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The current study was designed to determine pulegone’s antihypertensive and vasoprotective activity in L-NAME-induced
hypertensive rats. Firstly, the hypotensive dose-response relationship of pulegone was evaluated in normotensive anesthetized
rats using the invasive method. Secondly, the mechanism involved in hypotensive activity was determined in the presence of
pharmacological drugs such as atropine/muscarinic receptor blocker (1mg/kg), L-NAME/NOS inhibitor (20mg/kg), and
indomethacin/COX inhibitor (5mg/kg) in anesthetized rats. Furthermore, studies were carried out to assess the preventive
effect of pulegone in L-NAME-induced hypertensive rats. Hypertension was induced in rats by administering L-NAME
(40mg/kg) orally for 28 days. Rats were divided into six groups which were treated orally with tween 80 (placebo), captopril
(10mg/kg), and different doses of pulegone (20mg/kg, 40mg/kg, and 80mg/kg). Blood pressure, urine volume, sodium, and
body weight were monitored weekly. After 28 days, the effect of pulegone on lipid profile, hepatic markers, antioxidant
enzymes, and nitric oxide was estimated from the serum of treated rats. Moreover, plasma mRNA expression of eNOS, ACE,
ICAM1, and EDN1 was measured using real-time PCR. Results show that pulegone dose-dependently decreased blood pressure
and heart rate in normotensive rats, with the highest effect at 30mg/kg/i.v. The hypotensive effect of pulegone was reduced in
the presence of atropine and indomethacin, whereas L-NAME did not change its hypotensive effect. Concurrent treatment
with pulegone for four weeks in L-NAME-treated rats caused a reduction in both systolic blood pressure and heart rate,
reversed the reduced levels of serum nitric oxide (NO), and ameliorated lipid profile and oxidative stress markers. Treatment
with pulegone also improved the vascular response to acetylcholine. Plasma mRNA expression of eNOS was reduced, whereas
ACE, ICAM1, and EDN1 levels were high in the L-NAME group, which was facilitated by pulegone treatment. To conclude,
pulegone prevented L-NAME-induced hypertension by demonstrating a hypotensive effect through muscarinic receptors and
cyclooxygenase pathway, indicating its use as a potential candidate in managing hypertension.
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1. Introduction

Cardiovascular diseases (CVDs) are the foremost and pri-
mary cause of death and disability worldwide. Around 95%
of CVD deaths are caused by ischemic heart disease (IHD),
rheumatic heart disease, stroke, hypertension, myocardiopa-
thy, and arrhythmia [1, 2]. Hypertension is a critical risk fac-
tor for the development of cardiovascular disease, which
causes mortality and morbidity worldwide. It causes func-
tional and structural abnormalities in the heart, kidneys,
brain, and vasculature, which results in congestive heart fail-
ure, coronary artery disease, nephropathy, stroke, and reti-
nopathy [3, 4]. The incidence of hypertension has been
increasing globally, particularly in developing countries. By
2025, more than 500 million people are expected to be at
high risk due to hypertension [5].

Muscarinic receptor activation is essential in the para-
sympathetic regulation of cardiovascular function. Activa-
tion of M2 muscarinic receptors reduces the contractility
of atrial cardiomyocytes. It decreases heart rate by slowing
the rate of spontaneous action potential firing in the sino-
atrial (SA) node, thus reducing the overall cardiac output
[6]. M3 receptors are mainly expressed in vascular endothe-
lium and are involved in vasodilation by stimulating nitric
oxide (NO) production, which impacts afterload and vascu-
lar resistance, thus reducing blood pressure [7]. Moreover,
COX-1- and COX-2-derived prostaglandins are also essen-
tial in cardiovascular physiology. PGI2, primarily COX-2
derived, is a vasodilator expressed mainly by endothelial
and vascular smooth muscle cells. It reduces blood pressure
by increasing the level of cAMP, which leads to vasorelax-
ation [8, 9].

Modern medicine offers many classes of antihyperten-
sive drugs, such as calcium channel blockers, ACE inhibi-
tors, beta-blockers, and diuretics [10]. However, target
blood pressures are not attained readily among patients in
clinical practice [11]. Due to the frequent side effects
encountered by using antihypertensive medications,
researchers are using medicinal plants and phytochemicals
as alternate natural remedies for treating and preventing car-
diovascular diseases.

Phytochemicals are bioactive compounds produced nat-
urally in plants and provide desirable health benefits in
many diseases with minimal side effects [12, 13]. For many
years, health practitioners have been using phytochemicals
and medicinal plants to treat and manage hypertension. Sev-
eral plants and phytochemicals have been previously
reported for their antihypertensive effects. Nevertheless,
more studies are required to clarify their effectiveness
[14–16]. Monoterpenes constitute 90% of essential oils and
have many biological and pharmacological properties,
including antimicrobial, antihypertensive, antioxidant, anti-
arrhythmic, and antispasmodic activities [17, 18]. Pulegone,
also known as cisisopulegone, is a natural monoterpene [19].
Pulegone has been previously reported to have numerous
pharmacological effects such as cardiovascular [20], anti-
microbial [21], antioxidant [22], antinociceptive [23], anal-
gesic [24], anti-inflammatory [25], and antispasmodic
activities [26].

It is found predominantly in peppermint and pennyroyal
(Mentha spp) [27]. Other plants that contain pulegone in
high quantity are Ziziphora taurica M. Bieb. (81.86%) [28],
Mentha spicata L. (72.1%) [29], Cyclotrichium niveum
(Boiss.) Manden. and Scheng. (76.84%) [30], and Micro-
meria cilicica Hausskn. ex P.H. Davis (66.55%) [31]. Several
toxicity studies of pulegone have been carried out in previ-
ous studies. The subcutaneous median lethal dose (LD50)
has been estimated as 1.709mg/kg in mice, the intraperito-
neal LD50 as 150mg/kg in rats, and the intravenous LD50
as (330mg/kg) in dogs. However, no orally administered
dose of LD50 through gavage is available [32]. Acute oral
toxicity studies in rats indicate that pulegone is not associ-
ated with toxicological effects at 10mg/kg and 100mg/kg
[33]. Various medicinal plants containing pulegone as their
phytoconstituents have been reported to have antihyperten-
sive activity. Mentha suaveolens Ehrh. has been reported to
demonstrate hypotensive effects in a noradrenaline-
induced hypertensive rat model [34]. Similarly, Mentha
pulegium L. has been reported to reduce blood pressure in
L-NAME-induced hypertensive rats [35]. However, no such
activity has been carried out to evaluate the effect of pulegone
against hypertension in L-NAME-induced hypertensive rats.
In many animal models, L-NG-nitroarginine methyl ester
(L-NAME) is a NOS inhibitor that induces arterial hyperten-
sion and alters antioxidant enzymes, serum nitric oxide, lipid
profile, and renal functions [36–38]. Hence, the current study
evaluated pulegone’s antihypertensive and vasoprotective
effects in L-NAME-induced hypertensive rats and the possible
mechanisms underlying this effect. The impact of pulegone on
different parameters such as nitric oxide, antioxidant enzymes,
lipid profile, hepatic enzymes, urine, and salt retention was
also assessed in this model.

2. Materials and Methods

2.1. Chemicals. Drugs and chemicals of standard analyti-
cal grade were used in this experiment. The following
drugs, acetylcholine chloride, xylazine, ketamine, phenyl-
ephrine, captopril, pulegone, N-nitro-L-arginine methyl
ester (L-NAME), atropine, and indomethacin, were procured
from Sigma-Aldrich (St. Louis, MA, USA).

2.2. In Vitro Antioxidant Assay

2.2.1. DPPH Radical Scavenging Activity. DPPH solution
(1,1-diphenyl-2-picryl-hydrazine) of 0.3mM was made in
ethanol. Various concentrations of pulegone ranging from
62.5μg to 500μg having 95μL of DPPH solution were mixed
in ethanol. The combination was incubated at 37°C for
30min after being disseminated in 96-well plates. The radi-
cal scavenging activity was evaluated by comparing it with
the control, and absorbance was assessed by a microlitre
plate system (Spectramax plus 384 Molecular Device, USA)
at 515nm. The standard used was BHA [39].

