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ARTICLE INFO ABSTRACT

Keywords: Ethnopharmacological relevance: Ajuga iva (L.) Schreb. (Labiatae) (AI) is used in folk medicine for a variety of
Antihypertensive ailments, including diabetes mellitus and hypertension.

Vasorelaxant Aim of the study: In this work, we aimed to investigate the antihypertensive and vasorelaxant effects of Al aqueous
Eypzr;‘e/zs(lfr; extract in stroke prone spontaneously hypertensive rats (SHR-SP).

Ffzfonoi ds ) Material and methods: Male SHR-SP rats were orally force-fed AT aqueous extract (500 mg/kg body weight) daily

for one week. Systolic blood pressure and urine output were recorded in vivo by non-invasive methods. Al
vasoactive effects on noradrenaline contractile response and acetylcholine-evoked relaxation were assessed ex
vivo on aorta rings of treated and untreated SHR-SP rats. Al extract was then subjected to bio-guided fraction-
ation using solvents of increasing polarity. For each fraction, in vitro vasorelaxation assay was performed on
noradrenaline-precontracted aorta of Wistar rats, in the absence/presence of N-nitro-L-arginine (L-NNA). HPLC
analysis of Al total extract, and the most in vitro active Al residual aqueous extract fraction (A1) was performed
using naringin, naringenin, apigenin, apigenin 7-O-glucoside as marker compounds.

Results: Al aqueous extract (500 mg/kg) significantly (P < 0.05) decreased systolic blood pressure (SBP) in SHR-
SP rats, while not affecting the urine output. In ex vivo experiments, the total extract decreased contractile
response to noradrenaline of aortic rings isolated from Al-treated SHR-SP rats with or without addition of N-
nitro-L-arginine, but endothelium dependent relaxation evoked by acetylcholine in noradrenaline-contracted
aortic rings was not affected by the extract treatment. In vitro experiments on Al aqueous extract fractions
showed that its polar fraction was the only one affecting in vitro noradrenaline induced contractions, but only in
an endothelium dependent manner. This fraction was shown by HPLC-UV to contain flavonoid glycosides among
other polar compounds whose activity and mode of action may be modified in vivo by metabolization.
Conclusion: These results support the use of Al as antihypertensive treatment in folk medicine. The systolic blood
pressure decrease may be attributed at least in part to vasorelaxant glycosylated/polar phenolic compounds as
flavonoids and/or their metabolites.

Abbreviations: Ach, acethylcholine; Al, Ajuga iva; BW, body weight; Emax, Maximum Effect; eNOS, endothelial NO synthase; L-NNA, NO-synthase inhibitor N-
nitro-L-arginine; Nad, noradrenaline; NO, nitric oxide; EC50, concentration producing half-maximal effect; SBP, systolic blood pressure; SHR-SP, spontaneously
hypertensive stroke-prone rat.
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1. Introduction

Hypertension is considered as a global public health problem. It is
frequently an asymptomatic chronic disease, and still represents a key
risk factor for myocardial infarction, heart failure and stroke. High blood
pressure concerns one billion patients worldwide and kills nine million
people per year. This makes hypertension one of the world’s leading
causes of premature morbidity and mortality (Androulakis et al., 2009;
Sudharsanan and Geldsetzer, 2019).

Most developing countries are still facing major challenges to deal
with hypertension complications. This drives people to use medicinal
plants as an alternative medicine for the prophylaxis and treatment of
cardiovascular diseases. Because of this trend, many reports have eval-
uated the effects of several medicinal plants and their constituents on the
cardiovascular system, aiming to provide a scientific basis for their
therapeutic use (Xiong et al., 2013).

Stroke-prone spontaneously hypertensive rat (SHR-SP) is a conve-
nient animal model of systemic hypertension (Papazzo et al., 2013). It
has been used to investigate preventive strategies for both stroke and
cardiac hypertrophy due to severe hypertension (Kim et al., 1996). The
animal model develops all features of human cardiovascular disease
such as (i) the endothelial dysfunction caused by increased NO inacti-
vation and/or decreased NO production by endothelial NO synthase
(eNOS) (Duarte et al., 2001), (ii) changes in mechanics and functionality
of arterial vessels, particularly in terms of myogenic tone and vascular
compliance, (jii) myogenic active tone as a result of increased Ga"
permeability and impaired endothelial function (Arribas et al., 1999;
Henning et al., 2010), and (iv) high levels of angiotensin II, which is
implicated in vascular damage and hypertensive complications (Kouno
et al., 2005).

Ajuga iva (L.) Schreb. (AI) is used as decoction to treat diabetes,
hypertension, ulcers, inflammation, dysuria and other disorders in North
Africa (Bellakhdar et al., 1991; El-Hilaly et al., 2003), renal diseases in
Asia (Aliotta and Pollio, 1994), fever, toothache, dysentery and hyper-
tension in East Africa (Kokwaro, 2009).

Plants of the genus Ajuga possess multiple pharmacological proper-
ties. These include antidiabetic (Boudjelal et al., 2015; Wang et al.,
2017), antibacterial and antifungal (Medjeldi et al., 2018), anti-tumoral
(Takasaki et al., 1999), antifeedant (Jannet et al., 2000), hypo-
cholesterolemic (Taleb-Senouci et al., 2012), and vasorelaxant activities
(El-Hilaly et al., 2004a).

We have previously explored the effect of Al aqueous extract on
blood pressure and vasoactivity in normotensive rats. Our findings have
shown that the plant is devoid of hypotensive activity on normotensive
Wistar rats: 4 days of gavage with Al total extract did not modify the
systolic blood pressure in Al-treated Wistar rats when compared to un-
treated Wistar rats receiving distilled water. Nevertheless, it was shown
to exhibit potent ex vivo and in vitro vasorelaxant effects (El-Hilaly et al.,
2004a). Furthermore, we showed previously that, although AI extract
exhibits toxicity when given intraperitoneally, the daily oral adminis-
tration of 600 mg/kg during 3 months and a single dose of up to 14000
mg/kg did not show any toxicity (El Hilaly et al., 2004b).

Although many pharmacological activities of Al have been demon-
strated, there is still a lack of information concerning its in vivo anti-
hypertensive effect. In this context, it was important to ascertain the
ethnopharmacological antihypertensive property attributed to Al and to
determine whether Al treatment could affect SBP and vascular function
of hypertensive rats.

