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ABSTRACT

The aim of this study was to investigate the apghiensive effects of methanol extract of H. salffdateaves
(MEHS) in rats. Hypertension was induced in thesray adding 8% NacCl in their diet (salt-loading) & weeks.
The rats were randomly divided into five group$ohts each. Group 1 was the normotensive controlg and
was fed with normal rat chow and water ad libitugrpups 2 and 3 were the hypertensive and positbrérol
groups respectively while groups 4 and 5 were ttgeemental groups. Group 2 was given normal tadw and
water while group 3 was treated with 30 mg/kg cpptoGroups 4 and 5 were treated (p.o) with 200da400
mg/kg b. wt. of MEHS respectively per day for 4 ksedhe Ly of MEHS was greater than 2000 mg/kg.
Qualitative phytochemical studies revealed the @nes of saponins, tannins, flavonoids, phenolstoist,
triterpenoids, and fixed oils. The MEHS signifidgnteduced (p<0.05) blood pressure and heart rate i
hypertensive rats in a dose-dependent manner. bldw pressure reduction was associated with a cgdn in
serum lipid peroxidation product, as well as with iacrease in serum antioxidant enzyme activitielyipertensive
rats. The effects of MEHS on blood pressure andabixie stress markers were similar to those of @apt The
results suggest that the MEHS possesses signifanatittypertensive effect against salt-induced higresion in
rats. The antihypertensive effect appears to beatestiby a reduction in serum oxidative stress.

Keywords: Hibiscus sabdariffahypertension, antioxidant, methanol leaf extreats.

INTRODUCTION

The occurrence of cardiovascular diseases (CVR)uding hypertension, is on the increase globaltyremains a
major public health challenge in developed as asgleveloping countries because of its impact erptipulation
morbidity and mortality [1]. Cardiovascular diseastave emerged as an important health problem gerbdi [2].
Hypertension has been implicated as a major ristofaand if it is better controlled can lead tdrastic reduction
in annual mortality rate from CVD in Nigeria [3].Epidemiological studies demonstrate that prevaleoice
hypertension is increasing rapidly among Nigeridvan populations. Current evidence suggests thed than two-
fifths of the Nigerian urban adult population hapértension with the prevalence lower but on treedase in rural
populations [2, 4].
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The pathogenesis of hypertension is multifactdriahature, for example, oxidative stress [5], im&®d activity of
renin-angiotensin-aldosterone system (RAAS), ergoth(ET) system, kallikrein-kinin system, sympdtbe
nervous system, and genetic influence have beeaifigoe[6]. Interestingly, hypertension is idergil as the most
modifiable risk factor in prevention of many chroidiseases [7].

The treatment of hypertension mainly relies on sgtit medicines, athough new antihypertensive dmils
improved efficacy have been introduced to the maréed they still possess serious side effdétsthermore,
because of limited resources, synthetic drug treatmmay not be affordable to the majority of hypesive patients
in developing countries such as Nigeria. Therefdrés of great importance to discover natural #peutics for
prevention and management of hypertension. Regeatigntion has focused on herbal preparations twhie
traditionally used as therapeutic agents in the@grton and management of CVD [8, 9]. These herbsheaper,
much easier to obtain with fewer side-effects thgmthetic drugs [10]. One of the medicinal plahtt may have a
great prospect as an antihypertensive drijlisscus sabdariffa.. (HS).

H. sabdariffaLinn (family: Malvaceae) is one of the emergingngk of interest in the management of hypertension.
It is a medicinal plant, commonly known as “Roskll®ozelle”, “Indian sorrel”, “Flor de jamaica”,Sour tea” or
“Kerkrade” and so on. It is popularly consumed iigétia as a refreshing drink called “Zobo”. In Niige different
tribal groups have their indigenous names as: “Yiakun Hausa, “Amukan” in Yoruba and “Okworo ozat igho
[11]. The plant is widely grown in tropics like @teal and West Africa, South East Asia, Jamaica @gedtral
America [12].

Previous studies on the antihypertensive propedidle plant have focused on the calyx [13. 14}ap[15, 16],
and seed extracts [17]. The plant extracts hase laéen reported capable of relaxing vascular dmmoiscle by
inhibition C&" influx [18, 19], activation of endothelial pathwaf nitric oxide/cGMP (Ajayet al, 2007), and as an
inhibitor of angiotensin converting enzyme (ACEX[20, 21]. According to previous reports, sabdariffaleaf
extracts have been found to possess many biolggiopkrties such as hypoglycemic [22], hypolipidefgi3], anti-
inflammatory [24], antioxidant [25, 26], anticang¢2F], and estrogenic-like effects [28].