DPPH scavenging activity %ð Þ = Ac –As
Ac × 100 , ð1Þ
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where Ac means absorbance of control (DMSO treated) and
As means absorbance of sample.

2.3. Acetylcholinesterase (AChE) Inhibitory Activity Assay.
Acetylcholinesterase (500U) was thoroughly mixed in Tris-
HCl buffer (pH7.8) and alleviated by adding bovine serum
albumin (0.1% w/v). Pulegone was placed carefully on the
TLC plates (0.01 to 1000 ng/spot). In his experiment, physo-
stigmine was used as the control. The plates loaded with ace-
tylcholinesterase solution (3.33U/mL) were dried and
incubated at 37°C for 20min. Enzymatic activity was identi-
fied by spraying a mixture (0.25%) of 1-naphthyl acetate in
ethanol and a (0.25%) mixture of fast blue B salt (20mL).
The inhibition of acetylcholinesterase enzyme resulted in
bright regions on a purple background [40].

2.4. Animals. Male Wistar rats with a body weight of 200-
250 g were kept at a controlled temperature (25 ± 1°C) and

humidity conditions (60 ± 5%). Animals were fed with diet
and water on an ad libitum basis. This experiment was per-
formed in the light of the recommended principles for ani-
mal research and documented approval (#IREC-2020-64)
sanctioned by the institutional research and ethical commit-
tee of the Faculty of Pharmacy, University of Lahore.

2.5. Pharmacological Studies on Pulegone

2.5.1. Measuring Blood Pressure in Anesthetized
Normotensive Rats. Normotensive rats were anesthetized
by injecting ketamine (80mg/kg/i.p) and xylazine (10mg/
kg; i.p) and placed on a dissevering slab beneath a lamp to
maintain constant body temperature. The trachea was
exposed and cannulated to promote persistent breathing. A
polyethylene tube (PE 50) was positioned into the jugular vein
to administer the drug. In contrast, another line was placed
into the carotid artery coupled to a pressure transducer and

Table 1: Primers used in PCR.

Markers Primers

Endothelial nitric oxide synthase (eNOS)
Forward: 5′-CATGTTTGTCTGCGGTGATGT-3′
Reverse: 5′-GCTTCATCCAGCTCCATGCT-3′

Angiotensin-converting enzyme (ACE)
Forward: 5′-GCAGTACAAAGACTTGCCTG-3′
Reverse: 5′-TGGCAGAGGCTGACATGTTA-3′

Intercellular adhesion molecule 1 (ICAM1)
Forward:5′-TTTCGATCTTCCGACTAGGG-3′
Reverse: 5′-AGCTTCAGAGGCAGGAAACA-3′

Endothelin 1 (EDN1)
Forward: 5′-ATGGATTATTTTCCCGTGAT-3′
Reverse: 5′-GGGAGTGTTGACCCAGATGA-3′
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Figure 1: Effects of pulegone-administered i.v. on (a) mean arterial pressure (MAP) and (b) heart rate in anesthetized normotensive rats.
Values are presented as mean ± SEM (n = 6) when one-way ANOVA was applied, followed by Bonferroni’s multiple comparison test.
∗∗∗P < 0:001 and ∗∗P < 0:01 vs. vehicle-treated rats.
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PowerLab data acquisition system (ADI Instruments, Austra-
lia), which measured blood pressure (BP) and heart rate (HR).
Consequently, the rats were stabilized for 30 minutes before
further analysis. To measure the hypotensive dose-response
relationship of pulegone, normotensive rats were treated with
a placebo (i.v. 1% tween 80) or different doses of pulegone
(1mg/kg, 5mg/kg, 10mg/kg, 20mg/kg, and 30mg/kg). Tween
80 was administered to the control group to confirm that the
detected effects were unrelated to the vehicle. After injecting
pulegone, cardiovascular parameters (BP and HR) were
recorded for 45 minutes [41].

2.5.2. Evaluation of Possible Underlying Mechanisms of the
Hypotensive Effect of Pulegone. Animals were anesthetized,
and blood pressure was recorded, as mentioned earlier.
The normotensive group of rats received the following
antagonists (atropine: 1mg/kg (muscarinic receptor
blocker), indomethacin: 5mg/kg (COX inhibitor), and L-
NAME: 20mg/kg (NOS inhibitor)) intravenously 10
minutes before administering pulegone. Then, blood pres-
sure was recorded for 45 minutes using invasive blood pres-
sure measuring technique [41]. For this experiment, we
selected the dose of pulegone that produced at least 50%
blood pressure lowering effect, which was 30mg/kg (i.v.),
as observed in the hypotensive dose-response relationship.

2.5.3. Evaluating Preventative Effect of Pulegone in L-NAME-
Induced Hypertensive Rats. Rats’ weights (150-250 g) were
allocated into six groups (n = 6). Hypertension was induced
in rats by administering L-NAME (40mg/kg) orally for 28
days. The group I assisted as control and received tween 80
(1%). Rats in group II received L-NAME (40mg/kg) and
served as disease control, whereas rats in group III received

captopril (10mg/kg) simultaneously with L-NAME (40mg/
kg). Groups IV, V, and VI rats received L-NAME (40mg/
kg) and three doses of pulegone (20mg/kg, 40mg/kg, and
80mg/kg). According to their body weight, the drug was
administered orally to rats daily at 8 : 00AM. After every
week, three readings of BP and heart rate were recorded
using the tail-cuff method [42]. Furthermore, all rats’ body
weight, urine volume, and glucose levels were measured
weekly.

2.5.4. Effect of Pulegone on Endothelial Dysfunction in L-
NAME-Induced Hypertensive Rats. After 28 days, vascular
reactivity studies were carried out to check the integrity of
the endothelium of the aorta. The thoracic aorta was
removed from each rat and cleaned thoroughly to remove
any intact tissues and fat. It was cut accurately into 3mm
long rings while protecting the endothelium. These rings
were placed in the organ bath, and tension of 1 g was applied
to provide isometric force to the aortic rings. The organ bath
was occupied with 10mL of Krebs solution containing
118mM NaCl, 4.7mM KCl, 1.18mM MgSO4, 1.18mM
KH2PO4, 5.5mM glucose, 2.5mM CaCl2, and 25mM
NaHCO3. The organ bath was maintained at 37°C, pH7.4,
and gas (95% O2, 5% CO2). The system was made to equil-
ibrate for about 1 hour. As soon as the system is stabilized,
phenylephrine (10-6M) is added to the organ bath, which
causes contraction in the aorta rings. Acetylcholine (Ach;
10-9 to 10-4mol/l) was formerly added to measure the relax-
ation of the aortic rings [42].

2.6. Measurement of Physical and Biochemical Parameters

2.6.1. Estimation of Body Weight, Glucose, Urine Volume,
Creatinine, and Sodium Levels. The body weight of all rats
in each group was measured weekly. After withdrawing
0.1mL of blood from the tail vein, plasma glucose levels
were measured precisely using the Accu-Chek blood glu-
cose system (Roche Diagnostics, Basel, Switzerland). Urine
volume and electrolyte (sodium) concentrations were mea-
sured weekly from the urine collected after four hrs. After
28 days, blood was collected by cardiac puncture and cen-
trifuged at 4000 g for 10 minutes. After separating the
serum, creatinine was measured using a standard bio-
chemical kit [43].

2.6.2. Estimation of Lipid Profile and Hepatic Enzymes. At
the end of the experiment, blood samples were collected
and centrifuged at 4000 g for 10 minutes. The serum was
made, and standard biochemical kits were used to measure
the levels of triglycerides, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), and total cholesterol [44].
Aspartate transaminase (AST) and alanine transaminase
(ALT) levels were also measured [45].

