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ABSTRACT: Rhus pentaphylla (Jacq.) Desf. (Searsia pentaphylla
(Jacq.) FA. Barkley) is used for its colorant and tanning properties by the
local population. The bark, leaves, roots, and fruits are employed in
Moroccan traditional medicine to treat gastrointestinal disorders and
diarrhea. Nevertheless, the pharmacological properties of R. pentaphylla
on cardiovascular diseases have not yet been presented. This study was
carried out to explore the vasorelaxant effect of the aqueous extract
(decoction) from the leaves of R. pentaphylla (RpAE), its mechanism of
action, and its antihypertensive effect. The results of this study
demonstrate that RpAE induces a dose-dependent effect on isolated rat
aorta. The vasorelaxation is endothelium-dependent via the muscarinic
receptor, Calmodulin/eNOS/sGC/cGMP/PKG signaling pathway through
the activation of SERCA pump, the inhibition of VOCC, and opening of
KCa2+ channels. In-vivo, RpAE induces antihypertensive effect,
ameliorates diuresis, and vascular reactivity on L-NAME induced
hypertensive rats. The oral administration of RpAE reveals no mortality
or toxicity. This is the first study in Morocco showing vasorelaxant and
antihypertensive effects of species belonging to genus Rhus.

INTRODUCTION: Hypertension is one of the
ultimate prevalent and modifiable risk factor for
cardiovascular diseases (CVD) all over the world 1.
Certainly, it is an imminent risk factor for endothelial dysfunction 2, diabetes 3, atherosclerosis 4,
renal dysfunction 5, coronary artery disease 6,
congestive heart failure, and stroke 7. It is also one
of the important preventable causes of disability,
morbidity, and mortality throughout the world 8.
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It reported to be responsible for about 6% of deaths
globally, and the overall prevalence reveals to be
around 30-45% of the population and increases
with age 9. High blood pressure is clinically
determined as systolic blood pressure (SBP) ≥140
mmHg and diastolic blood pressure (DBP) ≥90
mmHg 9.
The present pharmacological treatment of
hypertension includes a range of chemical drugs
acting on vessels, heart, central nervous system,
and kidneys, which successfully decrease blood
pressure in many hypertensive subjects 10. Even if
multidrug therapy is selected, several people do not
have its arterial blood pressure adequately adjusted
by present antihypertensive drugs 11. Moreover,
these tools are characterized by limited efficacy,
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and combination therapy 10, which discourages
drug adherence and increase the risk of undesirable
effect as well as drug-drug interactions 12.

Preparation of Aqueous Extract: Hundred grams
of dried leaves of R. pentaphylla were decocted
with 600 ml of distilled water for 20 min. The
obtained mixture was filtered and then evaporated
using a rotary evaporator at 50-60 °C. The extract
was retained at -20°C for further utilization.

Since ancient times, natural products have been
used like crucial remedies for handling and treating
many diseases and illnesses 13. Nowadays, there is
an increasing trend to discover new drugs via
exploring natural products such as medicinal
plants. In Morocco, the genus Rhusis represented
by three species: Rhus pentaphylla (Jacq.) Desf.,
Rhus albidum (Schousb), and Rhus tripartita
(Ucria) Grande 14.
Rhus pentaphylla (Jacq.) Desf. (Anacardiaceae) is a
wild edible plant growing in the Mediterranean
region 15, 16 and popularly known as Tizgha 14, 17-20,
Azad 21, 22 or Tazzad 22. It is broadly spread in
Morocco 14, 17, 18, 23-25. Since old times, Rhus
pentaphylla (Jacq.) Desf. (Searsia pentaphylla
(Jacq.) F.A. Barkley) is used for its colorant, and
tanning properties by local population 14, 26. The
bark, leaves, roots, and fruits are used in Moroccan
traditional medicine to treat gastrointestinal
disorders and diarrhea 14, 18-22.
The crushed fresh leaves are used to treat injuries
17
. Previous investigations showed that Rhus
pentaphylla possesses an antibutyrylcholinesterasic
activity 27, antifungal 28 and antioxidant activity 29
in addition to its potential to color wood and silk as
a new source of natural colorant 30.
Nevertheless, the pharmacological properties of
Rhus pentaphylla from Oriental region of Morocco
on cardiovascular diseases have not yet been
studied. Therefore, the goal of this study is to
investigate the vascular effect of the aqueous
extract of leaves via decoction, to explore the
possible mode of action of vasorelaxant activity
and to assess the antihypertensive property of Rhus
pentaphylla.
MATERIALS AND METHODS:
Plant Material: Fresh leaves from Rhus
pentaphylla (Jacq.) Desf. were harvested from
Berkane city (Oriental region of Morocco) in
March 2016. A voucher specimen was identified
and conserved in the Herbarium of the Faculty of
Sciences, University Mohammed First (Oujda,
Morocco) under the reference number (HUMPOM208).

