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Abstract | This study is aimed to evaluate the in vivo acute and sub-acute anti-hypertensive effect of
methanolic extract of Colebrookea oppositifolia leaves. The sub-acute anti-hypertensive activity of a methanolic
extract of Colebrookea oppositifolia 250 mg/kg were studied for 14 days in rats. Captopril (20 mg/kg) was
given as a standard control. Non-invasive blood pressure (NIBP) monitoring technique was used to assess the
blood pressure of rats. The frequency of hippuric acid synthesis from the hydrolysis of Hippuryl-L-Histidyl-
L-Leucine was utilized to calculate angiotensin-converting enzyme (ACE) activity. The results showed that
in comparison to hypertensive rats, the test doses of the extract significantly decreased systolic blood pressure
(96.75+3.9 mmHg and 104+3.8 mmHg), diastolic blood pressure (73.12+5.2 mmHg and 65.37+8.2 mmHg),
mean arterial blood pressure (81+4.1 mmHg and 78.25£6.7 mmHg), and heart rate (370+33.9 beats/min
and 298.25+19.1 beats/min) respectively as compared to hypertensive rats. Sub-acute study results showed
that the extract significantly decreased systolic blood pressure (97.33+3 mm Hg), diastolic blood pressure by
(68.6+4.6 mmHg), mean arterial blood pressure (78.17+3.7 mmHg), and heart rate 335.8+27.5 beats/min
as compared to hypertensive control rats. Furthermore, methanolic extract suppressed 45% ACE activity in
hypertensive rats compared to the normal control group. According to the current findings, a methanolic
extract of Colebrookea oppositifolia leaves decreases blood pressure via constraining the angiotensin-converting

enzyme (ACE).
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Introduction to the World Health Organization (WHO), herbal

medicines are used by approximately 80% of the

Medicinal plants are considered the cornerstone
of traditional medicine (Singh, 2015). Since
4000-5000 B.C, medicinal plants have been used to
treat various disorders (Danish ez a/.,2020). According

world’s population as these are effective, safe and cheap
(Owolabi ez al., 2007; Latif e al., 2019). Globally,
cardiovascular diseases (CVDs) have been identified
as the primary cause of morbidity and mortality,
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accounting for 30% of fatalities, with around 40% of
deaths happening in high-income nations and 28%
occurring inlow- and middle-income countries (Pallab
et al., 2011; Ashiq and Ashiq, 2021). Furthermore,
CVDs put extra economic burden compared to any
other ailment. Hence, substantial studies are required
to find effective and safe medicines to treat CVDs
(Al-Shabanah e# a/., 1998). Among cardiovascular
disorders (CVDs), hypertension is quite common.
Hypertension is a chronic non-communicable
disorder in which the blood pressure (B.P.) is elevated
than its normal value (120/80 mmHg). Hypertension
directly impacts one’s quality of life (QoL) and is
typically treated with either oral anti-hypertensive
drugs or lifestyle changes such as exercise and dietary
modifications (Beevers ez a/., 2011). It significantly
raises the chance of developing additional serious
disorders such as heart failure, coronary heart disease,
angina pectoris, myocardial infarction, thump, renal

failure, and blindness (Tabassum and Ahmad, 2011).

One of the mechanisms to lower blood pressure is
controlled by renin angiotensin aldosterone system.
Angiotensin converting enzyme play a key role in
it by converting angiotensin I into angiotensin II. 1
Drugs not only control hypertension through ACE
inhibition but also control cardiovascular diseases
such as myocardial infarction (Shlipak, ez a/., 2001),
CHEF (Carson, 2000), as well as diabetic nephropathy
(Hebert ez al., 1999). Captopril currently available as
antihypertensive drug exert effect by competitively
inhibition of of ACE. Medicinal plants are the rich

sources for developing new molecules.

Individuals from various areas of life use herbal
therapies regularly. The use of herbal medications
to treat cardiovascular disorders has increased in the
ethnomedicinal system. Herbal therapies used for
multiple heart illnesses such as congestive heart failure
(CHF), hypertension, angina pectoris, arrhythmia,
and vascular disease (Venkateshappa and Sreenath,
2013; Qasim ez al., 2021). Herbal treatments have
long been utilized in local communities worldwide
to treat hypertension. This is an opportune time to
evaluate and test the anti-hypertensive effects of
medicinal herbs as these are safe and effective (Ashiq
et al.,2019).

