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Abstract: This study reported the hypotensive, cardio-suppressant, endothelium-dependent vasodilator and
antiplatelet activities of the crude extract of Areca catechu (Ac.Cr), commonly known as betel nut. Ac.Cr tested
positive for the presence of terpenoids, flavonoids, amines, tannms, phenols, alkaloids and sapomns and
exhibited a dose-dependent (0.1 to 1 mg kg™') atropine-sensitive fall in the arterial blood pressure of
normotensive rats under anaesthesia. In isolated guinea-pig atria, Ac.Cr (0.1 to 10 xg mL.™") showed an atropine-
sensitive inlubitory effect on the force and rate of spontaneous atrial contractions. In the endothelium-mntact
rat aorta, Ac.Cr showed inhibition of the phenylephrine-induced contractions. This relaxant effect was
blocked by atropine and L-NAME and was found absent in endothelium-denuded preparations. Ac.Cr
(1.0-1.75 mg mL ™) also inhibited arachidenic acid (1.7 mM)-induced human platelet aggregation. Among all the
known constituents of betel nut tested, only arecoline showed atropine-sensitive cardio-suppressant and
vasodilator effects while catechin exhibited atropine-insensitive vasodilator and also antiplatelet activities. This
study shows that betel nut exhibits blood pressure lowering and antiplatelet activities mediated at least partly
through the presence of known constituents such as arecoline and catechin, respectively.
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INTRODUCTION

Betel nut 15 the seed of the yellowish-red fruit of
areca palm, Areca catechu, a handsome tree cultivated in
all the warmer parts of Asia. The word ‘Areca’ has
possibly origmated from the Malay name of the tree while
‘Catechu’ 13 the name of the spice (Acacia catechu) that
is mixed with the betel nut and some other ingredients to
constitute the ‘betel quid’. Betel nut 1s masticated to give
the chewer physical and psychological effects ranging
from enhanced ability to work, heightened alertness,
euphoria, increased well being and effects on the
cardiovascular, gastrointestinal and pancreatic systems!'.

Studies conducted on the nut report that, among others,
1t has anti HIV, antibacterial, hypoglycaemic, prohealing,
antioxidant, antitumor, antidepressant, antischizophrenic,
angictensin-converting enzyme inhibitory!” and gastric
prokinetic activities™?.

Chewing of the nut 18 known to be associated with a drop
in the blood pressure and heart rate™ and it is traditionally
used in the Sub-Continent to help control hypertension!®.
In this study, we tested the crude extract of betel nut on
blood pressure in anaesthetized rats, in isolated
cardiovascular  tissue  preparations and  against
arachidonic acid-mduced platelet aggregation. The
results were then compared with some of the known
constituents of the nut such as arecoline, arecaidine,
catechin, tannic acid, gallic acid and diosgemin™®,
obtained from commercial sources, to determine the
compounds possibly responsible for the observed

activity in the crude extract.
MATERIALS AND METHODS

Animals: Experiments performed complied with the
rulings of the Institute of Laboratory Ammal Resources,
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Commission on Life Sciences, National Research
Council™. Balb-C mice (20-25 g), Sprague-Dawley rats
(200-250 g) and gumea-pigs (500-700 g) of either sex used
n the study were housed in the animal house of The Aga
Khan University under a controlled environment
(23-25°C). Animals were given tap water ad libitum and
a standard diet consisting of (g kg™'): flour 380, fibre 380,
molasses 12, NaCl 58, nutrivet L 2.5, potassium
metabisulphate 1.2, vegetable oil 38, fish meal 170 and

powdered milk 150.

Chemicals: The following reference chemicals were
obtained from the sources specified: acetylcholine
chloride (ACh), arachidonic acid (AA), arecaidine
hydrochloride, arecoline hydrobromide, atropine sulphate,
carbamylcholine chloride (carbachol, CCh), (+)-catechin
hydrate,  diosgenin, gallic  acid, isoprenaline
hydrochloride,  Nu-nitro-L-arginine  methyl  ester
hydrochloride (L-NAME), norepmephrine hydrochloride
(NE), physostigmine hemisulfate and tanmc acid (Sigma
Chemical Company, St. Louis, MO, TISA). All chemicals
used were of the highest purity grade. Stock solutions of
all the chemicals were made in distilled water and the
dilutions were made fresh in nommal saline on the day of
the experiment.