Chemicals and Reagents: (R)-(-)-phenylephrine
hydrochloride [PE], carbamylcholine chloride
[carbachol, CCH], atropine, Nω-Nitro-L-arginine
methyl ester hydrochloride [L-NAME], Rp-8bromo-β-phenyl-1,N2-ethenoguanosine3′, 5′-cyclic
monophosphorothioate sodium salt [Rp-8-Br-PETcGMP], calmidazolium chloride, tetraethyl
ammonium chloride hydrate [TEA], dimethyl
sulfoxide [DMSO], thapsigargin, glibenclamide,
D(+)-glucose anhydrous, sodium chloride [NaCl],
potassium chloride [KCl], indomethacin, (±)verapamil hydrochloride, and magnesium sulfate
[MgSO4] are obtained from Sigma Aldrich
company. Sodium nitroprusside [SNP] and sodium
hydrogen carbonate [NaHCO3] are from Farco
chemical. Others chemicals were obtained as
follow: 1H-[1,2,4] Oxadiazolo[4,3-a]quinoxalin-1one [ODQ] (Cayman Chemical, USA), 4aminopyridine [4-AP] (Alfa Aesar), barium
chloride dehydrate [BaCl2] (AnalaR Normapur VWR International), calcium chloride dehydrate
[CaCl2, 2H2O] (Scharlauchemie), potassium
dihydrogen phosphate [KH2PO4] (Panreac),
pentobarbital
(Ceva
Santé
Animale),
hydroxocobalamin hydrochloride (Fluka), and
enalapril maleate [Renitec®20mg] (Afric-Phar).
The stock solution of indomethacin was prepared in
5% (w/v) sodium bicarbonate solution. Rp-8-BrPET-cGMP, glibenclamide, thapsigargin, and ODQ
were prepared in DMSO. However, all other drugs
were dissolved in distilled water.
Experimental
Animals:
All
procedures
implicating animals were organized by the Guide
for the Care and Use of Laboratory Animal
published by the US National Institutes of Health
(NIH publication no. 85-23, revised in 1996).
Wistar rats and albinos mice were obtained from
the local colonies of the department of Biology
(Faculty of Sciences-Oujda, Morocco). Animals
were kept under a 12 h / 12 h light/dark cycle and
had free access to food and water.
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Acute Toxicity Test: A total of 30 mice weighing
between 23-37 g were randomly divided into five
experimental groups of 6 mice each (3 males and 3
females per group). After fasting overnight, RpAE
was administered to each treatment group at single
doses of 1, 2, 5, 8, and 10 mg/kg respectively by
oral gavage. The control group was supplied with
distilled water. After oral administration, all
animals were observed individually for mortality
and changes in general behavior over the first 30
min, then at 4 and 48 h, and after two weeks
following up the administration of RpAE.
Vascular Reactivity on Aorta Isolated from
Normotensive Rats: After anesthesia with sodium
pentobarbital (0.1 ml/100g, ip), the descending
thoracic aorta of Wistar rats (200-320) was
immediately excised and placed in Krebs-Henseleit
solution (NaCl 119 mM, KCl 4.7 mM, CaCl2 2.6
mM, MgSO4 1.2 mM, KH2PO4 1.2 mM, NaHCO3
25 mM, and Glucose 11 mM, pH 7.4). Fat and
connective tissues were trimmed off, and the aorta
was then cut to make sections of about 3-5 mm in
length. The aortic rings were then hanged by
platinum hooks under an optimal tension of 1g in
organ bath (Emka technologies, France) having 11
ml of Krebs solution maintained at 37 °C and
continuously aerated with 95% O2, 5% CO2.
A stability period of 30 min was allowed before the
addition of any drug or tested extract. The
recording of responses was ceased by washing the
aorta rings with Krebs solution. The presence of
functional endothelium was verified by the ability
of Carbachol (CCH) (10 -4M) to induce more than
60% relaxation in rings pre-constricted with
phenylephrine (PE) (10-6M). In denuded aortic
rings, the endothelium was mechanically removed.
Effect of RpAE on PE-Induced Tonic
Contractions in Endothelium-Intact and
Denuded Aortic Rings: To verify if it is the case
of endothelium-dependent vasorelaxation, the
effects of 10-3, 10-2, 10-1, and 1mg/ml of RpAE
were tested in the presence (n=6) and absence
(n=6) of vascular endothelium. Aortic rings were
contracted with PE (1μM) to acquire a maximal
response. Once the plateau attained, RpAE was
added cumulatively (10 -3 to 1mg/ml) into the organ
bath. Relaxations were expressed as the percentage
of relaxation of PE-induced contraction.
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Role of Muscarinic Receptors in RpAE-Induced
Vascular Response: To assess whether or not
RpAE is producing vasodilatation through the
activation of muscarinic receptors, endotheliumintact aortic rings were incubated with atropine: a
non-selective muscarinic receptor antagonist (10-5
M; n=6) for 30 min before exposure to PE (1µM).
After the PE response had reached the plateau, a
single dose of 0.1 mg/ml of RpAE was added, and
the responses were recorded. The recording of the
responses was ceased by washing the aortic rings
with Krebs solution. The control group was not
pre-incubated with muscarinic receptor antagonist.
Role of NO and Prostanoids in RpAE-Induced
Vascular Response: To determine the role of NO
and prostanoids in RpAE-induced vasorelaxation, a
pre-incubation with NO synthase inhibitor: NωNitro-L-arginine methyl ester (L-NAME; 10-4M;
n=6), the NO scavenger: hydroxocobalamin (3.105
M; n=6), and the non-selective cyclooxygenase
inhibitor: indomethacin (10 -5M; n=6), for 30
minutes prior to the contraction with PE (10 -6M)
was realized. Afterward, a single dose of RpAE
(0.1 mg/ml) was added. The response of each test
was compared with that recorded with control. In
the case of pre-incubation with L-NAME, Sodium
nitroprusside (SNP, 1µM) was added to produce an
endothelium-independent relaxation.
Vasorelaxant Effect of RpAE in the Presence of
Calmidazolium, ODQ, and 8-RP-Br-PETcGMP: To define the mechanisms by which RpAE
relaxes vascular smooth muscle, another series of
experiments were undertaken. The endotheliumintact rings were incubated with; Ca2+- Calmodulin
binding to NOS blocker: calmidazolium chloride
(10-3M; n=6), the guanylyl cyclase inhibitor: 1H[1,2,4] oxadiazole [4,3-a]quinoxalin-1-one (ODQ;
10-5M; n=6), and the competitive cGMP-dependent
protein kinase G (PKG) inhibitor: Rp-8-Br-PETcGMP (3.10-6M; n=6) for 30 min prior the
contraction with PE (10-6M). Then, maximal
relaxation induced by a single dose of 0.1 mg/ml of
RpAE was determined and compared with that
obtained with untreated rings.
Role of K+ Channels in RpAE-Induced Vascular
Response: To investigate the involvement of
potassium channels in the effects of RpAE, the
voltage-dependent K+ channel blocker: 4-
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aminopyridine (4-AP; 10-4M; n=6), the nonspecific ATP-sensitive K+ channel blocker:
glibenclamide (10-5 M; n=6), the selective inwardly
rectifying potassium channel blocker: barium
chloride (BaCl2 ; 10-4M; n=6), and the Ca2+ activated potassium channels blocker: tetraethylammonium (TEA; 10 -3M; n=6) were applied to
endothelium-intact rings, 30 min prior to precontraction by PE (10-6M). Then, maximal
relaxation induced by a single dose of 0.1 mg/ml of
RpAE was determined and compared with those
obtained in the case of non-treated rings with these
inhibitors.
Vasorelaxant Effect of RpAE in the Presence of
Thapsigargin or Verapamil: To explore the role
of calcium channels in the vasorelaxant effect of
RpAE, endothelium-intact rings were incubated
with the Ca2+ -channel type VOC: verapamil (105
M; n=6) and the endoplasmic reticulum Ca2+ATPase (SERCA) inhibitor: thapsigargin (10-6 M;
n=6) for 30 min prior to contraction with PE (10 6
M). Then, maximal relaxation induced by a single
dose of 0.1 mg/ml of RpAE was determined and
compared with that obtained with untreated rings.
Determination of Antihypertensive Effect: An
adaptation phase of 3 days for vehicle
administration was carried out, and blood pressure
measurement was allowed before the launching of
the treatment. Antihypertensive activity study of
RpAE was conducted on L-NAME hypertensive
rats (250-310 g). Thirty Wistar rats were allotted
into 5 groups (6 animals each: 3 males and 3
females), control group received tap water, LNAME group received L-NAME (32 mg/Kg/day),
L-NAME + Enalapril was co-treated with LNAME 32 mg/Kg/day and Enalapril 15
mg/Kg/day. Whereas, L-NAME + RpAE 50 and LNAME + RpAE 150 received simultaneously LNAME (32 mg/Kg/day) and respectively the doses
50 mg/Kg/day and 150 mg/Kg/day of RpAE.
Treated groups received daily and orally a dose of
1 ml/100g of body weight for 4 weeks. Throughout
the experimental period, animals had free access to
tap water and chow. The Systolic blood pressure
(SBP) was indirectly recorded before the treatment
and once a week during the treatment period, by the
non-invasive tail-cuff method. The rats were kept
on a holder controlled to keep immobilized. The
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SBP signal was detected after 5-10 min of
stabilization by a transducer placed around the tail
and related to an inflation-deflation system using
plethysmograph
apparatus
(Innovators
in
Instrumentation, Landings, USA).
Statistical Analysis: Relaxant responses are
expressed as a percentage relaxation of PE (1µM)
pre-contraction levels unless otherwise described in
the figure legends. The values were expressed as
means ± SEM. Statistical analysis was carried out
using one-way analysis of variance (ANOVA) and
two-way ANOVA, followed by Bonferroni’s posthoc test, using GraphPad Prism version 5.0
Software, San Diego California, USA. Significance
was measured at p-values of less than 0.05.
RESULTS:
Acute Toxicity Test: The doses of 1, 2, 5, 8 and,
10 g/Kg of RpAE given orally by gavage to the
mice showed no signs of toxicity or decrease
during the 2 weeks observations.
Vasorelaxant Effect on Aorta Isolated from
Normotensive Rats:
Effect of RpAE on PE-Induced Tonic
Contractions in Endothelium-Intact and
Denuded Aortic Rings: As shown in Fig. 1, RpAE
(10-3, 10-2, 10-1 mg/ml) induced vasorelaxation of
9.04 ± 2.86%, 26 ± 2.01% and 80.67 ± 0.77%
respectively. However, the addition of 1mg/ml
induced a contraction of about 52.75 ± 0.83% (n=6)
in intact aorta pre-contracted by PE (10-6 M). The
vasorelaxation produced by RpAE was abolished
after denudation of aorta. In fact, a vasoconstriction
was noticed by RpAE (10-3, 10-2, 10-1 and 1mg/ml)
8.66 ± 1.85%, 18.3 ± 0.35%, 28 ± 3% and 53.33 ±
2.18% respectively.
Effect of a Single Dose 0.1mg/ml of RpAE on
PE-Induced
Tonic
Contractions
in
Endothelium-Intact and Denuded Aortic Rings
and the Role of Muscarinic Receptors in RpAEInduced Vascular Response: Fig. 2 shows that a
single dose 0.1mg/ml of RpAE has produced 80 ±
0.81% of vasorelaxation. This effect was
disappeared either after denudation with the
vasoconstriction of 23.72 ± 1.55%; p<0.001, or
pre-incubation with the muscarinic receptor
antagonist atropine (10 -5M, n=6) with the
negligible contraction 0.71 ± 1.66%; p<0.001.
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These findings indicate that RpAE induces
vasorelaxation via endothelium - dependent