Interestingly,H. sabdariffahas gained attention for its antihypertensive @gtiRegrettably, only the calyces Bf
sabdariffaare widely used in the management of hypertensiehthe leaves are usually ignored and discarded
around the world, except in Africa countries, whiglis consumed as vegetables [25]. Despite tloeigiented uses

of various parts oH. sabdariffain the management of hypertension, there stilstexpaucity of reports in the
literature regarding the antihypertensive effecHofsabdariffaleaves. Most of the antihypertensive effectdHof
sabdariffa have been focused on the calyx, petal, and seedy Mtle attention has been paid to the leaves
especially on their antihypertensive activitiesu3hthis study was designed to investigate thengmtirtensive
effects of methanolic leaf extract ef. sabdariffa (MEHS) in rats. This is with a view to providingsaientific
justification or otherwise for the possible usetloé plant’s leaves in the management, control aedtrhent of
hypertension.

MATERIALS AND METHODS

Drugs, chemical, and reagents

All chemical, drugs, and reagents used in thisstigation were of analytical grade. Methanol waschased from
Sigma-Aldrich Chemical Company (St. Louis, MisspWBA). All test drugs and reagents were freshigpared
before use. Captopril (ACE-inhibitor) was used lzes teference anti-hypertensive drug. The water useslglass
distilled.

Preparation of drugs

Captopril: Captopril (Globela Pharma PVT. Ltd, India) was pased from Godal Pharmacy in Abakaliki, Nigeria.
Captopril was reconstituted in sterile distilledterato give required dose of 30 mg/kg/2 ml b. wiad avas
administered orally [29].

Sodium pentobarbital (Nembutal): Sodium pentobarbital (Embassy Pharmaceutical aredn@fals Ltd., Nigeria)
was purchased from Danax Pharmacy, Ibadan, Nigéh@.animals were anaesthetized by intraperitoimgdtion
of sodium pentobarbital at the dose of 100 mg/kgtb[30].
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Experimental animals

Inbred adult male Wistar rats weighing between (@78 3.24 g) obtained from the Animal Unit, Collegé
Medicine, University of Nigeria Enugu Campus, Enudligeria were used for the experiment. They were
maintained under standard laboratory conditionsh1@ht, 12 h dark schedule) and were fed with owartially
formulated rat’s pellets (Pfizer Livestock Feeds<CREEnugu, Nigeria) and tap water ad libitum. Theéreats were
allowed to acclimatize for two weeks to the newolatory environment after which they were dividatbigroups
prior to the commencement of the experiment. Duthng two weeks, the rats were subjected to humadling
5min/day to prevent stress induced hypertensiomguhe experiments. Excess feeds and water wemeved and
replaced daily.

Ethical approval

The experimental procedures and techniques usedeirstudy were in accordance with accepted priasigor
laboratory animal use and care by the Nationalitinst of Health[31]. Ethical approval was obtained from the
Institutional Animal Ethics and Care Committee bé tUniversity with reference humber (NHREC/05/00@2B-
FWAO00002458-1RB00002323).

Plant collection and authentication

The fresh leaves dfl. sabdariffa(family: Malvaceae) were collected from Gboro fasettlement in Iseyin Local
Government Area of Oyo State, Nigeria. The plamticgpen was identified and authenticated by Mr. K A8eniji
in the herbarium of the Forestry Research Institftdligeria (FRIN) Ibadan. A voucher specimen (FHLO315)
was also deposited in the Herbarium of the ingitut

Extraction and preparation of methanol extract

The leaves were air-dried and milled to fine powd&rpowdered dried leaf (1000g) was weighed andi-col
macerated in 2.5 L of 80% methanol and shaken wiggly at interval for 48 h in a dark room enviromneAfter
this extraction period, the extracted solution widered through Whatman No. 1 filter paper (Whatma
international Ltd; Maidstone, England) to obtaipwe filtrate (methanol leaf extradlEHS. The filtered extract
was concentrated in a rotary evaporator (BUCHI,wme Controller, V-800) at 40°C under a reduced s for

3 h.The resulting residue which weighed 132.4 g (repp¥8.2%) was later stored undéC4before useThe dried
MEHS was reconstituted in distilled water to gikie tequired doses of 200 and 400 mg/kg/2 ml b.regpectively.
The dosages were prepared fresh on the day ofienxgrais prior to administration to the rats by gravage.

Preliminary phytochemical screening

Freshly prepared MEHS was subjected to variousitqtiseé phytochemical tests, to identify the secmyd
metabolites present in the leaves. The screeninghies detection of saponins, tannins, alkaloidsydnoids,
phenols, triterpenoids, steroids, anthraquinoned, fexed oils using standard phytochemical proceduand tests
[32].

Acute toxicity test

The acute oral toxicity test of crude MEHS was dateed according to Organization for Economic Cegpion
and Development guidelines [33], limit test proaexlwvith starting dose of 2000 mg/kg b. wt. wasgdd. Starting
dose of 2000 mg/kgp(o.) of each was given to 5 animals after 3 — 4 ffiasfing. After administration of extract,
food was withdrawn for further 3 - 4 Animals were observed for 1 h continuously and theuarly for 4 h and
finally after every 24 h up to 72 h for any physisigns of toxicity such as writhing, gasping, diera, palpitation,
decreased respiratory rate and mortality.