Colebrooke oppositifolia belongs to the Lamiaceae
family and is found in India, Pakistan (Hussain ez
al., 2016), It is a valuable medicinal plant that can

cure various ailments, including asthma, epilepsy,
and CNS disorders. In a previous study, aqueous
and methanolic extracts of leaves of Colebrookea
oppositifolia were tested for cardioprotective activity
against doxorubicin-induced cardiotoxicity. That
is the only evidence available concerning the
cardioprotective activity of Colebrookea oppositifolia,
and the results of this study are quite preliminary
(Pallab ez al., 2011). According to a phytochemical
study, it contains flavone glycosides and alkaloids,
which are responsible for its main pharmacological
effects (IMadhavan ez al.,2011). No research has been
done to show that the Colebrookea oppositifolia has
any anti-hypertensive activity. Therefore, this research
aimed to examine the potential impact of Colebrookea
oppositifolia inhypertension through ACE enzyme

assay.
Materials and Methods

Animals

Male Wister rats weighing 120-150 g were obtained
from Pakistan’s Institute of Pharmaceutical Sciences
(IPS-UVAS). For the current study, approval (No:
AEC/PUCP/1059) was taken from the Animal
Ethics Committee of the University College of
Pharmacy, University of the Punjab, Lahore, Pakistan.

Plant extraction

Colebrook oppositifolia was collected in October. The
plant authentication (specimen no: as GC.Herb.
BOT.2973) was done by Prof. Dr. Zaheer-ud-Din
Khan,a taxonomist at Government College University
in Lahore. The leaves were carefully removed from
the plant’s twigs, rinsed and dried in the shade for
two weeks. In total, 2 kg of leaves were pulverized.
Approximately 500 g of powder was macerated for
three days in 1 liter of methanol and covered with
aluminum foil.

After three days, filtration of macerated material was
performed to obtain the methanolic extract of leaves.
The residues on the filter paper were macerated in
methanol for another three days. Then, the obtained
extract was dried by using a rotary evaporator. The
dried methanolic extract yielded a total of 5.28% and
was stored at 2-8 °C in properly labeled tarred glass

vials.
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extract of the C. oppositifolia in rats. Swiss albino
rats weighing 20-40 g were obtained from UVAS in
Lahore, Pakistan. Rats were randomly assigned into
six groups consisting of six rats in each group. Before
administering the plant extract, their body weight was
recorded. The death rate and any indicators of toxicity
were monitored for 24 hours after a single dose of
extract were administered orally to all groups. The
maximum dose at which no mortality occurred was
noted. Similarly, the dose at which all the animals died
was found, and LD, was determined using the given
formula (Mushtaq ez a/., 2017). The study design for
the acute toxicity study is shown in Table 1.

LD50=x/DoxD100

Where; D= Dose of 0% mortality; D, = Dose of
100% mortality.

Induction of hypertension

In rats, hypertension was induced by giving them a
10% sucrose solution instead of water for 21 days.
Each rat’s body weight was recorded at the outset
and throughout the trial. Computerized tail-cuft
system (Power lab and Lab chart software by AD
instruments) was used to record rats systolic blood
pressure (SBP), mean arterial blood pressure (MAP),
and heart rate (HR). Rats were trained for seven days
with the tail cuff device to minimize noise readings.
All animals were kept at 37°C prior to recording.
Before the rat’s treatment the BP measurement of
each rat was carried out. Mean arterial and systolic

blood pressure were used to compute diastolic blood

pressure (DBP).

Table 1: Study design for acute toxicity study (n=6 rats).

No Groups Treatment

1 Group-1I Normal saline 10 mL/kg. P.O. as a
particular dosage

2 Group-II MECO 1000 mg/kg P.O. as a particular
dosage

3 Group-III MECO 2000 mg/kg P.O. as a particular
dosage

4 Group-IV MECO 3000 mg/kg P.O. as a particular
dosage

5  Group-V MECO 4000 mg/kg P.O. as a particular
dosage

6  Group-VI MECO 5000 mg/ kg P.O. as a particular
dosage

MECO= Methanolic extract of Colebrookea oppositifolia.

