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SALEH, M., Z. NABIL, H. MEKKAWY AND G. ABD ALLAH. Acute and chronic effects of a nutmeg extract on the 
toad heart. PHARMACOL BIOCHEM BEHAV 32(i) 83-86, 1989.--Electrocardiographic and flexible suction electrode 
techniques were used to investigate the effects of a nutmeg extract on the toad heart. Acute treatment with the extract 
resulted in a dose-related sinus tachycardia, faster atrioventricular conduction speed and an increased amplitude of 
ventricular action potential. Chronic treatment resulted in sinus bradycardia and decreased amplitude and increased 
duration of ventricular action potential. 
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THE seeds of nutmeg (Myristicafragrans Houtt.) are widely 
used as a food condiment in folk medicine and more recently 
as a hallucinogenic agent (23,25). Several pharmacological 
effects of nutmeg are described in the literature (11, 16, 17) 
and have been attributed to a number of phenylallyl deriva- 
tives, particularly myristicin and elemicin (6, 1 I, 16, 17). The 
biological transformation of some of these compounds into 
amphetamine derivatives, or their action as monoamine 
oxidase inhibitors, have been suggested as possible mech- 
anisms for many of the pharmacological effects of nutmeg (1, 
14, 18). 

Cardiovascular symptoms, particularly those related to 
heart rate and blood pressure, have been frequently reported 
in human subjects following the ingestion of nutmeg (17,24). 
However, the action of nutmeg or its active components on 
the heart have never been described in any detail. The pres- 
ent report provides information on both acute and chronic 
effects of a nutmeg extract on the electrophysiology of the 
toad heart. 

METHOD 

Extraction and Doses 

Normal hexane extract of dried nutmeg seeds was pre- 
pared according to the method of E! Darawy et al. (3). This 
extract has an LDso of 810 mg/kg body weight in the toad 
Bufo regularis (Saleh et al., in preparation), and is known to 

contain the compounds myristicin, elemicin, safrol, eugenol 
and others (3). 

For the acute treatment, three extract doses of 190, 375 
and 750 mg/kg body weight were used. In the chronic exper- 
iments, the animal received an extract dose of 75 mg/kg body 
weight daily for a total of 15 days. The extract was sus- 
pended in a l : l  mixture of Tween 80 and amphibian Ringer's 
solution immediately before injection. Each dose was ad- 
ministered in a volume of l0 ml/kg body weight and injected 
into the lymph sac of the toad. Control animals received only 
Tween 80 and amphibian Ringer's solution mixture. 

Animals and Surgical Preparations 

Adult toads (Bufo regularis), 35-40 g in body weight, 
were used. For the acute experiments, 40 animals, divided 
into four equal groups, were used. Three groups were treated 
with the extract, each receiving one of the three doses used, 
and one group served as a control. For the chronic experi- 
ments, 45 animals, divided into 30 treated and 15 control 
animals, were used. They were kept in glass aquaria contain- 
ing a thin layer of moist soil and fed on insect larvae 
throughout the duration of the experiment. Ten treated and 
five control animals were randomly selected and used for 
recording at each of the three test intervals of 5, 10 and 15 
days. All the experimental work was carried out during the 
spring and summer, the normal activity season of this toad, 
at an ambient temperature of 24-+4°C. 

mRequests for reprints should be addressed to M. Saleh at his present address: Department of Biology, University of Bahrain, P.O. Box 
1082. Bahrain, Arabian Gulf. 
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FIG. i. Effects of three doses of nutmeg extract of 199 (O), 375 ((3) 
and 750 (11) mg/kg body weight and control injection ([SI) on (a) heart 
rate (HR), (b) T-P interval, (c) P-R interval. Vertical bars='/2 SD. 

Record ing  

Ventricular action potential was recorded using a flexible 
suction electrode according to the method described by 
Hoffman et al.  (4) and Nabil et al. (9). This technique allows 
continuous recording of action potential from myocardiac 
fibers while the heart is beating. The tip of the electrode (40 
#,m in diameter) was placed on the ventral surface of  the 
ventricle approximately at the midpoint of its long axis. The 
electrode was applied to the myocardium only during the 
brief recording period, which lasted less than thirty seconds, 
then released until the next recording. 

Electrocardiograms (EKGs) were recorded using two 
pieces of cotton thread saturated with amphibian Ringer 's 
solution and placed directly on the myocardium. The end of 
one thread was placed on the right atrium and that of the 
other on the apex of the ventricle. Action potential and EKG 
signals were amplified, monitored on an oscilloscope and 
recorded on a chart recorder. 

In acute experiments,  ventricular action potential and 
EKG were first recorded, then the animal was injected with 
the extract or control solution and recording was carried out 
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FIG. 2. Effects of three doses of nutmeg extract of 190 (O), 375 (©) 
and 750 (11) mg/kg body weight and control injection (U) on (a) 
Amplitude of ventricular action potential (VAPA), (b) Duration of 
ventricular action potential (VAPD) of the toad. Vertical bars= 1/2 
SD. 

at 5, 15, 30, 45, 60, 90 and 120 minutes following the injec- 
tion. In the chronic experiments,  the animal was injected and 
action potential and EKG were recorded 30 minutes after the 
injection. 

Responses to the treatments are expressed as percent 
change from pretreatments values. Differences among 
animal groups were assessed by analysis of  variance. Statis- 
tical significance was reached when p<0.05. 