To this aim, we conducted in vivo, and ex vivo experiments using SHR-
SP rats to assess the antihypertensive and vasorelaxant effect of Al
aqueous extract in hypertensive rats, and analyzed the composition of its
active vasorelaxant fraction.
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2. Materials and methods
2.1. Preparation of the whole extract

Mature whole Ajuga iva (L.) Schreb. plants were harvested in
mountains of Taounate province (GPS position: 34° 41’ 41.041"’; W5° 4’
45.804"), in north Morocco. Authentic samples were identified by the
department of botany, Scientific National Institute (Rabat, Morocco),
where a voucher specimen was deposited (H63). Plant name was veri-
fied using http://www.theplantlist.org site, last accessed on March 21,
2019. The Plant List database showed Ajuga iva (L.) Schreb. name as
accepted with high confidence level.

The whole plant was washed and dried in shade and airy conditions.
Coarsely powdered dried plant material was extracted with bi-distilled
water (10%, m/v). The mixture was heated and boiled under reflux
for 30 min. The decoction obtained was centrifuged, filtered, frozen at
—20 °C and then lyophilized (FreeZone® Dry 4.5, USA), yielding after
lyophilization, 22% of dry extract.

2.2. Fractionation of Al aqueous extracts

The fractionation process is summarized in Fig. 1. For each fraction,
in vitro vasorelaxation assay was performed. 50 g of Al aqueous extract
(10%, m/v) were sequentially extracted 3 times with each immiscible
solvent of increasing polarity, using a separatory funnel; the order being
hexane < dichloromethane < ethyl acetate < butanol. Then, the
remaining aqueous phase was precipitated by acetone (v = v). The
resulting precipitate (A2) and supernatant (A1) were lyophilized.

2.2.1. HPLC conditions

HPLC (Accela, Thermo Fisher Scientific) analysis was performed
using a reverse phase column (LiChrospher 100 RP-18 ec, 250 x 4 mm,
5 pm particle size, Merck). Both the total Al aqueous extract and residual
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Fig. 1. Procedure for fractionation of Al crude extract.
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aqueous extract (A1) were analyzed using as mobile phase a gradient of
two systems (Boudjelal et al., 2015): a solvent system B (2.5% formic
acid in acetonitrile) and solvent system A (2.5% formic acid in water)
with the following gradient: 0 min: 5% B; 10 min: 15% B; 30 min: 25% B;
35 min: 30% B; 50 min: 90% B; then kept until 70 min at 100% B. The
solvent flow rate was 1 ml/min, the temperature was kept at 25 °C by
using a Merck-Hitachi T6300 column heater, and the injector volume
selected was 20 pl. The solvents (acetonitrile (MeCN), formic acid) were
purchased from VWR Prolab (Leuven, Belgium) in HPLC grade. The
eluate was monitored with a photo-diode array detector (DAD) set at
330 and 280 nm.

The peaks of flavonoids in the samples were identified by comparing
the retention time (RT) and UV spectra with standards analyzed under
the same conditions. The spiked solution was prepared with 500 pl of
solution of the extract in water-ACN (95-5) (30 mg/ml) and 100 pl of
solution containing the controls (25 pl of each control at 1 mg/ml in
MeOH): naringin, naringenin, apigenin, apigenin 7-O-glucoside (struc-
tures: see Fig. 2).

2.3. Experimental animals

Male SHR-SP and Wistar rats, aged 14-15 weeks and weighing
250-280 g were used. They were imported from IFFA CREDO (France)
and supplied with a health certificate on reception. All rats were
maintained at a constant temperature (24 + 1 °C), with a 12 h dark-light
cycle and on standard chow. The care and handling of the animals were
in accordance with the internationally accepted principles for laboratory
animal use and care as found in the European Community guidelines
(EEC Directive of 1986; 86/609/EEC).

2.4. In vivo experiments

SHR-SP rats were randomly assigned to 2 groups: (i) a first group
received distilled water (control, n = 6 rats), (ii) a second group received
Al extract suspended in water (500 mg/kg BW, n = 6 rats). Since in vivo
methods are costly in terms of ethical, laboratory animals, labor and
economic, the in vivo dose was chosen based on our previous studies.
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These showed that Al extract causes a dose-dependent in vitro vaso-
relaxant effect without affecting SBP of normotensive rats (El-Hilaly
etal., 2004a), and is lower than the NOAEL of 600 mg/kg/day in normal
rats (El Hilaly et al., 2004b).

An adaptation period for vehicle administration, metabolic cages and
blood pressure measurement was allowed before the initiation of the
experimental protocols. Rats were trained to force-feeding during this
period. Then all rats were treated orally and daily by force feeding for 1
week. During the experimental period, animals were kept in metabolic
cages to collect urine. They were also weighted every day before
administration of the treatment. Systolic blood pressure and heart rate
were measured by tail-cuff plethysmography (Physiograph Narco,
Houston, Tx, USA). SBP was expressed in mm Hg. Each value is the
average of three consistent readings.

2.5. Ex vivo experiments

Vascular effects of Al were tested ex vivo on aorta isolated from SHR-
SP rats that had or not received an oral daily dose of AI (500 mg/kg) for
8 days. Rats were killed by decapitation using small animal guillotine.
Thoracic aorta was isolated and placed immediately into a cold (4 °C)
physiological solution of the following composition (mM): NaCl 122,
KCl 5.9, NaHCO3 15, MgCl, 1.25, CaCly 1.25 and glucose 11, supple-
mented with indomethacin (10 pM) and aerated with 95% O and 5%
CO,. Aortas were cleaned of adherent connective tissues and cut into
rings of +2 mm length. Aortic rings were suspended between two
stainless steel hooks in 12.5 ml jacketed organ baths containing physi-
ological solution at 37 °C. One hook was fixed to the chamber and the
other was connected to an isometric force-displacement transducer as
previously described by Morel and Godfraind (1994). Aortic rings were
stretched to 20 mN of resting tension.

At the end of the equilibration period (60 min), each preparation was
contracted by cumulatively increasing the concentration of noradrena-
line (Nad) in the physiological solution. The endothelial integrity of
aorta rings was assessed with acetylcholine-induced relaxation (10~°
M). Rings not showing maximal relaxation of the Nad-induced con-
tractions were discarded. The presence of viable endothelium occurred

OH
HO 0
HO 0
0
HsC (0]
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OH
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Apigenin 7-0-glucoside

Fig. 2. Chemical structures of naringin, apigenin, naringenin, and apigenin 7-O-glucoside.



