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ABSTRACT

Introduction: Eurycoma longifolia (E. longifolia) which is better known locally as Tongkat Ali is an indigenous
plant in Malaysia. It belongs to the family of Simaroubaceae and is popular as a traditional medicine for its
aphrodisiac properties. Throughout the years, several studies have been conducted to prove its effect on
aphrodisiac action, antimalarial, antibacterial and anxiolytic properties but its effect to the cardiovascular
system had not been fully explored. This study was aimed to demonstrate the changes that take place in the
isolated heart following the injection of the extract. Methods: Three parameters that were measured included
the coronary perfusion pressure (CPP), the left ventricular developed pressure (LVDP) and the heart rate (HR).
Eighteen isolated rat hearts were used and were divided equally into three groups. The first group was to
observe the effect of Isoprenaline, a B agonist while the second group was to see the effect of sodium nitroprusside
(SNP), a nitric oxide (NO) donor. The dose which gave the maximum effect for these two positive
controls was used to compare with the effect of E. longifolia water extract in the third group of rats.
Isolated heart was mounted using the Langendorff apparatus and perfused with modified Krebs-Henseleit
buffer. Doses of controls and the extract were instilled through an injection port, and the effect of each dose was
monitored. Results: E. longifolia extract was found to reduce the CPP in normotensive rat at two of the
highest doses. A dose of 1.0 mg of the extract reduced the CPP significantly from 34.52 + 4.99 mmHg of
the baseline value to 31.99 + 4.93 mmHg while the dose of 10.0 mg of the extract reduced the CPP
significantly to 32.67 + 3.89 mmHg. However, there were no significant changes of effect of the extract on the
LVDP and HR as compared to control. Conclusion: These early findings suggest that E. longifolia extract may
have vasodilatory property, which supports its traditional usage with minimum cardiovascular side effects.
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INTRODUCTION

Eurycoma longifolia (E. longifolia) is a herbal plant
which is popular in the Malay herbal medicine for its
greatly acclaimed aphrodisiac effect. The plant grows
wildly in the slopes of the jungle in Malaysia and
Indonesia. It has also been widely used as an essential
ingredient in Malay herbal medicine for intermittent
fever, believed to be for malariaL infections."?
This has led to numerous studies, which revealed
that E. longifolia possessed properties such as
antimalarial effect,>*3 cytotoxic and anticancer,7:8
antihyperglycemic,’ antibacterial,’ and anxiolytic
effect.”

The traditional indications for fever and aphrodisiac
properties have led to the plant being highly developed
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into more than two hundreds E. longifolia preparations
by 140 licensed Malaysian manufactures.'? Throughout
the years, there were various forms of preparations
of this herb, especially as dietary supplement in
the form of shake, beverages, liquid, gel, tablet,
confectionery and supplement food. A topical
application containing E. longifolia root extract to
promote weight loss has also been developed.'

Despite its popularity, the direct cardioactivity effect
of the plant has never been explored except that
which had been caused by contamination of the
product.™ This possibility needs to be established
as some herbals have been associated with adverse
cardiac effects driven by altered sympathetic activity,
altered platelet function, increase blood pressure
and also cardiac arrhythmias.” Apart from the
fact that herbal plants may produce a direct side
effect, others like ginger, Fenugreek and Gingko
biloba causes interactions with another drug like
warfarin resulting in an over anticoagulation.'

This study aims to evaluate the effect of E. longifolia
extract on cardioactivity via the isolated rat heart
technique. A Langendorff method of non-working
heart was employed. The extract effect on heart rate
(HR) and left ventricular diastolic pressure (LVDP) was
compared against Isoprenaline, a B agonist which acted
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as the positive control, while sodium nitroprusside
(SNP) acted as the positive control for the extract
effect on coronary perfusion pressure (CPP).

MATERIALS AND METHODS

Plant material

The plants of E. longifolia were obtained locally
from the wild in Raub, Pahang in January 2008. The
morphological comparison was done with an authentic
sample previously deposited at the herbarium of Forest
Research Institute of Malaysia (FRIM) (voucher number
MTA 0001). Briefly, the root of the plant was cut and
extracted. Water extracts method was used over
organic extract as it mimicked the way the plant was
boiled traditionally to make decoctions."” The roots
were washed with water and dried in a hot air oven for
48 hours at a temperature over 300C. The root flakes
were extracted with water by two step process namely
the solid-liquid extraction and spray drying'® where
they were boiled in eight litres of distilled water for
60 minutes at a temperature of 1000C. The water
extract was filtered using a Buchner filter to produce
the supernatant. The supernatant was concentrated
by evaporation under vacuum at 400C using the rotary
evaporator (BUCHI Rotavapor R-210/ 215, Switzerland)
before being fed to the spray drier. The water extract
was kept in a close container at a temperature of 40C
before being freeze dried (BUCHI-191 Mini Spray Drier,
Switzerland) at 1600C at 5 mbar of compressed air.
The final product obtained from 1 kg of E. longifolia
flakes were 240 grams of powdered E. longifolia which
gave the yield of 2.4%. The powdered form was kept in
a tight container until further usage.

