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Introduction. We have previously reported that intravenous injection of Bacopa monnieri
(Brahmi) reduced blood pressure in normotensive anaesthetised rats, suggesting that
Brahmi could be an effective antihypertensive. Therefore, the present study sought to
show that orally administered Brahmi could lower blood pressure in rats made chronically
hypertensive by Ng-nitro-L-arginine methyl ester hydrochloride (L-NAME) which blocks
endothelial nitric oxide synthase.

Methods. Male Wistar rats (200-250g) were divided into 4 groups: 1) Normotensive
control, 2) L-NAME (50mg/kg), 3) L-NAME plus Brahmi (60mg/kg/day), 4) L-NAME
plus captopril (20mg/kg/day). L-NAME was administered via the drinking water for 8
weeks. After 4 weeks, animal groups 3 and 4 also received Brahmi ethanolic extract or
captopril in the drinking water for the remaining 4 weeks. Systolic blood pressure (SBP)
and heart rate were measured weekly, whilst conscious, using an inflatable tail cuff. To
elucidate the mechanism of action of Brahmi, we studied the vasodilator effects of Brahmi
on phenylephrine (10uM) pre-contracted isolated mesenteric artery by organ bath
technique using a separate group of normotensive rats.

Results. L-NAME produced a sustained elevation of SBP from 94.7+7.5mmHg (weekO,
n=7) to 166.6+3.5mmHg (week8, n=6, p<0.001). A further 4 weeks of Brahmi reduced
blood pressure from 162.8+4.9mmHg (week4) to 129.9+6.8mmHg (week8, p<0.01, n=6-
8) and captopril from 166.4£7.2mmHg (week4) to 140.4+5.8mmHg (week8, p<0.01, n=6-
7) but had no effect on normotensives. There was no difference in heart rate among the 4
groups studied. In isolated mesenteric artery, Brahmi extract elicited endothelial
independent vasorelaxation, suggesting that it acts directly on the vascular smooth muscle
cells.

Conclusion. These data show that Brahmi is an effective antihypertensive animals, but
unlikely to be nitric oxide-mediated. Thus Brahmi or its active ingredients may make a
clinically efficacious antihypertensive treatment.

Supported by National Research Council of Thailand and Ministry of Science and
Technology.



Introduction

Hypertension is an important determinant of cardiovascular disease. Many plant products
are vasoactive and thus have potential antihypertensive applications. Bacopa monnieri
(Brahmi) is an Ayurvedic medicine traditionally used to improve mental health (1),
learning and memory (2, 3) and is cardiotonic (4). Several studies have focused on its
procognitive and neuroprotective properties (1, 2, 3), but its cardiovascular actions are yet
to be fully explored.

Brahmi has been shown to cause relaxation in blood vessels from a wide range of tissues
by an action on both endothelial cells and a direct effect on vascular smooth muscle (5, 6,
7, 8). It is also cardioprotectant against isoproterenol-induced myocardial necrosis in rats
(9). Recently, we have showed that acute intravenous injection of Brahmi reduced blood
pressure of anaesthetised rats (8). However, there is no information on the effects of
Brahmi in chronic hypertension. Therefore, the present study aimed to explore the
antihypertensive action of an ethanolic extract of Brahmi using rats made hypertensive by
chronic oral administration of N-nitro-L-arginine methyl ester hydrochloride (L-NAME).
The vasodilator action of Brahmi was also investigated in order to elucidate its
mechanism of action.

Methods

Preparation of Brahmi extract

Brahmi was collected from Phetchaburi province, Thailand and its ethanolic extract was
prepared as described previously (8). In brief, Brahmi was cut, dried and crushed. The
dried powder was soaked in water, compressed, sonicated with 95% ethanol and filtered.
The ethanolic extract was dried, evaporated under reduced pressure and contained 6.25%
(w/w) saponins, including 0.87% bacoside A3z, 1.03% bacopaside I, 1.82% bacopaside I,
0.80% bacopaside X, 1.73% bacopasaponin C. The extract was stored at 5°C in a dark
bottle until used.

Animals

Male Wistar rats (200-250g) were used for all experiments and were obtained from the
National Laboratory Animal Center, Mahidol University, Salaya, Nakhorn Pathom,
Thailand. Rats were housed under standard conditions (25+2°C, 12 hours light-dark
cycle) and received tap water and commercial rat diet ad libitum. Experimental protocols
were approved by the Animal Ethics Committee (Naresuan University, Phitsanulok,
Thailand).