J. El-Hilaly et al.

when ACh evoked relaxations exceeded 80% of precontraction. After a
recuperation period (60 min), the second Nad contraction was con-
ducted. Relaxation to cumulative acetylcholine concentration was
measured in aortic rings precontracted with Nad (3 pM). When required,
aortic rings were incubated with nitro-L-arginine (L-NNA- 100 pM) for
30 min before contraction to Nad was evoked. At the end of the exper-
iment, lasting 3-4 h, the endothelial integrity of some aorta rings was
reexamined, then the tissues were blotted between filter paper and
weighed. Contractile tension was expressed in mN per mg of wet weight.

2.6. Invitro experiments

This study was used for investigating the vascular activity of frac-
tions isolated from Al total extract. Aortic rings were prepared as pre-
viously described in ex vivo tests. However, in these tests, the aorta was
isolated from untreated Wistar rats, and Al fractions were added into the
bathing solution during the plateau phase of the contraction to
noradrenaline (0.3 pM) in rat aortic rings in the presence or in the
absence of L NNA. Maximum response is expressed as a percentage of the
maximum contraction obtained in the first stimulation to noradrenaline.

2.7. Statistical analysis

Statistical analysis was performed by parametric tests using Graph-
Pad Prism7, since the data fit homoscedastic normal distributions
(Shapiro-Wilk test and Levene’s test). Data are expressed as mean =+
standard error of the mean (SEM) and p-values <0.05 were considered
to denote statistical significance of differences. Statistical comparisons
were assessed by Student’s t-test, or one-way analysis of variance
(ANOVA), followed by Tukey’s test. pEC50 values (-logEC50, concen-
tration producing half-maximal effect) were obtained by non-linear
regression of the individual concentration-response curves.

3. Results

3.1. In vivo effect of Al treatment on urine output and systolic blood
pressure

Baseline means of urine output values in treated and untreated
groups were 27.2 + 5.4 ml/day and 25.7 + 3.0 ml/day, respectively. Our
results showed that the oral treatment of SHR-SP rats with Al extract did
not significantly change urine output in comparison to baseline as well
as to the control group (Fig. 3A).

At the baseline, SBP of untreated and Al-treated group was 234 +
12.1 mmHg and 237 + 9.3 mmHg, respectively. The plant extract
induced a progressive decrease of SBP starting at day 3. At day 7, SBP in
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= Al freated
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Al-treated rats was decreased significantly (p < 0.01) compared to the
pre-treatment value. After the end of treatment, SBP returned progres-
sively to its pre-treatment value (Fig. 3B).

3.2. Ex vivo study

3.2.1. Effect of Al treatment on the contractile responses to noradrenaline

In order to investigate whether oral treatment with Al has an effect
on reactivity of SHR-SP rats aorta, noradrenaline (Nad; 10-9- 3 10°°M)
induced contractile response curves were performed without (Fig. 4A)
and with (Fig. 4B) the NO-synthase inhibitor N-nitro-L-arginine (L-NNA,
100 pM). In the absence of L-NNA, the contractile responses of aortic
rings from Al-treated rats were significantly reduced compared to those
of untreated-rats arteries: Nad Emax was reduced by 44.3% in Al-treated
rats compared to control rats [from 13.10 + 0.55 mN/mg (control) to
7.34 £ 0.12 mN/mg (treated-rats), P < 0.001, n = 8] (Table 1). Treat-
ment with AI produced a slight but not significant displacement of the
concentration-response curve to Nad (Table 1).

As expected, in the presence of L-NNA, Nad-induced contraction was
significantly enhanced compared to responses measured in the absence
of L-NNA and pEC50 values were significantly increased, in both control
rats and Al-treated rats aortic rings (Table 1). In the presence of L-NNA,
contraction induced by Nad was reduced in Al-treated rats compared to
control rats. However, the effect of Al treatment on the Nad Emax was
slightly less pronounced in the presence (reduction of 34%) than in the
absence of L-NNA (reduction of 43.3%). The potency of Nad (given by
the pEC50) in the presence of L-NNA was not significantly affected by
Al-treatment compared to control rats (Table 1).

3.2.2. Ex vivo effect of Al treatment on acetylcholine-induced relaxation

To ascertain whether oral daily administration of AI extract (500
mg/kg BW) can influence the endothelium-dependent relaxation
induced by acetylcholine, experiments were performed in aortic rings
isolated from Al-treated SHR-SP. As shown in Fig. 5, Nad-precontracted
aortas from treated as well as from untreated rats exhibited similar
relaxation in response to acetylcholine, and the concentration-response
curves were not shifted. The maximum relaxation evoked by acetyl-
choline 3 pM in both untreated and treated rats was nearly equal.
Similarly, the pEC50 value of acetylcholine was not significantly
changed (Table 1).

3.3. In vitro experiments
To identify active fractions and potential bioactive compounds of Al

aqueous extract, fractionation was conducted with immiscible solvents
(see Fig. 1). Among all resulting fractions tested in vitro, only Al fraction
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Fig. 3. Effect of treatment with Al extract on urinary output (A) and systolic blood pressure (B). SHR-SP rats were divided into two groups: treated rats received Al
extract (500 mg/kg BW, n = 6), control rats received a same volume of water (n = 6). All rats were treated from day 1 to day 7. Mean values - SEM are shown. #p <
0.05, ##p < 0.01 vs pre-treatment value of the same group. *p < 0.05, **p < 0.01 vs control after the same period of treatment.



J. El-Hilaly et al.

—~ 157

£

% 12+

= 9

{ ot *kk ok

L

T 6

£

g 3+ =~ Untreated

O ols . : - IAl_treatedI
-9 -8 -7 -6 -5

Log [Noradrenaline (M)]

Journal of Ethnopharmacology 270 (2021) 113791

N
<

—
ki

Contraction (mN/mg)
s

& -~ Untreated
0 -+ Al_treated
-9 -8 -7 -6 -5

Log [Noradrenaline (M)]

Fig. 4. Ex vivo effect of Al on contractions evoked by noradrenaline in aortic rings incubated without (A), and with (B) N-nitro-l-arginine (L-NNA). Ex vivo effect was
determined in aorta isolated from SHR-SP rats which had received either AI extract (500 mg/kg) or water for 8 days orally. Each point is the mean of 8 de-
terminations. Significant difference between control and Al-treated rats was indicated as: *p < 0.05, **p < 0.01, ***p < 0.001.

Table 1

Responses to the endothelium-dependent vasodilator acetylcholine (ACh) and
the al-adrenoceptor agonist noradrenaline (Nad) in aortic rings from untreated
and Al-treated SHR-SP rats.

