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PHYTOCHEMICAL ANALYSIS AND EFFECTS OF AQUEOUS EXTRACT OF WITHANIA
SOMNIFERA ON ISOLATED SMOOTH MUSCLE, PERFUSED HEART, BLOOD PRESSURE
AND DIURESIS IN RATS
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Keywords: ABSTRACT: The plant Withania somnifera has many acclaimed medicinal
uses. This work aims to explore the efficacy of the aqueous extract (AE) of W.
somnifera on the isolated trachea and aorta rings, perfused heart, blood pressure

and diuresis in rats. Phytochemical analysis of the whole plant of W. somnifera

Withania somnifera,
Phytochemistry, Hypotensive,
Diuretic, Vasodilator

was carried out using standard extraction procedures followed by column
chromatography. An aqueous extract (AE) was also prepared by boiling the
whole plant material in water followed by evaporation under reduced pressure.
The smooth muscle relaxant effect of AE of W. somnifera (10 - 3x10™ mg/mL)
was tested on isolated rat tracheal and aortic rings. The effect of AE on heart rate
and contractility of the isolated perfused heart were recorded. The hypotensive
effect of AE (0.4-120 mg/kg) was recorded from the carotid artery in
anesthetized normotensive rats. The diuretic activity of AE was evaluated in rats
at two different doses (800 and 1600 mg/kg), and urine volume was measured
throughout 24 h. Phytochemical analysis of the Jordanian locality of W.
somnifera resulted in the isolation of the four known compounds: withanone,
withaferin A, B-sitosteryl glucoside, and 5, 6, 17, 27-tetrahydroxy withanolide.
AE (10" - 3x10" mg/mL) caused modest relaxation of the carbachol-
precontracted trachea but significant concentration-dependent relaxation of the
phenylephrine precontracted aorta. Although AE doses (102 - 3 mg) had a
negligible effect on the rate or the contractility of the isolated perfused heart,
intravenous doses of AE (0.4-120 mg/kg) caused dose-dependent fall of systolic
and diastolic blood pressure of anesthetized rats. When AE was administered
orally at a dose of 1600 mg/kg, it significantly increased the rate of urine
excretion measured in conscious rats. These observations provide scientific
support for using W. somnifera in traditional medicine as a hypotensive, anti-
asthmatic, and diuretic agent.
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INTRODUCTION: Withania somnifera (Linn.)
belongs to the Solanaceae family and grows in
India, Africa, and the Mediterranean region. It is
commonly known as “Ashwagandha” in Sanskrit
and as "Indian ginseng" in Ayurveda .
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Several common names have been given to this
plant. For example, since it bears red cherry-like
fruits, it has been called winter cherry in many
places. In Jordan, it is popularly known as Samm
Al-far ‘mouse poison’. The plant material is widely
used for impotence and erectile dysfunction in
Jordanian folk medicine 2.

W. somnifera has been reputed in the Ayurvedic
medicinal system as an herbal tonic, and to increase
longevity and vitality and to protect against
neurotoxicity . It was traditionally prescribed as an
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aphrodisiac, for nervous exhaustion, bronchial
asthma, fatigue, geriatric debility, memory-related
conditions and insomnia * . The species name
"somnifera” may be attributed to this latter use,
indicating that it has a sedative effect *. Clinical and
experimental research has confirmed that W.
somnifera improves male fertility by increasing
testosterone level, semen volume, and sperm count
and motility %> ®. The roots and leaves of this plant
were regarded as a potential diuretic, hoypoglycemic
and hypocholesterolemic agent 8 9 1 1112 Other
researchers reported anti-inflammatory, analgesic,
antioxidant, anticancer, and immunomodulatory
effects for W. somnifera 2,

Clinical studies have shown that consumption of W.
somnifera leaf and root extract causes a reduction
in pulse rate, blood pressure, serum cortisol and C
reactive protein in chronically stressed people with
no side effects *. Another clinical trial has shown
that supplementation of W. somnifera with milk
decreases both systolic and diastolic blood pressure
in  stress-oriented  hypertensive  subjects  *°.
Moreover, it has been documented that the
administration of W. somnifera root powder
protects against pulmonary hypertension in rats *°.
The pharmacological activities of W. somnifera
have been attributed to the presence of a large
number of alkaloids, withanolides, flavonoids and
saponins like sitoindosides VI1 and VI111.