Acute anti-hypertensive study

Rats were grouped into five groups (n=6) and were
given treatment orally according to the following
study design (Table 2).

Sub-acute anti-hypertensive research

The rats were habituated to the power lab, and
baseline SBP, MAP, and H.R. measurements were
taken using non-invasive blood pressure monitoring
equipment (NIBP). The rats were given 10% glucose
for 21 days to make them hypertensive. The rats were
separated into the following groups (n=6) and treated
orally according to the experimental design described
in Table 3.

Table 2: Study design for acute anti-hypertensive study (n=6 rats).

10% glucose solution for 21 days + single dose of Captopril 20 mg/kg on 21* day
10% glucose solution for 21 days + single dose MECO 250 mg/kg on the 21 day

No Groups Treatment for 21 days

1  Normal control Normal rat chow diet and water ad libitum
2 Hypertensive control 10% glucose solution for 21 days

3 Standard control

4 Experimental control-I

5

Experimental control-II  10% glucose solution for 21 days + a single quantity of MECO 500 mg/kg on the 21 day

Note: On the same day, following treatment with conventional and experimental medications, systolic blood pressure (SBP), diastolic blood
pressure (DBP), mean arterial pressure (MAP), heart rate (H.R.), and blood sugar levels (BSL) were monitored after every 2 hours, i.e., at

Obr, 2hr, 4br, 61, and 8hr.

Table 3: Study design for sub-acute anti-hypertensive study (n=6 rats).

No Groups Treatment for 35 days
1 Normal control
2 Hypertensive control 10% glucose solution for 21 days

3 Standard control
further consecutive 15 days

Normal rat chow diet and water ad libitum

10% glucose solution for 21 days, and then a daily dose of Captopril 20 mg/kg was administered for

4  Experimental control 10% glucose solution for 21 days, and then a daily dose of MECO 250 mg/kg was administered for

further consecutive 15 days
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On the 35" day, ACE inhibition activity, systolic
blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), heart rate (H.R.), and

blood sugar levels (BSL) were measured.

In vivo angiotensin-converting enzyme inhibition
activity

For preparation of rat lung homogenate in order to
separate ACE. The rats of each sub-acute group were
sacrificed under anesthesia and lungs were collected,
blotted dry and weighed. Lungs were homogenized
in cold 67Mm Trsima-HCI buffer (pH 7.8). Lungs
were then homogenized by tissue homogenizer. Lung
homogenate was centrifuged at 6000 rpm at 4°C for
15 min repeatedly until pelleting stooped. The final
supernatant was stored at -80 °C until further useed

for analysis (Abdulazeez and Kurfi, 2016).

With little modification, Cushman and Cheung’s
spectrophotometric technique (1971) was used to
assess the angiotensin-converting enzyme (ACE)
activity. The assay employed 0.2 mL of 3% (w/v)
hypural-Lhistidyl-L-leucine (HHL),0.1 M potassium
phosphate buffer with 0.3 M NaCl (pH 8.3), and
0.05 mL enzyme. After 15 minutes of incubation,
the reaction was stopped by adding 0.025 mL 01 N
HCL and 2 mL ethyl acetate. Then, the upper layer
was centrifuged for 2 minutes and kept in a dry bath
at 100°C for 15 minutes. As a result of the reaction,
hippuric acid was produced. Subsequently, 3 mL of
distilled water was added to this reaction mixture,
and a reading was taken by spectrophotometer at 228
nm. By enzymatic hydrolysis, 1 mole of hippuric acid
was released per milligram of the sample per minute

(Abdulazeez and Kurfi, 2016).

Statistical analysis
'The data were statistically computed using Graph Pad
Prism version 7.01 software. One-way ANOVA and

Dunnett’s tests were used to compare the means of

groups. The results are expressed as Mean = S.D. The
value of the level of significance was kept as a p < 0.05.

Results and Discussion

Acute toxicity studies

Acute toxicity investigations revealed no mortalities
occurred up to dosage 4000 mg for 24 hours. However,
the animals treated with 5000 mg/kg P.O. plant
extracts began to die within 2 hours of administration
of the dosage, and all of the animals died within six
hours of therapy. The LD, values were calculated as
4472 milligram/ kilogram P.O.