Hypertensive model and blood pressure measurement

Rats were rendered hype‘rtenswe by blocking endothelial nitric oxide synthase (eNOS)
with L-NAME administered via the drinking water (50mg/kg/day) for 8 weeks. When all
the water had been consumed, extra plain water was provided. Over 4 weeks, this
produced a sustained hypertension with systolic blood pressure (SBP) > 140 mmHg (10),
while the animals given plain water maintained a constant ‘normal’ blood pressure. After
the initial 4 weeks, some animals received additionally either Brahmi ethanolic extract
(60mg/kg/day) or captopril (angiotensin converting enzyme inhibitor (ACE),
20mg/kg/day) also in the drinking water. SBP and heart rate was measured weekly,
whilst conscious, using an inflatable tail cuff (NIBP controller, ADInstrument, Australia).
This method cannot measure diastolic blood pressure. The trial used 4 matched groups of
rats: 1) normotensive controls, 2) hypertensives (L-NAME), 3) hypertensives (L-NAME)
+ Brahmi extract and 4) hypertensives (L-NAME) + captopril.

Vasodilator effects of Brahmi extract

To evaluate vasodilatory action of Brahmi, a separate group of normotensive rats (200-
250g) were killed by cervical dislocation. The mesenteric artery was excised, cleaned of
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surrounding loose connective tissue and cut into rings 2-5 mm in length for tension
measurement. In some experiments, endothelial cells were mechanically removed by
gently rubbing the lumen with a stainless steel wire (11). The rings were mounted on a
pair of wires in organ baths containing Krebs’ solution (mM): NaCl, 122; KCI, S; [N-(2-
hydroxyethyl) piperazine N'-(2-ethanesulfonic acid)] (HEPES), 10; KH,POq, 0.5;
NaH,POq, 0.5; MgCl,, 1; glucose, 11; and CaCl,, 1.8 (pH 7.3), at 37 °C and bubbled with
air. The vessel segments were allowed to equilibrate for 1 hr at a resting tension of 1 g
during which time the solution was replaced every 15 min. Changes in isometric tension
were measured using a force transducer (CB Sciences Inc., Milford, USA) connected to a
MacLab A/D converter (Chart V5), stored and displayed on a personal computer.
Following stabilization, the arterial rings were tested for viability by the application of
10uM phenylephrine and the endothelial status was tested using 10 uM acetylcholine.
Arteries that produced relaxations to >80% to baseline were considered to have an intact
endothelium. Removal of endothelium was confirmed by loss of the relaxant response to
acetylcholine. The vessels were allowed to equilibrate for 30 min and the effects of
Brahmi extract (10-1,000 pg/ml) on vascular relaxation were studied. Relaxation was
expressed as the percentage of the pre-contraction evoked by 10uM phenylephrine.
Drugs and solution

Phenylephrine, acetylcholine, L-NAME and captopril were obtained from Sigma (St.
Louis, MO, USA) and dissolved in distilled water. Brahmi extract was dissolved in
bathing solution for vascular function study and were freshly prepared immediately before
the experiment.

Statistical analysis

All data are expressed as mean + standard error of mean (SEM) of n animals. Statistical
significance was assessed using paired or un-paired Student’s ¢-test or analysis of variance
(ANOVA) followed by Tukey’s test, as appropriate. In all comparisons, p values less
than 0.05 were accepted as significant.

Results

Brahmi was Antihypertensive

L-NAME (50mg/kg) produced progressively increased SBP, which appeared to be
sustained at weeks 3-4 (Figure 1). Throughout the 8 weeks, L-NAME increased SBP
from 94.7+7.5mmHg (week0, n=7) to 166.6+3.5mmHg (week8, n=6, p<0.001) while the
control animals maintained a constant ‘normal’ blood pressure (Figure 1). Treatment with
either Brahmi (60mg/kg) or captopril (20mg/kg) clearly reduced SBP within one week of
treatment. SBP dropped from 162.8+4.9 to 133.2+3.4mmHg (Brahmi, n=8, p<0.001) and
from 166.4+7.2 to 137.7+10.3mmHg (captopril, =7, p<0.05). The lower blood pressures
then appeared to be sustained: treatment with Brahmi or captopril after week5 produced
no further reduction of SBP (Figure 1). There was no difference in heart rate among 4
groups of animals studied (Table 1). The heart rate of all animals was slower comparing
between week0 and week8 (39046 to 349+12 BPM, control; 389+5 to 337+18 BPM, L-
NAME; 402+5 to 362+12 BPM, L-NAME+Brahmi and 403+7 to 369+26 BPM, L-
NAME-+captopril) commensurate with age as previously reported (12).