signaling pathway and via activation of muscarinic
receptors.
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FIG. 1: (A) CONCENTRATION-RESPONSE DIAGRAM OF THE EFFECT OF RpAE (10-3 to 1mg/ml) ON INTACT
(a) AND DENUDED (b) THORACIC AORTIC RINGS ISOLATED FROM NORMOTENSIVE RATS AND PRECONTRACTED WITH PE (10-6M). (B) ORIGINAL TRACING SHOWING THE EFFECT OF CCH (10 -4 M) ON PE
PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (10-6M) (a), THE EFFECT OF RpAE (10-3to 1mg/ml)
ON PE (10-6M) PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (b), AND THE EFFECT OF RpAE ON
PE PRE-CONTRACTED DENUDED THORACIC AORTIC RINGS (c). Values are mean ± SEM, n=6. One-way ANOVA
followed by Bonferroni’s post-hoc test; *** p<0.001 vs. control
A

B
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FIG. 2: (A) EFFECT OF A SINGLE DOSE 0.1mg/ml OF RpAE ON INTACT AND DENUDED THORACIC AORTIC
RINGS ISOLATED FROM NORMOTENSIVE RATS AND PRE-CONTRACTED WITH PE (10-6 M) AND IN THE
PRESENCE OF ATROPINE. (B) ORIGINAL TRACING SHOWING THE VASORELAXANT EFFECT OF A
SINGLE DOSE 0.1mg/ml RpAE ON PE PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (10-6 M) (a),
THE EFFECT OF RpAE ON PE PRE-CONTRACTED DENUDED THORACIC AORTIC RINGS (b), AND IN THE
PRESENCE OF ATROPINE (c). Values are mean ± SEM, n=6.One way ANOVA followed by Bonferroni’s post-hoc test;
*** p<0.001 vs. control
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Role of NO and Prostanoids in RpAE-Induced
Vascular Response: To evaluate the involvement
of endothelium-derived relaxing factors in the
RpAE-induced vasorelaxation, the effects of LNAME (10-4M; n=6) a non-selective NOS
inhibitor, the NO scavenger: hydroxocobalamin
(3.10-5M;
n=6),
and
the
non-selective
cyclooxygenase inhibitor: indomethacin (10-5 M;
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n=6) were examined. As illustrated in Fig. 3,
RpAE-induced endothelium-dependent relaxation
was vanished by pre-treatment with L-NAME and
hydroxocobalamin with negligible values of
contraction: 2.11 ± 1.26%; p<0.001 and 4.45 ±
0.34%; P<0.001 respectively. Pre-incubation with
indomethacin did not affect RpAE-induced
vasorelaxation: 79.15 ± 1.27%.
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FIG. 3: (A) EFFECT OF A SINGLE DOSE 0.1mg/ml OF RpAE ON INTACT THORACIC AORTIC RINGS ISOLATED
FROM NORMOTENSIVE RATS AND PRE-CONTRACTED WITH PE (10-6 M) AND IN THE PRESENCE OF L-NAME,
HYDROXOCOBALAMIN, AND INDOMETHACIN. (B) ORIGINAL TRACING SHOWING THE EFFECT OF RpAE ON
PE PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (10-6 M) (a), IN THE PRESENCE OF L-NAME (b),
HYDROXOCOBALAMIN (c), AND INDOMETHACIN (d). Values are mean ± SEM, n=6. One way ANOVA followed by
Bonferroni’s post-hoc test; *** p<0.001 vs. control.

The vasorelaxant effect of RpAE in the Presence
of Calmidazolium, ODQ, and 8-RP-Br-PETcGMP: In Fig. 4, pre-treatment of endotheliumintact aortic rings with the Ca2+ -Calmodulin
binding to NOS blocker: calmidazolium chloride
(10-3M; n=6), or the guanylyl cyclase inhibitor:
ODQ (10-5M; n=6), or the competitive cGMPdependent protein kinase G (PKG) inhibitor: Rp-8Br-PET-cGMP (3.10-6 M; n=6) abolished RpAEinduced vasorelaxation. The maximum contraction
values were 16.09 ± 1.67%, 6.42 ± 1.81%, and
17.36 ± 2.02% respectively. These findings suggest
that RpAE induces vasorelaxation via NO-cGMPPKG signaling.
Role of K+ Channels in RpAE-Induced Vascular
Response: As illustrated in Fig. 5, pre-treatment
with the voltage-dependent K+ channel blocker: 4AP (10-4M; n=6), or the non-specific ATP-sensitive