Nad Ach

Emax (mN/mg) PECso Emax (%) PECso
Without L-NNA
Untreated 13.1 + 0.55 7.34+0.12 57.1+42  8.07 +0.67
Treated 7.2 4+ 0.31° 7214011 557+4.0  7.74+0.43
With L-NNA
Untreated 18.1 + 0.6" 8.5 + 0.17°
Treated 12.0 + 0.5 " 8.2 +0.17°

# Significantly different from the value obtained in the absence of L-NNA (p <
0.05).

Y Significantly different from the value obtained in the absence of L-NNA (p <
0.01).

¢ Significantly different from untreated rats (p < 0.001).

Acetylcholine (M)
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- Untreated
& 154 -~ Al_treated
& 301
g
o 45
©
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75-

Fig. 5. Ex vivo effect of Al extract treatment on the relaxation curves to
acetylcholine in aorta. Aortic rings isolated from control rats and from Al-
treated rats (500 mg/kg) were pre-contracted by Nad (3 pM) and acetylcho-
line was added into the solution when the contraction had reached a plateau.
Each point is the mean from 8 determinations.

reduced the Nad maximal contraction by 26%, (p < 0.001) at 100 pg/ml
(Fig. 6A).

The relation concentration-effect of Al fraction was examined on
aorta segments incubated in presence and in absence of L-NNA (Fig. 6B).
Without L-NNA, the fraction produced a dose-dependent relaxation of
noradrenaline-induced contraction. The highest dose tested (600 pg/ml)

caused 53% relaxation (p < 0.001) which was approximately two times
more than with the lower dose (26% at 100 pg/ml). No effect was
observed in the presence of L-NNA.

3.4. HPLC chromatography

Al and Al samples were analyzed by HPLC using the method
described by Boudjelal et al. (2015). As they indicated that naringenin
and apigenin were present and showed that the major compound was
naringin, but also found apigenin 7-O-glucoside, we used these com-
pounds as standards. Our results showed that, besides many unidentified
peaks, two peaks attributed to naringin and apigenin 7-O-glucoside were
detected in the chromatograms, by comparison with their corresponding
reference standards. Typical chromatogram of standards, Al and Al
samples are shown in Fig. 7. Naringin, apigenin 7-O-glucoside, nar-
ingenin and apigenin eluted at retention times of 25, 27, 40.5 and 42
min, respectively.

While chromatograms of Al and Al extracts showed many uniden-
tified peaks that often co-elute before 25min, they did not show signif-
icant peaks after 35 min. We can thus conclude to the absence of
genines, as naringenin or apigenin and the presence of mainly glyco-
sylated compounds as glycosylated flavonoids. The chromatograms of
both Al extract (Fig. 7I) and Al fraction (Fig.71l), spiked by 4 standards,
confirmed the presence of naringin and apigenin-7-O-glucoside. We also
observed that both extracts have qualitative comparable profiles for the
compounds identified or detected with this LC-DAD method, particu-
larly flavonoids and phenolic compounds and that profiles were more
complex than those found by Boudjelal et al.

4. Discussion

Al is a medicinal plant which is widely used as a panacea to treat a
plethora of ailments including hypertension (Tahraoui et al., 2007).
Additionally, in northern and south-eastern Morocco, hypertensive and
diabetic patients take Al alone (Tahraoui et al., 2007) or in association
with Artemisia herba-alba or Olea europea leaves; a teaspoon of powder
mixture is taken orally three times a day to treat diabetes (Boudjelal
et al., 2015; El-Hilaly et al., 2003). This dosage and the optimum
pharmacological dose used in this work remain much lower than the
NOAEL for Al (El Hilaly et al., 2004b). Besides, the antihypertensive
dose of 500 mg/kg applied in these in vivo tests seems realistic since the
decoction of Al yielded nearly 22%.

This study investigated the diuretic, antihypertensive, and ex vivo
vasorelaxant effects of oral treatment of SHR-SP with Al extract. We also
studied the in vitro activity of several fractions of Al decoction and
quantified naringin in the crude extract and the most active fraction.
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Fig. 7. (I) HPLC chromatograms of (A) spiked Al total aqueous extract, (B) Al total aqueous extract and (C) mixed standards solution of flavonoids (1 = naringin, 2 =
apigenin 7-O-glucoside, 3 = naringenin, 4 = apigenin). (II) HPLC chromatograms of (A) spiked Al residual aqueous extract total aqueous extract, (B) Al residual
aqueous extract and (C) mixed standards solution (1 = naringin, 2 = apigenin 7-O-glucoside, 3 = naringenin, 4 = apigenin).

The short-term treatment with AI extract to SHR-SP resulted in a
significant lowering of systolic blood pressure, but did not change water
diuresis. In contrast to our findings, previous studies carried out on other
species of Ajuga have reported significant diuresis in mice (Hailu and
Engidawork, 2014). Thus, the monitored antihypertensive effect ap-
pears unlikely to be related to a diuretic mechanism. In agreement with
our previous study performed in normotensive Wistar rats (El-Hilaly
et al., 2004a), short term Al treatment induced a decrease in vascular
contraction to noradrenaline, while AI treatment did not modulate
acetylcholine-evoked relaxation compared to untreated rats, neither the
maximum relaxation nor pEC50 values of acetylcholine
concentration-response curves. This observation suggests that Al extract
does not interact either with the cholinergic receptor nor the
endothelium-dependent NO-production and relaxing effect.

However, it is worth mentioning that Emax of acetylcholine for both
treated and untreated groups of SHR-SP were only slightly smaller than
what was observed in normotensive rats (El-Hilaly et al., 2004a). This
contradicts some reports indicating that the acetylcholine induced
relaxation of pre-contracted thoracic aortas from SHR-SP rats is mark-
edly smaller than in normotensive rats (Sekiguchi et al., 2001). It can be
postulated that the rats used in the present experiments had not yet fully

developed aortic endothelium impairment. Indeed, SHR-SP exhibit
progressive decrease in endothelium-dependent acetylcholine-induced
relaxation with advancing age, so that significant alteration is not
observed before 16 weeks (Lee et al., 2017; Sunano et al., 1996). In this
line, it has been reported that SHR-SP rats develop oxidative stress,
which increases free radicals, inactivates NO and therefore impairs the
NO dependent vasodilatation (Suzuki et al., 1995). Some studies have
indicated that AI aqueous extract reduces oxidative stress and exhibits
antioxidant activity (Bouderbala et al., 2010; Hirooka and Sunagawa,
2017; Taleb-Senouci et al., 2009). It should be interesting to determine
whether prolong treatment with AI could be able to prevent develop-
ment of endothelium alteration in hypertensive models.