2.6.3. Measurement of Serum Nitrite Levels. The oxidative
product of nitric oxide (NO) is nitrite. Therefore, NO con-
centration was measured indirectly by measuring the level
of nitrite. Briefly, N-(1-naphthyl) ethylenediamine and sul-
fanilic acid were mixed to produce the Griess reagent.
100μL of Griess reagent, 300μL of nitrite sample, and
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Figure 2: Effect of pulegone on the decrease in MAP in
normotensive rats pretreated with atropine (1mg/kg),
indomethacin (5mg/kg), and L-NAME (20mg/kg). Values are
presented as mean ± SEM (n = 6) when one-way ANOVA was
applied, followed by Bonferroni’s multiple comparison test.
∗∗∗P < 0:001 vs. pulegone. (a) P < 0:001 vs. vehicle-treated rats.
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2.6mL of deionized water were measured into a spectropho-
tometer cuvette. This sample was placed in an incubator at
room temperature for 30 minutes. Shortly after, a reference

sample was organized by mixing 100μL of Griess reagent
and 2.9mL of deionized water. The absorbance was mea-
sured at 548nm [41].
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Figure 3: Effect of pulegone on (a) mean arterial pressure and (b) heart rate in L-NAME-induced hypertensive rats. Values are presented as
mean ± SEM (n = 6). Two-way ANOVA showed a significant interaction between the variables, and Bonferroni’s multiple comparison tests
were performed. ∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05 vs. L-NAME-treated rats. ∗(A) P < 0:001, (B) P < 0:01, and (C) P < 0:05 vs. vehicle-
treated rats. # denotes P < 0:05 compared to the previous week.
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2.6.4. Evaluation of Oxidative Stress Parameters. The levels
of antioxidant enzyme superoxide dismutase (SOD) and cat-
alase (CAT) were analyzed from the blood samples collected
at the end of the experiment. Catalase (CAT) was deter-
mined by mixing 625μL of 50mM potassium phosphate
buffer, 100μL of 5.9mM hydrogen peroxide (H2O2), and
35μL of supernatant. Changes in absorbance were observed
at 240nm, and an absorbance change of 0.01 units/min was
specified as 1 unit CAT activity [46]. SOD was determined
by mixing sodium pyrophosphate buffer and phenazine
methosulphate. The supernatant was separated after
centrifuging tissue homogenate at 1500 × g for 10min. Then,
150μL of supernatant was added to 50μL of 186mM of
phenazine methosulfate and 600μL of 0.052mM sodium
pyrophosphate buffer (pH 7.0). 100μL of 780μM NADH
was added to the above mixture to start the enzymatic activ-
ity. After 1 minute, glacial acetic acid (500μL) was added to
finish the experiment. An absorbance of 560nm represented
the color intensity [46].

2.7. Reverse Transcription Polymerase Chain Reaction (PCR).
PCR studies were carried out by extracting mRNA from the
plasma of rats and prepared using 100μL as the final vol-
ume. The specific mRNA sequences for the following
primers are mentioned in Table 1 [47].

2.8. Statistical Analysis. The data were first analyzed for
homogeneity of variance and a normal distribution. The
data were analyzed using a one-way or two-way analysis of
variance (ANOVA) followed by Bonferroni’s post hoc test.

The significance level adopted was 95% (P < 0:05). Statistical
analyses and graphics were performed using GraphPad
Prism version 9.5.0. for macOS.

3. Results

3.1. In Vitro DPPH Radical Scavenging Activity. The results
showed that pulegone demonstrated adequate DPPH scav-
enging activity at IC 50 value ± SEM of 21:7 ± 0:83 when
compared with butylated hydroxyl-anisole (BHA) at IC 50
value ± SEM of 44:2 ± 0:08.

3.2. In Vitro Acetylcholinesterase (AChE) Inhibitory Activity.
The results showed that pulegone demonstrated AChE
inhibitory activity at an IC 50 value of 46:6 ± 0:29 compared
with physostigmine at an IC 50 value of 0:29 ± 0:23.

3.3. Hypotensive Dose-Response Relationship of Pulegone in
Normotensive Rats. In this study, no substantial change in
blood pressure and heart rate was observed in the rats
receiving only 1% tween 80 (placebo), whereas treatment
with pulegone at different doses (1mg/kg, 5mg/kg, 10mg/
kg, 20mg/kg, and 30mg/kg; i.v.) reduced mean arterial pres-
sure (MAP) and heart rate (HR) in normotensive rats with
most prominent effect at 30mg/kg, as shown in Figure 1.

3.4. Pulegone Produces a Hypotensive Effect by Muscarinic
Receptors and Cyclooxygenase Pathway. Treatment with
pulegone produced a hypotensive effect in normotensive rats
that were significantly prevented with atropine and indo-
methacin. Treatment with only pulegone (30mg/kg) caused
a 77.43mm Hg decrease in MAP, whereas, in the presence of
atropine and indomethacin, pulegone reduced MAP to 5.42.
and 7.58mm Hg, respectively. However, pretreatment with
L-NAME (40mg/kg) did not change the hypotensive effect
of pulegone, as shown in Figure 2.

3.5. Evaluation of the Preventive Effect of Pulegone in L-
NAME-Induced Hypertensive Rat Model

3.5.1. Effect of Pulegone on Mean Arterial Pressure and Heart
Rate in L-NAME-Induced Hypertensive Rats. Administration
of L-NAME (40mg/kg) resulted in a significant increase in
MAP compared to placebo-treated rats, seen from week 2
of treatment. Treatment with captopril prevented increased
BP and heart rate due to L-NAME administration. Interest-
ingly, pulegone at doses of 20mg/kg, 40mg/kg, and 80mg/
kg prevented the increase in MAP and heart rate, and this
effect continued throughout week three and week four, as
shown in Figure 3. At the end of week 4, L-NAME rats
showed significant increases in MAP and HR compared with
vehicle-treated rats.

3.5.2. Effect of Pulegone on Vascular Dysfunction in L-
NAME-Induced Hypertensive Rats. Our current study
showed that L-NAME impairs vascular response to acetyl-
choline in phenylephrine-precontracted aortic rings by inhi-
biting vasorelaxation in the aortic rings. Treatment with
captopril (10mg/kg) and pulegone (20mg/kg, 40mg/kg,
and 80mg/kg) improved vascular response to acetylcholine
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by exhibiting endothelium-dependent vasorelaxation in L-
NAME-pretreated rats. Results are illustrated in Figure 4.

3.6. Effect of Pulegone on Physical and
Biochemical Parameters

3.6.1. Effect of Pulegone on Body Weight and Glucose in L-
NAME-Induced Hypertensive Rats. Compared to normal
rats, L-NAME hypertensive rats demonstrated raised glu-
cose levels and a marked reduction in body weight in 4
weeks of experimental design. Treatment with pulegone
(20mg/kg, 40mg/kg, and 80mg/kg) reduced body weight
and glucose levels consecutively compared to L-NAME-
induced hypertensive rats. Treatment with captopril
increased body weight in L-NAME-pretreated rats (Table 2).

3.6.2. Effect of Pulegone on Serum Nitrite in L-NAME-
Induced Hypertensive Rats. Serum nitrite levels from diverse
groups are shown in Figure 5. In rats treated with L-NAME,
nitric oxide levels decreased significantly compared to the
vehicle-treated rats based on the inhibition of nitric oxide
synthase by L-NAME. Treatment with pulegone (20mg/kg,
40mg/kg, and 80mg/kg) and captopril (10mg/kg) restored
NO levels to normal in L-NAME-pretreated rats.

3.6.3. Effect of Pulegone on Lipid Profile in L-NAME-Induced
Hypertensive Rats. The results of this experiment indicated
dyslipidemia in L-NAME-treated rats and demonstrated by
raised triglycerides, cholesterol, and LDL combined with
decreased levels of HDL as compared to the vehicle-treated
group. Simultaneous administration of pulegone (20mg/kg,
40mg/kg, and 80mg/kg) restored the concentration of tri-

glycerides, total cholesterol, LDL, and HDL. Treatment with
captopril in L-NAME-pretreated rats caused a decrease in
total cholesterol and triglycerides and increased HDL levels
(Figure 6).