Among withanolides, withaferin A is considered as
the key metabolite of this plant. Withaferin A has
great potential against multiple targets associated
with cardiovascular disease including HMG-CoA
reductase, angiotensinogen - converting enzyme,
beta-adrenergic receptors and C-reactive protein 2.
A withanolide isolated from Withania coagulans
has a moderate hypotensive effect due to
autonomic ganglion blocking action, a myocardial
depressant effect as well as mild positive inotropic
and chronotropic effects *°. The alkaloid content of
the plant had hypotensive, bradycardia and
pulmostimultory but variable effects on heart
contractility %.

Currently, W. somnifera is available for human use
as a dietary supplement in different formulations. It
is found either as a single herb or as a part of
polyherbal or herbomineral formulations. The
recommended dose of W. somnifera for human use

International Journal of Pharmacognosy

E- ISSN: 2348-3962, P-ISSN: 2394-5583

is generally in the range of 4-6 g/day *°. Many
formulations containing Withania somnifera are
prescribed for a variety of musculoskeletal
conditions, as a general tonic to increase energy, to
improve overall health, and to prevent diseases in
athletes and elderly *.

Numerous ethnopharmacological studies have been
done on this plant due to its nutritional and
medicinal value. However, very limited scientific
studies assessing its smooth muscle relaxant,
hypotensive, diuretic and cardiac contractile
potential are currently available " ** * %
Therefore, the present study aimed to explore the
potential effects of the aqueous extract of W.
somnifera on the rat isolated trachea and aorta by
exploring its smooth muscle relaxant properties.
The isolated perfused rat heart was also used as a
model to evaluate the efficacy of this plant on
cardiac contractility. Additional in-vivo experiments
were performed for assessment of the hypotensive
and diuretic potentials.

MATERIALS AND METHODS:
Chemicals: All chemicals used in the present study
were purchased from Sigma Aldrich (Germany)

unless stated otherwise. For extraction and
chromatography, the chemicals used were
petroleum ether, ethanol (Fluka), chloroform

(GCC), hexane and methanol (BDH). For the in-
vitro and in-vivo studies, the chemicals used were
carbachol, phenylephrine, papaverine (Acros
Organics, New Jersey), and furosemide. For the
preparation of physiological salt solution (PSS), the
used chemicals were (mM): NaCl 118, KCI 4.7;
CaCl, 2.5; MgCl, 0.5; NaH,PO, 1.0; NaHCOs3;
24.0; and glucose 11.1. PSS was daily prepared
while other stock solutions were prepared by
dissolving them in distilled water or 0.9% NacCl,
kept refrigerated until shortly before use where
they were warmed to 37 °C.

Extraction and Chromatography: The whole
plant of W. somnifera was collected from Jordan
Valley, 20 km north of the Dead Sea. A voucher
specimen was deposited at the Herbarium of the
Department of Biological Sciences, The University
of Jordan under the number S-File 10. The air-
dried, ground plant material (11 kg) was defatted
with petroleum ether; the remaining plant material
was repeatedly extracted with 95% ethanol.
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Ethanol was evaporated under reduced pressure,
resulting in a gummy material (1.5 kg) which was
subjected to further fractionation with 1:1 H,O-
CHCI;. The chloroform layer was separated and
chloroform was evaporated. The chloroform extract
was then treated with hexane-10% aqueous
methanol, and the aqueous methanol layer was
separated. Methanol was then evaporated under
reduced pressure, giving 500 g extract, which was
adsorbed onto 100 g silica gel and loaded onto a
glass column containing 900g silica gel, eluted with
chloroform then increasing the polarity with
methanol resulting in 68 fractions (500 ml each).
Fractions 2-16, 22-32, 39-40, and 48-51 were
treated with methanol, yielding a white solid of
withanone, withaferin A, 5,6,17,27-tetrahydroxy
withanolide, & B-sitosteryl glucoside, respectively.