D, = 4000
D, = 5000
LD.=VD xD

50 0 100

LD_,= V4000 x 5000 = 4472 mg/Kg Po

Acute antihypertensive study (in-vivo)

Effect of an acute dose of methanolic extract of
Colebrookea oppositifolia leaves on SBP, DBP, MAP,
H.R. and BSL in rats

The acute anti-hypertensive activity results showed
that giving 10% glucose to hypertensive control group
animals significantly (p < 0.05) increased their systolic
blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), heart rate (H.R.), and
blood sugar levels (BSL) associated to the normal
control group. When compared to hypertensive control
group animals, the animals treated with methanolic
extract of Colebrookea oppositifolia leaves (both in doses
of 250 and 500 mg/kg P.O.) as well as the animals
treated with the regular drug of captopril (20 mg/kg
P.O) had significantly (p < 0.05) reduced the systolic
blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), heart rate (H.R.). The
results are presented in Tables 4,5, 6,7 and 8.

Table 4: Effect of an acute dose of methanolic extract of Colebrookea oppositifolia leaves on systolic blood pressure in rats.

Groups Systolic blood pressure (mmHg) on day 21

0hr 02 hr 04 hr 06 hr 08 hr
Normal control 97.2£3.2 == = = =
Hypertensive control 127.2+£3.9° - - - -
Standard control 127.2+2.8 117.2+3.5P 111.0+1.8° 106.5+5.5° 91.5+4.5>
Experimental control-I 125.0+4.6 119.2+2.7° 112.7+3.2 107.7+3.7° 96.7+3.9
Experimental control-11 127.2+3.9 119.5+2.5P 112.5+2.5° 109.0+2.2° 104.0+3.8°

One-way ANOVA was used in the analysis, monitored by Dunnett’s test. Values are articulated as Mean + 8.D., (n=4). Sign * (p < 0.05)
indicates a significant increase in systolic blood pressure by administering 10% glucose as related to control, while sign® (p < 0.05) indicates a
significant reduction in systolic blood pressure of treated groups as compared to hypertensive rats.

December 2022 | Volume 68 | Issue 2 | Page 34

[N .
Sals Links

“*@Researchers



OPEN aAccsss Biologia (Lahore)
Table 5: Effect of an acute dose of methanolic extract of Colebrookea oppositifolia leaves on diastolic blood pressure in

rats.

Groups Diastolic blood pressure (mmHg) on day 21

0 hr 02 hr 04 hr 06 hr 08 hr

Normal control 68.2+4.4 - - -- --
Hypertensive control 97.65.1° - - -- -
Standard control 95.7+8.4 79.0+3.4° 84.0+5.2° 85.5+4.3" 73.8+6.4°
Experimental control-I 97.6+5.2 80.3+5.2° 81.2+2.5° 77.3+4.3" 73.1+5.2°
Experimental control-I1 88.2+3.1 74.3+6P 66.7+5.2° 56.8+12.1° 65.3+8.2°

The analysis was carried out using one-way ANOVA and Dunnett’s test. The standards are given as Mean SD (n=4). Sign * (p < 0.05)
indicates a significant increase in diastolic blood pressure by administering 10% glucose as compared to control, while sign® (p < 0.05) indicates
a significant decrease in diastolic blood pressure by treated groups as compared to hypertensive rats.

Table 6: Effect of an acute dose of methanolic extract of Colebrookea oppositifolia leaves on mean arterial blood pressure

n rats.

Groups Mean arterial blood pressure (mmHg) on day-21

0 hr 02 hr 04 hr 06 hr 08 hr

Normal control 82.2+6.3 == == == ==
Hypertensive control 106.7+4.1° = == = =
Standard control 106.2+6.2 91.7£3.1° 93.0+3.7° 92.5+4.7° 79.7+5.8°
Experimental control-I 106.7+4.1 93.6+3.2° 91.7+1.9° 87.5+3.3 81.0+4.1°
Experimental control-II 101.2+2.9 89.3+3.4 82.0+3.2° 74.2+7.7° 78.2+6.7°

The analysis was carried out using one-way ANOVA and Dunnett’s test. The standards are given as Mean SD (n=4). Sign a (p=0.05) shows
a substantial rise in mean arterial blood pressure by providing 10% glucose compared to the control group, but sign b (p=0.05) indicates a
significant drop in mean arterial blood pressure of treatment groups compared to hypertensive rats.