It is also interesting to note that short term Al treatment (8 days)
markedly reduced SBP of stroke-prone spontaneously hypertensive rats,
while it does not affect that of normotensive Wistar rats (El-Hilaly et al.,
2004a). These results are congruent with other findings reporting that
oral daily dose of quercetin reduced blood pressure, endothelial
dysfunction, and oxidant status in spontaneously hypertensive (SHR)
rats, but had no effect on normotensive (WKY) rats (Del Pino-Garcia
et al.,, 2017; Duarte et al., 2001). This observation suggests that Al
should selectively affect a process involved in the development of
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hypertension. It is presumably not relied on cell surface voltage-gated
Ca?" channels (VGCCs) because Al extract does not significantly
inhibit KCl-induced contraction (El-Hilaly et al., 2004a). Al extract may
show its hypotensive effect by acting through an al-adrenoceptor
blockage (Yin et al., 2014; Zhang et al., 2019), but other targets as ion
channels cannot be rejected.

As all experiments were performed in the presence of indomethacin,
a non-selective cyclooxygenase inhibitor, contribution of prostanoids to
the vasodilatory effect of AI might be neglected.

It is well known that the relationship between blood pressure, car-
diac output and systemic vascular resistance is modulated by vaso-
relaxation (Clark et al., 2015). Moreover, Al aqueous extract showed
significant ex vivo NO independent vasorelaxant effect on hypertensive
and normotensive aorta rats.

Liquid-liquid fractionation showed that only the most polar fraction
inhibited in vitro Nad contraction without NNA, but the activity dis-
appeared when NNA was added. Al fraction induced isolated Wistar
aorta relaxation in an endothelium- and concentration-dependent
manner with eNOS pathways mechanisms. Importantly, Al total
extract showed previously an in vitro biphasic effect on the NO pathway
in endothelial cells: a transient NO-dependent relaxation followed by a
toxic effect resulting in the irreversible inhibition of the activity of the
NO synthase, which may be related to the presence of different com-
pounds (El-Hilaly et al., 2004a). Afterwards, bioguided fractionation of
Al crude extract could have led to the elimination of the toxic effect and
preservation of endothelial NOS-dependent vasorelaxation, which was
found only in A1 fraction.

According to HPLC analysis, this fraction seems to contain mainly
polar phenolic compounds, among which we identified flavonoid gly-
cosides as naringin and apigenin 7-O-glucoside. The absence of active
fractions with NO independent vasorelaxant effect could perhaps be
attributed to the synergetic effect of active compounds that were sepa-
rated upon their polarity. This could also be explained by metabolization
as the extract was given by oral route. It has for example recently been
shown than flavonoid metabolites can have good vasorelaxant proper-
ties with different modes of action (endothelium dependent and/or in-
dependent) than their parent compounds (Pourovaa et al., 2018). These
suggestions seem plausible since the parent total extract exhibited
dose-dependent, NO-mediated and NO- independent vasodilatory ac-
tivities at relatively high doses (El-Hilaly et al., 2004a).

Taken together, these results suggest that the blood pressure may be
lowered at least in part by flavonoids via modulating vascular reactivity.
This is in accordance with previous data that considered flavonoids,
largely present in Al (Boudjelal et al., 2015; Manguro et al., 2007), as
potential compounds responsible for most plant induced vasorelaxation
(Woodman and Chan, 2004; Xu et al., 2015). Some reports also showed
that phenolic compounds and pure flavonoids reduce blood pressure in
spontaneous hypertensive rats (Alam et al., 2013; Plotnikov et al., 2017;
Waltenberger et al., 2016) and that the antihypertensive effect of fla-
vonoids is due to their ability to improve endothelial function (Egert
et al., 2009).

On other hand, other chemical compounds with reported vaso-
dilatory properties have been identified in the genus Ajuga such as tri-
terpenes, diterpenes (Cantrell et al., 1999), glycosides (Konoshima et al.,
2000), flavonoids (Boudjelal et al., 2015), and tannins (Terahara et al.,
1996). Therefore, it is speculative to extrapolate the effects observed in
vitro to in vivo system, as most of these compounds are subjected to
biotransformation and bioactivation enzymes (Walle, 2004). In this
sense, in vivo antihypertensive studies of these subfractions and isolated
compounds as well as an understanding of their metabolism and
bioavailability are required to ascertain these hypotheses.

Comparing the composition of the crude extract and the most active
fraction by HPLC-UV, we showed the presence of narigenin and apigenin
7-0O-glucoside and many other unidentified peaks.

Although many studies on flavonoids of Ajuga genus are available,
there is still a lack of data corresponding to Al species, and it would be
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interesting to determine those more related to the vasorelaxant activity.
5. Conclusion

In conclusion, Al aqueous extract exhibited antihypertensive effect in
SHR-SP and decreased vascular contraction to noradrenaline. These ef-
fects may be due, at least in part, to polar phenolic compounds as
flavonoid glycosides and/or their metabolites. These findings support
the traditional use of Al to treat hypertension, and provide useful in-
formation for better use of Al in traditional medicine. Nevertheless,
further studies are mandatory to determine the structure of these
flavonoid glycosides and to ascertain their in vivo effect on blood
pressure.

Author contribution

The design of the study was carried out by J Q-L, B L and N M. The
experiments were done by J E-H, M-Y A and N M. The manuscript was
written by J E-H and revised by N M, B L, M-Y A and J Q-L.

Declaration of competing interest

There is no competing financial interest for any author of this article,
whether actual or potential.

Acknowledgements

This project was supported by a fellowship from the Université
catholique de Louvain (UCLouvain).

References

Alam, M.A., Sernia, C., Brown, L., 2013. Ferulic acid improves cardiovascular and kidney
structure and function in hypertensive rats. J. Cardiovasc. Pharmacol. 61 (3),
240-249. https://doi.org/10.1097/FJC.0b013e31827cb600.

Aliotta, G., Pollio, A., 1994. Useful plants in renal therapy according to Pliny the Elder.
Am. J. Nephrol. 14 (4-6), 399-411. https://doi.org/10.1159/000168755.

Androulakis, E.S., Tousoulis, D., Papageorgiou, N., Tsioufis, C., Kallikazaros, I.,
Stefanadis, C., 2009. Essential hypertension: is there a role for inflammatory
mechanisms? Cardiol. Rev. 17 (5), 216-221. https://doi.org/10.1097/
CRD.0b013e3181b18e03.

Arribas, S.M., Costa, R., Salomone, S., Morel, N., Godfraind, T., McGrath, J.C., 1999.
Functional reduction and associated cellular rearrangement in SHRSP rat basilar
arteries are affected by salt load and calcium antagonist treatment. J. Cerebr. Blood
Flow Metabol. 19 (5), 517-527. https://doi.org/10.1097/00004647-199905000-
00006.