Plant material and extraction procedure: Betel nut (1 kg)
was bought from a market in Karachi and a sample of the
material was deposited at the Herbarium of Department of
Biological and Biomedical Sciences, The Aga Khan
University, Karachi with the voucher # AC-SE-05-99-18.
The plant material was cleaned of adulterants, crushed
and was soaked in 2 T. of 70% aquecus-methanol at room
temperature for a total of 3 days after which the filtrate
was collected through Whatman qualitative Grade-1 filter
papers and the plant material re-soaked again twice. The
combined filtrate was concentrated in a rotary evaporator
under reduced pressure at 40°C to yield a viscous, dark
brown crude extract (Ac.Cr) weighing 144 g. This extract
was stored at -4°C until use and dissolved mn distilled
water on the day of the experiments to prepare the stock
solution and different dilutions.

Preliminary phytochemical analysis: The betel nut crude
extract was screened for the presence of different classes
of compounds by thin layer chromatography using silica
gel G (Merck) plates of 0.25 mm thickness'™. The extract
was dissolved in chloroform: methanol (1:1 v/v) while the
development of plates was carried out with chloroform:
methanol (4:1 v/v). After development, the plates were
sprayed with the followmng solvents and reagents for
detection of the respective classes of compounds: water
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(lipophilic compounds), sulphuric acid and heating at
105° for 5 min (orgame compounds); 0.5% amsaldehyde
mn sulphuric acid, glacial acetic acid and methanol 5:10:85
viv  (terpenoids), 10%  antimony trichloride in
chloroform (flavonoids/terpencids), 1% diphenylboric
acid 2-aminoethyl ester in methanol followed by 5%
polyethylene glycol 4000 m 96% ethanol (flavonoids);
0.5% ninhydrin in acetone (amino acids/peptides and
secondary amines); 5% ethanolic sodium hydroxide
(anthraquinones); 5%  aqueous chloride
(tanmns/phenols); 20% aqueous carbonate
followed by Folin-Ciocalteu reagent (phenols); 0.5%
aqueous fast blue B salt followed by 0.1 M aqueous
sodium hydroxide (phenols); Dragendorrf’s reagent
(alkaloids) and dilute sodium hydroxide (coumarins).
Reagents were prepared according to Stahl™. Detection
was carried out visually in visible light and under UV light
(A =1365nm).

ferric
sodium

In vivo blood pressure (BP) in anaesthetized rats: The
experiment was performed as described previously'”. Rats
were anaesthetized with an intraperitoneal injection of
sodium thiopental (Pentothal, 70-90 mg kg™ body
welght). When light anaesthesia was achieved, the right
carotid artery was cannulated by polyethylene tubing
PE-50, which was connected to a pressure transducer
(P23 XL) coupled with a Grass (model 7) Polygraph. This
comnection was used for BP recording. The left jugular
vein was cannulated with similar tubing to facilitate the
intravenous injection of the drugs and the betel nut
extract. The exposed swrface of the cannmulation was
covered with cotton wool moistened in warm saline. After
a 20 min period of equilibrium, the rats were injected
mtravenously with 0.1 mL saline (NaCl 0.9%) or with the
same volume of the extract. Arterial BP was allowed to
return to the resting level between imections. Standard
drugs and the betel nut extract (all prepared in saline) were
then administered by i.v. injections and flushed in with
0.1 mL saline. Control responses of standards as ACh
(1 pg kg™ and NE (1 pg kg™") were cbtained before
testing the extracts. Changes in BP were recognized as the
difference between the steady state values before and the
lowest readings after imjection. Mean arterial blood
pressure (MABP) was calculated as the diastolic blood
pressure plus one-third pulse width.