Table 7: Effect of an acute dose of methanolic extract of Colebrookea oppositifolia leaves on heart rate.

Groups Heart rate (beats/min) on day 21

0 hr 02 hr 04 hr 06 hr 08 hr
Normal control 367.5+28.6 - - - -
Hypertensive control 427.5+62.1° - - - -
Standard control 395.5+27.3 346.7+18.5° 327.7£11.4° 322.2+12.6 310.7£20.8°
Experimental control-I 427.5+62.1 377.5+46.5° 419.2+57° 402.555° 370+33.9+4.1°
Experimental control-II 358.2+6.4 352.2+£23.5° 332.0£68.4° 328.2+44.8P 298.2+19.1°

The analysis was carried out using one-way ANOVA and Dunnett’s test. The values are given as Mean SD (n=4). Sign* (p < 0.05) indicates
a significant increase in mean heart rate by administering 10% glucose as associated with controlling, while sign ® (p < 0.05) indicates a
significant decrease in heart rate of treated groups as compared to hypertensive rats.

Table 8: Effect of an acute dose of methanolic extract of Colebrookea oppositifolia leaves on blood sugar levels in rats.

Groups Blood sugar (mg/dl) on day-21

0 hr 02 hr 04 hr 06 hr 08 hr
Normal control 102.5+11.4 -- - - --
Hypertensive control 326.2+63.2¢ - -- -- -
Standard control 255.062.2 254.0+60.9° 250.0£62.5° 247.5+61.1° 248.5+61.2°
Experimental control-I 241.5+52.1 238.5+53.4° 233.2+52.4° 232.2+52.6° 229.2+53.7°
Experimental control-I1 326.2+63.2 324.0+65.1° 322.2+65.0° 318.5+64.6° 312.0+61.8°

The analysis was carried out using one-way ANOVA and Dunnett’s test. The values are given as Mean SD (n=4). Sign a (p=0.05) indicates a
substantial rise in blood glucose level by delivering 10% glucose vs. control, whereas sign b (p=0.05) indicates a significant drop in blood glucose
level in treated groups versus hypertensive rats.
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Subacute anti-hypertensive study (in-vivo)

Subacute methanolic extract of  Colebrookea
oppositifolia leaves a significant effect on rats’ SBP,
DBP, MAP, H.R., and BSL. When associated with
the usual control group, the hypertensive control group
experienced a substantial (p < 0.05) increase in systolic
blood pressure (SBP), diastolic blood pressure (DBP),
mean arterial pressure (MAP), heart rate (H.R.), and
blood sugar levels (BSL). The animals in the standard
and experimental control groups exhibited trivial
(p < 0.05) decreases in SBP, DBP, MAP, H.R., and
BSL compared to the hypertensive control group.
Numerical values for all of the parameters are shown

in Table 9.

Effects of Colebrookea oppositifolia extract on ACE
activity in hypertensive rats

In-vivo ACE inhibition activity (pmol/min) was
performed to evaluate the effect of methanolic extract
of Colebrookea oppositifolia and standard (Captopril)
in hypertensive rats. The percentage inhibition for
methanolic extract and standard was recorded as

45.13% and 60%, respectively, as shown in Table 10.

Colebrooke oppositifolia is widely used as a traditional
herbal medication for hypertension and stroke-like
conditions (Viswanatha ez a/., 2021). To test the
anti-hypertensive efficacy, albino rats were given
a methanolic extract of Colebrookea oppositifolia.

Administration of 10% glucose will significantly
increase rats’ systolic blood pressure, diastolic blood
pressure, mean arterial blood pressure, heart rate, and
blood sugar level (p < 0.05) compared to the control

group.

In acute study, MECO 250 mg/kg and MECO 500
mg/kg and standard successfully reduced the systolic
blood pressure (p < 0.05) by up to 23% and 18%, and
28%, respectively as compared to hypertensive rats.
MECO 250 mg/kg MECO 500 mg/kg and Captopril
substantially reduced diastolic blood pressure (p <
0.05) by 25%, 26%, and 23%, respectively. Reduction
in mean arterial blood pressure by MECO 250 (24%),
MECO 500 (23%), and captopril (25%), are almost
similar which means that the mechanism in all these
cases may be same.