K+ channel blocker: glibenclamide (10 -5M; n=6), or
the selective inwardly rectifying potassium channel
blocker: BaCl2 (10-4M; n=6), neither of them had a
significant influence on the RpAE-induced
response. The maximal values were 78.65 ± 1.6%,
79.82 ± 1.65%, and 79.72 ± 1.29% respectively.
However, pre-treatment with the Ca2+-activated
potassium channels blocker: TEA (10-3M; n=6)
annulled the RpAE-induced response: 0.39 ± 1.88
%; p<0.001.
Vasorelaxant Effect of RpAE in the Presence of
Thapsigargin, or Verapamil: In Fig. 6, the
vasorelaxant effect of a single dose 0.1mg/ml of
RpAE was abolished after exposing aorta to the
blocker of VOCC channel: Verapamil and to the
inhibitor of SERCA: Thapsigargin with the
percentage of vasocontraction of 43.24 ± 3.85%;
p<0.001 and 19.59 ± 2.17%; p<0.001 respectively.
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FIG. 4: (A) EFFECT OF A SINGLE DOSE 0.1mg/ml OF RpAE ON INTACT THORACIC AORTIC RINGS
ISOLATED FROM NORMOTENSIVE RATS AND PRE-CONTRACTED WITH PE (10-6 M) AND IN THE
PRESENCE OF CALMIDAZOLIUM, ODQ, AND 8-RP-Br-PET-cGMP. (B) ORIGINAL TRACING SHOWING THE
EFFECT OF RpAE ON PE PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (10-6 M) (a), IN THE
PRESENCE OF CALMIDAZOLIUM (b), ODQ (c), AND 8-RP-Br-PET-cGMP (d). Values are mean ± SEM, n=6. One
way ANOVA followed by Bonferroni’s post-hoc test; *** p<0.001 vs. control.
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FIG. 5: (A) VASORELAXANT EFFECT OF A SINGLE DOSE 0.1mg/ml OF RpAE ON INTACT THORACIC
AORTIC RINGS ISOLATED FROM NORMOTENSIVE RATS AND PRE-CONTRACTED WITH PE (10-6 M) AND
IN THE PRESENCE OF TEA, GLIBENCLAMIDE, BaCl2, AND 4-AP. (B) ORIGINAL TRACING SHOWING THE
EFFECT OF RpAE ON PE PRE-CONTRACTED INTACT THORACIC AORTIC RINGS (10-6 M) (a), IN THE
PRESENCE OF TEA (b), GLIBENCLAMIDE (c), BaCl2(d), AND 4-AP (e). Values are mean ± SEM, n=6. One way
ANOVA followed by Bonferroni’s post-hoc test; ***p<0.001 vs. control.
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FIG. 6: (A) EFFECT OF A SINGLE DOSE 0.1mg/ml OF RpAE ON INTACT THORACIC AORTIC RINGS
ISOLATED FROM NORMOTENSIVE RATS AND PRE-CONTRACTED WITH PE (10-6 M) AND IN THE
PRESENCE OF THAPSIGARGIN AND VERAPAMIL. (B) ORIGINAL TRACING SHOWING THE EFFECT OF
RpAE ON PE PRE-CONTRACTED INTACT THORACIC AORTA (10-6 M) (a), IN THE PRESENCE OF
THAPSIGARGIN (b) AND VERAPAMIL (c). Values are mean ± SEM, n=6. One way ANOVA followed by Bonferroni’s
post-hoc test; *** p<0.001 vs. control.

Antihypertensive Effect:
Effect of RpAE on L-NAME Hypertensive Rats
SBP: The treatment of the adult Wistar rats with
RpAE (50 mg/kg/day and 150 mg/kg/day) did not
affect the body weight of the rats. As illustrated in
Fig. 7, oral administration of L-NAME (32
mg/Kg/day) showed a progressive increment in
SBP, which became significant from the first week.
Effectively, SBP increased from 115 ± 1.82 mmHg
to 170 ± 1.82 mmHg compared to the control
group, which indicate the installation of arterial
hypertension.
Enalapril is an ACE inhibitor, significantly
prevents the elevation of SBP, which remained
constant at 131±1.05 mmHg; p<0.001 after four
weeks of (L-NAME 32 mg/kg/day + Enalapril 15
mg/kg/day) treatment. The administration during
the same period and conditions with (RpAE 50
mg/kg/day + L-NAME 32 mg/kg/day) and (RpAE
150 mg/kg/day + L-NAME 32 mg/kg/day) denoted
a significant and persistent reduction of blood
pressure all along the treatment to a normotensive
level at the end of the treatment. Indeed, SBP
remained constant at around 114.1 ± 1.53 mmHg;
p<0.001 and 122.5 ± 2.14 mmHg; p<0.001
respectively following four weeks of treatment.

FIG.
7: EFFECT OF FOUR-WEEK ORAL
TREATMENT ON SBP OF RATS FED WITH L-NAME
AT 32 mg/kg/day (L-NAME GROUP), ENALAPRIL AT
15 mg/kg/day (L-NAME + ENALAPRIL GROUP), AND
RpAE AT 50 mg/Kg/day (L-NAME + RpAE 50 GROUP),
AND AT 150 mg/Kg/day (LNAME + RpAE 150 GROUP).
Data are mean ± SEM (n=6 rats per group). Two way
ANOVA followed by Bonferroni’s post-hoc test; a: p<0.05;
c: p<0.001 vs. control group; α: p<0.05; β: p<0.01; λ: p<0.001
vs. L-NAME group.

Effect of Different Treatments on Vascular
Sensitivity to Phenylephrine and Carbachol: To
test the effect of different group on carbacholinduced relaxation, endothelium-intact aorta from
each group (n=6) was mounted in an organ bath
containing Krebs solution continuously bubbled
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with 95% O2–5% CO2. When the contraction with
PE (1µM) reached a plateau, concentrationresponse curves to increasing concentrations (10 -9
to 10-4M) of CCH were constructed in a cumulative
manner. Relaxation data were expressed as a
percentage of the maximal Phenylephrine-induced
contraction.
As shown in Fig. 8, the relaxation induced by the
cumulative concentration of CCH (expressed as %
of the maximal contractile response to PE) was
significantly declined in aortic rings from the group
treated by L-NAME only (the maximal relaxation
Rmax = 33.72 ± 0.6 %; p<0.001 vs. 97.59 ± 0.01%
in control rats). Aortic rings exposed to a
cumulative concentration of CCH showed an
increased vasorelaxation in (L-NAME 32
mg/kg/day + Enalapril 15 mg/kg/day) group; the
maximal relaxant effect was 61.22 ± 3%; p<0.001
vs. L-NAME group.
The deterioration in vascular response caused by LNAME was significantly enhanced by RpAE.
Certainly, 91.1 ± 1% and 96.33 ± 1.02%; p<0.001
were the maximal relaxant effects in (RpAE 50
mg/kg/day + L-NAME 32 mg/kg/day) and (RpAE
150 mg/kg/day + L-NAME 32 mg/kg/day) groups
respectively vs. L-NAME group suggesting that
RpAE improved the vascular damage caused by LNAME.

FIG.
8:
VASORELAXATION
INDUCED
BY
CARBACHOL IN CONTROL (TAP WATER), L-NAME
(L-NAME AT 32 mg/kg/day), L-NAME + ENALAPRIL
(L-NAME AT 32 mg/kg/day AND ENALPRIL AT 15
mg/kg/day), L-NAME + RpAE 50 (L-NAME AT 32
mg/kg/day AND RpAE AT 50 mg/kg/day) AND L-NAME
+ RpAE150 (L-NAME AT 32 mg/kg/day AND RpAE AT
150 mg/kg/day) GROUPS. Data are mean ± SEM (n=6 rats
per group). Two way ANOVA followed by Bonferroni’s
post-hoc test; a: p<0.05; c: p<0.001 vs. control group; α:
p<0.05; β: p<0.01; λ: p<0.001 vs. L-NAME group.
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Another array of experiments based on changes in
developed tension in responses to increasing
concentrations (10-9 to 10-4 M) of PE have also been
carried out. As shown in Fig. 9, the maximal
contractile response of aorta to Phenylephrine was
attenuated in L-NAME group (Cmax = 0.75 ±
0.09g) compared to control group (Cmax = 1.27 ±
0.12g). Enalapril ameliorates the response of aorta
to PE (Cmax = 1.06 ± 1.03g). This parameter was
normalized by RpAE. Which means that the
maximal contractile response to Phenylephrine
was: Cmax = 1.22 ± 0.01g and Cmax = 1.26 ±
0.03g in (RpAE 50 mg/kg/day + L-NAME 32
mg/kg/day) and (RpAE 150 mg/kg/day + L-NAME
32 mg/kg/day) group respectively.