3.6.4. Effect of Pulegone on Endogenous Antioxidant Enzymes
in L-NAME-Induced Hypertensive Rats. Administration of
L-NAME for four weeks resulted in a reduction of endoge-
nous antioxidant enzymes as compared to vehicle-treated
rats. However, treatment with pulegone significantly
restored plasma SOD and CAT levels with more pro-
nounced effects at 40mg/kg and 80mg/kg (Figure 7). Treat-
ment with captopril prevented the decrease in SOD and
CAT compared to the hypertensive rats.

3.6.5. Effect of Pulegone on Liver Enzymes in L-NAME-
Induced Hypertensive Rats. In our present study, liver
enzymes (AST and ALT) were favorably raised after admin-
istering L-NAME compared to vehicle-treated rats, indicat-
ing liver damage (Figure 8). Treatment with pulegone
restored augmented levels of AST and ALT, with maximum
effects at 80mg/kg compared to the L-NAME group. Addi-
tionally, treatment with captopril reinstated AST and ALT
levels in L-NAME-pretreated rats.

3.6.6. Effect of Pulegone on Serum Creatinine, Urine Volume,
and Sodium Levels in L-NAME-Induced Hypertensive Rats.
In this experiment, serum creatinine levels were increased,
and urine sodium levels were decreased in pretreated L-
NAME rats (Figure 9). Nevertheless, treatment with pule-
gone at 20mg/kg, 40mg/kg, 80mg/kg, and captopril
(10mg/kg) restored creatinine, urine sodium, and urine vol-
ume (Table 3) basal values as compared to hypertensive rats.

3.7. Real-Time Quantitative Polymerase Chain
Reaction (qPCR)

3.7.1. Effects of Pulegone on mRNA Expression of eNOS
(Nitric Oxide Synthase), ACE (Angiotensin-Converting
Enzyme), ICAM1 (Intracellular Adhesion Molecule 1), and
EDN1 (Endothelin-1) in L-NAME-Induced Hypertensive
Rats. In this study, eNOS mRNA expression is reduced in
pretreated L-NAME rats compared to vehicle-treated rats
(Figure 10(a)). The simultaneous treatment with pulegone
(40mg/kg and 80mg/kg) raised the mRNA expression of
eNOS in hypertensive rats. Moreover, the diminished
expression of eNOS was also reversed by administering cap-
topril (10mg/kg) in L-NAME-treated rats. Furthermore,
mRNA expression of ACE, ICAM1, and EDN1 was signifi-
cantly increased in L-NAME-treated rats when compared
with the vehicle-treated group (Figures 10(b)–10(d)). Con-
tinuous treatment with different doses of pulegone (20mg/
kg, 40mg/kg, and 80mg/kg) markedly reduced mRNA
expression of ACE, ICAM1, and EDN1 in hypertensive rats.
Similarly, our standard drug captopril also suppressed the
mRNA expression of ACE, ICAM1, and EDN1 towards
average values in L-NAME-pretreated rats.

0

a

60

40

20

⁎⁎⁎

⁎⁎

⁎⁎

⁎⁎

Tween 80

N
itr

ic
 o

xi
de

 (𝜇
M

)

L-NAME (40 mg/kg)
L-NAME (40 mg/kg) + captopril (10 mg/kg)
L-NAME (40 mg/kg) + pulegone (20 mg/kg)
L-NAME (40 mg/kg) + pulegone (40 mg/kg)
L-NAME (40 mg/kg) + pulegone (80 mg/kg)

Figure 5: Effect of pulegone on nitric oxide (NO) in L-NAME-
induced hypertensive rats. Values are expressed as mean ± SEM
(n = 6) when one-way ANOVA was applied, followed by
Bonferroni’s multiple comparison test. ∗∗∗P < 0:001 and ∗∗P <
0:01 vs. L-NAME-treated rats. (a) P < 0:001 vs. vehicle-treated rats.
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4. Discussion

Natural products and phytochemicals derived from medici-
nal plants have led to new drugs with desirable health bene-
fits and fewer side effects [12, 48]. Pulegone, a monoterpene,
has been stated previously to have numerous pharmacologi-
cal activities such as cardiovascular [20], antioxidant [22],
analgesic [24], and anti-inflammatory activities [25]. Our
present study evaluated pulegone for its hypotensive activity
in normotensive rats and antihypertensive activity in the L-

NAME-induced hypertensive rat model. Pulegone prevented
L-NAME-induced hypertension by demonstrating a hypo-
tensive effect by activating muscarinic receptors and the
cyclooxygenase pathway. It also prevented oxidative stress,
vascular dysfunction, and urine and sodium retention in L-
NAME-treated rats. To measure the hypotensive dose-
response relationship of pulegone, normotensive rats were
administered a placebo (1% tween 80) and different doses
of pulegone (1mg/kg, 5mg/kg, 10mg/kg, 20mg/kg, and
30mg/kg; i.v.). Pulegone showed a dose-dependent
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hypotensive effect in anesthetized normotensive rats, with
the highest impact at 30mg/kg. Data obtained with a
mechanism-based study indicates that the hypotensive effect
of pulegone was reduced in the presence of atropine and
indomethacin. In contrast, L-NAME did not change its
hypotensive effect. Indomethacin, a potent inhibitor of
COX-1 and COX-2, inhibits the synthesis of prostaglandins.
Previous literature reported that prostaglandins such as
prostacyclin (PGI2) reduce blood pressure by increasing
the level of cAMP leading to vasorelaxation and, ultimately,
hypotension [8, 9]. As in our study, indomethacin blocked
the hypotensive effects of pulegone in rats, indicating that
COX pathways may be involved in the hypotensive effect
seen with pulegone.

Atropine is a muscarinic receptor blocker that blocks the
inhibitory effects of acetylcholine [6]. Previous observations
show that acetylcholine (via M3 receptors) enhances NO
release [7]. It is also known that M2 muscarinic receptors,
via inhibition of adenylyl cyclase, cause indirect contraction
of bladder smooth muscles, whereas M3 receptors directly
mediate contractile effects of acetylcholine in the detrusor
muscle, leading to enhanced urination [41]. As in our study,
the presence of atropine blocked pulegone’s effects of pule-
gone, so it is hypothesized that pulegone may act through
M3 receptors on detrusor muscle which causes its contrac-
tion and enhances diuresis, therefore reducing blood pres-
sure. Increased urine and sodium excretion in pretreated
L-NAME rats with pulegone also support the activation of
this pathway. Moreover, pulegone also demonstrated AChE
inhibitory activity. Therefore, it can be hypothesized that
pulegone enhances NO production, stimulates muscarinic
receptors, and increases urine flow to produce a hypotensive
effect. Our results were from a previous study where Cyperus
esculentus L. inhibits AChE activity and augments the
release of NO from endothelial cells [49].

In this study, pulegone significantly prevented hyperten-
sion in the L-NAME-induced hypertensive rat model. While
evaluating its preventative effect, we used three different
doses of pulegone (20mg/kg, 40mg/kg, and 80mg/kg) with
previous reference to the fact that these doses were safe,
and no toxic activity is observed [33]. The primary effect
of parasympathetic stimulation is to decrease cardiac output
by decreasing heart rate. Activation of M₂ receptors on car-
diac muscle inhibits adenyl cyclase and increases potassium
conductance which reduces heart rate [50]. So, it can be
hypothesized that pulegone decreases heart rate through
the above mechanism. Administration of pulegone in pre-
treated L-NAME rats decreases body weight and glucose
levels. Based on previous studies, a decrease in water and
food consumption reduces body weight. Moreover, as our
drug demonstrated hypolipidemic properties, this further
reduces body weight [51]. Decreased NO bioavailability
increases levels of glucose and leads to diabetes mellitus.
Our drug pulegone increases NO levels which decrease glu-
cose levels which are primarily mediated by the sGC–cGMP
pathway [52].