R E S U L T S  

A significant increase in heart rate occurred following the 
administration of each on the three extract doses (Fig. la). 
EKGs of  all nutmeg-treated animals showed a significant 
reduction in the T-P (Fig. lb) and P-R intervals (Fig. lc). 
Maximum effects were generally reached within two hours 
of  the extract injection but gradually declined towards nor- 
mal levels thereafter. No significant change in EKG was 
observed in control animals (Fig. 1 a, b and c). 

A significant increase in the amplitude of ventricular ac- 
tion potential occurred following the injection of each of the 
two larger extract doses. With the smallest dose, a slight, 
statistically insignificant, increase in amplitude occurred 
(Fig. 2a). No significant change in the duration of the ven- 
tricular action potential was detected following the injection 
of any of the three extract doses (Fig. 2b). Control animals 
showed no significant change in ventricular action potential 
(Fig. 2 a and b). 
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FIG. 3. Maximum changes in heart rate (©), T-P interval (A), P-R 
interval (4)) and ventricular action potential amplitude Ol) and dura- 
tion (El) in response to injection of control solution and three doses 
of nutmeg extract. Vertical bars=SD. 

Figure 3 compares maximum changes in heart rate, T-P 
and P-R intervals of  EKG and amplitude and duration of  
ventricular action potential, occurring in response to the 
three acute doses of nutmeg extract. The figure shows that, 
in the case of  heart rate, T-P and P-R intervals and amplitude 
of  ventricular action potential,  the response was maximum 
with the largest extract dose. The effect of  the extract on the 
duration of  ventricular action potential was not significantly 
dose-related. 

The daily injection of nutmeg extract resulted in a gradual 
drop in heart rate, reaching close to 50% of  its original value 
after 15 days of  the treatment (Fig. 4a). The duration of  the 
T-P interval showed a gradual, highly significant increase, 
reaching a maximum value after 15 days of  the treatment. 
P-R interval, on the other hand, showed an initial significant 
drop after five days of treatment,  then a gradual rise to a 
value significantly higher than that of  the control at the end 
of  the 13 days of  treatment (Fig. 4b and c). 

Chronic treatment with nutmeg extract resulted in a sig- 
nificant reduction in the amplitude of ventricular action po- 
tential after five and ten days of  the treatment. After 15 days 
of  the treatment, however,  it returned to a level not signifi- 
cantly different from that of  control animals (Fig. 4d). The 
duration of  action potential showed a gradual increase be- 
coming significantly higher than the control after five, ten 
and fifteen days of  the treatment (Fig. 4e). 

D I S C U S S I O N  

The heart of  the toad responded to administration of  nut- 
meg extract in a fashion suggesting a sympathomimetic na- 
ture of  active components of  that extract. The positive 
chronotropic effect of  the acute treatment with the extract 
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FIG. 4. Effects of chronic administration of nutmeg extract and 
control solution on heart rate (a), T-P interval (b), P-R interval (c) 
and ventricular action potential amplitude (d) and duration (e). Ver- 
tical bars=SD. 

appears to be the result of a stimulatory effect of  the extract 
on the sinus pacemaker as is clear from the reduction in the 
T-P interval of  the EKG. It is also clear that the administra- 
tion of the extract significantly increased the atrioventricular 
conduction speed as evident in the shorter P-R interval of  the 
EKG in treated animals. These effects are similar to those of  
sympathetic stimulation or  treatment with epinephrine (5, 
19, 21, 22) or amphetamine (15). Tachycardia has been ob- 
served in human subjects following the ingestion of  whole 
nutmeg seeds (17,24). 

The profound increase in the amplitude of  ventricular ac- 
tion potential in response to acute treatment with the extract 
is similar to the effects of  adrenergic transmitters and am- 
phetamine on a variety of  vertebrate hearts (4, 7, 10, 13, 20). 

The effects of  the extract on heart rate, T-P and P-R 
intervals and amplitude of  ventricular action potential are 
dose-dependent.  Similar dose-response relationships have 
been reported for the effects of  oil of  nutmeg on fertility and 
meiotic chromosome rearrangement in mice (12) and of  a 
number of nutmeg compounds on rope climbing performance 
in rats (2). 

The results also show that, contrary to the stimulatory 
effect of  acute treatment,  chronic administration of  the 
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extract  results in a progressive depression of  the heart. It 
appears that the drop in the heart rate is caused mostly by 
the inhibition of  the sinus pacemaker  leading to the consider-  
able lengthening of  the T-P interval. The increase observed  
in the duration of  ventr icular  action potential also contrib- 
utes to the s lower  heart rate. Reduct ion in atr ioventr icular  
conduct ion speed,  as reflected in the shorter  P-R interval,  
appears to contribute to the s lower  heart rate only after 15 
days of  the t reatment .  This depress ive  effect of  the chronic 
nutmeg t reatment  is possibly the result of  the depletion of  
intracellular ca techolamine  stores in the sinus pacemaker  
and AV node by amphetamine  der ivat ives  formed as a result 
o f  the biotransformation o f  act ive nutmeg components  
(1,14). Similarly, chronic  abuse of  phenyl isopropylamines  is 
known to have an inhibitory effect on the heart (8,20). It has 

been suggested that the inhibitory effect of  chronic t reatment  
with metamphetamine  on the heart of  bullfrog is produced 
through the blocking of  postsynaptic beta  receptors  (20). 

In chronical ly- t reated animals,  a significant decline in the 
initial response to the t reatment  was observed  in case o f  the 
P-R interval and amplitude of  the ventr icular  action poten- 
tial, possibly indicating the deve lopment  of  tolerance to 
active compounds  in the extract .  Deve lopment  of  tolerance 
to the nutmeg compounds  myristicin and elemicin in rats, as 
measured in rope climbing performance,  is reported by De 
Mello et al. (2). 
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