Isolated guinea-pig atria: Right and left atria from guinea-
plgs were dissected out, cleaned of fatty tissues and
mounted separately in 20 ml. tissue baths containing
Kreb’s solution at 32°C and aerated with 5% carbon
dioxide m oxygen (carbogen). The composition of Kreb’s
solution was (mM): NaCl 118.2, NaHCO, 25.0, CaCl, 2.5,
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KC14.7, KH,PO, 1.3, MgSO, 1.2and glucose 11.7 (pH 7.4).
The tissues were allowed to beat spontanecusly under
the resting tension of 1 g. An equilibrium period of 30 min
was given before the application of any drug. Control
responses of ACh (0.1-0.3 uM) and isoprenaline (0.1 uM)
were obtained at least in duplicate. Tension changes in
the tissue were recorded via a Grass force-displacement
transducer (model FT-03) using Grass (model 7)
Polygraph. Ac.Cr along with some of its known
constituents (Fig. 1) such as arecoline, arecaidine,
catechin, tanmic acid, gallic acid and diosgenin, were
tested on the atrial contractility for determimning their
activity.

Isolated endothelium-intact rat aorta: The procedure of
Furchgott and Zawadski'! was followed with some
modifications. Thoracic aorta was isolated from male rats.
Care was observed in isolating the tissue to avoid any
damaging of endothelium. The isolated aorta was then
transferred into carbogen aerated Kreb’s solution. It was
then carefully cleaned of fats and then made into rings
3 mm wide. Individual rings were hung in 5 ml tissue
baths, at 37°C. A preload of 1 g was applied to the
preparation and the tissue incubated for 30 min. Changes
in tension were recorded via World Precision Instrument’s

\ COOCH,
]
CH,
Arecoline
OH
Q]
o OH
OH
OH
(+)-Catechin

(WPT) Tsometric Force transducers (Fort 100) connected
to Transbridge 4 M and displayed on to a Personal
Computer via CVMS Data Acquisition System. Following
an equilibrium period of 30 min, contractions were taken
with PE (1 uM). The tissue was stabilized with repeated
doses of PE and considered stabilized only when the
similar responses were obtained. Later a contraction was
induced with PE (1 pM) and once a plateau was achieved,
ACh (0.1 uM) was administered to confirm endothelium-
dependent relaxation. The endothelium lining of the
tissues was removed by gentle rubbing, which resulted in
the disappearance of this relaxation. To study whether or
not the vascdilator effect of the test substance is
mediated through an intact-endothelium, the tissues were
preincubated with the respective antagomists such as
atropme (1 pM) or L-NAME (0.1 mM) for 20 and 60 min,
respectively to explore the possible mode of action. Ac.Cr
along with its known constituents (Fig. 1) such as
arecoline, arecaidine, catechin, tanmic acid, gallic acid and
diosgemin, were tested on the rat aorta preparation for
determining their activity.

Preparation of human platelets and measurement of
platelet aggregation: Blood was taken by vein puncture
from normal human velunteers reported to be free of

COCH

X

1
CH,
Arccadine

COOH

OH OH
OH

Gallic acid

Diosgenin

Fig. 1: Chemical structures of the betel nut constituents, arecoline, arecaidine, (+) -catechin, gallic acid and diosgenin
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medication for one week. Blood samples were mixed with

3.8% (w/v) sodium citrate solution (9:1) and centrifuged
at 1500 rpm for 15 min at 20°C to obtain Platelet Rich
Plasma (PRP). The remamnimng blood samples were
centrifuged at 4000 rpm for 5 min to obtain the platelet
poor-plasma (PPP). Platelet count was determined by
phase contrast microscopy and all aggregation studies
were carried out at 37°C with PRP having platelet counts
between 2.5 and 3.0 x10*® platelets/ml of plasma ™
Expenments were performed within 2 h of PRP preparation.
Aggregation was monitored using Dual-channel Tumi-
aggregometer (Model 400 Chronolog Corporation,
Chicago, USA) using 0.45 mL aliquots of PRP!®. The
final volume was made up to 0.5 mL with the test drug
dissolved either in normal saline or appropriate vehicle
known to be devoid of any effect on aggregation. The
platelet suspension was stirred at 1000 rpm. The light
transmission was adjusted to 0 and 100% with PRP and
PPP, respectively. Aggregation was induced with AA
(1.7 mM) and the sub-threshold concentration was
determined. The antiplatelet effects of the crude extract
and the different betel nut constituents were studied by
pretreatment of PRP with these potential inhibitors for one
min followed by addition of AA. The resulting
aggregation was recorded for 5 min after challenge, by the
change m light transmission as a function of time. Once
the antiplatelet activity of these test substances was
established, inhubitory EC,; values were calculated.