Vasodilator effect of Brahmi

Brahmi extract (10-1,000 pg/ml) produced a concentration-dependent relaxation in
isolated mesenteric artery pre-contracted with 10 uM phenylephrine (Figure 2). Removal
of endothelium had no detectable effect on the vasodilatory action of Brahmi as judged by
the ECs9 and maximum relaxation to Brahmi in endothelium intact (ECso =165.5+86.8
pg/ml, max response =94.4+9.2%) and endothelium denuded (ECsy =165.5+86.8 pg/ml,
max response =98.9+1.8%) arterial rings (Figure 2). -

Discussion
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The present study showed that Brahmi maintained an antihypertensive action in L-NAME
induced hypertensive rats. Heart rate was unaffected, thus the hypotensive action of
Brahmi was more likely via a systemic vasodilatation.

It is well documented that chronic treatment with L-NAME produced sustained elevation

of systemic blood pressure by inhibiting eNOS which prevents NO production leading to

vasoconstriction and increased total peripheral resistance. Therefore, several studies used

L-NAME treated rat as a hypertensive model to study herbal medicines (13, 14, 15). In

the present study, L-NAME produced progressively increased blood pressure during the

first week of treatment and thereafter sustained for 3 weeks (and 8 weeks in the
hypertensive controls). Treatment with either Brahmi or captopril, an ACE inhibitor,
almost normalised blood pressure of hypertensive rats within one week. In this respect,

Brahmi appeared to be as effective as captopril in reduction of blood pressure.

These data are in agreement with our previous study showing that intravenous injection of

Brahmi extract (20, 40, 60mg/kg) produced an acute reduction of blood pressure in

normotensive anaesthetised rats, without affecting heart rate (8). Moreover, we

demonstrated that chronic oral treatment of Brahmi for 8 weeks had no effect on heart rate
or blood pressure of normotensive rats (12) but was active against hypertension in the
present study. Thus, the failure of Brahmi to have any effect on heart rate suggests that
the major in vivo effect was due to peripheral vasodilatation which is supported by

Brahmi causing a concentration dependent vasorelaxation in isolated mesenteric artery.

Removal of endothelium had no effect on vasorelaxant response to Brahmi indicating that

NOS, prostacyclin and other endothelial pathways did not make a major contribution to

the vasorelaxation. Direct action of Brahmi on vascular smooth muscle cells via

inhibition of L-type Ca*" channel or release of Ca** from sarcoplasmic reticulum have
been reported by several studies which supports our findings (5, 6, 7, 8). Nevertheless,
further investigation on intracellular mechanisms of Brahmi on vascular smooth muscle
dilation, as well as pharmacological studies, is needed.

Conclusion

Brahmi showed a clear, prompt and constant antihypertensive action and was at least as

effective as the clinically used captopril. The mechanism of action is via vasodilatation,

but not substantially via the endothelium. Thus this extract or an active ingredient may
lead to an efficacious and novel treatment for human primary hypertension.
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Figure 1
Effect of chronic oral administration of L-NAME (50mg/kg), L-NAME+Brahmi
(60mg/kg) and L-NAME-+captopril (20mg/kg) on systolic blood pressure (SBP). Rats
were treated with L-NAME for 4 weeks and then some animals received additionally
either Brahmi ethanolic extract (60mg/kg/day) or captopril (20mg/kg/day) for the
remaining 4 weeks (n=5-8). (W, Week) All data points are mean+SEM. p<0.01,
*p<0.001 comparing with W0 (L-NAME), “p<0.01, *p<0.001 comparing with W4 (L-
NAME+Brahmi), ’»<0.05,"p<0.01 comparing with W4 (L-NAME+captopril)
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Figure 2 Brahmi (Log pg/ml)
Concentration- relaxation

curves for Brahmi extract (0-1000 pg/ml) in endothelium-intact (+Endothelium) and
endothelium-denuded (+Endothelium) mesenteric arteries of normotensive rats. Arterial

rings were pre-contracted with 10 uM phenylephrine. All data points are mean+SEM
(n=6-7).
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Treatment Heart Rate (beat/min)

WO w4 W8
Control 390+6 362+9 349+12
L-NAME 38945 36746 337+18
L-NAME+Brahmi 40245 357£10 362+12
L-NAME-+captopril 403+7 372+13 369+26
Table 1

Effect of chronic oral administration of L-NAME (50mg/kg), L-NAME+Brahmi
(60mg/kg) and L-NAME-+captopril (20mg/kg) on heart rate. Rats were treated with L-
NAME for 4 weeks and then some animals received additionally either Brahmi ethanolic
extract (60mg/kg/day) or captopril (20mg/kg/day) for the remaining 4 weeks (n=5-8). (W,
Week) All data points are mean+SEM.
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