FIG. 9: CONTRACTION INDUCED BY PHENYLEPHRINE IN CONTROL (TAP WATER), L-NAME (LNAME AT 32 mg/kg/day), L-NAME + ENALAPRIL (LNAME AT 32 mg/kg/day and ENALPRIL AT 15
mg/kg/day), L-NAME + RpAE 50 (L-NAME AT 32
mg/kg/day AND RpAE AT 50 mg/kg/day) AND L-NAME
+ RpAE150 (L-NAME AT 32 mg/kg/day AND RpAE AT
150 mg/kg/day) GROUPS. Data are mean ± SEM (n=6 rats
per group). Two way ANOVA followed by Bonferroni’s
post-hoc test.

Effect of Different Treatment on Urinary
Volume: Before any treatment (Day 0), diuresis is
of the same magnitude among the different groups.
Four weeks of treatment with L-NAME alone
lowered urinary volume; however, this parameter
was augmented by Enalapril in association with LNAME (8 ± 1.27 ml/24h on day 30). Diuresis
remained constant at around 5.16 ml/24h after 30
days of treatment in (RpAE 50 mg/kg/day + LNAME 32 mg/kg/day) group. The urinary volume
was significantly increased in (RpAE 150
mg/kg/day + L-NAME 32 mg/kg/day) group (10.41
± 4.96 ml / 24 h, p<0.01) compared to L-NAME
group and control group.
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TABLE 1: EFFECT OF 4 WEEK ORAL TREATMENT WITH TAP WATER (CONTROL GROUP) OR L-NAME
ALONE AT 32 mg/kg/day (L-NAME GROUP) OR ASSOCIATED WITH RpAE AT 50 mg/kg/day (L-NAME + RpAE
50 GROUP), RpAE AT 150 mg/kg/day (L-NAME + RpAE 150 mg/kg/day GROUP) OR WITH ENALAPRIL AT 15
mg/kg/day (L-NAME + ENALAPRIL GROUP) ON DIURESIS (ml/24h)
Control
L-NAME
Diuresis (ml/ 24h)
alone
+Enalapril
+RpAE 50
+RpAE 150
Day 0
4.66 ± 0.49
5 ± 0.43
4.54 ± 0.69
5.5 ± 0.4
5.5 ± 0.6
Day 15
3.66 ± 0.33
3.66 ± 0.54
4.16 ± 0.69
4.08 ± 0.37
4.75 ± 0.61
Day30
3.83 ± 0.33
3.66 ± 0.35
8 ± 1.27
5.16 ± 0.77
10.41 ± 4.96βb
Data are mean ± SEM (n=6 rats per group). Two way ANOVA followed by Bonferroni’s post-hoc test, β: p<0.01 vs. L-NAME
group; b: p<0.01 vs. Control group.

DISCUSSION: Modern medicine has benefited
considerably from traditional medicine in searching
for novel drugs in combination with new
technology 31. This study was conducted to
determine the toxicological profile of the aqueous
extract of Rhus pentaphylla (Jacq.) Desf. (RpAE)
collected from Oriental Morocco by performing
acute oral toxicity in mice, to clarify the effects of
the aqueous extract, and the mechanism by which
RpAE elicits vascular actions on isolated rat aorta.
The antihypertensive effect of the extract given
orally by gavage to L-NAME induced hypertensive
rats over four weeks was also investigated. To
confirm the safety of RpAE, the extract was tested
for it oral acute toxicity; thus, the median lethal
dose (LD50) was greater than 10 g/Kg, also
revealing a positive safety profile clarified by the
absence of any behavioral disorders during the 2
weeks following the administration.
Results showed that RpAE had a dose dependent
effect on isolated rat aorta. Certainly, it induced
both vasorelaxation and vasoconstriction in PEevoked vasoconstriction in endothelium-intact aorta
rings of normotensive rats; thus, showing for the
first time its effect on smooth vascular vessels.
Therefore, RpAE relaxes vascular smooth muscle
via endothelium-dependent NO-PKG signaling
through activation of Ca2+-calmodulin-eNOS-sGCcGMP-PKG. Furthermore, it was demonstrated that
muscarinic receptors are implicated in RpAE
induced vasorelaxation. The activation of K+
channels, especially, Ca2+- activated K+ channels
(KCa2+), activation of sarco-endoplasmic reticulum
Ca2+-ATPase pump (SERCA) and inhibition of Ltype Ca2+ channels (VOC) are also involved.
The regulation of the vascular tone is principally
intended for the convenient control of blood
pressure 32. It has been revealed that an
endothelium dysfunction is related to hypertension

33

besides other cardiovascular illnesses 34, 35.
Endothelial cells (ECs) are an inward modulator for
the control of vascular homeostasis through
synthesizing and releasing a set of vasoconstrictor
factors such as endothelin and thromboxane in
addition to vasodilator factors such as endotheliumderived relaxing factors (EDRFs), nitric oxide
(NO) and prostacyclin (PGI2) 36. A drastic role is
played by a balance between vasodilators and
vasoconstrictors in the control of blood flow and
pressure in healthy persons and patients with
cardiovascular diseases. A wide range of vascular
actions are evoked by a biological signaling
molecule: nitric oxide (NO); essentially,
vasorelaxation 37, anti-inflammatory activity 38,
antiplatelet activity 39, and its effect to counteract
malaria infection 40.
NO is formed in endothelium by endothelial nitric
oxide synthase through the reaction of oxygen and
L-arginine; then, it diffuses into the vascular
smooth muscle whither it will exert its vasorelaxant
effect by stimulating soluble guanylate cyclase
(sGC) to catalyze the process of the conversion of
guanosine triphosphate (GTP) to the intracellular
second messenger cyclic 3’, 5’-guanosine
monophosphate (cGMP) 41, 42, 43. The increased
cGMP concentration that turns cGMP-dependent
protein kinase (PKG) on, mediates variety of
physiological mechanism events in vascular
smooth muscle cells (VSMC), thus decreases the
intracellular Ca2+ levels, causing membrane
hyperpolarization, and inhibition of myosin light
chain phosphorylation, producing vasorelaxation,
and thereby decreasing blood pressure 41, 42, 44.
In this study, RpAE elicited potent relaxation in
endothelium-intact aortic rings from normotensive
rats pre-contracted with phenylephrine. This effect
was related to the production of endotheliumderived vasodilators since the removal of
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endothelium abolished the relaxant effect of RpAE.
Thus, L-NAME (NOS inhibitor), hydroxocobalamin (NO scavenger), and indomethacin (the
non-selective COX inhibitor) were employed to
examine the possible involvement of NO and
prostaglandins. The results showed that RpAEinduced vasorelaxation was inhibited by L-NAME
and hydroxocobalamin but not by indomethacin,
which indicated that the NO system might be
implicated and which suggested that PGI2, a major
vasodilator cyclooxygenase (COX) product, would
not take part in the vasorelaxation induced by the
RpAE. We also found that pre-incubation of
endothelium-intact aortic rings with calmidazolium
(a Ca2+- Calmodulin binding to NOS blocker), or
ODQ (the GC inhibitor), or with Rp-8-Br-PETcGMP (the competitive cGMP-dependent protein
kinase G (PKG) inhibitor) eliminated the
vasorelaxant effect. These findings revealed that
the vascular relaxation evoked by RpAE was
mediated by the endothelium and vascular smooth
muscle system via Ca2+-calmodulin complex-NOsGC-cGMP-PKG signaling pathway.
Also, the current study showed that pre-treatment
of aortic rings with atropine (muscarinic receptor
antagonist) annulled RpAE-induced relaxation. In
common, the muscarinic vasorelaxation is chiefly
intervened across NO production in endothelial
cells resulting in the activation of endothelial nitric
oxide synthase (eNOS) yielded by Ca2+calmodulin complex 42, 45, 46. Thereby we suspect
that the muscarinic receptor activation is one of the
mechanisms responsible for the vasoactive
properties of RpAE that may contain one or more
compounds acting as agonists of muscarinic
receptors on endothelial cells.
K+ channels evenly play crucial roles in the
management of vascular tone 47. Many vascular
bioactive agents and drugs produce their
vasodilator or vasoconstrictor effects through
unlocking or closing K+ channels 47. The K+
channels exist in blood vessels indirectly regulate
vascular tension via changing the membrane
potential of vascular smooth muscle in rest thereby;
modulate the relaxant response of blood vessel 47.
Four categories of potassium channels are found in
arterial smooth muscle: Ca2+-activated K+ channels
(KCa2+), voltage-dependent K+ channels (KV), ATPsensitive K+ channels (KATP), and inward rectifier