Acute toxicity in mice: Ammals were divided in groups of
10 mice each. The test was performed using increasing
doses (0.5, 1 and 2.5 g kg™") of Ac.Cr, given crally, in
10 mL kg~ volume to different groups serving as test
groups. Another group of mice was administered saline
(10 mIL kg™, p.0.) as negative control. The mice were
allowed food ad libitum during a 24 h test and kept under
regular observation for mortality and behavioural
changes.

Statistical analysis: All the data expressed are as
meantSEM (SEM, n=number of experiments) and the
median effective concentrations (EC,; values) with 95%
confidence intervals (CT). The statistical parameter applied
1s the Student’s t-test (pawred or unpaired) with p<< 0.05
noted as significantly different (GraphPAD program,
GraphPAD, San Diego, CA, USA). Concentration-
response curves were analysed by non-linear regression
(GraphPAD program).

RESULTS

Preliminary phytochemical analysis: Ac.Cr tested
positive for the presence of organic, coloured, double-
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bonded and fluorescent compounds, while terpenoids,
flavonoids, amine acids/peptides, secondary amines,
tannins, phenols, alkaloids and saponins were also found
present. The rest of the compounds did not test positive.
Critical evaluation of the TLC chromatograms revealed
that the extracts had most extensive spots for amines and
phenols followed by terpenoids, flavonoeids and alkaloids.

Effect on blood pressure in anaesthetized rats:
Intravenous administration of Ac.Cr produced a dose-
dependent (0.1-1.0 mg kg™ fall in arterial BP in
normotensive rats under anaesthesia (Fig. 2 and 3) with an
EC;,0f 0.16 mg kg™ (0.08-0.33, 95% CI, n=3). Pretreatment
of ammals with atropine (1 mg kg™ blecked the BP
lowering effect of the extract similar to that of ACh

(Fig. 2).

Effect on guinea-pig atria: Ac.Cr exlubited a dose-
dependent (0.1 to 10 pg mL.™") suppression of the force
and rate of spontaneous atrial contractions (Fig. 4 and
3A) with EC,, values of 0.95 pg mL. ™" (0.58-1.50, n=5) and
2.51 pg mL™' (1.24-5.08, n=5), respectively. ACh also
produced a dose-dependent (0.002-0.2 pg mL~", n=4)
inhubitory effect on the atrial force of contraction (Fig. 4,
3A) with an EC,; of 0.06 pg mL™" (0.04-0.09, n=4). The
cardio-suppressant effects of Ac.Cr and ACh were
completely blocked in the presence of atropine (Fig. 4).

The constituents of betel nut  namely
arecoline, arecaidine, catechin, tannic acid, gallic acid
and diosgenin were also tested on the atrial tissues.
Arecoline produced a dose-dependent atropine-
sensitive (0.002-0.240 ug mL™") inhibitory effect on the
force of atrial contractions as expected (Fig. 5A) with an
EC,; value of 0.03 pg mL ™" {0.02-0.05, n=4). None of the
other compounds tested (up to 10 mg mL™") showed any
effect on the cardiac preparation.

Effect on endothelium-intact rat aorta: When tested on
the PE (1 upuM)-induced contractions, Ac.Cr dose-
dependently (1.0 to 30.0 ug mL ") depressed the induced
contractions {(Fig. 5B) with an EC;; value of 2.78 pg mL.™
(1.57-4.94, n=5) similar to an effect shown by the positive
control ACh, which exhibited its relaxation with an EC,,
value of 0.02 pg mL™ (0.01-0.03, n=4, Fig. 5B).
Vasodilation, observed from both the extract and ACh,
was sensitive to atropme (1 uM) and L-NAME (0.1 mM)
pretreatment and was also  abolished in the
endothelium-denuded preparations.