Bellakhdar, J., Claisse, R., Fleurentin, J., Younos, C., 1991. Repertory of standard herbal
drugs in the Moroccan pharmacopoea. J. Ethnopharmacol. 35 (2), 123-143. https://
doi.org/10.1016/0378-8741(91)90064-K.

Bouderbala, S., Prost, J., Lacaille-Dubois, M.A., Bouchenak, M., 2010. Iridoid extracts
from Ajuga iva increase the antioxidant enzyme activities in red blood cells of rats fed
a cholesterol-rich diet. Nutr. Res. (N.Y.) 30 (5), 358-365. https://doi.org/10.1016/].
nutres.2010.05.004.

Boudjelal, A., Siracusa, L., Henchiri, C., Sarri, M., Abderrahim, B., Baali, F., Ruberto, G.,
2015. Antidiabetic effects of aqueous infusions of Artemisia herba-alba and Ajuga iva
in alloxan-induced diabetic rats. Planta Med. 81 (9), 696-704. https://doi.org/
10.1055/s-0035-1546006.

Cantrell, C.L., Rajab, M.S., Franzblau, S.G., Fronczek, F.R., Fischer, N.H., 1999.
Antimycobacterial ergosterol-5, 8-endoperoxide from Ajuga remota. Planta Med. 65
(8), 732-734. https://doi.org/10.1055/s-1999-14053.

Clark, J.L., Zahradka, P., Taylor, C.G., 2015. Efficacy of flavonoids in the management of
high blood pressure. Nutr. Rev. 73 (12), 799-822. https://doi.org/10.1093/nutrit/
nuv048.

Del Pino-Garcia, R., Rivero-Pérez, M.D., Gonzalez-SanJosé, M.L., Croft, K.D., Muniz, P.,
2017. Antihypertensive and antioxidant effects of supplementation with red wine
pomace in spontaneously hypertensive rats. Food & function 8 (7), 2444-2454.
https://doi.org/10.1039/C7FO00390K.

Duarte, J., Pérez-Palencia, R., Vargas, F., Angeles Ocete, M., Pérez-Vizcaino, F.,
Zarzuelo, A., Tamargo, J., 2001. Antihypertensive effects of the flavonoid quercetin
in spontaneously hypertensive rats. Br. J. Pharmacol. 133 (1), 117-124. https://doi.
org/10.1038/sj.bjp.0704064.

Egert, S., Bosy-Westphal, A., Seiberl, J., Kiirbitz, C., Settler, U., Plachta-Danielzik, S.,
Wagner, A.E., Frank, J., Schrezenmeir, J., Rimbach, G., 2009. Quercetin reduces
systolic blood pressure and plasma oxidised low-density lipoprotein concentrations
in overweight subjects with a high-cardiovascular disease risk phenotype: a double-


https://doi.org/10.1097/FJC.0b013e31827cb600
https://doi.org/10.1159/000168755
https://doi.org/10.1097/CRD.0b013e3181b18e03
https://doi.org/10.1097/CRD.0b013e3181b18e03
https://doi.org/10.1097/00004647-199905000-00006
https://doi.org/10.1097/00004647-199905000-00006
https://doi.org/10.1016/0378-8741(91)90064-K
https://doi.org/10.1016/0378-8741(91)90064-K
https://doi.org/10.1016/j.nutres.2010.05.004
https://doi.org/10.1016/j.nutres.2010.05.004
https://doi.org/10.1055/s-0035-1546006
https://doi.org/10.1055/s-0035-1546006
https://doi.org/10.1055/s-1999-14053
https://doi.org/10.1093/nutrit/nuv048
https://doi.org/10.1093/nutrit/nuv048
https://doi.org/10.1039/C7FO00390K
https://doi.org/10.1038/sj.bjp.0704064
https://doi.org/10.1038/sj.bjp.0704064

J. El-Hilaly et al.

blinded, placebo-controlled cross-over study. Br. J. Nutr. 102 (7), 1065-1074.
https://doi.org/10.1017/S0007114509359127.

El-Hilaly, J., Hmammouchi, M., Lyoussi, B., 2003. Ethnobotanical studies and economic
evaluation of medicinal plants in Taounate province (Northern Morocco).

J. Ethnopharmacol. 86 (2-3), 149-158. https://doi.org/10.1016/50378-8741(03)
00012-6.

El-Hilaly, J., Lyoussi, B., Wibo, M., Morel, N., 2004a. Vasorelaxant effect of the aqueous
extract of Ajuga iva in rat aorta. J. Ethnopharmacol. 93 (1), 69-74. https://doi.org/
10.1016/j.jep.2004.03.020.

El Hilaly, J., Israili, Z.H., Lyoussi, B., 2004b. Acute and chronic toxicological studies of
Ajuga iva in experimental animals. J. Ethnopharmacol. 91 (1), 43-50. https://doi.
org/10.1016/j.jep.2003.11.009.

Hailu, W., Engidawork, E., 2014. Evaluation of the diuretic activity of the aqueous and
80% methanol extracts of Ajuga remota Benth (Lamiaceae) leaves in mice. BMC
Compl. Alternative Med. 14 (1), 135. https://doi.org/10.1186/1472-6882-14-135.

Henning, E.C., Warach, S., Spatz, M., 2010. Hypertension-induced vascular remodeling
contributes to reduced cerebral perfusion and the development of spontaneous
stroke in aged SHRSP rats. J. Cerebr. Blood Flow Metabol. 30 (4), 827-836. https://
doi.org/10.1038/jcbfm.2009.246.

Hirooka, Y., Sunagawa, K., 2017. Oxidative Stress and Central Regulation of Blood
Pressure, Studies on Atherosclerosis. Springer, pp. 79-87. https://doi.org/10.1007/
978-1-4899-7693-2 5.

Jannet, H.B., Harzallah-Skhiri, F., Mighri, Z., Simmonds, M., Blaney, W., 2000.
Responses of Spodoptera littoralis larvae to Tunisian plant extracts and to neo-
clerodane diterpenoids isolated from Ajuga pseudoiva leaves. Fitoterapia 71 (2),
105-112. https://doi.org/10.1016/50367-326X(99)00146-X.

Kim, S., Ohta, K., Hamaguchi, A., Yukimura, T., Miura, K., Iwao, H., 1996. Effects of an
AT1 receptor antagonist, an ACE inhibitor and a calcium channel antagonist on
cardiac gene expressions in hypertensive rats. Br. J. Pharmacol. 118 (3), 549-556.
https://doi.org/10.1111/j.1476-5381.1996.tb15437 .x.

