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Diazepam has been widely used clinically
for numerous conditions, among them being
cardioversion (1-8), status epilepticus (9-
11), and induction of anesthesia (12-14).
Reports concerning the effects of this drug
on cardiac function have been varied and
often contradictory. Reports of actual stimu-
lation of cardiac functions by diazepam are
infrequent. Abel et al. (15) found that
diazepam augmented myocardial contrac-
tility in anesthetized dogs on cardiopulmo-
nary bypass with heart rate and aortic
pressure maintained constant.

Numerous studies have failed to find that
diazepam produced any significant altera-
tion in the functions of the heart. Katz et al.
(14), studying the effects of tilting on the
cardiovascular system of healthy adult male
volunteers, could find no changes in the
blood pressure or pulse rate in doses pro-
ducing sedation of various degrees. Prindle
and co-workers (16) were unable to demon-
strate any significant changes in contractility
on the isolated cat papillary muscle prepara-
tion as a result of diazepam studied over a
wide range of concentrations.

Others have demonstrated depressant ef-
fects in the various indices of cardiac per-
formance, in varying degree. Starley and
Michie (17) administered diazepam to con-
scious dogs and found only minimal altera-
tions in cardiovascular function when com-
pared to animals receiving a placebo. In
patients undergoing cardiac catheterization,
whose control cardiac indices were below
normal, Dalen and associates (18) found
that diazepam (5-10 mg) given intravenously
caused no significant changes in pulmonary
arterial pressure, heart rate, stroke volume,
pulmonary vascular resistance, or systemic
vascular resistance. However, in patients
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whose control cardiac indices were in the
high-normal range, the cardiac index de-
creased significantly, although the observed
changes in blood pressure were without
clinical correlates and did not require ther-
apy. Chai and Wang (19) demonstrated a
slight reduction of the resting blood pres-
sure, heart rate and cardiac contractile force
in the anesthetized cat as a result of admin-
istering diazepam intravenously (0.1 mg/kg).

A report by Bianco and co-workers (20)
stated that the diazepam solution as avail-
able, rather than the diazepam itself, resulted
in a transient depression of ventricular per-
formance when given as a bolus into the
pulmonary artery of canine right heart
bypass preparations. This occurred in doses
higher than those ordinarily used for cardio-
version. They attributed these effects to the
vehicle in which diazepam was contained
and not to the drug itself.

In the present experiments, the effects of
diazepam were observed in the noninner-
vated 4-day-old embryonic heart as well as
in the innervated 7-day-old embryonic heart
of the chick. The interaction of diazepam
with other selected compounds was also
studied in an attempt to determine the
mechanism of the cardiac response to diaze-
pam. In addition, the vehicle used in the
injectable commercial preparation was stud-
ied.

Methods. The heart of the chick embryo
was used in all studies. The source and
handling of eggs and determination of the
ages of chick embryos have been previously
described (21). The apparatus and method
of recording heart rate and contractile am-
plitude isotonically have been previously
reported (22). All studies were done on both
4- and 7-day-old embryonic hearts in order
to determine if innervation could be a factor
in the response to diazepam.
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For the cumulative dose-response curves,
diazepam was added and the heart rate and
contractile amplitude determined after 3
min. Diazepam was again added to bring
the concentration to the desired level and
the heart rate and contractile amplitude
determined after an additional 3 min etc.
For the remaining studies, the first test
compound was added and the heart rate
and contractile amplitude determined after
3 min. The second test compound was then
added and these two parameters measured
after 3 more minutes. The means and stand-
ard errors of identical samples were calcu-
lated for both the heart rate and the ampli-
tude of contraction. Significance levels were
determined using the appropriate Student’s
t test.

The compounds tested were as follows:
Diazepam injectable (preparation of Val-
ium), and the vehicle for diazepam (Roche
Laboratories); atropine sulfate (Merck); 1-
norepinephrine d-bitartrate (Calbiochem).

Results. The effect on the embryonic chick
heart of increasing the concentration of
diazepam in the bathing medium is shown
in Figs. 1 and 2. The 4-day-old embryonic
hearts were slightly more sensitive to the
depressant effects of the drug than were the
7-day-old embryonic hearts. Onset of the
depressant effects was rapid, becoming nearly
maximal during the first half-minute after
addition of diazepam. Because of this rapid
development of maximal response, the 3-min
time interval between successive additions of
drug was chosen in order that the cumula-
tive dose-response curve could be completed
within a reasonable length of time.