The known commercially available compounds of
betel nut namely arecoline, arecaidine, catechin, tannic
acid, gallic acid and diosgenin were also tested on
phenylephrine (1 pM)-mduced contractions in the
endothelium-intact rat aorta preparation. Arecoline and
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Fig. 3: Bar diagram showing the effect of betel nut crude
extract (Ac.Cr) on mean arterial blood pressure
(MABP) in anesthetized rat (values shown are
mean + SEM, n=3)

catechin were the only compounds which produced a
dose-dependent vasodilator effect (Fig. 5B) with EC,,
values of 0.17 ug mL™" (0.13-0.22, n=4) and 396.90 ug mL™'
(306.31-514.40, n=11), respectively. This inhibitory
response of arecoline was absent when tested in the
presence of atropine (1 puM), L-NAME (0.1 mM) or when
using the endothelium-denuded preparations. Catechin
mediated relaxation was resistant to atropine or by
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denuding the endothelium. None of the other compounds
tested (up to 10 mg mL™") showed any activity on the
PE-contracted rat aorta preparation.

Effect on arachidonic acid-induced platelet aggregation:
Ac.Cr dose-dependently (1.0-1.75 mg mL™") inhibited the
AA-induced platelet aggregation (Fig. 6A) with an EC,,
value of 1.57 mg mL™" (1.46-1.68, n=6). The extract at the
dose of 1.75 mg mL™' inhibited the AA-induced
aggregation (Fig. 6B). When the pure compounds were
tested up to 10 mg mL™" against AA-induced platelet
aggregation, only catechin was found active (Fig. 6B).
Catechin showed the inhibitory effect at a dose range of
3.0-4.5 mg mL™" with an ECy, value of 3.59 mg mL ™" (3.53-
3.65, n=6).

Acute toxicity in mice: The extract was found safe up to
the oral dose of 2.5 g kg™ for 24 h without any apparent
behavioural side effects.

DISCUSSION

The BP lowering effect of betel nut crude extract goes
in parallel with its traditional use in hypertension'. The
hypotensive effect of ACh and that of the extract were
completely blocked by atropine, a competitive blocker
of acetylcholine at muscarinic receptors'™* thus
indicating that the betel nut extract mediates its BP
lowering effect through a mechanism similar to that of
ACh.
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Fig. 6: [A] Typical tracing showing the antiplatelet effect
of increasing doses of betel nut crude extract
(Ac.Cr) against arachidonic acid (AA, 1.7 mM) -
induced human platelet aggregation in human

crude extract (Ac.Cr), arecoline, acetylcholine
(ACh) and catechin on phenylephrine (PE)
induced-contractions in endothelium-intact rat
aorta (values shown are meantSEM, n=4-11)
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blood. Lower panel [B] shows the concentration
responses curves for the inhibitory effect of Ac.Cr
and catechin on AA-induced aggregation (values
shown are meantSEM, n=6)
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To further investigate the BP lowering effect of Ac.Cr,
experiments were performed in isolated cardiovascular
tissues namely the guinea-pig atria and endothelium-
intact rat aorta. Cholinergic activity of Ac.Cr was also
observed in the guinea-pig atria preparations. Out of all
the betel nut constituents tested, only arecoline, a known
cholinergic agonist™, exhibited an mhibitory effect on the
atrial contractions. Arecoline has been shown previously
to exhibit such a negative effect on the rate and force of
cardiac contractions!"*'”,