E-ISSN: 0975-8232; P-ISSN: 2320-5148

K+ channels (Kir) 47. Our study demonstrated that
RpAE-induced relaxation of the endothelium-intact
aortic ring was abolished by TEA, the Ca2+activated potassium channels blocker. It has been
reported that the KCa2+ are directly activated by NO
contributing to hyperpolarization by extrusion of
K+ and leading to vasorelaxation due to a drop in
intracellular Ca2+ level 48, 49. Pre-treatment with 4AP the voltage-dependent K+ channel blocker, or
glibenclamide the non-specific ATP-sensitive K+
channel blocker, or BaCl2 the selective inwardly
rectifying potassium channel blocker, did not
influence the RpAE-induced response though.
Therefore, we suspected that one or more
components in RpAE would be acting as KCa2+
channel operators.
Contraction and dilation of blood vessels as
feedback to the physiological requirement is
controlled by changes in cytosolic Ca2+ levels in
vascular smooth muscle (VSM) 50. The Ca2+ used
for muscle contraction includes intracellular and
extracellular sources 50. Ca2+ ions occur in four
different compartments: extracellular, cytoplasmic,
mitochondrial, and non-mitochondrial (sarcoplasmic
reticulum) 50. The sarcoplasmic reticulum is the
primary store of intracellular Ca2+ ions 50.
Experiments conducted with the thapsigargin; the
SERCA (sarco/endoplasmic reticulum Ca2+ATPase) inhibitor demonstrate that uptake of Ca2+
by the sarcoplasmic reticulum is required for
RpAE-induced relaxation because this relaxation
was abolished in the presence of thapsigargin.
The Ca2+ levels are important to activate NO-sGCcGMP signaling and vasorelaxation. A prior study
has shown that the SOCE (store-operated Ca2+
entry) affects the eNOS activation and
vasorelaxation 51. The movement of Ca2+ from the
cytoplasm to intracellular stores is achieved by
SERCA pumps, and in this way, cytosolic calcium
levels return to baseline after a contraction 52.
Previously, it has been pointed out that SOCE is
inhibited by cGMP via a protein kinase Gdependent mechanism by phosphorylating SERCA
pumps irreversibly in vascular endothelial cells 54.
The cytosolic Ca2+ concentration is controlled by
both extracellular Ca2+ influx and Ca2+ release from
intracellular stock 52. Voltage-dependent Ca2+
channels (VOC), also known as L-type Ca2+
channels and receptor-operated Ca2+ channels
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(ROC) situated in the plasma membrane deal the
setting of Ca2+ influx 52. Based on our results, we
believed that RpAE inhibited the Ca2+ influx
through VOC since the RpAE induced
vasorelaxation vanished after pre-incubation of
endothelium-intact aortic rings with verapamil the
Ca2+ channel type VOC inhibitor.
It has been reported that PKG inhibits Ca2+influx,
augments Ca2+ sequestration, and decrease the
responsiveness of contractile elements to Ca2+ 53. It
seems distinctly possible that emphasis of
endothelial NO output by RpAE inhibits Ca2+ entry
of vascular smooth muscle cells via sGC–cGMP
signaling for the reason that Ca2+ entry via L-type
Ca2+ channels is under the potency of cGMP-PKG
signaling pathway 54, thereby guiding to a fall in
intracellular Ca2+ level and hence cause relaxation.
The L-NAME hypertensive rat model is one of the
rat models used for mimicking the role of NO in
the pathogenesis of high blood pressure. L-NAME
which is a non-selective inhibitor of NO synthase
inhibits the NO synthase isoforms, cause
endothelial dysfunction, and a significant increase
in arterial blood pressure 55, 56, 57. In addition to that,
we investigated the antihypertensive action of
RpAE on L-NAME induced hypertensive rats.
The results demonstrate that the treatment of rats
with RpAE at doses 50 and 150 mg/kg/day, coadministrated with L-NAME, prevent significantly
the rise in SBP induced by L-NAME and, both of
them apply about the same level of preventive
action. This is the first time that such beneficial
effects of Rhus pentaphylla are reported.
The kidney plays a chief role in the regulation of
the body salt and water balance and any disturbed
regulation of renal functions could distort this
balance in pathophysiological states including
hypertension 58, 59. As previously reported, chronic
inhibition of NOS by L-NAME bring out a
decrease of diuresis 60. Furthermore, an
improvement of the diuresis has been revealed by
RpAE at 150 mg/kg/day. It is possible that such
beneficial effects of RpAE on renal function are
mediated through increasing NO synthesis. Indeed
several studies have demonstrated that endogen NO
or NO released from NO donors, inhibits some
transporters in renal tubular epithelial cells 61.
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In addition, an evident lack of vasorelaxation in
response to CCH and an impairment reaction of the
aorta to PE were correlated with chronic L-NAME
hypertension and which may translate the
deficiency of NO synthesis, giving rise to increased
vasoconstrictor factors. However, the association of
RpAE with L-NAME improved a full amelioration
of vascular reactivity. Therefore, the antihypertensive effect of RpAE via enhancement of
the NO system is likely involved.
CONCLUSION: Considering all the above results
and discussions, the present finding proves the
vasorelaxant and the antihypertensive effects of
RpAE. Our results suggest that RpAE induces
dose-dependent effect (both relaxation and
contraction) in rat aortic rings. The vasorelaxant
effect is through endothelium-dependent signaling
through activation of muscarinic receptors and
implication of Calmodulin/eNOS/sGC/cGMP/
PKG signaling pathway involving the opening of
KCa2+, activation of SERCA pump, and inhibition
of VOC channels. Additionally, this vasorelaxant
effect is translated in-vivo into a significant
antihypertensive effect, a high-ameliorated vascular
reactivity and diuresis in L-NAME induced
hypertensive rats.
Further, cardiovascular studies are needed to better
clarify these beneficial effects of Rhus pentaphylla
extract, especially on the heart and renal system.
Moreover, phytochemical studies are necessary to
determine and isolate the bioactive components
accountable for these observed effects.
ACKNOWLEDGEMENT: We are grateful to Mr.
Mostafa Bedraoui from our laboratory (Laboratory
of Physiology, Genetics, and Ethnopharmacology,
Department of Biology, Faculty of Sciences,
University Mohammed First, Oujda) for the serious
care of animals rearing.
CONFLICT OF INTEREST: None
REFERENCES:

International Journal of Pharmaceutical Sciences and Research

1.

2.

Jardim TV, Gaziano TA, Nascente FM, de Souza Carneiro
C, Morais P, Roriz V and Jardim PCBV: Multiple
cardiovascular risk factors in adolescents from a middleincome country: Prevalence and associated factors. PloS
one 2018; 13 (7): e0200075.
Gkaliagkousi E, Gavriilaki E, Triantafyllou A and Douma
S: Clinical significance of endothelial dysfunction in

4441

Messaoudi et al., IJPSR, 2019; Vol. 10(10): 4430-4443.