Kokwaro, J.O., 2009. Medicinal Plants of East Africa. University of Nairobi press.

Konoshima, T., Takasaki, M., Tokuda, H., Nishino, H., 2000. Cancer chemopreventive
activity of an iridoid glycoside, 8-acetylharpagide, from Ajuga decumbens. Canc. Lett.
157 (1), 87-92. https://doi.org/10.1016/50304-3835(00)00479-1.

Kouno, K., Hirano, S.-i., Kuboki, H., Kasai, M., Hatae, K., 2005. Effects of dried bonito
(Katsuobushi) and captopril, an angiotensin I-converting enzyme inhibitor, on rat
isolated aorta: a possible mechanism of antihypertensive action. Biosc. Biotech.
Biochem. 69 (5), 911-915. https://doi.org/10.1271/bbb.69.911.

Lee, R.M., Dickhout, J.G., Sandow, S.L., 2017. Vascular structural and functional
changes: their association with causality in hypertension: models, remodeling and
relevance. Hypertens. Res. 40 (4), 311. https://doi.org/10.1038/hr.2016.145.

Manguro, L.O.A., Ogur, J.A., Okora, D.M., Wagai, S.O., Lemmen, P., 2007. Further
flavonol and iridoid glycosides from Ajuga remota aerial parts. J. Asian Nat. Prod.
Res. 9 (7), 617-629. https://doi.org/10.1080/10286020600979480.

Medjeldi, S., Bouslama, L., Benabdallah, A., Essid, R., Haou, S., Elkahoui, S., 2018.
Biological activities, and phytocompounds of northwest Algeria Ajuga iva (L)
extracts: partial identification of the antibacterial fraction. Microb. Pathog. 121,
173-178. https://doi.org/10.1016/j.micpath.2018.05.022.

Morel, N., Godfraind, T., 1994. Selective interaction of the calcium antagonist
amlodipine with calcium channels in arteries of spontaneously hypertensive rats.
J. Cardiovasc. Pharmacol. 24 (4), 524-533. https://doi.org/10.1097/00005344-
199410000-00002.

Papazzo, A., Conlan, X.A., Lexis, L., Charchar, F.J., Lewandowski, P.A., 2013. Salt
loading in canola oil fed SHRSP rats induces endothelial dysfunction. PloS One 8 (6),
€66655. https://doi.org/10.1371/journal.pone.0066655.

Plotnikov, M., Aliev, O., Sidekhmenova, A., Shamanaev, A.Y., Anishchenko, A.,
Fomina, T., Chernysheva, G., Smol’yakova, V., Arkhipov, A., 2017.
Dihydroquercetin improves microvascularization and microcirculation in the brain
cortex of SHR rats during the development of arterial hypertension. Bull. Exp. Biol.
Med. 163 (1), 57-60. https://doi.org/10.1007/s10517-017-3737-7.

Pourovaa, J., Najmanovéb, 1., Voprsalovaa, M., Migkosa, T., Pilafovac, V., Applovaa, L.,
Novakovac, L., Mladénka, P., 2018. Two flavonoid metabolites, 3,4-dihydroxyphe-
nylacetic acid and 4-methylcatechol, relax arteries ex vivo and decrease blood

Journal of Ethnopharmacology 270 (2021) 113791

pressure in vivo. Vasc. Pharmacol. 111, 36-43. https://doi.org/10.1016/j.
vph.2018.08.008.

Sekiguchi, F., Miyake, Y., Hirakawa, A., Nakahira, T., Yamaoka, M., Shimamura, K.,
Yamamoto, K., Sunano, S., 2001. Hypertension and impairment of endothelium-
dependent relaxation of arteries from spontaneously hypertensive and L-NAME-
treated Wistar rats. J. Smooth Muscle Res. 37 (2), 67-79. https://doi.org/10.1540/
jsmr.37.67.

Sudharsanan, N., Geldsetzer, P., 2019. Impact of coming demographic changes on the
number of adults in need of care for hypertension in Brazil, China, India, Indonesia,
Mexico, and South Africa: a modeling study. Hypertension 73 (4), 770-776. https://
doi.org/10.1161/HYPERTENSIONAHA.118.12337.

Sunano, S., Sekiguchi, F., Takeuchi, K., Shibutani, S., Matsuda, K., Shimamura, K., 1996.
Attenuation of intrinsic active tone by endothelium-derived nitric oxide in aortae of
spontaneously hypertensive rats with different levels of blood pressure. Clin. Exp.
Hypertens. 18 (6), 873-890. https://doi.org/10.3109/10641969609081785.

Suzuki, H., Swei, A., Zweifach, B.W., Schmid-Schonbein, G.W., 1995. In vivo evidence for
microvascular oxidative stress in spontaneously hypertensive rats: hydroethidine
microfluorography. Hypertension 25 (5), 1083-1089. https://doi.org/10.1161/01.
HYP.25.5.1083.

Tahraoui, A., El-Hilaly, J., Israili, Z.H., Lyoussi, B., 2007. Ethnopharmacological survey
of plants used in the traditional treatment of hypertension and diabetes in south-
eastern Morocco (Errachidia province). J. Ethnopharmacol. 110 (1), 105-117.
https://doi.org/10.1016/j.jep.2006.09.011.

Takasaki, M., Tokuda, H., Nishino, H., Konoshima, T., 1999. Cancer chemopreventive
agents (Antitumor-promoters) from Ajuga decumbens. J. Nat. Prod. 62 (7), 972-975.
https://doi.org/10.1021/np990033w.

Taleb-Senouci, D., Ghomari, H., Krouf, D., Bouderbala, S., Prost, J., Lacaille-Dubois, M.,
Bouchenak, M., 2009. Antioxidant effect of Ajuga iva aqueous extract in
streptozotocin-induced diabetic rats. Phytomedicine 16 (6-7), 623-631. https://doi.
org/10.1016/j.phymed.2008.12.004.

Taleb-Senouci, D., Lacaille-Dubois, M.A., Bouchenak, M., 2012. Ajuga iva aqueous extract
improves reverse cholesterol transport in streptozotocin-induced diabetic rat.

J. Pharm. Pharmacol. 64 (8), 1188-1194. https://doi.org/10.1111/].2042-
7158.2012.01501.x.

Terahara, N., Callebaut, A., Ohba, R., Nagata, T., Ohnishi-Kameyama, M., Suzuki, M.,
1996. Triacylated anthocyanins from Ajuga reptans flowers and cell cultures.
Phytochemistry 42 (1), 199-203. https://doi.org/10.1016/0031-9422(95)00838-1.