Preparation of the Aqueous Extract of W.
somnifera: AE was prepared by boiling 50 g of the
ground plant material in one liter of distilled water
for 15 min with continuous stirring. The solution
was filtered, and the filtrate was evaporated under
reduced pressure at 60 °C. The extract was
wrapped with aluminum foil as a precaution against
photo-oxidation. A stock solution of AE was
prepared by dissolving the powdered extract in
0.9% NaCl solution, and dilutions thereof were
prepared with 0.9% NaCl solution.

Animals: The experiments were conducted on
male and female Wistar albino rats (Rattus
norvegicus) weighing 300 + 50 g. The experimental
procedures involving animals were carried out by
the guidelines of the Committee for Control and
Supervision on  Experiments on  Animals
(CPCSEA) and with guidelines and regulations of
the University. The study approved by the Ethical
Committee of the Institution.

In-vitro Preparations: Male and female rats were
lightly anesthetized with ether, and then sacrificed
by a blow to the head. The chest cavity was
opened to obtain the whole heart, trachea, and
aorta. The trachea was cleaned of excess tissues,
and two transversely-cut rings (4-5 mm each) were
obtained from the middle of the trachea and
prepared for the recording of isometric
contractions. The main trunk of the aorta was
cleaned of excess tissue and cut into two rings (3-4
mm each) which were prepared for the recording of
isometric contractions.
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Preparations were mounted individually in water-
jacketed 10 ml glass tissue baths and connected
from one end to a thread connected to a force
transducer (Grass FT 03) and from the other end to
a glass hook fixed to the bottom of the tissue bath.
The transducer was connected to a physiograph
(Graphtec Thermal Arraycorder, WR 5000).
Tissues were left to equilibrate in the tissue baths
for 90 min under a tension of 2 g and at a
temperature of 37 = 0.5 °C. Tissue baths were
aerated with 95% O, - 5% CO, gas mixture all
through the experiment. After equilibration,
tracheal rings were precontracted with 5x10° M
carbachol and the aorta rings were precontracted
with  3x10° M phenylephrine.  After the
contractions in these two preparations reached a
stable plateau, cumulative concentration-response
curves of AE were established by increasing the
concentration 3 times after the effect to the
previous concentration reached a stable plateau.
After the last response had plateaued, papaverine
(10 M) was added to cause a maximum relaxation
of the tissue. Responses of the trachea and aorta
were expressed as a percent of the maximum
relaxation to papaverine.

In isolated perfused heart experiments, the heart
with a piece of the aorta was excised and placed in
ice-cold PSS to stop the contractions (5-10 sec).
The aorta was mounted to a cannula, and the heart
was perfused retrogradely through the aorta with
aerated PSS from a reservoir located 70 cm above
the heart and left to equilibrate to reach a stable
plateau (10-15 min). The reservoir contained PSS
gassed continuously with a mixture of 95% O, and
5% CO,. A small, light stainless steel hook was
inserted into the apex of the heart and connected by
a thread to a force transducer connected to a
physiograph  (Gilson  Medical  Electronics).
Isometric concentrations were recorded under a
tension of 1 gm . Different concentrations of AE
were individually injected through a needle located
immediately above the aorta. The heart was then
perfused with PSS again before the injection of the
next higher concentration of AE. Each response to
AE was calculated as the percent of the control
response obtained with PSS immediately before AE
administration.

Blood Pressure Measurement: Male rats were
anesthetized with thiopental (50 mg/kg body
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weight; i.p.). The right common carotid artery was
catheterized for the recording of blood pressure
using P23AA Statham pressure transducer situated
at the level of the heart and connected to a Gilson
polygraph. The right femoral wvein was also
catheterized for the intravenous injection of AE %,
AE was injected in doses of 0.04, 0.12, 0.4, 1.2, 4,
and 12 mg/kg body weight. The changes in systolic
and diastolic blood pressure were recorded and
expressed as a percent of their respective control
values obtained before AE administration.