3.

4.
5.

6.

7.
8.

9.

10.

11.

12.

13.
14.
15.

16.
17.

essential hypertension. Curr Hypertens Rep 2015; 17(11):
85.
Yukako T, Morimoro A, Asayama K, Sonoda N,
Miyamatsu N, Ohno Y and Ohkubo T: Risk of developing
Type 2 diabetes according to blood pressure levels and
presence or absence of hypertensive treatment: The Saku
Study. Journal of Hypertension 2018; 36: e83.
Grundy SM: Metabolic syndrome update. Trends
Cardiovasc Med 2016; 26(4): 364-73.
Shaharir SS, Mustafar R, Mohd R, Said MSM and Gafor
HA: Persistent hypertension in lupus nephritis and the
associated risk factors. Clinical Rheumatology 2015;
34(1): 93-97.
Chan DC, Pang J, Hooper AJ, Burnett JR, Bell DA, Bates
TR and Watts GF: Elevated lipoprotein (a), hypertension
and renal insufficiency as predictors of coronary artery
disease in patients with genetically confirmed
heterozygous familial hypercholesterolemia. Int J Cardiol
2015; 201: 633-38.
Lackland DT and Weber MA: Global burden of
cardiovascular disease and stroke: hypertension at the core.
Can J Cardiol 2015; 31(5): 569-71.
Prince MJ, Wu F, Guo Y, Robledo LMG, O'Donnell M,
Sullivan R and Yusuf S: The burden of disease in older
people and implications for health policy and practice. The
Lancet 2015; 385(9967): 549-62.
9.Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti
A, Bohm M, Christiaens T, Cifkova R, De Backer G,
Dominiczak A, Galderisi M, Grobbee DE, Jaarsma T,
Kirchhof P, Kjeldsen SE, Laurent S, Manolis AJ, Nilsson
P.M, Ruilope LM, Schmieder RE, Sirnes PA, Sleight P,
Viigimaa M, Waeber B, Zannad F and Wood DA:
2013ESH/ESC Guidelines for the management of arterial
hypertension: the Task force for the Management of
Arterial Hypertension of the European Society of
Hypertension (ESH) and of the European Society of
Cardiology (ESC). Eur Heart J 2013; 34(28): 2159-19.
Leung AA, Nerenberg K, Daskalopoulou SS, McBrien K,
Zarnke KB, Dasgupta K and Bolli P: Hypertension
Canada's 2016 Canadian hypertension education program
guidelines for blood pressure measurement, diagnosis,
assessment of risk, prevention, and treatment of
hypertension. Can J Cardiol 2016; 32(5): 569-88.
Jo SH, Park SJ, Kim EJ, Kim SJ, Cho HJ, Song JM and
Choi DJ: S-amlodipine plus chlorthalidone vs. Samlodipine plus telmisartan in hypertensive patients
unresponsive to amlodipine monotherapy: study protocol
for a randomized controlled trial. Trials 2018; 19(1): 324.
Alshakka M, Saeed A, Mohammed G, Ali H, Prajapati SK
and Ibrahim MI: Adverse Drug Reactions and Medication
Errors: A Quantitative Insight in Aden, Yemen. J Young
Pharm 2019; 11(1): 82-87.
David B, Wolfender JL and Dias DA: The pharmaceutical
industry and natural products: historical status and new
trends. PhytochemistryReviews 2015; 14(2): 299-15.
Bellakhdar J: La Pharmacopée Marocaine Traditionnelle.
Ibis Press First Edition 1997.
Quézel P: Definition and localization of terrestrian
mediterranean biota. Ecologia Mediterranea, First Edition
1982.
Quézel P, Médail F, Loisel R and Barbero M: Biodiversity
and conservation of forest species in the Mediterranean
basin. Unasylva 1999; 50(197): 21-28.
Bammi J and Douira A: Les plantes médicinales dans la
foret de l'Achach (Plateau Central, Maroc). Acta Botánica
Malacitana 2002; 27: 131-45.

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148
18. Lahsissene H, Kahouadji A, Tijane M and Hseini S:
Catalogue des plantes médicinales utilisées dans la région
de Zaër (Maroc Occidental). Lejeunia 2009; 186: 1-22.
19. El Abbouyi A, Filali-Ansari N, El Khayri S and Loukili H:
Inventory of medicinal plants prescribed by traditional
healers in El Jadida city and suburbs (Morocco). Int J
Green Pharm 2014; 8(4): 242-51.
20. El Alami A, Farouk L and Chait A: Etude ethnobotanique
sur les plantes médicinales spontanées poussant dans le
versant nord de l’Atlas d’Azilal (Maroc). Algerian Journal
of Natural Products 2016; 4(2): 271-82.
21. Saadi B, Msanda F and Boubaker H: Contributions of folk
medicine knowledge in South- western Morocco: The case
of rural communities of Imouzzer Ida Outanane Region.
Int J Med Plant Res 2013; 2: 135-45.
22. Ouhaddou H, Boubaker H, Msanda F and El Mousadik A:
An Ethnobotanical Study of Medicinal Plants of the
Agadir Ida OuTanane Province (Southwest Morocco). J
Appl Biosci 2014; 84(1): 7707-22.
23. Deil U and Hammoum M: Contribution à l'étude des
groupements rupicoles des Bokkoya (Littoral du Rif
Central, Maroc). Acta Botánica Malacita 1997; 22: 131-46.
24. El Kadmiri AA, Ziri R and Khattabi A: Analyse
Phytosociologique des formations de matorral du massif
des Béni-Snassène (Maroc Oriental). Acta Botánica
Malacitana 2004; 29: 67-87.
25. Tahri N, Zidane L, El Yacoubi H, Fadli M, Rochdi A and
Douira A: Contribution à l’étude de la biodiversité de la
région de Ben Slimane (Ouest marocain): Catalogue
floristique des plantes vasculaires. J Anim Plant Sci 2011;
12(3): 1632-52.
26. Le Houérou HN: La végétation de la Tunisie steppique
(avec références au Maroc, à l’Algérie et à la Libye).
Annales de l'Institut National de la Recherche
Agronomique de Tunisie (Tunisia) 1969; 42: 622.
27. Ben Mansour H, Yatouji S, Mbarek S, Houas I, Delai A
and Dridi D: Correlation between antibutyrylcholinesterasic and antioxidant activities of three aqueous
extracts from Tunisian Rhus pentaphyllum. Ann Clin
Microbiol Antimicrob 2011; 10: 32.
28. Talibi I, Askarne L, Boubaker H, Boudyach EH, Msanda
F, Saadi B and Aoumar AAB: Antifungal activity of some
Moroccan plants against Geotrichum candidum, the causal
agent of postharvest citrus sour rot. Crop Prot 2012; 35:
41-46.
29. Itidel C, Chokri M, Mohamed B and Yosr Z: Antioxidant
activity, total phenolic and flavonoid content variation
among Tunisian natural populations of Rhus tripartita
(Ucria) Grande and Rhus pentaphylla Desf. Ind Crops
Prod 2013; 51: 171-77.
30. Ghouila H, Haddar W, Ben Ticha M, Baaka N, Meksi N,
Farouk Mhenni M and Ben Jannet H: Rhus pentaphylla
Bark as a new source of natural colorant for wool and silk
fibers. Journal of the Tunisian Chemical Society 2014; 16:
95-02.
31. Yuan H, Ma Q, Ye L and Piao G: The traditional medicine
and modern medicine from natural products. Molecules
2016; 21(5): 559.
32. Hübner CA, Schroeder BC and Ehmke H: Regulation of
vascular tone and arterial blood pressure: role of chloride
transport in vascular smooth muscle. Pflügers Arch 2015;
467(3): 605-14.
33. Mallat RK, John CM, Kendrick DJ and Braun AP: The
vascular endothelium: a regulator of arterial tone and
interface for the immune system. Crit Rev Clin Lab Sci
2017; 54(7-8): 458-70.