Blood pressure is a product of cardiac output and
vascular resistance!™. To see the effect of Ac.Cr and its
pure compounds on vascular tissues, rat aorta was
selected which is considered a prototype tissue used
for evaluating potential endothelium modulating
vasodilators!™??. Ac.Cr, when tested on the PE-induced
contractions, showed a dose-dependent relaxant activity
which was completely blocked in the presence of atropine,
as seen earlier n the i vive blood pressure test and atrial
tissues. ACh produces dilation of essentially all vascular
beds”". This dilation is due to the presence of muscarinic
M, receptor subtypes which are located on the
endothelial cells of the vasculature™. Stimulation of these
receptors leads to release of mtric oxide (NO) from the
endothelium which diffuses to the cells in the vicinity to
show relaxation®. The vascular endothelium plays a
pivetal role in modulating the contractility of the vascular
tone through the release of vasodilating factors™®. This
release of NO is mediated by an increase of cGMP
contents in the vascular smooth muscle in response to
activation of guanylyl cyclase™. Thus to determine the
mvolvement of NO, Ac.Cr mtiated vasorelaxation was
tested in the presence of L-NAME, a standard inactivator
of NO synthesis®. The vasodilator effect of Ac.Cr was
blocked in the presence of L-NAME, similar to that of
ACh. To further confirm the endothelium-dependent
vasorelaxant effect of the extract, Ac.Cr was tested i an
endothelium-denuded preparation. Both Ac.Cr and ACh
were found devoid of any vasodilator activity in the
denuded preparation.

Phytochemical analysis of the extract showed, among
others, the presence of alkaloids and phenols in the
extract. Betel mut 153 known to contain nine major
alkaloids!*"! and the commeonly known are arecoline
(7.5 mg g~' weight), arecaidine (1.5 mg g "), guvacoline
(20 mg g, guvacine (2.9 mg g "), isoguvacine,
arecolidine and choline. It also has phenolic compounds
such as hydroxychavicol and safrole®™. Tannins, gallic
acid, catechin, oily matter, gum and amino acids are also
present in the areca mut”). When the constituent pure
compounds of betel nut were tested in the rat aorta,
only arecoline and catechin showed a dose-dependent
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vasodilator activity. Arecoline is known to be a
vasodilator®™ and this work has shown that it is around
15 times more potent than the crude extract in its
vasodilator activity. Although catechin was more than
hundred times less potent than Ac.Cr, this is the first
evidence of vasodilator activity of catechin. This 1s
important particularly since arecoline is unlikely to
mediate its effects when chewed in the form of the betel
quid along with the other ingredients, such as betel leaf,
lime and catechu, when 1t 1s readily hydrolysed by lime
and converted to arecaidine'****! which has virtually no
parasympathetic effect but 13 a GABA uptake
inhibitor™**. Thus the finding that catechin, an active
ingredient of betel nut'”, has a vasodilator effect might
play an important role in the vasodilator effect mediated
by betel nut. The vasorelaxation shown by catechin was
found to be resistant to atropine pretreatment thus
implying that some other pathway is involved n its
vasodilator effect.

The extract, when tested against AA-induced
platelet aggregation m human blood, exhibited a dose-
dependent inhibitory effect. AA is a potent mediator of
platelet aggregation and released endogenously
by phospholipase A, resulting m the formation of
thromboxane A, which in tumn exhibits a vasoconstrictor
and pro-aggregant effect™. Cardiovascular diseases such
as arterial hypertension, thrombosis and atherosclerosis
result in many other secondary problems, including blood
coagulation and platelet aggregation disorders™. This
antiplatelet activity of the extract reiterates the possible
preventive or therapeutic use of betel nut in the related
diseases. When the available pure compounds of betel
nut were tested for a possible antiplatelet effect, none of
them was found active, except for catechin, which
exhibited its effect at a dose much higher than that of
Ac.Cr. This indicates that catechin might be partially
responsible for the antiplatelet effects of the extract, the
role of other known compounds such as phenols, known
to possess antiplatelet activities, cannot be ruled out™ ™,
The vasodilator and antiplatelet activities of catechin
indicate that, apart from arecoline, other medicmally active
compounds also exists in betel nut, negating a general
misconception that arecoline is the only medicinally active
compound in betel nut™*. In the acute toxicity test,
Ac.Crwas found to be safe 1 mice when admmistered up
to a fairly large oral dose of 2.5 g kg™

This study has shown the cardiovascular inhibitory
effects of betel nut crude extract and some of its known
constituents, predominantly through cholinergic action
and may justify the cardiovascular depressant effects
associated with betel nut chewing. The antiplatelet
activity might be contributing factor to a potential use of
betel nut in cardiovascular disorders.

i



Intl. J. Pharmacol., 2 (1): 33-41, 2006

ACKNOWLEDGMENTS

This study was partially supported by funds made

available by the Higher Education Commission, The
Govemment of Pakistan under the Distinguished National
Professor Research Allowance.