Induction of experimental hypertension

Hypertension was induced by salt-loading rats 8 sodium chloride diet for 6 weeks according t® thethod
described by Dahl [34] and Mojiminiyt al.,[35]. Weekly systolic (SBP), diastolic (DBP), mean agkgressure
(MAP), and heart rate (HR) were measured and recbrdRats with SBP and DBP above 140 and 100 mm Hg
respectively after three consistent readings wensidered hypertensive.

Experimental design and animal grouping

Age matched normotensive (NTR) and hypertensive (dTR) were randomly divided into five groups ofdis
each. Group 1 and 2 served as normotensive (negatid hypertensive (control) respectively andiveckdistilled
water (2 mi/kg/dayp.o). Group 3 served as hypertensive (positive) abrgroup and received captopril (30
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mg/kg/day). Group 4 and 5 served as treatment grand were administered with MEHS at graded dd2@@ &nd
400 mg/kg/dayp.o.) respectively. Administration commenced by thie Week of salt loading. rfEatment lasted for
four weeks (W— W,) and was carried out between 08.00 am and 09.08aénby oral gavage.

Determination of blood pressure parameters

A commercially available automated computerized-daff blood pressure monitor, the CODA M NIBP
recording system (Kent Scientific Corporation, Cecticut, USA) was used to record the SBP, DBP, MaARY,
HR in rats. Rats were placed in restraining holdétls a nose cone to calm the animals. The restraiwere placed
on a heating pad (32 £Q) to warm the rat’s tail and maintain blood flowthe tail. Animals were placed in the
restrainers for at least 5 mins before monitoring Iblood pressure and average of three consisadings were
taken for each rat.

Protocol for blood sampling and biochemical assay

After the last measurement of blood pressure, tite were fasted for 12 h and anaesthetized withiusod
pentobarbital (100 mg/kg b. wi.p.) and fasting blood samples were collected thrategdiac puncture into labeled
sterile plain tubes for biochemical serum analy8&sod samples for sera preparation was allowecldbat room
temperature for 1h, and then centrifuged at 30000 mins. The clear serum was collected witbt®a pipette
into clean, dry sample bottles and stored in refatpr under % until required. All analyses were completed withi
24 h of sample collection.

Evaluation of serum SOD, CAT, GSH-R, and MDA

Superoxide dismutase (SOD) activity and the maliddhyde (MDA) level were estimated in the serurmgs
assay kits according to the instructions of the uf@acturer (Randox Laboratories Ltd., UK). Catal§@SAT) and
Glutathione peroxidase (GHSAP activities were estimated using a commerciallyailable enzyme-linked
immunosorbent assay (ELISA) kit€lpud Clone, USA) as described by manufacturer.

Statistical analysis

All the data are expressed as mean + SEM. Therdifét@s among treatment groups were analyzed bywage-
analysis of variance (ANOVA) followed by StudentWaan-Keul’'spost hoctest using Graph pad Prism Version
5.0 for Windows (GraphPad® Software, San Diego, O8A). Values 0$<0.05 were considered significant.

RESULTS

Percentage yield of extract
The percentage yield of the crude MEHS was 13.2%&/)\w

Preliminary phytochemical screening
Preliminary phytochemical analysis of MEHS quaiitaly revealed the presence of saponins, tanniagofioids,
phenols, steroids, triterpenoids, and fixed oill{€al).

Table 1: Qualitative phytochemical analysis of metanol extract of H. sabdariffa (MEHS)

Parameters MEHS
Saponins +
Tannins +
Alkaloids
Flavonoids +
Phenis +
Triterpenoids +
Steroids +
Anthraquinones -
Fixedil +

Key words:MEHS - Methanol extract(+) = presence of the compoun) = compound not detected

Acute toxicity test

The rats treated with 2000 mg/kg dose did not shawdrug induced physical signs of toxicity durithg whole
experimental period and no mortality was recordédra/2 h. Behavioral changes observed includedsiemt
dullness and weakness. These early symptoms sudrgggdisappeared after few minutes.

476
Scholar Research Library



Morufu E. Balogun et al Der Pharmacia Lettre, 2016, 8 (19):473-484

Changes in blood pressure and heart rate during ingction

In the first six weeks of high salt diet there veaprogressive increasp<0.05) in mean SBP, DBP, MAP, and HR
when compared to the normotensive group (Tablek 2, and 5) respectively. Daily consumption of (84Cl)
diet for six weeks caused significant incregse Q.05vs. control group) in SBP from 120.8 + 2.03 to 199.6.%3
mmHg, (Table 2); DBP from 84.2 + 1.79 to 142.8 &2mmHg, (Table 3); MAP from 96.2 + 2.05 to 159.4.82
mmHg, (Table 4); and HR from 369.3 + 2.48 to 48%.4.90 beats/min, (Table 5). Towards the end dfiation
(5th to 6th week), there was no significant incecas decrease in SBP, DBP, MAP, and HR in all tigh Isalt
groups.