The average concentration of diazepam in
the bathing medium found to reduce the
heart rate and contractile amplitude to 50 %
of the control value was approximately
1.0 X 10~¢ M for the 4-day-old hearts and
approximately 1.6 X 10=* M for the 7-day-
old hearts. Concentrations of diazepam
lower than 1.0 X 10~5 M had no detectable
effects on the heart rate or amplitude of
contraction, while 2.0 X 10~* M or greater
caused cardiac standstill in diastole. The
diazepam vehicle had no detectable effects
on the embryonic hearts by use of that
amount of vehicle necessary to attain a drug
concentration of 1.0 X 10~ M.
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Fic. 1. Cumulative dose-response curve of

diazepam effect on the heart rate and contractile ampli-
tude of 4-day-old embryonic chick hearts, showing the
mean and standard error of four experiments.
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Fic. 2. Cumulative dose-response curve of
diazepam effect on the heart rate and contractile ampli-
tude of the 7-day-old embryonic chick hearts, showing
the mean and standard error of four experiments.

In studies not shown, the depression of
the heart rate and amplitude of contraction,
caused by diazepam (6 X 10~° M) in either
4- or 7-day-old hearts was not prevented by
prior addition of atropine (1.4 X 10~% M)
to the bath. Similarly, the depression due to
diazepam was not reversed by subsequent
exposure to atropine in either group.

By contrast, in both 4- and 7-day-old
embryonic hearts depressed by diazepam
(6 X 10°5 M), norepinephrine (2.0 X
10-% M) was able to increase the contractile
amplitude to levels slightly greater than the
predrug control values. However, norepi-
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nephrine was unable to reverse the depres-
sion of the heart rate.

Discussion. Extensive studies by previous
investigators (23, 24) have established that
innervation of the embryonic chick heart
occurs only after the 4th day of incubation.
Diazepam depressed both the rate and am-
plitude of contraction on the isolated em-
bryonic hearts from both the 4- and 7-day-
old preparations. The degree of depression
in these two parameters was directly related
to the concentration of diazepam in the
bathing fluid.

Foster and Frings (25) reported that the
highest concentration of diazepam in the
blood resulting from a continued daily
dosage of 30 mg/day was 100 pg/100 ml
This corresponds to a concentration of
about 3.5 X 10~% M. This concentration in
the present study had no detectable depres-
sant effects on the embryonic hearts. How-
ever, the problem of extrapolation of data
from one species to another and from
embryonic to adult tissue is well recognized.
Also, the concentration which totally ar-
rested the embryonic hearts, 2.0 X 107¢ M,
would not be reached clinically unless the
drug were administered directly into the
heart or vena cava, such as accidently
through a central venous pressure catheter
etc.

The use of a concentration of atropine
sufficient to block the negative inotropic and
chronotropic effects of 1077 g/ml of acetyl
choline (26) did not change the response of
the embryonic hearts to diazepam; thus
stimulation of cholinergic receptors did not
play a role in the depression. That norepi-
nephrine was able significantly to enhance
contractile amplitude in the moderately de-
pressed hearts indicates that these depressed
hearts are still responsive to adrenergic
agonists. The vehicle by itself had no effect.
In this respect, the present results are in
disagreement with those of Bianco et al.
(20). Thus it is possible that the depression
caused by diazepam was due to a direct
effect on the myocardium.

Summary. Diazepam decreased the rate
and amplitude of contraction in isolated
embryonic chick hearts in a dose-dependent
manner in both the noninnervated hearts
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obtained from 4-day-old embryos and the
innervated hearts from 7-day-old embryos.
The concentration of diazepam necessary to
reduce the heart rate and contractile ampli-
tude to 50 % of the control values was about
1 X 10* M. Concentrations less than
1.0 X 10~% M had no detectable depressant
effects. Prior administration of atropine did
not alter the depression induced by diaze-
pam. Norepinephrine was able to stimulate
the amplitude of contraction in the diaze-
pam-depressed heart while atropine was
without effect. The vehicle used in the clinical
injectable preparation of diazepam had no
depressant effects. The mechanism of action
of the diazepam-induced depression on the
isolated embryonic chick heart may be a
direct depression of the myocardium.
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