It is well-known that the administration of L-NAME
inhibits eNOS synthase, decreases NO bioavailability, and
increases blood pressure. Various studies have supported
that L-NAME reduces NO/cGMP activity, activates the
renin system, and increases sympathetic tone, raising blood
pressure [44, 53]. Endothelial cells synthesize and release
nitric oxide, which is involved in vascular cell proliferation
[54]. Administration of L-NAME in our current study
reduces NO levels, which causes endothelial dysfunction
and hypertension [55]. This outcome was similar to former
studies, where L-NAME increased BP and significantly
decreased serum NO by inhibiting the enzyme NO synthase
[46]. Treatment with pulegone prevented the decrease in
plasma NO levels. Previous studies have proven that many
phytoconstituents increased NO levels by activating eNOS
[54]. Therefore, an increased level of NO in rats treated with
pulegone could be due to an increase in the activity of eNOS.
This study’s results align with Aekthammarat et al. [56], who
reported thatMoringa oleifera Lam. improves vascular func-
tion by enhancing NO production. Our results also showed
that L-NAME impairs vascular response to acetylcholine
by inhibiting vasorelaxation in the aortic rings. This was rel-
evant in a previous study where Ajebli and Eddouks [35]
reported that L-NAME attenuated the vasorelaxant effect.
This outcome may result from NO deficiency, which
increases vasoconstrictors derived from the cyclooxygenase
pathway [57]. Thus, it can be postulated that pulegone pre-
vented endothelial dysfunction and hypertension in L-
NAME-treated rats by preventing the decrease in NO level.

Oxidative stress and ROS production lead to the devel-
opment of hypertension in L-NAME-treated rats [58]. Sup-
porting evidence shows that oxidative stress plays a vital role
in hypertensive rats by reducing endogenous antioxidant
enzymes [46]. Oxidative stress reduces NO production,
impairs vasodilation, and causes endothelial dysfunction
[59]. In our study, levels of SOD and CAT were prominently
reduced in L-NAME-treated rats. Our results reveal that
induction with L-NAME increases ROS and decreases
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antioxidant enzymes. However, treatment with pulegone
was able to mitigate oxidative stress by restoring SOD and
CAT activities in pretreated L-NAME rats. This finding is
from a recent study that showed that carvone significantly
increased SOD and CAT levels by decreasing ROS produc-
tion in hypertensive rats [60]. The above results suggest

the favorable effects of pulegone in hypertension by aug-
menting endogenous antioxidants and enhancing NO pro-
duction. To confirm the impact of pulegone against
oxidative stress, DPPH radical scavenging assay was per-
formed, which indicated the antioxidant activity of pulegone
due to its hydrogen ion-donating ability [61].
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Figure 10: Expression of mRNA for (a) eNOS, (b) ACE, (c) ICAM1, and (d) EDN1 analyzed by RT-PCR in L-NAME-induced hypertensive
rats. Values are expressed as mean ± SEM (n = 6) when one-way ANOVA was applied, followed by Bonferroni’s multiple comparison test.
∗∗∗P < 0:001, ∗∗P < 0:01, and ∗P < 0:05 vs. L-NAME-treated rats. (A) P < 0:005 and (B) P < 0:001 vs. vehicle-treated rats.

13Cardiovascular Therapeutics



Previous studies reported that inhibition of NO synthase
by L-NAME disturbs levels of HDL, LDL, total cholesterol,
and triglycerides which causes hypertension [45]. Our
results indicate dyslipidemia in L-NAME-treated rats, which
is proven by elevated triglycerides, cholesterol, and LDL
coupled with reduced HDL levels. The augmented levels of
triglyceride and cholesterol might be due to a reduction in
the oxidation of fatty acids [62]. Captopril and pulegone
modified the lipid profile by restoring TC, LDL, TG, and
HDL levels. A recent study by Abdel-Rahman et al. [44] sup-
ported the above finding, where Olea europaea L. demon-
strates significant hypolipidemic activity in hypertensive
rats. These outcomes clearly show pulegone’s hypolipidemic
properties, which may contribute to its hypotensive effect.

It is evidenced that impairment of AST and ALT raises
blood pressure. Liver enzymes such as ALT and AST are ele-
vated in plasma and used as markers of hepatic dysfunction
in cardiovascular diseases such as hypertension [63]. In our
present study, AST and ALT were amplified in L-NAME-
treated rats. L-NAME increases oxidative stress and causes
liver damage [45]. Treatment with pulegone exhibited a pro-
tective effect on the liver by reducing AST and ALT levels. A
previous study reported that lutein provided hepatic protec-
tion by decreasing AST and ALT levels in L-NAME-treated
rats [59].

Kidneys maintain water and electrolytes in the human
body with the help of NO, which regulates the renal system
[64]. In our present study, urine volume and sodium levels
were significantly reduced, whereas creatinine levels were
considerably increased in the serum of L-NAME-treated
rats. This study implies previous findings where RAS activa-
tion and inhibition of NO by L-NAME lead to decreased
sodium excretion and hypertension [45, 65]. Treatment with
pulegone in L-NAME-treated rats significantly increased the
urine volume and sodium excretion, reducing blood pres-
sure. Therefore, it is hypothesized that pulegone acts
through M2/M3 receptors (urinary bladder muscles),
enhancing diuresis, increasing NO levels, and lowering
blood pressure [7, 41].

To obtain more information about how pulegone
reduces blood pressure, mRNA expression of eNOS, ACE,
ICAM1, and EDN1 was measured. In our current study,
administration of L-NAME increases mRNA expression of
ACE, ICAM1, and EDN1, and mRNA expression of eNOS
was significantly reduced due to the inhibition of eNOS. L-
NAME activates ACE and increases ANG II production by
causing vascular inflammation and atherosclerosis, contrib-
uting to hypertension [66, 67]. However, treatment with
pulegone suppressed ACE expression. This was relevant to
our previous studies, which reported that the Sorbus com-
mixta Hedl. demonstrated a hypotensive effect by downreg-
ulating mRNA expression of ACE in L-NAME-treated
rats [68].

Furthermore, the administration of L-NAME raises
ICAM-1 level by inhibiting eNOS and T-cell infiltration
[69, 70]. T-cell infiltration causes ANG II production, which
is a potent vasoconstrictor, and thus increases blood pres-
sure. Former data reveals that plant extracts have suppressed
ICAM1 levels in hypertensive rats via NO/cGMP signaling

[71, 72]. Therefore, the anti-inflammatory response of pule-
gone could be facilitated by restoring NO levels and reduc-
ing the infiltration of immune cells. Moreover, L-NAME
increases EDN1 expression by stimulating ROS, which
induces endothelial dysfunction and hypertension [68, 73].
Treatment with pulegone reduces augmented EDN1 expres-
sion in pretreated L-NAME rats. Therefore, it may be sup-
posed that pulegone restores high expression of EDN1 by
reducing oxidative stress and preventing vascular
hypertrophy.

5. Conclusion

In conclusion, our results confirm that pulegone prevents L-
NAME-induced hypertension by demonstrating a hypoten-
sive effect through muscarinic receptors and the cyclooxy-
genase pathway. Pulegone improved liver and kidney
functions and lipid profile and restored antioxidant enzymes
in L-NAME-treated rats. It also prevented vascular dysfunc-
tion by restoring NO levels in endothelial cells. Moreover,
pulegone restored mRNA expression of eNOS, ACE,
ICAM1, and EDN1. These findings indicate that pulegone
can be a potential future candidate in the management of
hypertension.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Ethical Approval

This experiment was performed in the light of the recom-
mended principles and documented approval (#IREC-
2020-64) sanctioned by the institutional research and ethical
committee of the Faculty of Pharmacy, University of Lahore.

Conflicts of Interest

The authors declare that they have no conflict of interests.

Authors’ Contributions

MAR performed the study along with RE. WY and Alamgeer
supervised this study. MNHM and SJ helped with the PCR
facility and result interpretation. TGA, AGJ, and AB majorly
contributed to the write-up and corrections of the paper.

Acknowledgments

We are thankful to the University of Health Sciences Lahore
for providing the facility to perform PCR work.

References

[1] M. Thiriet and M. Thiriet, “Cardiovascular disease: an intro-
duction,” Vasculopathies, vol. 8, 2018.

[2] K. M. Beyer, “Chapter 10–chronic environmental diseases:
burdens, causes, and response,” Biological and environmental
hazards, risks, and disasters, vol. 5, pp. 191–217, 2016.