Diuresis: Male rats were deprived of food for 24
hrs and water for 30 min before the beginning of
the experiment. Animals were divided into 4
groups (each of 6 animals), and were administered
orally with 10 ml/kg of the following treatments:
Group 1: received 0.9% NaCl solution as a control
group; Group 2: received AE at a concentration of
800 mg/kg body weight; Group 3: received AE at a
concentration of 1600 mg/kg body weight; Group
4: received 40 mg/kg of furosemide, a known
diuretic agent, as a positive control group. Animals
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were then individually housed into metabolic cages
(North Kent Plastic Cages LTD), and urine was
collected continuously in graduated cylinders
where the volume was recorded every two hours
for a total of 24 h. W. somnifera is considered safe
since the acute oral LDsg of this plant in Wister rats
was greater than 2000 mg/kg %.

Statistical Analysis: All data are presented as
means = SEM. One-way analysis of variance
(ANOVA) and Student’s t-test for independent
samples was used to detect differences between the
means. Differences were declared significant when
P<0.05. Experimental data were analyzed by a
computer fitting procedure using GraphPad Prism 5
software.

RESULTS:
Chemical Analysis of W. somnifera: Three
withanolides and one sitosterol were isolated and
identified from W. somnifera in this study. These
isolated compounds and their quantities are listed
in Table 1.

TABLE 1: COMPOUNDS ISOLATED FROM W. SOMNIFERA AND THEIR QUANTITIES

Compound Quantity (mg) % of dry weight
Withanone 5,900 0.054
Withaferin A 710 0.006
5,6,17,27-tetrahydroxywithanolide 37 0.0003
B -sitosteryl glucoside 1,000 0.009

Effect of Aqueous Extract of W. somnifera on
the Relaxation of Isolated Smooth Muscle and
Cardiac Contractility: AE of W. somnifera (10* —
3x10" mg/mL) caused a modest relaxation of the
carbachol-precontracted trachea and a larger
relaxation of the phenylephrine-precontracted aorta

Fig. 1. The maximum relaxation was 12.7 + 1.7%
and 39.0 £ 2.2% of papaverine maximum for the
two preparations, respectively, Fig. 1. A typical
response of the aorta to increasing concentrations
of AE is shown in Fig. 2.
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FIG. 1: CONCENTRATION- EFFECT CURVES OF AQUEOUS
EXTRACT (AE) OF W. SOMNIFERA ON TRACHEAL RINGS
(SQUARES) AND AORTIC RINGS (CIRCLES). Relaxation is
given as the means = SEM of 6 experiments
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FIG. 2: TYPICAL RESPONSE OF THE AORTA RINGS TO
INCREASING CONCENTRATIONS (1 x 10 to 3x10™" mg/mL)
OF AQUEOUS EXTRACT (AE) OF W. SOMNIFERA. Phe,
phenylephrine; Pap, papaverine
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Doses ranging between 0.001 to 3 mg had an
insignificant inhibitory effect on the contractility or
the rate of the isolated perfused heart (data not
shown).

Effect of Aqueous Extract of W. somnifera on
Blood Pressure: Intravenous doses of AE (0.4 — 12
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mg/kg b.w.) caused dose-dependent fall of systolic
and diastolic blood pressure Fig. 3. The largest
dose caused a transient decrease in blood pressure
followed by a sustained reduction of blood
pressure. A typical experiment demonstrating the
effect of AE on blood pressure is shown in Fig. 4.
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FIG. 3: DOSE-RESPONSE CURVE OF THE AQUEOUS
EXTRACT (AE) OF W. SOMNIFERA ON SYSTOLIC
(CIRCLES) AND DIASTOLIC (TRIANGLES) BLOOD
PRESSURE OF ANESTHETIZED RATS. Responses are
means + SEM of 6 experiments.