Animals

The animals care and experimental protocols were
approved by the Animal Care Committee of the
International Islamic University of Malaysia. Isolated
rat hearts were prepared from 18 female normotensive
Sprague-Dawley rats, aged between 3 to four months
with body weight between 200 to 220 grams. The
animals were fed and given water ad libitum.

Isolated heart preparation

A modified Krebs-Henseleit solution' was prepared and
diluted to a total volume of two litres. The solution
was prepared fresh daily and kept at a constant pH
of 7.5. Constant flow was maintained by a peristaltic
pump. Both the organ bath and the perfusate were
kept at a constant temperature of 37°C.

The animals were anaesthetized by injecting 0.6 mg/kg
of sodium pentobarbital intraperitoneally. Anaesthesia
effect was confirmed by the absence of pedal and tail
reflexes. The rat was injected intravenously with 0.5
ml of sodium heparin to prevent blood coagulation
and formation of thrombi. After 10 minutes, a trans-
abdominal incision was made to access the diaphragm.
The heart was quickly excised by cutting it at the level
of the thoracic aorta. It was placed in ice-cold Krebs-
Henseleit solution to increase the cannulation time and
reduce the risk of ischemia injury prior to perfusion.?
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The aorta was quickly located and the first transducer
that measured CPP was inserted into the aorta. The
end of the transducer was ensured not to go beyond
the aortic valve. The aorta was clamped using serafine
clamps. Astring was tied above the coronary circulation
and below thefirst aortic branch to secureit. Retrograde
perfusion was started within 60 to 90 seconds after the
heart was removed. During the mounting of the heart,
the flow of perfusate was set at 3 ml/min and increase
to 5 ml/min once the heart was secured. This flow rate
was determined according to the animal weight using
the formula as used by Ulker et al.?":

Flow (ml/min) =z x 0.56 x7.43  (z = heart weight)
Heart weight (mg) = 0.0027 y + 0.6 (y = body weight)

After the heart had been adequately perfused, a
balloon catheter was inserted via the aortic valve into
the left ventricle to allow recording of LVDP and HR.
The balloon was secured by tying the hole made at the
atrium to prevent herniation. It was then inflated until
the end-diastolic pressure (EDP) at the monitors read
approximately 4 to seven mmHg. The measurement
was made using a one ml syringe attached to the
transducer system and kept constant throughout
the experiment.? Insertion was confirmed by the
presence of regular contraction wave at the monitor.
The heart was left to stabilize for approximately
15 to 20 minutes before the experiment started.?
Stabilization was confirmed by the presence of a
regular reading of the CPP, LVDP and HR. Any isolated
heart, which developed arrhythmia during this period
was discarded. All drugs were given retrogradely into
the perfusion tube through an injection port located at
the junction block just above the heart.

Data acquisition

Transducers were directed to the analog-to-digital
converter (PowerlLab Data Acquisition, AD Instruments,
Australia). All data were digitalized and displayed
using Chart5 software and displayed at the monitor
using 4 channels; for CPP, flow, LVDP and HRrespectively.
The present study had chosen to measure the CPP as it
was easier to monitor, sensitive to changes in coronary
flow?® and was directly proportionate to vascular
resistance.?® The cardiac function was observed through
the LVDP to measure the isometric tension developed
by the left ventricle (LV) as previously reported.? LVDP
was represented by the cyclic height which is the height
of one complete waveform or similar to a calculation
of left ventricular end systolic pressure (LVESP)
minus left ventricular end diastolic pressure (LVEDP).
Likewise, the HR was also calculated from the left
ventricular pressure using cyclic measurement. The HR
was represented by the rate of the peak of waveform
cycles.

