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Reversal of Hypertension and Amelioration of
Oxidative Stress by Persea americana and
Allium sativum in Experimentally-Induced
Hypertensive Wistar Rats

ABSTRACT

Aim: This study evaluated the antihypertensive and antioxidant effects of hexane, ethyl acetate and
methanol extracts of P. americana and A. sativum in experimentally-induced hypertensive Wistar rats.
Study design: Experimental Research

Place and Duration of Study: Department of Veterinary Pharmacology and Toxicology, University of
Ibadan (Animal House), between May 2019 and December 2019.

Methodology: The experiment was carried out in 85 rats randomly divided into 17 groups. Group 1 were
normotensive rats while hypertension was induced in groups 2-16 by unilateral nephrectomy and
inclusion of NaCl (1%) in drinking water. Group 17 had abdominal incision without nephrectomy (sham).
Treatment groups were administered extracts at 20mg/kg or 50mg/kg dose or standard antihypertensives;
lisinopril or hydrochlorothiazide.

Results: Results of the experiment showed treatment of hypertensive rats with 50mg/kg of A. sativum
hexane and P. americana methanol extract caused the most significant decrease in blood pressure
compared to normotensive rats. Various extracts of these two plants elevated antioxidants levels (GPx,
GST, GSH and SOD) in the brain, heart, kidney and liver significantly while H,O, and MDA were
significantly decreased compared to untreated hypertensive rats. NO, an important enzyme for normal
endothelial function was also restored in the extract-treated rat, as a deficiency contributes greatly to the
development of hypertension.

Conclusion: The study concluded that P. americana and A. sativum do not only lower blood pressure.
The plants also inhibited generation of free radicals by enhancing the antioxidant system and mopped up
generated free radicals demonstrated by decline in H,O, and MDA levels. These plants have been shown
in this study to contain potential drug candidates which can be proposed for treatment of hypertension.
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1. INTRODUCTION

Hypertension is,a cardiovascular pathology clinically manifested as elevations in systolic and diastolic blood pressure
(>130/90mmHg) and commonly called high blood pressure [1]. It is a major non-communicable disease prevalent in adults
of every race [2]: High blood pressure has been implicated as a predisposing factor for diabetic, cardiovascular, renal and
neurological events [3]. Reactive oxygen species (ROS) play an essential role in controlling biological processes that
occur within the endothelium, both in normotensive and hypertensive conditions [4,5,6]. The pathogenesis of hypertension
has been closely linked to oxidative stress, demonstrated as elevated ROS generation, nitric oxide (NO) diminution and
reduced antioxidants [7].

In clinical or experimentally-induced hypertension, a decline in enzymatic antioxidant activity occurs, implying reduced
antioxidant defenses involved in hypertension [8,9). Recent treatment focused on inhibition of ROS production and or
enhancement of antioxidant system of hypertensive patients. Rodrigo et al, [7] reported that antioxidants as a remedy can
limit the pathogenesis of hypertension in experimental animals, although it is still contentious in humans. Therefore,



research efforts have been intensified on natural products with antihypertensive potentials to curtail oxidative stress
progression in hypertensive patients.

Natural antioxidants from plants have drawn a lot of research interest lately because they have protective effects against
ROS [10]. This study is focused on two medicinal plants with these pharmacological potentials. Persea americana (Family
Lauraceae), commonly called avocado, is a medicinal plant with cardioprotective, hypolipidemic and hypoglycemic effects
[11]. Also, Allium sativum (Family Liliaceae), a common flavoring and spice herb, is known to be antidiabetic,
hypolipidemic, anticancer, antioxidant and antihypertensive [12,13,14,15]. Borek [16] inferred that A. sativum deterred low
density lipoprotein oxidation, atherosclerosis, thrombocyte aggregation, decreased homocysteine, hypotension and
increased microcirculation particularly in diabetics and patients at risk of dementia.

In this study, the antihypertensive properties of several extracts of P. americana and A. sativum as well as their ability to
mitigate against oxidative stress in the brain, heart, kidney and liver of experimentally-induced hypertensive Wistar rat was
assessed.

2. MATERIAL AND METHODS

2.1. Preparation of Extracts

Persea americana fruit and Allium sativum bulb were purchased in Oshodi, Lagos State in May 2019. Seeds of the plants
were harvested, cut up into small sizes and air dried. Solvent-partitioned extraction was done for each plant using hexane,
ethyl acetate, and methanol by cold maceration for 72 hours in each solvent. The filtrate was concentrated using a rotary
evaporator (BUCHI R-210, Switzerland). The remaining moisture was removed over a 30°C. water bath, and the six
different extracts obtained was refrigerated till use.

2.2. Experimental Animals

Male Wistar rats (n=83, 6-8 weeks, 120-1509) used during the experiments. were accommodated at the animal house of
Department of Veterinary Pharmacology and Toxicology, University of Ibadan under a 12/12 hour light/dark natural cycle
and fed ad libitum. The animals were adapted to their new envirahment for 7 days prior to treatment commencement. The
rats were distributed randomly to seventeen groups (n=17), consisting five (5) rats per group. Group 1 represented the
normotensive control and administered only water. Groups. of 2 to 16 were nephrectomized, given 1% NaCl for twelve
hours, followed by plain water for twelve hours, and fed. daily for 42 days. Groups 2 and 3 were administered lisinopril or
hydrochlorothiazide. Groups 4 — 16 were administered the six different extracts of P. americana or A. sativum at 20mg/kg
or 50mg/kg. Abdominal incisions were made on group 17 rats and closed without nephrectomy (sham) and given plain
water daily.