14 Cardiovascular Therapeutics



[3] S. Singh, R. Shankar, and G. P. Singh, “Prevalence and associ-
ated risk factors of hypertension: a cross-sectional study in
urban Varanasi,” International Journal of Hypertension,
vol. 2017, Article ID 5491838, 10 pages, 2017.

[4] B. Nuraini, “Risk factors of hypertension,” Jurnal Majority,
vol. 4, no. 5, pp. 10–19, 2015.

[5] K. T. Mills, A. Stefanescu, and J. He, “The global epidemiology
of hypertension,” Nature Reviews. Nephrology, vol. 16, no. 4,
pp. 223–237, 2020.

[6] S. J. Oh, “Treatment and management of disorders of the neu-
romuscular junction,” in Neuromuscular Disorders: Treatment
and Management, pp. 307–342, WB Saunders, 2011.

[7] C. M. Boulanger, K. J. Morrison, and P. M. Vanhoutte, “Medi-
ation by M3-muscarinic receptors of both endothelium-
dependent contraction and relaxation to acetylcholine in the
aorta of the spontaneously hypertensive rat,” British Journal
of Pharmacology, vol. 112, no. 2, pp. 519–524, 1994.

[8] F. El-Ouady and M. Eddouks, “Ruta montana evokes antihy-
pertensive activity through an increase of prostaglandins
release in L-NAME-induced hypertensive rats,” Endocrine,
Metabolic & Immune Disorders Drug Targets, vol. 21, no. 2,
pp. 305–314, 2021.

[9] H. Pluchart, C. Khouri, S. Blaise, M. Roustit, and J.-
L. Cracowski, “Targeting the prostacyclin pathway: beyond
pulmonary arterial hypertension,” Trends in Pharmacological
Sciences, vol. 38, no. 6, pp. 512–523, 2017.

[10] C. Cuspidi, M. Tadic, G. Grassi, and G. Mancia, “Treatment of
hypertension: the ESH/ESC guidelines recommendations,”
Pharmaceutical Research, vol. 128, pp. 315–321, 2018.

[11] H.-Y. Lee, J. Shin, G.-H. Kim et al., “2018 Korean society of
hypertension guidelines for the management of hypertension:
part II-diagnosis and treatment of hypertension,” Clinical
Hypertension, vol. 25, pp. 1–24, 2019.

[12] G. Velu, V. Palanichamy, and A. P. Rajan, “Phytochemical and
pharmacological importance of plant secondary metabolites in
modern medicine,” in Bioorganic Phase in Natural Food: An
Overview, pp. 135–156, Springer, Cham, 2018.

[13] S. N. Jimenez-Garcia, M. A. Vazquez-Cruz, L. Garcia-Mier
et al., “Chapter 13 - Phytochemical and Pharmacological Prop-
erties of Secondary Metabolites in Berries,” in Therapeutic
Foods, pp. 397–427, Handbook of Food Bioengineering, 2018.

[14] K. Ried, O. R. Frank, N. P. Stocks, P. Fakler, and T. Sullivan,
“Effect of garlic on blood pressure: a systematic review and
meta-analysis,” BMCCardiovascular Disorders, vol. 8, no. 1, 2008.

[15] P. Landazuri, N. L. Chamorro, and B. P. Cortes, “Medicinal
plants used in the management hypertension,” Journal of Ana-
lytical & Pharmaceutical Research, vol. 5, no. 2, article 00134,
2017.

[16] J. A. Hasrat, L. Pieters, and A. J. Vlietinck, “Medicinal plants in
Suriname: hypotensive effect of Gossypium barbadense,” The
Journal of pharmacy and pharmacology, vol. 56, no. 3,
pp. 381–387, 2004.

[17] I. Sánchez-Ramos and P. Castañera, “Acaricidal activity of nat-
ural monoterpenes on Tyrophagus putrescentiae (Schrank), a
mite of stored food,” Journal of Stored Products Research,
vol. 37, no. 1, pp. 93–101, 2000.

[18] L. Cariddi, F. Escobar, M. Moser et al., “Monoterpenes isolated
from Minthostachys verticillata(Griseb.) Epling essential oil
modulates immediate-type hypersensitivity responses in vitro
and in vivo,” Planta Medica, vol. 77, no. 15, pp. 1687–1694,
2011.

[19] F. Siano, M. Catalfamo, D. Cautela, L. Servillo, and
D. Castaldo, “Analysis of pulegone and its enanthiomeric dis-
tribution in mint-flavoured food products,” Food Additives
and Contaminants, vol. 22, no. 3, pp. 197–203, 2005.

[20] S. V. de Cerqueira, A. N. Gondim, D. Roman-Campos et al.,
“R(+)-pulegone impairs Ca2+ homeostasis and causes negative
inotropism in mammalian myocardium,” European Journal of
Pharmacology, vol. 672, no. 1-3, pp. 135–142, 2011.

[21] T. Baygar, “The inhibition effects of eugenol and pulegone on
Stenotrophomonas maltophilia: an opportunistic pathogen,”
Erciyes Üniversitesi Veteriner Fakültesi Dergisi, vol. 16, no. 1,
pp. 23–29, 2019.

[22] A. Rabinovich, N. Romanoff, D. Mordvinov, and M. Ivanov,
“The effects of oral administration of pulegone in carbon
tetrachloride-induced oxidative stress in Wistar rats,” GMJ
Medicine, vol. 3, no. 1, pp. 132–138, 2019.

[23] T. C. de Souza, A. R. Périssé, and M. Moura, “Noise exposure
and hypertension: investigation of a silent relationship,” BMC
Public Health, vol. 15, no. 1, p. 328, 2015.

[24] S. M. Alavian, A. Ghorbani, and M. Roshani, “Analgesic effect
of Ziziphora tenuior essential oil and lubricant gel in patients
referring for colonoscopy: a randomized double-blind clinical
trial,” Govaresh, vol. 25, no. 1, pp. 51–55, 2020.

[25] Q. Yang, J. Luo, H. Lv et al., “Pulegone inhibits inflammation
via suppression of NLRP3 inflammasome and reducing cyto-
kine production in mice,” Immunopharmacology and Immu-
notoxicology, vol. 41, no. 3, pp. 420–427, 2019.

[26] L. N. Andrade, D. P. De Sousa, and J. S. Batista, “Action mech-
anism of the monoterpenes (+)-pulegone and 4-terpinyl ace-
tate in isolated guinea pig ileum,” Boletin Latinoamericano y
del Caribe de Plantas Medicinales y Aromaticas, vol. 12,
no. 6, pp. 581–591, 2013.

[27] D. P. de Sousa, F. F. Nóbrega, M. R. de Lima, and R. N. de
Almeida, “Pharmacological activity of (R)-(+)-pulegone, a
chemical constituent of essential oils,” Zeitschrift für Natur-
forschung, vol. 66, no. 7-8, pp. 353–359, 2011.

[28] G. E. Meral, S. Konyalioglu, and B. Ozturk, “Essential oil com-
position and antioxidant activity of endemic Ziziphora taurica
subsp. cleonioides,” Fitoterapia, vol. 73, no. 7-8, pp. 716–718,
2002.

[29] D. R. K. Joshi, “Pulegone and menthone chemotypes of
Mentha spicata Linn. from Western Ghats region of North
West Karnataka, India,” National Academy Science Letters,
vol. 36, no. 3, pp. 349–352, 2013.

[30] S. A. Cetinus, I. Göze, B. Saraç, and N. Vural, “Scavenging
effect and antispasmodic activity of the essential oil of _Cyclo-
trichium niveum_,” Fitoterapia, vol. 78, no. 2, pp. 129–133,
2007.

[31] M. E. Duru, M. Öztürk, A. Uğur, and Ö. Ceylan, “The constit-
uents of essential oil and in vitro antimicrobial activity of
Micromeria cilicica from Turkey,” Journal of Ethnopharmacol-
ogy, vol. 94, no. 1, pp. 43–48, 2004.

[32] N. T. Program, “Toxicology and carcinogenesis studies of
pulegone (CAS No. 89-82-7) in F344/N rats and B6C3F1 mice
(gavage studies),” National Toxicology Program Technical
Report Series, vol. 563, pp. 1–201, 2011.