Walle, T., 2004. Absorption and metabolism of flavonoids. Free Radic. Biol. Med. 36 (7),
829-837. https://doi.org/10.1016/j.freeradbiomed.2004.01.002.

Waltenberger, B., Mocan, A., Smejkal, K., Heiss, E., Atanasov, A., 2016. Natural products
to counteract the epidemic of cardiovascular and metabolic disorders. Molecules 21
(6), 807. https://doi.org/10.3390/molecules21060807.

Wang, J.-J., Jin, H., Zheng, S.-L., Xia, P., Cai, Y., Ni, X.-J., 2017. Phytoecdysteroids from
Ajuga iva act as potential antidiabetic agent against alloxan-induced diabetic male
albino rats. Biomed. Pharmacother. 96, 480-488. https://doi.org/10.1016/j.
biopha.2017.10.029.

Woodman, O.L., Chan, E.C., 2004. Vascular and anti-oxidant actions of flavonols and
flavones. Clin. Exp. Pharmacol. Physiol. 31 (11), 786-790. https://doi.org/10.1111/
j-1440-1681.2004.04072.x.

Xiong, X., Yang, X., Liu, Y., Zhang, Y., Wang, P., Wang, J., 2013. Chinese herbal formulas
for treating hypertension in traditional Chinese medicine: perspective of modern
science. Hypertens. Res. 36 (7), 570. https://doi.org/10.1038/hr.2013.18.

Xu, Y., Leung, S., Leung, G., Man, R., 2015. Kaempferol enhances endothelium-
dependent relaxation in the porcine coronary artery through activation of large-
conductance Ca?*-activated K™ channels. Br. J. Pharmacol. 172 (12), 3003-3014.
https://doi.org/10.1111/bph.13108.

Yin, Y., Ying, X., Luan, H., Zhao, Z., Lou, J., Wang, D., Li, H., Wu, H., 2014. UPLC-DAD/
Q-TOF-MS Based Ingredients Identification and Vasorelaxant Effect of Ethanol
Extract of Jasmine Flower. Evidence-Based Complementary and Alternative
Medicine. https://doi.org/10.1155/2014/707908, 2014.

Zhang, N., Qu, K., Wang, M., Yin, Q., Wang, W., Xue, L., Fu, H., Zhu, H., Li, Z., 2019.
Identification of higenamine as a novel al-adrenergic receptor antagonist. Phytother
Res. 33 (3), 708-717. https://doi.org/10.1002/ptr.6261.


https://doi.org/10.1017/S0007114509359127
https://doi.org/10.1016/S0378-8741(03)00012-6
https://doi.org/10.1016/S0378-8741(03)00012-6
https://doi.org/10.1016/j.jep.2004.03.020
https://doi.org/10.1016/j.jep.2004.03.020
https://doi.org/10.1016/j.jep.2003.11.009
https://doi.org/10.1016/j.jep.2003.11.009
https://doi.org/10.1186/1472-6882-14-135
https://doi.org/10.1038/jcbfm.2009.246
https://doi.org/10.1038/jcbfm.2009.246
https://doi.org/10.1007/978-1-4899-7693-2_5
https://doi.org/10.1007/978-1-4899-7693-2_5
https://doi.org/10.1016/S0367-326X(99)00146-X
https://doi.org/10.1111/j.1476-5381.1996.tb15437.x
http://refhub.elsevier.com/S0378-8741(21)00017-9/sref21
https://doi.org/10.1016/S0304-3835(00)00479-1
https://doi.org/10.1271/bbb.69.911
https://doi.org/10.1038/hr.2016.145
https://doi.org/10.1080/10286020600979480
https://doi.org/10.1016/j.micpath.2018.05.022
https://doi.org/10.1097/00005344-199410000-00002
https://doi.org/10.1097/00005344-199410000-00002
https://doi.org/10.1371/journal.pone.0066655
https://doi.org/10.1007/s10517-017-3737-7
https://doi.org/10.1016/j.vph.2018.08.008
https://doi.org/10.1016/j.vph.2018.08.008
https://doi.org/10.1540/jsmr.37.67
https://doi.org/10.1540/jsmr.37.67
https://doi.org/10.1161/HYPERTENSIONAHA.118.12337
https://doi.org/10.1161/HYPERTENSIONAHA.118.12337
https://doi.org/10.3109/10641969609081785
https://doi.org/10.1161/01.HYP.25.5.1083
https://doi.org/10.1161/01.HYP.25.5.1083
https://doi.org/10.1016/j.jep.2006.09.011
https://doi.org/10.1021/np990033w
https://doi.org/10.1016/j.phymed.2008.12.004
https://doi.org/10.1016/j.phymed.2008.12.004
https://doi.org/10.1111/j.2042-7158.2012.01501.x
https://doi.org/10.1111/j.2042-7158.2012.01501.x
https://doi.org/10.1016/0031-9422(95)00838-1
https://doi.org/10.1016/j.freeradbiomed.2004.01.002
https://doi.org/10.3390/molecules21060807
https://doi.org/10.1016/j.biopha.2017.10.029
https://doi.org/10.1016/j.biopha.2017.10.029
https://doi.org/10.1111/j.1440-1681.2004.04072.x
https://doi.org/10.1111/j.1440-1681.2004.04072.x
https://doi.org/10.1038/hr.2013.18
https://doi.org/10.1111/bph.13108
https://doi.org/10.1155/2014/707908
https://doi.org/10.1002/ptr.6261

	Ajuga iva water extract antihypertensive effect on stroke-prone spontaneously hypertensive rats, vasorelaxant effects ex vi ...
	1 Introduction
	2 Materials and methods
	2.1 Preparation of the whole extract
	2.2 Fractionation of AI aqueous extracts
	2.2.1 HPLC conditions

	2.3 Experimental animals
	2.4 In vivo experiments
	2.5 Ex vivo experiments
	2.6 In vitro experiments
	2.7 Statistical analysis

	3 Results
	3.1 In vivo effect of AI treatment on urine output and systolic blood pressure
	3.2 Ex vivo study
	3.2.1 Effect of AI treatment on the contractile responses to noradrenaline
	3.2.2 Ex vivo effect of AI treatment on acetylcholine-induced relaxation

	3.3 In vitro experiments
	3.4 HPLC chromatography

	4 Discussion
	5 Conclusion
	Author contribution
	Declaration of competing interest
	Acknowledgements
	References