10.

11

12.

13.

14.

REFERENCES

Chu, N.S., 2001. Effects of betel chewing on the
central and autonomic nervous systems. J. Biomed.
Sci., 8 229-236,

Gilani, AH., MN. Ghayur, Z.5. Saify, S.P. Ahmed,
M.I. Choudhary and A. Khalid, 2004. The presence of
cholinomimetic and acetylcholinesterase inhibitory
constituents in betel nut. Life Sci., 75: 2377-2389.
Nadkarni, K.M., 1976. Indian Materia Medica. Popular
Prakashan, Bombay, pp: 130-133.

L, SK., Y.J. Chang, S.J. Ryu and N.5. Chu, 2002.
Cerebral hemodynamic responses to betel chewing: A
Doppler study. Clin. Neuropharmcol., 25: 244-250.
Raghavan, V. and H.K. Baruah, 1958. Areca nut:
India’s popular masticatory-history, chemistry and
utilization. Econ. Bot., 12: 315-345.

Duke, T.A., 1992, Handbook of Phytochemical
Constituents of GRAS Herbs and Other Economic
Plants. CRC Press, Londor, p: 65.

Amnonymous, 1996. Guide for the Care and Use of
Laboratory Animals NRC. National Academy Press,
Washington D.C., pp: 1-7.

Wagner, H., 3. Bladt and EM. Zgamski, 1984. Plant
Drug Analysis. Springer-Verlag, Berlin, pp: 299-304.
Stahl, E., 1969. Thin Layer Chromatography. Springer-
Verlag, Berlin.

Gilam, AH., 1991. Antihypertensive activity of
himbacine in anaesthetized cats. Drug Develop. Res.,
24:127-133.

. Furchgett, RF. and IV. Zawadski, 1980. The

obligatory role of endothelial cells in the relaxation of
arterial smooth muscle by acetylcholine. Nature, 299:
373-376.

Shah, B.H. and S.A. Saced, 1995. Phosphatidylinositol
3-kinase mhibitor, wortmannin, inhibits  5-
hydroxytryptammemediated potentiation of platelet
aggregation induced by epinephrine. Res. Comm.
Mol. Pathol. Pharmacol., 89: 157-164.
Arunlakhshana, O. and H.O. Schild, 1959. Some
quantitative uses of drug antagomsts. Br. T
Pharmacol., 14 48-38.

Gilani, AH. and L. B. Cobbin, 1986. Cardioselectivity
of himbacine: a muscarinic receptor antagonist.
Naunyn-Schmiedeberg’s Arch. Pharmacol., 332: 16-20.

40

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bowman, W.C. and M.J. Rand, 1980. Peripheral
autonomic cholinergic mechanisms. In: Textbook of
Pharmacology (eds W.C. Bowman and M.J. Rand)
Blackwell, Oxford, pp: 10.1-10.41.

Wolf-Pflugmann, M., G. Lanibrecht, J. Wess and E.
Mutschler, 1989. Synthesis and muscarinic activity of
a series of tertiary and quaternary N-substituted
guvacine esters structurally related to arecoline and
arecaidine propargyl ester. Arzneim-forsch., 39:
530-544,

Gebauer, M., B. Versen and R. Schipp, 1999. Inhibitory
cholinergic effects on the autonomously contractile
bulbus cordis branchialis of the cephalopod Sepia
officinalis L. Gen. Pharmacol., 33: 59-66.

Trevor, A.J., B.G. Katzung and S.B. Masters, 2005.
Katzung and Trevor’s Pharmacology. Lange Medical
Books / McGraw-Hill, New York, pp: 95-104.
Othmen, R., H. Ibralum, M. A. Mohd, K. Awang, A H.
Gilani and M.R. Mustafa, 2002. Vasorelaxant effects of
ethyl cinnamate solated from Kaempferia galanga
on smooth muscles of the rat aorta. Planta Med., 68:
655-657.