Effect of Aqueous Extract of W. somnifera on
Diuresis: Treatment of animals with 800 mg/kg of
AE caused an insignificant increase in the urine
volume excreted by rats whereas animals treated
with 1600 mg/kg of AE showed a significant
increase in urine volume when compared to the

FIG. 4: TYPICAL RESPONSE OF BLOOD PRESSURE
OF ANESTHETIZED NORMOTENSIVE RATS TO THE
INDICATED CONCENTRATIONS OF THE AQUEOUS
EXTRACT OF W. SOMNIFERA. All traces were obtained
from the same preparation.

control animals treated with 0.9% NaCl. Animals
treated with a known diuretic agent, furosemide, in
a concentration known to cause diuresis excreted
significantly increased volume of urine when
compared to the control animals Table 2.

TABLE 2: URINE VOLUME (ml) IN RATS COLLECTED AFTER ADMINISTRATION OF 0.9% NaCl, AE AND

FUROSEMIDE OVER A PERIOD OF 24 h?

Treatment Time after administration
2h 6 h 12 h 24 h
Control (0.9% NaCl) 0.7+0.34 1.5+05 2.6+0.6 45+0.7
AE (800 mg/kg) 05+0.2 1.9+05 34+04 5.7+0.6
AE (1600 mg/kg) 1.2+05 27+04 4.4 +0.2*% 6.9 £ 0.2**
Furosemide (4 mg/kg) 11.5 + 1.0%** 14.5 + 0.9%** 16.0 £ 1.0*** 18.8 + 1.4***

®Values are expressed as means + SEM (n=6/group). *p< 0.05, **p< 0.01, and ***p< 0.001 compared with control group during

the same time course.

DISCUSSION: Withania somnifera is a well-
known and valued medicinal plant that has been
used for centuries for its nutritional and remedial
potentials. It is enriched with phytochemical
compounds that possess many health benefits.
Phytochemical analysis of Withania somnifera
revealed that over 35 withanolides have been
isolated and identified, including steroidal lactones
(withanolides and withaferins), and 12 alkaloids
(somniferine, tropine, withananine and anaferine)
as well as sitoindosides (saponins) and glycosides

International Journal of Pharmacognosy

724 The biologically most active compounds are
the alkaloids, withanolides, and sitoindosides."” In
the current study, partial chemical analysis of the
methanol extract of the Jordanian locality of W.
somnifera (whole plant including roots) yielded
four known compounds; withanone, withaferin A,
b-sitosteryl glucoside, and 5, 6, 17, 27-tetrahydroxy
withanolide % %,

In the present study, the aqueous extract of W.
somnifera was found to cause a reasonable

137



Masoud et al., 1JP, 2019; Vol. 6(4): 133-140.

relaxation of tracheal segments, and it was also
found to cause a decrease in the tone of aortic
segments. The smooth muscle relaxant effect of W.
somnifera AE may be attributed to the presence of
several active ingredients which are known to
cause relaxation of many smooth muscles including
vascular muscles. These compounds include
ashwagandholine, withanolides (withaferin A and
withanone), B-sitosterol and flavonoids (quercetin,
catechin, hesperetin, and naringenin) *°. The
vasodilator and bronchodilator effects of these
compounds are mediated by several suggested
mechanisms in which they ultimately decrease
intracellular Ca®*. For example, ashwagandholine,
the total alkaloids extracted from the roots of W.
somnifera, has relaxant and antispasmodic effects
against various agents that produce smooth muscle
contractions in intestinal, uterine, tracheal, and
vascular muscles 2°, whereas withanolides isolated
from W. somnifera displayed dose-dependent
(0.005-1.0 mg/mL) spasmolytic and Ca®*
antagonistic potential in isolated rabbit jejunum
which lead to smooth muscle relaxation 2’.

Also, withanone extracted from W. somnifera, in
our laboratory, caused dose-dependent (0.001-3
pg/mL) smooth muscle relaxation in isolated rat
aorta and tracheal preparations (unpublished
observations), whereas p-sitosterol had a potent
spasmolytic effect via Ca®* antagonistic mechanism
in isolated rabbit jejunum®. On the other hand, the
flavone catechin has antispasmodic, bronchodilator
and vasodilator activities by blockade of Ca®*
influx, and it induces vasodilation by activation of
muscarinic receptors on the endothelium, thereby
stimulating endothelium-dependent production of
nitric oxide %°. Quercetin may be responsible for the
bronchodilator effect of W. somnifera because it
potentiates beta-agonist action through inhibition of
both PLCB and PDE4 which help relieve
bronchospasm in asthma *°. Also, it inhibits rat
tracheal tone via presynaptic and postsynaptic
mechanisms in which the presynaptic mechanism is
NO-mediated **.