Table 2: Mean systolic blood pressure (SBP) duringnduction

Systolic Blood Pressure (mm Hg)

B week

Group Baseline " week % week 5 week

1 119.7+2.00 122.4+1.78 121.3 + 3.64 120.0 +3.76 120.8632.
2 121.2+0.76 1422 +224 1584+4560 190.8+2.58 192.0+0.8%4
3 124.4+237 1405+3%5 1540+ 0.74 188.2+546 190.8 + 2.87
4 120.7 +3.04 134.8+269 1605+ 158 187.6+3.285 189.3+3.75
5 122.4+0.34 1406 +154 1580+ 158 197.2+224 199.6+1.53

Values are expressed as mean + SEM (n=5 in eachr < 0.05 vs. normal control group; *p < 0.05 vs. corresponding baseline values;
Group 1 = normal control rats, Group 2-5 = rats thaceived (8% NacCl) diet for 6 weeks.

Table 3: Mean diastolic blood pressure (DBP) duringnduction

Diastolic Blood Pressure (mm Hg)

Group Baseline " week " week " week " week
1 83.2+2.25 85.0+1.67 82.6+2.85 83.8+1.87 .84 1.79
2 847+163 1132+0%36 122.3+0.60 138.2+0.74 140.9+3.08
3 87.2+1.24 1005+ 124 129.4+373 141.6+240 1428+269
4 84.5+1.52 89.4+0.90 125.0+258 142.4+148 1405 +3.50
5 83.4+2.39 906+ 172 1182+092 1356+2.62 138.7+2.76

Values are expressed as mean + SEM (n=>5 in each@r < 0.05 vs. normal control group; *p < 0.05 vs. corresponding baseline values,
Group 1 = normal control rats, Group 2-5 = rats thaceived (8% NacCl) diet for 6 weeks.

Table 4: Mean arterial blood pressure (MAP) duringinduction

Mean Arterial Blood Pressure (mm Hg)

Group Baseline " week " week " week " week
1 95.8 + 1.64 97.0+4.18 954 +2095 95.8 + 3.09 96.2 #32.0
2 96.0 + 2.61 128.2 + 267 143.8+3.60 156.2+2.34 159.6+4.37
3 942+324 1197 +1094* 1413+506 1502+540 152.7 +1.56
4 92.2+153 1054 +366 137.2+255 154.8+3.37 153.0+3.9T
5 954+230 1246+172 1420+092 156.2+7.08 157.4+1.4%

Values are expressed as mean + SEM (n=>5 in eachpdrap < 0.05 vs. normal control group; 'p < 0.05 vs. corresponding baseline values;
Group 1 = normal control rats, Groups 2-5 = ratsatireceived (8% NacCl) diet for 6 weeks.

Table 5: Mean heart rate (HR) during induction

Heart Rate (beats/min)

Group Baseline " week % week 8 week 8 week
1 3685+329 370.5+2.03 372.9+5.02 037382 369.3+2.48
2 373.0+7.63 426.2+4726 440.7+2.76 475.6+2.34 478.0+3.37
3 368.2+3.24 4385124 450.4+1.88 478.1+253 480.6+255
4 3706 +2.30 432.8+205 446.6+250 477.8+4.86 476.1+2.85
5 376.4+531 429.6+372 450.2+3.97 480.7+3.08 481.4+4.90

Values are expressed as mean + SEM (n=>5 in each@yrq < 0.05 vs. normal control group; "p < 0.05 vs. corresponding baseline values;
Group 1 = normal control rats, Group 2-5 = rats th@ceived (8% NaCl) diet for 6 weeks.

Effects of MEHS and captopril on blood pressure and heart rate irsalt-induced hypertensive rats