[33] A. G. Jalilzadeh and M. Mahama, “Evaluation of pulegone on
transit time and castor-oil induced diarrhea in rat,” Pharma-
ceutical Sciences, vol. 19, no. 3, pp. 77–82, 2013.

[34] R. Bello, S. Calatayud, B. Beltrán, E. Primo-Yúfera, and
J. Esplugues, “Cardiovascular effects of the methanol and

15Cardiovascular Therapeutics



dichloromethanol extracts from Mentha suaveolens Ehrh,”
Phytotherapy Research, vol. 15, no. 5, pp. 447-448, 2001.

[35] M. Ajebli and M. Eddouks, “Vasorelaxant and antihyperten-
sive effects of Mentha pulegium L. in rats: an in vitro and
in vivo approach,” Endocrine, Metabolic & Immune Disorders
- Drug Targets, vol. 21, no. 7, pp. 1289–1299, 2021.

[36] S. Patil, S. Bachhav, M. Bhutada, S. Patil, and K. Sharma,
“Oleanolic acid prevents increase in Blood pressure and neph-
rotoxicity in nitric oxide dependent type of hypertension in
rats,” Pharmaceutical Research, vol. 7, no. 4, pp. 385–392,
2015.

[37] T. Liu, M. Zhang, G. T. Mukosera et al., “L-NAME releases
nitric oxide and potentiates subsequent nitroglycerin-
mediated vasodilation,” Redox Biology, vol. 26, article
101238, 2019.

[38] J. Kopincová, A. Púzserová, and I. Bernátová, “L-NAME in the
cardiovascular system - nitric oxide synthase activator?,” Phar-
macological Reports, vol. 64, no. 3, pp. 511–520, 2012.

[39] İ. Gülçin, H. A. Alici, and M. Cesur, “Determination of in vitro
antioxidant and radical scavenging activities of propofol,”
Chemical & Pharmaceutical Bulletin, vol. 53, no. 3, pp. 281–
285, 2005.

[40] M. S. de Oliveira, J. N. da Cruz, S. G. Silva et al., “Phytochem-
ical profile, antioxidant activity, inhibition of acetylcholines-
terase and interaction mechanism of the major components
of the Piper divaricatum essential oil obtained by supercritical
CO2,” The Journal of Supercritical Fluids, vol. 145, pp. 74–84,
2019.

[41] W. Younis, V. B. Schini-Kerth, D. B. da Silva, A. G. Junior, I. A.
Bukhari, and A. M. Assiri, “Role of the NO/cGMP pathway
and renin-angiotensin system in the hypotensive and diuretic
effects of aqueous soluble fraction from Crataegus songarica
K. Koch,” Journal of Ethnopharmacology, vol. 249, article
112400, 2020.

[42] S. K. Kanthlal, J. Joseph, B. Paul, M. Vijayakumar, and P. Uma
Devi, “Antioxidant and vasorelaxant effects of aqueous extract
of large cardamom in L-NAME induced hypertensive rats,”
Clinical and Experimental Hypertension, vol. 42, no. 7,
pp. 581–589, 2020.

[43] M. Saravanakumar and B. Raja, “Veratric acid, a phenolic acid
attenuates blood pressure and oxidative stress in l-NAME
induced hypertensive rats,” European Journal of Pharmacol-
ogy, vol. 671, no. 1-3, pp. 87–94, 2011.

[44] R. F. Abdel-Rahman, A. F. Hessin, M. Abdelbaset, H. A. Ogaly,
R. M. Abd-Elsalam, and S. M. Hassan, “Antihypertensive
effects of Roselle-Olive combination in L-NAME-induced
hypertensive rats,” Oxidative Medicine and Cellular Longevity,
vol. 2017, Article ID 9460653, 24 pages, 2017.

[45] D. C. Bilanda, P. D. Dzeufiet, L. Kouakep et al., “Bidens pilosa
ethylene acetate extract can protect against L-NAME-induced
hypertension on rats,” BMC Complementary and Alternative
Medicine, vol. 17, no. 1, 2017.

[46] S. Kumar, P. Prahalathan, and B. Raja, “Syringic acid amelio-
rates l-NAME-induced hypertension by reducing oxidative
stress,” Naunyn-Schmiedeberg's Archives of Pharmacology,
vol. 385, no. 12, pp. 1175–1184, 2012.

[47] J. L. Miguel-Carrasco, A. Mate, M. T. Monserrat, J. L. Arias,
O. Aramburu, and C. M. Vázquez, “The role of inflammatory
markers in the cardioprotective effect of L-carnitine in L-
NAME-induced hypertension,” American Journal of Hyper-
tension, vol. 21, no. 11, pp. 1231–1237, 2008.

[48] F. Jamshidi-Kia, Z. Lorigooini, and H. Amini-Khoei, “Medici-
nal plants: past history and future perspective,” Journal of
Herbmed Pharmacology, vol. 7, no. 1, pp. 1–7, 2018.

[49] A. A. Olabiyi, F. B. Carvalho, N. B. Bottari et al., “Dietary sup-
plementation of tiger nut alters biochemical parameters rele-
vant to erectile function in L-NAME treated rats,” Food
Research International, vol. 109, pp. 358–367, 2018.

[50] R. D. Harvey, “Muscarinic receptor agonists and antagonists:
effects on cardiovascular function,”Handbook of Experimental
Pharmacology, vol. 208, 2012.

[51] K.-D. Cho, C.-K. Han, and B.-H. Lee, “Loss of body weight and
fat and improved lipid profiles in obese rats fed apple pomace
or apple juice concentrate,” Journal of Medicinal Food, vol. 16,
no. 9, pp. 823–830, 2013.

[52] Z. Bahadoran, P. Mirmiran, and A. Ghasemi, “Role of nitric
oxide in insulin secretion and glucose metabolism,” Trends
in Endocrinology and Metabolism, vol. 31, no. 2, pp. 118–
130, 2020.

[53] M. F. Metchi Donfack, A. D. Atsamo, R. J. Temdié Guem-
mogne, O. B. Ngouateu Kenfack, A. B. Dongmo, and
T. Dimo, “Antihypertensive effects of the Vitex cienkowskii
(Verbenaceae) stem-bark extract on L-NAME-induced hyper-
tensive rats,” Evidence-based Complementary and Alternative
Medicine, vol. 2021, Article ID 6668919, 10 pages, 2021.

[54] A. Ugusman, Z. Zakaria, K. H. Chua, N. A. M. M. Nordin, and
M. Z. Abdullah, “Role of rutin on nitric oxide synthesis in
human umbilical vein endothelial cells,” The Scientific World
Journal, vol. 2014, Article ID 169370, 9 pages, 2014.

[55] A. Sandoo, J. J. C. S. V. van Zanten, G. S. Metsios, D. Carroll,
and G. D. Kitas, “The endothelium and its role in regulating
vascular tone,” The Open Cardiovascular Medicine Journal,
vol. 4, no. 1, pp. 302–312, 2010.

[56] D. Aekthammarat, P. Pannangpetch, and P. Tangsucharit,
“Moringa oleifera leaf extract lowers high blood pressure by
alleviating vascular dysfunction and decreasing oxidative
stress in L-NAME hypertensive rats,” Phytomedicine, vol. 54,
pp. 9–16, 2019.

[57] M. Ajebli and M. Eddouks, “Eucalyptus globulus possesses
antihypertensive activity in L-NAME-induced hypertensive
rats and relaxes isolated rat thoracic aorta through nitric oxide
pathway,” Natural Product Research, vol. 35, no. 5, pp. 819–
821, 2021.

[58] J. Wu and D. Harrison, “Oxidative stress and hypertension,” in
Blood Pressure and Arterial Wall Mechanics in Cardiovascular
Diseases, pp. 175–191, Springer, 2014.

[59] J. H. Sung, Y. S. Jo, S. J. Kim et al., “Effect of lutein on L-
NAME-induced hypertensive rats,” The Korean Journal of
Physiology & Pharmacology, vol. 17, no. 4, pp. 339–345, 2013.