Drug preparation

E. longifolia stock solution was prepared fresh
daily by diluting one gram of its powdered form to
100 ml saline to make up a stock solution of 10 mg/
ml. This stock solution was further diluted to doses
of 0.001, 0.01, 0.1, 1.0 and 10.0 mg in one ml saline.
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Isoproterenol hydrochloride (Isoprenaline) (molecular
weight: 250 gram/mol), was used as a positive control.
Isoprenaline at 0.25 gram was diluted to produce
10,000 nmol/ml of stock solution, prepared fresh
daily. It was then diluted accordingly to produce the
following doses: 0.1, 1.0, 10.0, 100.0 and 1000.0 nmol
in 1 ml saline.24 SNP (molecular weight: 300 gram/
mol) at 0.3 grams were diluted in saline solution to
produce 10 pmol per ml of stock solution. It was then
diluted to the following doses: 0.0001, 0.001, 0.01,
0.1 and 1.0 pmol in one ml saline.?

Protocol of experiment

The animals were divided into three groups where each
group consisted of six rats. Before the administration
of drugs and extract, the baseline parameters
were sampled for a 5-minute period following the
equilibration phase. The same heart was used both
for control preparation and evaluation of the effects
of the drugs or extracts.?.?® Group 1 received one
ml of Isoprenaline, which was administered to the
isolated heart rats in a dose increasing manner from
0.1 nmol to 1000 nmol. Observation was taken over
the period of 5 minutes, and the effect of each dose
of drug was terminated by washing it with three ml of
Krebs Henseleit solution. The next dose was given only
after the parameters return to baseline value.

Group 2 involved the administration of SNP also in a
dose increasing manner. The protocol was similar to
Isoprenaline. In these first two groups, the dose which
gave the maximum and consistent response to the
CPP, LVDP and HR were taken as the positive control
does to be used against the E. longifolia extract.

Group 3 consisted of administration of the E. longifolia
extract in increasing dose from 0.001 to 10 mg
following similar protocol to the positive controls.
After the maximum dose administration, once the
value has returned to baseline, the predetermined
maximum response dose of isoprenaline was
administered followed by that of SNP with an adequate
wash period in between. The sampling conditions for
obtaining the mean values for the three parameters
were taken at 1-minute intervals after drug injection
for the period of 5 minutes. This period was
considered to eliminate the masking pressure that
might develop because of the act of injection at the
injection port rather than the actual pressure that
developed due to the effect of the drug.

Data Analysis

All results obtained from the experiments were
presented as mean = standard deviation. All statistical
analyses were performed using SPSS version 13
statistical software package. Normal distribution of
data was verified with Kolmogorov-Smirnov test. For
isoprenaline and SNP, the effect of each dose was
compared to the control value using Student’s
t-test. The level of significance was determined at
p<0.05. The mean effect of the E. longifolia extracts
and the positive controls against the baseline value
on the same isolated rat heart were compared using
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Student’s-t test. One-way analysis of variance (ANOVA)
test was used to compare the effects of the different
concentration of E. longifolia extract against the
positive controls. When a significant effect was
detected, the data were further analyzed using
multiple comparisons with Fisher’s least significant
difference (LSD).

RESULTS

Determination of maximum effective dose of SNP
and Isoprenaline

SNP induced a significant reduction in CPP at the
dose range of 0.0001 pmol to 1 pmol. The maximum
reduction was seen at the maximum dose of 1.0 pmol
where it produced a 37% reduction from baseline
value to 24.58 + 1.72 mmHg. SNP at 1.0 pmol was used
in this study as a positive control for CPP.

A 100 nmol concentration of Isoprenaline was used as
a positive control for evaluation of the E.longifolia
extract in terms of LVDP and HR parameters as it
produced the maximum increase of 65% and 50 %, from
the baseline values of 23.40 + 4.99 mmHg and 161.12
+ 9.67 beats per minute respectively.

Effect of E. longifolia extract on coronary perfusion
pressure (CPP)

There was a reduction in CPP at three lowest doses
of E.longifolia extract, but they did not reach the
statistically significant level. Significant reduction
was observed only at the concentration values of 1.0
and 10.0 mg (Figure 1). In the same isolated heart
preparation, SNP significantly reduced the CPP to 31.21
+ 4,85 mmHg. One-way ANOVA comparing the effect of
E. longifolia extracts to SNP showed that there was no
significant difference in reduction of CPP by both SNP
and E.longifolia extract (p=0.809).