The effects of MEHS and captopril on SBP, DBP, MARd HR in hypertensive rats are presented in Eg(t, 2,
3, and, 4) respectively. At baseline, there wassigmificant difference in SBP, DBP, MAP, and, HR arg
experimental groups. Daily administration of saltdor six weeks significantly increasp<0.05) SBP (198.3 +
2.42 mmHg), (Figure 1); DBP (140.3 £ 3.54 mmHg)ig(fe 2), MAP (158.7 = 2.53 mmHg), (Figure 3); adR
(476.8 £ 5.87 beats/min), (Figure 4) compared ® ¢bntrol group. Treatment with MESH significantduced
(p<0.05) SBP, DBP, MAP and HR compared to the vehgrieup. Treatment with captopril (30 mg/kg/day)
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significantly decreasedp€0.05) SBP, DBP, MAP, and HR in hypertensive ratgngared to the untreated
hypertensive group. The mean values of SBP, DBPPMa#nd HR in all the treatment groups after fouekseof
treatment were significantly reducguk(.01) when compared with their respective baselalaes.
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Figure 1: Effect of MEHS and captopril on systolichlood pressure (SBP) in salt-induced hypertensiveats. Values are expressed as mean
+ SEM (n=5 in each group)?p<0.05vs. control group; “p<0.01vs. corresponding baseline valuesp<0.05vs. vehicle group; Control =
normal control rats, vehicle = untreated hypertensre rats, MEHS-L = hypertensive rat that received MES (200 mg/kg/day), MEHS-H
= hypertensive rat that received MEHS (400 mg/kg/dg), and CAP = hypertensive rats that received capfiil (30 mg/kg/day).
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Figure 2: Effect of MEHS and captopril on diastolicblood pressure (DBP) in salt-induced hypertensivets. Values are expressed as
mean + SEM (n=5 in each group)’p<0.05vs. control group; "p<0.01vs. corresponding baseline valuesp<0.05vs. vehicle group; Control
= normal control rats, vehicle = untreated hypertesive rats, MEHS-L = hypertensive rat that receivedMEHS (200 mg/kg/day), MEHS-

H = hypertensive rat that received MEHS (400 mg/kgfay), and CAP = hypertensive rats that received cappril (30 mg/kg/day).
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Figure 3: Effect of MEHS and captopril on mean arteial blood pressure (MAP) in salt-induced hypertensre rats. Values are expressed
as mean * SEM (n=5 in each groupfp<0.05 compared to control group: p<0.01 compared to baseline value$p<0.05 compared to
untreated hypertensive group; Control = normal contol rats, vehicle = untreated hypertensive rats, MES-L = hypertensive rat that
received MEHS (200 mg/kg/day), MEHS-H = hypertensi rat that received MEHS (400 mg/kg/day), and CAP Hhypertensive rats that
received captopril (30 mg/kg/day).
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Figure 4: Effect of MEHS and captopril on heart rate (HR) in salt-induced hypertensive rats. Values & expressed as mean + SEM (n=5

in each group).”p<0.05vs. control group; “p<0.01vs. corresponding baseline valuesp<0.05vs. vehicle group; Control = normal control

rats, vehicle = untreated hypertensive rats, MEHS-L= hypertensive rat that received MEHS (200 mg/kg/ay), MEHS-H = hypertensive
rat that received MEHS (400 mg/kg/day), and CAP = ypertensive rats that received captopril (30 mg/kgfay).

Antioxidant activity of MEHS in hypertensive rats

The effects of MEHS and captopril on serum contefitSOD, CAT, GSH-Px, and MDA in hypertensive rate
presented in Figures (5, 6, 7, and 8) respectiv@gily consumption of 8% NacCl in diet for six wee&aused
significant decreasg€0.05) in serum activity of SOD (12.4 + 3.47 U/nHigure 5); CAT (132.5 + 14.53 miU/mL,
Figure 6); and GSH-Px (12.6 + 8.36 ng/mL, Figuree@npared to control group. However, a significactease
(p<0.05) in MDA (183.7 £ 5.89 ng/mL, Figure 8) wassebved when compared with the control group. Treatm
with MEHS significantly increasedp€0.05) the serum levels of SOD, CAT, and GSHeBmpared to vehicle
group. Similarly, MEHS-treated groups showed sigaifitly lower <0.05) MDA level when compared with the
vehicle group. The effects of MEHS on the seruniviigs/levels of the estimated antioxidant indiegspeared to
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be dose-dependent. Captopril also significantlyeased [§<0.05) serum SOD, CAT, and GSH-Px levels, but
reduced §<0.05) MDA content in the hypertensive rats comgacevehicle group.
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Figure 5: Serum superoxide dismutase (SOD) activitin salt-induced hypertensive rats treated with MEFS and captopril. Values are
expressed as mean = SEM (n=5 in each groupp<0.05vs. control group; “p<0.05vs. vehicle group; Control = normal control rats,
vehicle = untreated hypertensive rats, MEHS-L = hyprtensive rat that received MEHS (200 mg/kg/day), MHS-H = hypertensive rat
that received MEHS (400 mg/kg/day), and CAP = hypéensive rats that received captopril (30 mg/kg/day)
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Figure 6: Serum catalase (CAT) activity in salt-indiced hypertensive rats treated with MEHS and captopl. Values are expressed as
mean + SEM (n=5 in each group).p<0.05vs. control group; “p<0.05vs. vehicle group; Control = normal control rats, vehtle = untreated
hypertensive rats, MEHS-L = hypertensive rat that eceived MEHS (200 mg/kg/day), MEHS-H = hypertensiveat that received MEHS
(400 mg/kg/day), CAP = hypertensive rats that receéd captopril (30 mg/kg/day).
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Figure 7: Serum glutathione peroxidase (GSH-Px) atity in salt-induced hypertensive rats treated wih MEHS and captopril. Values