[60] T. Rajeshwari and B. Raja, “D-carvone, a monoterpene
reverses alterations in heart rate, nitric oxide, Aortic Lipids
and Enzymatic Antioxidant Status in Nitric Oxide Deficient
Hypertensive Rats,” International Letters of Natural Sciences,
vol. 32, pp. 19–31, 2015.

[61] M. Gangwar, M. K. Gautam, A. K. Sharma, Y. B. Tripathi, R. K.
Goel, and G. Nath, “Antioxidant Capacity and Radical Scav-
enging Effect of Polyphenol RichMallotus philippenensis Fruit
Extract on Human Erythrocytes: An In Vitro Study,” The Sci-
entific World Journal, vol. 2014, Article ID 279451, 12 pages,
2014.

[62] P. Nyadjeu, E. P. Nguelefack-Mbuyo, A. D. Atsamo, T. B.
Nguelefack, A. B. Dongmo, and A. Kamanyi, “Acute and

16 Cardiovascular Therapeutics



chronic antihypertensive effects of Cinnamomum zeylanicum
stem bark methanol extract in L-NAME-induced hypertensive
rats,” BMC Complementary and Alternative Medicine, vol. 13,
no. 1, 2013.

[63] B. Li, X. He, S. S. Lei et al., “Hypertensive rats treated chroni-
cally with N(ω)-Nitro-L-Arginine methyl ester (L-NAME)
induced disorder of hepatic fatty acid metabolism and intesti-
nal pathophysiology,” Frontiers in Pharmacology, vol. 10,
2019.

[64] V. R. Mali, V. Mohan, and S. L. Bodhankar, “Antihypertensive
and cardioprotective effects of the Lagenaria siceraria fruit in
NG-nitro-L-arginine methyl ester (L-NAME) induced hyper-
tensive rats,” Pharmaceutical Biology, vol. 50, no. 11,
pp. 1428–1435, 2012.

[65] M. L. Graciano, C. R. de Cassia, H. Dellê et al., “Intrarenal
renin-angiotensin system is upregulated in experimental
model of progressive renal disease induced by chronic inhibi-
tion of nitric oxide synthesis,” Journal of the American Society
of Nephrology, vol. 15, no. 7, pp. 1805–1815, 2004.

[66] M. Ohsawa, K. Tamura, H. Wakui et al., “Deletion of the
angiotensin II type 1 receptor-associated protein enhances
renal sodium reabsorption and exacerbates angiotensin II-
mediated hypertension,” Kidney International, vol. 86, no. 3,
pp. 570–581, 2014.

[67] M. Pacurari, R. Kafoury, P. B. Tchounwou, and K. Ndebele,
“The renin-angiotensin-aldosterone system in vascular
inflammation and remodeling,” International Journal of
Inflammation, vol. 2014, Article ID 689360, 13 pages, 2014.

[68] E. J. Sohn, D. G. Kang, D. H. Choi et al., “Effect of methanol
extract of Sorbus cortex in a rat model of L-NAME-induced
atherosclerosis,” Biological and Pharmaceutical Bulletin,
vol. 28, no. 7, pp. 1239–1243, 2005.

[69] J. Rincón, D. Correia, J. L. Arcaya et al., “Role of angiotensin II
type 1 receptor on renal NAD(P)H oxidase, oxidative stress
and inflammation in nitric oxide inhibition induced-hyperten-
sion,” Life Sciences, vol. 124, pp. 81–90, 2015.

[70] H. Toba, Y. Nakagawa, S. Miki et al., “Calcium channel block-
ades exhibit anti-inflammatory and antioxidative effects by
augmentation of endothelial nitric oxide synthase and the
inhibition of angiotensin converting enzyme in the NG-nitro-
l-arginine methyl ester-induced hypertensive rat aorta: vaso-
protective effects beyond the blood pressure-lowering effects
of amlodipine and manidipine,” Hypertension Research,
vol. 28, no. 8, pp. 689–700, 2005.

[71] W. Fu, P. Wang, H. Wu et al., “Antihypertensive effects of Tri-
chiurus lepturus myosin hydrolysate in spontaneously hyper-
tensive rats,” Food & Function, vol. 11, no. 4, pp. 3645–3656,
2020.

[72] F. Lin, X. Huang, F. Xing et al., “Semen brassicae reduces tho-
racic aortic remodeling, inflammation, and oxidative damage
in spontaneously hypertensive rats,” Biomedicine & Pharma-
cotherapy, vol. 129, article 110400, 2020.

[73] T. Rajeshwari, B. Raja, J. Manivannan, and T. Silambarasan,
“Valproic acid attenuates blood pressure, vascular remodeling
and modulates ET-1 expression in L-NAME induced hyper-
tensive rats,” Biomedicine & Preventive Nutrition, vol. 4,
no. 2, pp. 195–202, 2014.

17Cardiovascular Therapeutics


	Pulegone Prevents Hypertension through Activation of Muscarinic Receptors and Cyclooxygenase Pathway in L-NAME-Induced Hypertensive Rats
	1. Introduction
	2. Materials and Methods
	2.1. Chemicals
	2.2. In Vitro Antioxidant Assay
	2.2.1. DPPH Radical Scavenging Activity

	2.3. Acetylcholinesterase (AChE) Inhibitory Activity Assay
	2.4. Animals
	2.5. Pharmacological Studies on Pulegone
	2.5.1. Measuring Blood Pressure in Anesthetized Normotensive Rats
	2.5.2. Evaluation of Possible Underlying Mechanisms of the Hypotensive Effect of Pulegone
	2.5.3. Evaluating Preventative Effect of Pulegone in L-NAME-Induced Hypertensive Rats
	2.5.4. Effect of Pulegone on Endothelial Dysfunction in L-NAME-Induced Hypertensive Rats

	2.6. Measurement of Physical and Biochemical Parameters
	2.6.1. Estimation of Body Weight, Glucose, Urine Volume, Creatinine, and Sodium Levels
	2.6.2. Estimation of Lipid Profile and Hepatic Enzymes
	2.6.3. Measurement of Serum Nitrite Levels
	2.6.4. Evaluation of Oxidative Stress Parameters

	2.7. Reverse Transcription Polymerase Chain Reaction (PCR)
	2.8. Statistical Analysis

	3. Results
	3.1. In Vitro DPPH Radical Scavenging Activity
	3.2. In Vitro Acetylcholinesterase (AChE) Inhibitory Activity
	3.3. Hypotensive Dose-Response Relationship of Pulegone in Normotensive Rats
	3.4. Pulegone Produces a Hypotensive Effect by Muscarinic Receptors and Cyclooxygenase Pathway
	3.5. Evaluation of the Preventive Effect of Pulegone in L-NAME-Induced Hypertensive Rat Model
	3.5.1. Effect of Pulegone on Mean Arterial Pressure and Heart Rate in L-NAME-Induced Hypertensive Rats
	3.5.2. Effect of Pulegone on Vascular Dysfunction in L-NAME-Induced Hypertensive Rats

	3.6. Effect of Pulegone on Physical and Biochemical Parameters
	3.6.1. Effect of Pulegone on Body Weight and Glucose in L-NAME-Induced Hypertensive Rats
	3.6.2. Effect of Pulegone on Serum Nitrite in L-NAME-Induced Hypertensive Rats
	3.6.3. Effect of Pulegone on Lipid Profile in L-NAME-Induced Hypertensive Rats
	3.6.4. Effect of Pulegone on Endogenous Antioxidant Enzymes in L-NAME-Induced Hypertensive Rats
	3.6.5. Effect of Pulegone on Liver Enzymes in L-NAME-Induced Hypertensive Rats
	3.6.6. Effect of Pulegone on Serum Creatinine, Urine Volume, and Sodium Levels in L-NAME-Induced Hypertensive Rats

	3.7. Real-Time Quantitative Polymerase Chain Reaction (qPCR)
	3.7.1. Effects of Pulegone on mRNA Expression of eNOS (Nitric Oxide Synthase), ACE (Angiotensin-Converting Enzyme), ICAM1 (Intracellular Adhesion Molecule 1), and EDN1 (Endothelin-1) in L-NAME-Induced Hypertensive Rats


	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