Ajay, M., AH. Gilani and M.R. Mustafa, 2003. Effects
of flavonoids on vascular smooth muscle of the
isolated rat thoracic aorta. Life Sci., 74: 603-612.
Browr, J.H. and P. Taylor, 2001. Muscarinic receptor
agonists and antagonists. In: Goodman and Gilman’s
The Pharmacological Basis of Therapeutics (Eds 1.G.
Hardman and I..E. Limbird,} McGraw Hill, New York,
pp: 155-173.

Bruning, T.A., M.G. Hendricks, P.C. Chang, E.A.
Kuypers and P.A. van Zwieten, 1994. In vivo
characterization of vasodilating muscarinic receptor
subtypes in human. Circ. Res., 74: 912-915.
Moncada, S. and E.A. Higgs, 1995 Molecular
mechamsms and therapeutic strategies related to
nitric oxide. FASERB J., 9 1319-1330.

Vanhoutte, P.M., G.M. Rubanyi, V.M. Miller and D.S.
Houston, 1986. Modulation of vascular smooth
muscle contraction by endothelium. Anmi. Rev.
Physiol., 48: 307-320.

Andreopoulos, S. and A. Papapetropoulos, 2000.
Molecular aspects of soluble guanylyl cyclase
regulation. Gen. Pharmacol., 34: 147-157.

Thorin, E., P.L. Huang, M.C. Fishman and J.A. Bevar,
1998. Nitric oxide inhibits alpha,-adrenoceptor-
mediated endothelium-dependent vasodilation. Circ.
Res., 82,1323-1329.

Farnsworth, ER., 1976. Betel nut-its composition,
chemistry and uses. Sci. New Guinea, 4: 85-90.
Wang, CK., WH. Lee and C.H. Peng, 1997. Contents
of phenolics and alkaloids in Areca catechu during
maturation. J. Agric. Food Chem., 45: 1185-1188.



29.

30.

31.

32.

33.

34

Intl. J. Pharmacol., 2 (1): 33-41, 2006

Goto, H., N. Tanaka, K. Tanigawa, Y. Shimada, K. Ttoh
and K. Terasawa, 1997. Endothelium-dependent
vasodilator effect of extract prepared from the seeds
of Areca catechu on 1solated rat aorta. Phytother.
Res., 11: 457-459,

Smythies, I.R., 1977. Betel nut as a GABA blocker.
Am. I. Psychiatry, 134: 822.

Bradley, B.G.B., 1978. Arecaidine and Schizophrema.
Am. I. Psychiatry, 135: 506-507.

Tohnston, G.A.R., PK. Larsen and A. Stephanson,
1975. Betel nut constituents as inlubitors of y-
aminobutyric acid uptake. Nature, 258: 627-628.
Enna, S.J and A Maggi, 1979. Biochemical
pharmacology of gabaergic agonists. Life Sci., 24
1727-1738.

Hamberg, M., J. Svensson and B. Sammslson, 1975.
Thromboxane: A new group of biclogically active
compounds derived from prostaglandin endoposcids
H,. Proc. Natl. Acad. Sci. USA, 72: 2994-2998.

41

35.

36.

37.

38.

39.

Caterina, R.D. and C. Patrono, 2000.
Atherothrombosis. In: Clinical Pharmacology (ED C.
Sirtor1) McGraw Hill, London, pp: 751-770.
Elliott-Middletor, TR., K. Chithanand C.T. Theohars,
2000. The effects of plant flavenoids on mammalian
cells: Implications for inflammation, heart disease and
cancer. Pharmacol. Rev., 52: 673-751.

Wang, 7., Y. Huang, I. Zou, K. Cao, Y. Xu and M.T.
Wu, 2002. Effect of red wine polyphenol resveratrol
on platelet aggregation in vivo and ir vitro. Int. I.
Mol Med., 9: 77-79.

Chu, N.S., 1994. Effect of betel chewmg on
performance reaction time. J. Formos Med. Assoc.,
93: 343-345.

Evans, W.C., 1996
Pharmacognosy. WB  Saunders
London, p: 405.

and  Evans’
Company Ltd,

Trease



	IJP.pdf
	IJP.pdf
	Page 1