are expressed as mean + SEM (n=5 in each group)<0.05vs. control group; “p<0.05vs. vehicle group; Control = normal control rats,

vehicle = untreated hypertensive rats, MEHS-L = hyprtensive rat that received MEHS (200 mg/kg/day), MHS-H = hypertensive rat
that received MEHS (400 mg/kg/day), and CAP = hypé¢ensive rats that received captopril (30 mg/kg/day)
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Figure 8: Serum malondialdehyde (MDA) activity in |lt-induced hypertensive rats treated with MEHS andcaptopril. Values are
expressed as mean = SEM (n=5 in each groupp<0.05vs. control group; “p<0.05vs. vehicle group; Control = normal control rats,
vehicle = untreated hypertensive rats, MEHS-L = hyprtensive rat that received MEHS (200 mg/kg/day), MHS-H = hypertensive rat
that received MEHS (400 mg/kg/day), CAP = hyperterige rats that received captopril (30 mg/kg/day).

DISCUSSION

The use of non-pharmacological agents for the miteste and management of CVD, including hypertendias
been increasing recently. In this study, the appientensive effects of the methanol leaf extracHosabdariffa
(MEHS) was investigated using salt-induced hypeitenmodel in rats. The results obtained from gtigly have
demonstrated that MEHS possessed significant grgitensive effect against salt-induced hypertensiaats. To
our knowledge, this is the first report to showttMEHS can ameliorate the development of salt-ieduc
hypertension in rat model.
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The results of the toxicity study suggest that MEhS a wide margin of safety and thus administnadi® done in
folk medicine may not have any immediate advertexctf. Our findings were consistent with thosetbio studies,
which reported that lethal dose (tJpwas greater than 5000 mg/kg body weight [36, 37].

In this study, we demonstrated that salt loadinth 8% NaCl)via diet significantly increased blood pressure in
Wistar rats, in agreement with accumulated repiortSprague-Dawley rats [35, 38], and Wistar ratg, [80].
However, other previous studies found no significdrange in blood pressure with salt loading ina§pe-Dawley
rats [41, 42]. These disagreements may refledergifices in the time frame of salt loading or ie tioute of
administration (with fluid or food intake).

Our findings showed that chronic consumption ofisiwdchloride diet caused hypertension and alsodedwother
abnormalities in rats, including oxidative stresskperimental rats. MEHS ameliorates blood pressiterations
and increased oxidative stress. Both MEHS and paipteeversed the abnormalities in hypertensives.ritt is
noteworthy that MEHSproduced a significant reduction in blood pressamnel heart rate of hypertensive rats,
suggesting that MEHS possesses antihypertensive reagative chronotropic effects against salt-induced
hypertension in rat. Maximum decrease in blood areswas observed at the dose of 400 mg/kg bodyhivelhe
available research data show that the MEHS isiefficas antihypertensive agent by significantlyvpreing the
increase of blood pressure in hypertensive ratusThhe results showed that graded doses of MEH& ha
significant blood pressure lowering effect in hytpasive rats in a dose response manner.

Activation of oxidative stress markers were attéadan hypertensive rats after MEHS treatment. &fwee, it is
likely that the anti-oxidative stress properties ane mechanism by which MEHS reduces blood presathis rat
model of hypertensiorThe results of this study suggest that salt loadidgices hypertension via oxidative stress,
since it elicits lipid peroxidation and reduced #@um activities of antioxidant enzymes in thedmygnsive rats.
This is indicated by the increase in the serumviiets of SOD, CAT, GSH-Px, and markedly reduceBMserum
level following treatment with MEHS which was overwhelméde to oxidative stress induced by s&te result
suggests the extract has an antioxidant effectremdcontribute to blood pressure reduction. Thegigant effects

of H. sabdariffahave been previously reported bathvitro [43, 44] andn vivo [25, 44] experimental studies. This
finding concurs with Mohd-Eseat al., [43] and the Mossalamet al., [44] studies, which suggested that the
antioxidant effect oH. sabdariffacontributed towards its antihypertensive effedie Tantioxidant activity of the
extract is due to its strong scavenging effecteattive oxygen species (ROS) and free radicals42pb,

The effect of MEHS in this study was comparabletitat of captopril, which is an ACE inhibitor. We ade
captopril for this study because it has antioxidsfifeécts andH. sabdariffawas reported to possess ACE inhibitor
properties [14, 21]. The captopril-induced reduttof blood pressure in this study was associaitd aweduction

in MDA with concomitant increase in the serum atitég of antioxidant enzymes, which indicated ttegbdtopril has
antioxidant properties. The antioxidant effect af ACE inhibitor has been previously reported [46]. 4 These
findings suggest that MEHS and captopril could hamgéhypertensive effects on reducing blood pressur salt-
induced hypertension in rats and that this effppears to be mediated by a reduction in serum tix&latress.