Effect E.longifolia extract On Left Ventricular
Developed Pressure (LVDP)

Table 1 showed that E. longifolia extract did not
produce any statistically significant changes of the
LVDP from the baseline value while Isoprenaline of 100
nmol in the same isolated heart preparation produced
a statistically significant increased of LVDP (p<0.001).
One-way ANOVA comparing the E. longifolia extract
with Isoprenaline showed a statistically significant
difference among the various doses of the extracts,
and Isoprenaline (p<0.001). Further analyses using
multiple comparisons with Fisher’s LSD in Table 2
revealed that the mean LVDP showed significant
differences between Isoprenaline and the extract
doses (p<0.001). However, there were no significant
differences between the various doses of the extract
to one another.



mmHg

seconds

0.001 mg E. longifolia 0.01 mg E.longifolia

seconds
0.1 mg E. longifolia 1.0mg E. longifolia
mmHg
seconds
10.0 mg E. longifolia 1.0 ymol SNP

Figure 1. Changes in CPP of the isolated heart rat after the administration of various doses of E. longifolia
as compared to SNP. Note: Arrow shows the time of extract and drug administration.
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Table 1. Effect of various doses of E. longifolia extract and Isoprenaline on LVDP.

Mean LVDP + SD p value
(mmHg)
(n=6)
Baseline
24.47 + 2.28
Extract of E.
longifolia (mg) 0.001 25.24 £ 1.55 0.207
0.01 25.58 + 1.66 0.059
0.1 26.89 + 3.28 0.087
1.0 25.99 + 1.45 0.095
10.0 25.84 +2.02 0.079
Isoprenalinerenaline 35.78 + 3.28 <0.001*

(100.0 nmol)

*p<0.01, LVDP: left ventricular developed pressure

Table 2. One-way ANOVA with post hoc LSD comparing the differences of Isoprenaline and E. longifolia extracts

on LVDP.
E. longifolia Mean LVDP df (5,30) p value
concentration (mg) difference
(n=6) (mmHg)
Isoprenaline
0.001 10.54
0.01 10.20
0.1 8.89 F=18.06 <0.001*
1.0 9.78
10.0 9.94
E. longifolia
concentration (mg)
0.001
0.01
0.1 Against all F=2.53 NS
concentrations
1.0 of E. Longifolia
10.0

NS: non significant, LVDP:left ventricular developed pressure
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Effect of E.longifolia extract On Heart Rate (HR)

Table 3 showed that following the administration of E.
longifolia extract, there was no significant difference
in changes of HR. On the other hand, Isoprenaline on
the same isolated heart produced a significant positive
chronotropic effect (p<0.001). One-way ANOVA
revealed statistically significant difference existed

among the Isoprenaline, and the various doses of the
E. longifolia extract and the LSD post hoc test revealed
that the mean HR showed significant differences
between Isoprenaline with each dose of the extract
(Table 4). However, there were no significance
differences of mean HR between the different
E. longifolia extract dosages.

Table 3. Effect of various doses of E. longifolia extracts and Isoprenaline on HR.

Mean LVDP + SD

(mmHg) p value
(n=6)
Pasefine 278.23 £ 12.42
Extract of E.
longifolia (mg) 0.001 278.95 + 15.24 0.892
0.01 286.23 + 19.10 0.510
0.1 286.85 + 17.63 0.450
1.0 285.23 + 26.27 0.615
10.0 288.68 + 23.19 0.376
Isoprenalinerenaline 343.60 + 21.75 <0.001*

(100.0 nmol)

*p<0.01, HR = heart rate

Table 4. One-way ANOVA with post hoc LSD comparing the differences of Isoprenaline and E. longifolia extracts

on HR.
E. longifolia Mean LVDP df (5,30) p value
concentration (mg) difference
(n=6) (mmHg)
Isoprenaline 0.001 64.65
0.01 57.38
0.1 56.76
F=18.06 <0.001*
1.0 58.37
10.0 54.92
E. longifolia
concentration (mg)
0.001
0.01 Against all
0.1 concentrations F=2.50 NS
of E. Longifolia
1.0
10.0

*p<0.01, HR = heart rate
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DISCUSSION

The main findings observed with the extract were: 1)
There was statistically significant reduction of CPP at
the dose of 1.0 mg and 10.0 mg of E. longifolia extract
compared to baseline: 2) The reduction of CPP observed
with 1.0 mg and 10.0 mg of E. longifolia extract was
not statistically different from the reduction caused by
SNP of 1.0 pymol: 3) There were no significant changes
caused by the extract on either LVDP or HR compared
to baseline and : 4) The effect of E. longifolia extracts
on LVDP, and HR was significantly different to those
seen with Isoprenaline.