MECO 250 mg/kg was used to study the sub-acute
effects on SBP,DBP,MAP,H.R.,and BSL. Compared
to hypertensive rats, treated animals exhibited a
reduction 23% systolic blood pressure, 18% diastolic
blood pressure, 20% mean arterial blood pressure, and
20% H.R. as compared to the hypertensive rat group.
Methanolic extract of Colebrookea inhibited ACE
activity considerably (3.9£0.2 pumol/ min) against
hypertensive rats (7.2+0.3 pmol/ min). Significant
ACE inhibition is comparable with positive control

group.

Table 9: Effect of sub-acute doses of methanolic extract of Colebrookea oppositifolia leaves on SBB DBE, MAR H.R.

and BSL in rats.
Groups SBP (mmHg) DBP (mmHg)
Normal control 96.5+3.6 72.3+8.2
Hypertensive 126+4.6 83.5+6.3"
Standard 95.0+3.8" 71.0+4.7°
MECO 250mg/Kg 97.3+3.0° 68.6+4.6"

MAP (mmHg) HR (Beats/min) BSL (mg/dl)
80.326.0 354.3+32.4 88.3+9.2
97.3+4.7* 421.8+51.5* 253.0+48.5°
79.0+4.0° 309.3+23.8° 258.8+39.6
78.1+3.7° 335.8+27.5° 271.2+38.6

SBR Systolic Blood pressure; DBE, Diastolic blood Pressure; MAR, Mean Arterial Pressure; HR, Heart Rate; BSL, Blood Sugar Level. The
analysis was carried out using one-way ANOVA and Dunnett’s test. The values are given as Mean SD (n=4). Sign * (p < 0.05) indicates a
significant increase in SBE DBR MAP, H.R. and BSL by administering 10% glucose as compared to control, while sign 4 (p < 0.05) indicates
a significant decrease in SBB DBE MAPR H.R. and BSL in treated groups as compared to hypertensive rats.

Table 9: In-vivo effects of Colebrookea oppositifolia extracts on ACE activity in hypertensive rats.

Groups ACE activity (pmol min™)

Replicate-1 Replicate-2 Replicate-3 Mean + SD
Normal control 7.6 6.8 7.1 72+£0.3
Mrthanolic extract 250 mg/Kg 4.2 3.7 3.8 3.9+0%
Standard control (Captopril 20 mg/ Kg) 2.6 3.1 2.8 2.8+0.2°

One-way ANOVA and Dunnett’s test were used in the analysis. The outcomes are given as Mean SD (n=3). The probability value is set at b =
0.05. The suppression percentages for methanolic extract and standard are 45.1 and 60%, respectively.
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Many studies have proved that phytochemicals like
tannins and flavonoids are beneficial in reducing
hypertension (Cienfuegos-Jovellanos ez al., 2009).
Colebrooke oppositifolia is a quite enriched source
of many phytochemicals (Yadav, 2019). The plant
contains chemical classes, including
flavonoids, tannins, polyphenols, alkaloids, glycosides
and saponins (Viswanatha ez a/., 2021). Flavonoids
reduce blood pressure by decreasing endothelial cell
oxidative stress, improving nitric oxide bioavailability,
and modifying vascular ion channels (Maaliki ez a/.,
2019).The ACE inhibitory activity has been associated
to the flavonoids and terpenoids in medicinal plants
(Guerrero e al., 2002). Further, polyphenols are
widely distributed in natural foods and can reduce
hypertension by decreasing vasoconstriction and
regulating the renin-angiotensin-aldosterone system
(RAAS) (Tain and Hsu, 2022). Thus it is proposed
from current research, that the anti-hypertensive eftect
of Colebrookea oppositifolia through ACE inhibition
can be attributed to the presence of the above-
described phytochemical agents. However, there is
still considerable room to explore the mechanism of
action using various experimental models.

various

Conclusions and Recommendations

This research showed that a methanolic extract
of Colebrookea oppositifolia leaves exhibited anti-
hypertensive activity correlated to inhibition of
the angiotensin-converting enzyme. Colebrookea
oppositifolia extract can be advanced as a potential
anti-hypertensive medicine. More studies are required
to identify and separate the definite active component
responsible for the anti-hypertensive activity.
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