The phytochemical constituents responsible forpghtent antihypertensive activity of MEHS have net peen
identified. However, in the preliminary phytochealiscreening on MEHS, we detected the presensadnins,
tannins, flavonoids, triterpenoids, steroids, phgnand fixed oillt has also been reported that, the flavonoids like
flavonol and anthocyanins have been isolated froenléaves [47]. Flavonoids are among the antiltgpsive
materials for which anti-hypertensive efficacy teeen extensively confirmed [48, 49]. It is suggdsthat, these
active compounds would be able to exhibit substhmtintioxidant capacity andounteract with the deteriorating
effects of reactive oxidants in the serum [26, 50h view of the hypertension model used, activeoséary
metabolites detected in MEHS could either act singlin synergy with one other. These findings éfiere, suggest
that, the antihypertensive activities of the ledfact may be due to the presence of phytochemaadtituents.

CONCLUSION
Our findings suggest that the MEHS possesses gigntfantihypertensive effect against salt-indulegdertension

in rats. The antihypertensive effects might be fpbgsnediated via anti-oxidative stress propertiesus, MEHS
might be beneficial for controlling hypertension.

482
Scholar Research Library



Morufu E. Balogun et al Der Pharmacia Lettre, 2016, 8 (19):473-484

Acknowledgements
We acknowledge the technical assistance of Dr.nSafa A. of Department of Physiology, Lagos State University
College of Medicine, Ikeja, Lagos, Nigeria.

Authors’ contributions

This work was carried out in collaboration betwedinauthors. Author MEB, DCN and EEI designed thedy,
performed the statistical analysis, wrote the protoand wrote the first draft of the manuscriptd amanaged
literature searches. Authors EEB, JNO and SFAD meahdhe analyses of the study and literature sesrchll
authors read and approved the final manuscript.

Competing interests
Authors have declared that no competing interesst e

REFERENCES

[1] Guo, X., Zou, L., Zhang, X., Zheng, L., Sun,T&x Heart Inst J2011, 38(6): 643-52.

[2] Adeloye, D., Basquill, C., Aderemi AV, ThompsahY, Obi, F.AJ Hypertens2015 33: 230-242.

[3] World Health OrganizationiVHO. 201Q

[4] Ulasi, L.1., ljoma, C.K., Onodugo, O.BMC Health Services Re201Q 10:71.

[5] Briones, A.M., and Touyz, R.MCurr Hypertens Re201Q 12: 135-142.

[6] Oparill, M.D., Zaman, M.A., Calhoun, D.AAnn. Intern Med2003,139:761-76.

[7] Jiang, H., Paul, WMed. Clin. North Am 1997,81, 1077-1097.

[8] Arakawa, K., Saruta, T., Abe, K., limura, Gshli, M., Ogihara, T.et al.,.Phytomed2006 13: 1-10.

[9] Tahraoui, A., El-Hilaly, J., Israili, Z.H., Lygssi, B.J. Ethnopharmacol2007, 110105-117

[10] Sofowora, A. Spectrum Booksmited, Ibadan, Nigerial993,151-153.

[11] William, C.N., Chew, W.Y., and Rahuraruma, JLAK. Group, London198Q 88.

[12] Leung, A.Y., Foster, S"2Ed, John Wiley and Sons, New Yofl996.

[13] Adegunloye, B.J., Omoniyi, J.O., Owolabi, O.Ajagbonna, O.P., Sofola, O.Afr. J. Med. Medical Sci
1996 25: 235-238.

[14] Nwachukwu, D. C., Aneke, E. I., Obika, L. Rwachukwu, N. Z]ndian J Pharmacol2015,47(5): 540-545.
[15] Obiefuna, P.C.M., Owolabi, O.A., Adegunloye,JB Obiefuna, L.P., Sofola, O.kt. J. Phcog1993 31: 1-6.
[16] Aguwa, C. N., Ndu, O. O., Nwanma, C. C., Udaamya, P. O., and Akwara, N. O.
Nigerian J Pharm Re2004,3(1), 1-8.

[17] Bako, I.G., Mohammed, S.T., Dawud, F. A., Maimaed, .M., Liman, A.Alntern. J. Pure Appl. ScR009 3
(3): 22-28.

[18] Onyenekwe, P.C., Ajani, E.O., Ameh, D.A., Games K.S.Cell Biochem Functiorl999,17, 199-206.

