­
fusio n of free Esidro n (3 micromoles per kg per min. ). 2 : Intra venou s in j. of
10 mg per kg of t hioglyeolie aci d . B. Mal e dog 9.4 kg. 1 : Start of infusi on
of Esidron with theophy lline (3 micromolea pel' kg per min.) , 2.: Intravenous
inj , of 10 mg per kg of t hioglyc olie ac id. 0 - -0 PR int erval in sec . .--.
H eart rate bea ts per min. Abscissa. tunc in min. Ordinate heart rate beats
l)er min. or PR interval in sec .

l!'IG. 3.
Effed of p-chloro mere uribenzoate on t he EOO

of the dog . C. Control tracing . B et ween fir st and
second tracing p-chloromercur ibenzoate infused
intrnv. at 3 mic romoles per kg per min. N umbers
0 11 left indieate ti me in min. fol lowing the sta rt of
.infus ion ()f p-ehloromereurfbensoate, At A 20 mg
per kg of cysteine hydrochloride was given Int rav.
At 21 min, 3 mg per kg of BAL was given intrav.
Last tracing is after BAI, inj .

and Fig . 3). With the mercurial diuretics
and mercury bichloride death was due to ven­
tricular fibrillation while with p-chloromer-

curibenzoate 'death was due to ventricular
asystole. Prior to this ventricular asystole,
there was a reduction in heart rate, a pro­
longation of the PR interval, followed by
complet e block, and appearance of slow ven­
tricular extrasystoles. The slowing in heart
rate and the prolonged PR interval could be
corrected by the intravenous injection of cys­
teine hydrochloride (10-20 mgjkg) or BAL
(5 mg per kg). Cysteine , even in large doses
(20-40 mg/kg) had little effect on the T
wave changes produced by toxic doses of p­
chloromercuribenzoate while 5 mg per kg of
BAL readily corrected these T wave changes
(Fig. 3) . The acute lethal dose of p-chloro­
mercuribenzoate is about 160 micromoles and
is high when compared with those of the
mercu rial diuretics and mercury bichloride
(T able I ). The probable reasons for this
are the different mechanisms for the produc­
tion of card iac death described above.

Mercury bichloride has a cardiac action
similar to that of the free mercurial diuretics
and it produced the characteristic ST, T ,
QRS and PR changes. The administration
of 10 to 20 mg per kg of cysteine corrected
these changes only for 10 to 20 minutes,
while with 10 mg per kg of BAL cardiac pro-
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tection lasted several hours (3 experiments).
Discussion and summary. The various

mercurials studied show both quantitative
and qualitative differences in their cardiac ac­
tion. I n the case of the mercurial diuretics
the aminophylline containing compounds pro­
duce an increase in the sinus rate as well as
ventricular tachycardia while the free mer­
curials produce only a ventricular tachycar­
dia (Fig. 2). The evidence presented makes
it probable that the differences in response
of the heart rate are due to the theophylline
content of these preparations.

The ST and T wave changes described
occurred somewhat prior to the QRS changes.
ST and T wave changes are probably related
to alterations in the process of repolarization
of cardiac muscle while the QRS changes
probably indicate mainly changes in intra­
ventricular conduction. The mercurials
studied are powerful inhibitors of enzymes
containing essential SH groups (4j). Thus
the biochemical processes responsible for re­
polarization of cardiac muscle seem to be

more sensitive to these SH inhibitors than
the processes involved in intraventricular con­
duction.

The action of p-chloromercuribenzoate is
of interest. It affects only the ST and T
wave and thus probably interferes mainly
with repolarization of the muscle but has no
effect on intraventricular conduction pro­
cesses. However) it does interfere with atrio­
ventricular conduction and thus) with this
enzyme poison it seems possible to inhibit
selectively atrioventricular conduction. Dif­
ferences in the histology and staining qualities
of the atrioventricular and intraventricular
conductile system have been described by
Robb ct al, (6) and pharmacological differ­
ences are thus not surprising.
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Carlinfanti ct al, (1 ~2) have reported the
potentiation and prolongation of the andro­
zenic activity of testosterone in castrated male
guinea pigs by the addition of aluminum
phosphate to an aqueous suspension of the
steroid. Margolin ct al. (3) produced similar
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results in the albino rat. Both groups of
workers have limited their reports to the
androgenic effects. By use of a recently de­
scribed assay procedure for anabolic activity
(4). methylandrostenediol (MASD) has been
found to be an anabolic agent which, in
ordinary doses, has little androgenic activity
( 5). It was the purpose of our investigation
to compare the duration and degree of action
of the androgenic and anabolic properties of
aqueous suspensions of :MASD and of testo-
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