Furthermore, quercetin acts as a vasodilator
through inhibition of L-type voltage-gated Ca**
channels current and activation of protein kinase C
%2 Hesperetin selectively inhibits the activity of
phosphodiesterase (PDE4) and causes an increase

in cAMP, and resulting in bronchodilation **,
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whereas the flavone naringenin has enzymatic
inhibitory activity against phosphodiesterase-1
(PDEL1), a well-known enzyme involved in airway
smooth muscle activity and airway inflammation,
leading to bronchodilation and reduced airway
inflammation 3%, It is also worth noting that W.
somnifera inhibited the antigen-induced
bronchospasm in Balb/c mice through an anti-
inflammatory activity which is manifested by a
decrease in white blood cells in both bronchial
lavage and blood smear *.

On the other hand, the present experiments on the
isolated perfused heart failed to show any marked
effects on the contractility or the rate of the heart.
This seems to be in contradiction with other works
that showed cardiotropic and cardioprotective
effects for W. somnifera on the frog and rat hearts
3. 37 This controversy may be due to species
differences, differences in the plant part used or
due to a difference in the experimental protocols.
The previous studies used W. somnifera in-vivo in
relatively high concentrations for several days
whereas, in our study, W. somnifera was used in-
vitro in small concentrations. In the whole
organism, it is reasonable to assume the
interference of many reflexes which could shape
the final response.

The hypotensive effect of the agueous extract of W.
somnifera in unconscious rats observed in the
present experiments is partly consistent with other
works that showed that W. somnifera extract
decreased arterial systolic and diastolic blood
pressure in normotensive dogs *® and in stress-
oriented hypertensive subjects ** *°. Furthermore, it
protected against pulmonary hypertension in rats *°.
Therefore, the in-vitro vasodilator effect of W.
somnifera and the effect on blood pressure
observed in anesthetized rats in this work support
the reported hypotensive action. It has been
documented that W. somnifera can produce NO
which is known to dilate blood vessels and may,
therefore, lead to hypotension *.

The high concentration of the aqueous extract
(1600 mg/kg) increased urine volume excreted
throughout 24 h, but this increase was not as
marked as that caused by a reference diuretic drug
in this experiment. Our observations support a
significant diuretic effect for AE of W. somnifera
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which is consistent with previous reports that
showed that roots of W. somnifera caused an
increase in urine sodium and urine volume ’. It is
likely that the observed diuretic action of W.
somnifera could be due to the presence of some
active constituents that have a diuretic effects such
as gallic acid “°, quercetin **, and withaferin A *
The diuretic activity of the extract may also be
attributed to the mineral contents such as
potassium, sodium, and magnesium **. The mineral
analysis of different parts of W. somnifera showed
that this plant contains Na, K, Ca, Mg, N, P, Mn,
Zn, Fe and Cu *. These compounds (both organic
and inorganic) might be acting synergistically to
stimulate diuresis. Moreover, W. somnifera extract
is one of the components of a polyherbal
formulation known as "NR-ANX-C' that has
diuretic activity. It has been reported that the
possible mechanism of the diuretic property of the
NR-ANX-C formulation is strong saluretic action
which increases urinary Na® level thereby
inhibiting the Na* re-absorption in the nephron *°.

CONCLUSION: In conclusion, the plant Withania
somnifera contains many active ingredients and
most of these are water soluble and can
theoretically be found in the aqueous extract as we
prepared it. The present experiments support the
therapeutic importance of W. somnifera aqueous
extract in ameliorating asthma by acting as a
bronchodilator and in hypertension by acting as a
vasodilator and as a diuretic. The diuretic effect
may be useful in treating heart failure, pulmonary
edema, and hypertension, as suggested by
ethnopharmacological studies.
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