[19] Ajay, M., Chai, H.J., Mustafa, A.M., Gilani,.A., Mustafa, M.R,). Ethnopharmacol2007, 109: 388-393.
[20] Jonadet, M., Bastide, J., Bastide, P., Bofer,Carnat, A.P., Lamaison, J.l. Pharmacol. Belgium. 1990,
45(2): 120-124

[21] Ojeda, D., Jiménez-Ferrer, E., Zamilpa, A.ritdaello, J., Alvarez, LJ. Ethnopharmaco010,128, 7L 10.
[22] Sachdewa, A., Nigam, R., Khemani, LIBdian J. Exp. Biol2001,39, 284—-286.

[23] Gosain S., Ircchiaya R., Sharma P.C.,TharejaKalra A., Deep A., Bhardwa T. RActa Poloniae
Pharmaceutica-Drug Re2010,67 (2): 179-184.

[24] Meraiyebu, A.B., Olaniyan, O.T., Eneze, C.,jéun, Y.D., and Dare, J.B. Intern. Pharmaceutical Sci.
Invention.2013 2(3): 22-24.

[25] Chen, J.H., Wang, C.J., Wang, C.P., Sheu, L, C.L., Lin, H.H.Food Chem2013,141, 397-406.

[26] Wang, J., Cao, X., Jiang, H., Qi, Y., Chin, K, Yue, Y.Molecules2014,19: 21226-21238.

[27] Chun C., Chen J., Chou F., Lin Nutrient.,2015,7: 5065-5087.

[28] Ali, M.S., Salih, W.M., Humida, A.MFitoter. 1989,60: 547-548.

[29] Amat, N., Amat, R., Abdureyim, S., Hoxur, Rsman, Z., Mamut, D., Kijjoa, AComplement. Altern. Med
2014,14: 36.

[30] Patel, S.S., Verma, N.K., Ravi, V., Gauthamt&n,Soni, N.Intern.J. Appl. Res. Nat. Product010,3(2): 22-
27.

[31] Trease, G., Evans, W.C. Textbook of Pharmaosgnl2th ed., Balliere, Tindall, Londat983,343-383

[32] National Institute of Health (NIHL985 85-23

[33] OECD. Guidance for testing of chemic&804,17:423

483
Scholar Research Library



Morufu E. Balogun et al Der Pharmacia Lettre, 2016, 8 (19):473-484

[34] Danhl, L.K.J Exp Med1962,114:231.

[35] Mojiminiyi, F.B.O, Audu, Z., Etuk E.U., Ajaghma, O.PNiger. J. Physiol. ScR012,27: 195 — 200.

[36] Gaya, I. B., Mohammad, O. M. A., Suleiman, M., Maje, M. |., and Adekunle, Al Endocrinology 2009
5(2): 34-39..

[37] Ndu, O. O., Nworu, C. S., Ehiemere, C. O., Kda, N. C., and Ochiogu, |. S.Medicinal Food2011,14(6),
640-644.

[38] Sofola, O. A., Knill, A., Haisworth, R., Drifll, M. J. J Physiol 2002,543: 255- 260.

[39] Saidu, Y., Bilbis, L. S., Muhammed, S. A.daku’azu K. Nasir, M. KCameroon J Exp BioR012 8 (1): 47-
54.

[40] Abubakar, M.G., Ukwuani, A.N., and Mande, U%Kky J. Biochem. Re&015,4(3): 016 — 020.

[41] Debinski, W., Kuchel, O., Buu, N. T., Nemer, Froceedings of the Society faxperimental Biology and
Medicing 1990,194(3): 251 257.

[42] Osborn, J. W., and Hornfeldt, B.Am J Physial1998,275(5): H1558-H1566.

[43] Mohd-Esa, N., Hern, F. S., Ismail, A., and Y€e L.Food Chemistry2010,122(4), 1055-1060.

[44] Mossalam, H. H., Aty, O. A. A. E., Morgan, H., Youssaf, S. M. S., and Mackawy, A. M. Hfe Sci J2011,
8(5), 561-574.

[45] Simko, F., Simkova, M., Kovacs, Ceska. Slov. Farn2002, 51, 63—-67.

[46] Maneesali, P., Prasarttong, P., Bunbupha, &pHKgviriyapan, U., Kukongviriyapan, ét al., Nutrients.2016
8 (3): 67-72.

[47] Rodriguez-Medina, 1. C., Beltran-Debon, R., IMa, V. M., Alonso-Villaverde, C.,
Joven, J., Menendez, J. A&t,al. J Separation ScR009 32(20), 3441-3448.

[48] Cassidy, A., O'Reilly, E. J., Kay, C., Sampsan and Franz, Met al. Am. J. Clin. Nutr, 2011,93: 338-347.
[49] Balasuriya, B. M. W., and Rupasinghe, H. PRunct. Foods Health Di011,5: 172-188.

[50] Han, S. Y, Li, H. X, Bai, C. C., Wang, L., TB. F.Chem. Biodivers201Q 7, 383—391.

484
Scholar Research Library