4442

Messaoudi et al., IJPSR, 2019; Vol. 10(10): 4430-4443.
34. Chistiakov DA, Orekhov AN and Bobryshev YV:
Endothelial barrier and its abnormalities in cardiovascular
disease. Frontiers in Physiology 2015; 6: 365.
35. Park KH and Park WJ: Endothelial dysfunction: clinical
implications in cardiovascular disease and therapeutic
approaches. J Korean Med Sci 2015; 30(9): 1213-25.
36. Vanhoutte PM, Zhao Y, Xu A and Leung SW: Thirty years
of saying NO: sources, fate, actions, and misfortunes of the
endothelium-derived vasodilator mediator. Circ Res 2016;
119(2): 375-96.
37. Ahmad A, Dempsey S, Daneva Z, Azam M, Li N, Li PL
and Ritter J: Role of nitric oxide in the cardiovascular and
renal systems. Int J Mol Sci 2018; 19(9): 2605.
38. Florentino IF, Silva DP, Silva DM, Cardoso CS, Moreira
AL, Borges CL and Menegatti R: Potential antiinflammatory effect of LQFM-021 in carrageenan-induced
inflammation: The role of nitric oxide. Nitric Oxide 2017;
69: 35-44.
39. Costa D, Benincasa G, Lucchese R, Infante T, Nicoletti
GF and Napoli C: Effect of nitric oxide reduction on
arterial thrombosis. Sc and Cardiovasc J 2019; 53(1): 1-8.
40. Hawkes MT, Conroy AL, Opoka RO, Hermann L, Thorpe
KE, McDonald C, Kim H, Higgins S, Namasopo S, John
C, Miller C, Liles WC and C Kain K: Inhaled nitric oxide
as adjunctive therapy for severe malaria: a randomized
controlled trial. Malar J 2015; 14(1): 421.
41. Godo S and Shimokawa: Divergent roles of endothelial
nitric oxide synthases system in maintaining cardio
vascular homeostasis. Free Radi Bio Med 2017; 109: 4-10.
42. Zhao Y, Vanhoutte PM and Leung SW: Vascular nitric
oxide: Beyond eNOS. J Pharma Sci 2015; 129(2): 83-94.
43. Mónica FZ, Bian K and Murad F: The EndotheliumDependent Nitric Oxide–cGMP Pathway. Adv Pharmacol
2016; 77: 1-27.
44. Xie X, Shi X, Xun X and Rao L: Endothelial nitric oxide
synthase gene single nucleotide polymorphisms and the
risk of hypertension: a meta-analysis involving 63,258
subjects. Clin Exp Hypertens 2017; 39(2): 175-82.
45. Vanhoutte PM: Endothelial muscarinic M3‐receptors: a
Σ‐target? Acta Physiol 2019; 226(1): e13273.
46. Harvey RD: Muscarinic receptor agonists and antagonists:
effects on cardiovascular function. H and b Exp Pharmacol
2012; 208: 299-16.
47. Dogan MF, Yildiz O, Arslan SO and Ulusoy KG:
Potassium channels in vascular smooth muscle: a
pathophysiological and pharmacological perspective.
Fundam Clin Pharmacol 2019: 1-21. Mughal A, Sun C and
O’Rourke ST: Activation of large conductance, calciumactivated potassium channels by nitric oxide mediates
apelin-induced relaxation of isolated rat coronary arteries.
J Pharmacol Exp Ther 2018; 366(2): 265-73.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
48. Nelson MT, Quayle JM: Physiological roles and properties
of potassium channels in arterial smooth muscle. Am J
Physiol 1995; 268(4): 799-22.
49. Brozovich FV, Nicholson CJ, Degen CV, Gao YZ,
Aggarwal M and Morgan KG: Mechanisms of vascular
smooth muscle contraction and the basis for
pharmacologic treatment of smooth muscle disorders.
Pharmacol Rev 2016; 68(2): 476-32.
50. Parekh AB and Putney JW: Store-operated calcium
channels. Physiol Rev 2005; 85(2): 757-10.
51. Touyz RM, Alves-Lopes R, Rios FJ, Camargo LL,
Anagnostopoulou A, Arner A and Montezano AC:
Vascular smooth muscle contraction in hypertension.
Cardiovasc Res 2018; 114(4): 529-39.
52. Kuo IY and Ehrlich BE: Signaling in muscle contraction.
Cold Spring Harb Perspect Biol 2015; 7(2): a006023.
53. Gollasch M and Nelson MT: Voltage-dependent Ca2+
channels in arterial smooth muscle cells. Kidney Blood
Press Res 1997; 20(6): 355-71.
54. Calabró V, Litterio MC, Fraga CG, Galleano M and
Piotrkowski B: Effects of quercetin on heart nitric oxide
metabolism in l-NAME treated rats. Arch Biochem
Biophys 2018; 647: 47-53.
55. Jin L, Lin MQ, Piao ZH, Cho JY, Kim GR, Choi SY, Ryu
Y, Sun S, Kee HJ and Jeong MH: Gallic acid attenuates
hypertension, cardiac remodeling, and fibrosis in mice
with
NG-nitro-L-arginine
methyl
ester-induced
hypertension via regulation of histone deacetylase 1 or
histone deacetylase 2. J Hypertens 2017; 35(7), 1502-12.
56. Berkban T, Boonprom P, Bunbupha S, Welbat J,
Kukongviriyapan U, Kukongviriyapan V, Pakdeechote P
and Prachaney P: Ellagic acid prevents L-NAME-induced
hypertension via restoration of eNOS and p47phox
expression in rats. Nutrients 2015; 7(7): 5265-80.
57. VanDeVoorde III RG and Mitsnefes MM: Hypertension in
chronic kidney disease: role of ambulatory blood pressure
monitoring. Prog Pediatr Cardiol 2016; 41: 67-73.
58. Canaud B, Kooman J, Selby NM, Taal M, Francis S,
Kopperschmidt P, Maierhofer A, Kotanko P and Titze J:
Sodium and water handling during hemodialysis: new
pathophysiologic insights and management approach for
improving outcomes in end-stage kidney disease. Kidney
Int 2019; 95(2): 296-09.
59. Satoh N, Nakamura M, Suzuki A, Tsukada H, Horita S,
Suzuki M, Tsukada H, Horita S, Suzuki M, Moriya K and
Seki G: Effects of nitric oxide on renal proximal tubular
Na. Biomed Res Int 2017; 2017: 6871081.
60. Srisawat U, Kongrat S, Muanprasat C and Chatsudthipong
V: Losartan and sodium nitroprusside effectively protect
against renal impairments after ischemia and reperfusion
in rats. Biol Pharm Bull 2015; 38(5): 753-62.

How to cite this article:
Messaoudi N, Mekhfi H, Aziz M, Legssyer A, Bnouham M and Ziyyat A: Vasorelaxant and antihypertensive effects of Rhus pentaphylla
(Searsia pentaphylla). Int J Pharm Sci & Res 2019; 10(10): 4430-43. doi: 10.13040/IJPSR.0975-8232.10(10).4430-43.
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google
Play store)

International Journal of Pharmaceutical Sciences and Research

4443