It was observed in the present study that Isoprenaline
reduced the CPP which resulted from the vasodilatation
of the coronary arteries. This is consistent with the
known effect of the drug on the vessels through the
action on both B1 and B2 adrenoceptors.?’ Isoprenaline
induces vascular smooth muscle (VSM) relaxation
through the release of NO from the endothelium
and subsequently activating the cyclic guanosine
monophosphate at the VSM.*® The fact that CPP
reduction by E. longifolia was not significantly different
to those induced by SNP alone may suggest that the
vasodilatation was not dose dependent. It could be
postulated that E. longifolia extract may stimulate the
endothelium to produce NO. It also supports earlier
observation®' which stated that nearly all stimuli which
produce vasodilatation through the action of NO. This
may suggest that E. longifolia extract may bind to an
endothelial receptor. On the other hand, the effect
of the extract could also be postulated to be non-
receptor mediated. This is through the ability of the
extract to inhibit the depolarization of the membrane
and interfere with the availability of the Ca2+ for the
contractile process.?

The significant effect of the extract can be attributed
to the presence of testosterone. It was found that
E.longifolia extract significantly increase the amount
of testosterone and progesterone, which are produced
by rat testicular cell homogenate.® In the same study
it was also suggested that the extract helps in vitro
preparation to activate enzymes, which convert
pregnenolone into progesterone and convert 17-OH
pregnenolone into dehydropiandrosterone and
subsequently into testosterone. Testosterone was
found clinically to reduce the incidence of myocardial
ischemia in patients with angina inducing coronary
artery dilatation and improving coronary blood
flow.343 This hormone also produced relaxation of the
subcutaneous resistant arteries in healthy controls,
patients with heart failure and men with androgen
deficiency.

It was also observed that E. longifolia given at the dose
of 0.001 mg to 10.0 mg did not produce any significant
changes to the LVDP and HR. Constant LVDP may safely
reduce the possibility of the isolated heart to develop
into failure while an increase in it reflects the loss
of compliance due to the increase in the diastolic
chamber stiffness or contracture.?3® The fact that
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no changes in LVDP accompanying a stable HR may
favourably suggest that the E. longifolia extract did
not produce arrhythmia or sinus bradycardia, which
would indicate ischemic changes.*

The fact that E. longifolia extract did not produce any
significant changes to the LVDP and HR may indicate the
absence of cardioactive or cardiosuppression agents
in the extract. This also supports the earlier findings
of reduce CPP, which is very much likely through
the direct action on the VSM and not due to cardio
suppression. The normal HR without bradycardia also
suggests that the vasorelaxant effect may exclude the
role of muscarinic receptors.

However, a caution on the seemingly cardioprotective
nature of E. longifolia extract should be applied by
taking into account of the earlier argument of the
possible relations of E. longifolia extract with
testosterone. Testosterone could stimulate myocytes
that contain androgen receptor and produce response
that lead to structurally, heart muscle hypertrophy.%
Androgen receptors, although were also found in
female rats,>  may be present in relatively lower
levels of testosterone as compared to male to
induce significant structural changes. The endogenous
testosterone in male rat can induce a maximum
increased in the number of androgen receptor.®
Therefore, the fact that there was no significant
response in LVDP and HR in this study, which employed
female rats may be attributed to this, where the
number of androgen receptor present at the isolated
heart could be insufficient to form receptor-effectors’
complex and produced a significant response. Further
study to address the gender influence on E. longifolia
extract induced cardiac hypertrophy is needed.
Another possible explanation was that the time of
exposure of the extract on the isolated heart which
determined the testosterone treatment time. Study
had shown that shorter treatment time of myocyte
with testosterone of approximately 5 minutes had no
effect on the contraction and relaxation properties,
and the effect was only seen after 24-hours exposure
of the myocyte to testosterone.

CONCLUSION

The findings in this study were consistent with the
preliminary study done earlier'” that stated the
aqueous extract which was injected intravenously
resulted in the reduction of blood pressure in
normotensive rats. At the same time, the heart rates
of the rats were not affected. The present study
findings of reduce CPP without significantly affecting
LVDP and HR may suggest that the earlier findings of
reduction in blood pressure was due to vasodilatation
rather than cardio-depressive. It may also be the basis
of its traditional usage as reported by Bedir et al.®
where the decoction of the roots and root bark was
used to treat hypertension.
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This study has explored the non- aphrodisiac property
of E. longifolia extract namely the cardiovascular
effects. Along with its usage in the traditional
treatment, the results of this study are among the first
work of safely evaluations that suggested any untoward
cardiovascular side effects are very unlikely. The
result may give a promising approach toward the
development of this medicinal plant as a cardiac drug
while at the same time able to give assurance on the
safety of consuming it.
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