2.3. Sample Collection

Tail plethysmography was used to measure blood pressure parameters such as systolic blood pressure (SBP), diastolic
blood pressure (DBP), and mean arterial blood pressure (MAP) in conscious animals. The average of at least nine
readings of blood pressure were taken in quiescent state per animal using an automated blood pressure monitor (CODA
S1, Kent Scientific Corporation, Connecticut, USA). Blood samples were taken using heparinized capillary tube and
centrifuged at 4000rpm for 10“minutes and immediately stored at -4°C . The rats were afterwards humanely sacrificed.
Brain, heart, kidney and liver samples were collected into sample bottles and frozen at -180C until analysed. Tissue
samples were centrifuged at 1000rpm.and also frozen down. Levels of antioxidants (GPx, GSH, GST, SOD and NO) and
products of oxidative stress (MDA and H,0,) were determined by standard methods [17].

2.4 Statistical Analysis

Descriptive statistical analysis was used to present the results of this study. The data were reported as mean * standard
deviation. The descriptive data was subjected to one-way analysis of variance (ANOVA) with Turkey’'s post-hoc test for
analysis using.Graph Pad Prism version 6.00 and the statistical significance was determined (P = .05).

3. RESULTS

3.1. Blood Pressure

Blood pressure parameters including systolic, diastolic and Mean Arterial Pressure (MAP) were significantly higher in
untreated hypertensive rats which were reversed in rats administered 50mg/kg hexane and methanol extracts of Allium
sativum (As) (103.5/67.5mm/Hg, MAP 90.805mm/Hg; 137.25/115.31mmHg, MAP 110.185mm/Hg) and methanol extract
of Persea americana (Pa) (50mg/kg - 135/109mm/Hg and MAP of 114.335mm/Hg) when compared to the standard
antihypertensive drugs (Lisinopril, Hydrochlorothiazide) and normotensive group (Table 1).

3.2. Anti-oxidant Levels



Glutathione peroxidase (GPx) level was increased in heart, brain, kidney and liver tissues of Wistar extract treated
hypertensive rats. GPx levels were highest in As ethyl acetate extracts treated rat brains (295.01+17.02 and
282.35+42.57), Pa methanol 50mg/kg treated rat heart (290.49+39), kidneys of rat treated with Pa ethyl acetate 50mg/kg
(225.30+54.84) and liver of rats treated with As methanol extract (67.55+15.77 and 64.13+9.74). GPx levels of untreated
hypertensive group was decreased in all the organs compared to the physiologically normal and treated hypertensive rats
(Table 2).

A marginal decrease in GSH levels was observed in all the organs of untreated hypertensive rats but was reversed in rats
administered the extract compared to normotensive rats. GSH levels were highest in the brain and heart of rats
administered with Pa, while it was highest in kidneys and liver of rats administered As (Table 3). Glutathione-s-transferase
level which was significantly decreased in the heart, kidney and liver of untreated hypertensive Wistar rats were reversed
by various extracts of P. americana and A. sativum. Highest GST levels were found in rats treated with'Pa methanol
20mg/kg (brain), As ethyl acetate 50mg/kg (heart and liver) and Pa ethyl acetate 50mg/kg (kidney) (Table 4).

Superoxide dismutase (SOD) was significantly higher in the brain, heart, kidney and liver of most extract treated rats
compared to untreated hypertensive rats. Normotensive rats had lower SOD levels when matched to.the extract-treated
rats, with a significant (p<0.05) decline compared to brain SOD of rats treated with As ethyl acetate 20mg/kg. However,
SOD levels in the kidney of all rats treated with As were significantly declined compared.to untreated hypertensive rats
(Table 5). Declined nitric oxide (NO) proportions in the brain, heart, kidney and liver tissues of untreated hypertensive rats
were restored in extract-treated hypertensive Wistar rats compared to rats with normal. BP (Table 6).

3.3. Products of Oxidative Stress

In untreated hypertensive rats, there was increased generation of hydrogen peroxide (H,O,) in all tissues compared to
rats with normal BP. However, this was reversed in extract-treated hypertensive rats. However, significant increase was
recorded in brains of rats treated with As methanol extracts (131.65+53.03 and 177.48+18.56) (Table 7). Malondialdehyde
(MDA) levels in all the tissues were consistently lowered by all the extracts doses compared to rats with normal BP.
Untreated hypertensive rats had significantly (P=.05) higher MDA levels in'all the tissues compared to normotensive rats
(Table 8).

3.4 Discussion

Pathogenesis and progression of hypertension is now known.to involve oxidative stress damage at the micro- and
macromolecular levels in the cardiovascular system [18,19]. Treatment should therefore focus on mitigating or reversing
oxidative damage as well as lowering of blood pressure (BP), evidenced clinically as a return to normotensive state [20].
This study demonstrated the antihypertensive abilities of P. americana and A. sativum extracts by significant decline in
blood pressure parameters with a return to the nermotensive state, particularly at 50mg/kg dose of P. americana methanol
extract and A. sativum hexane extract.

The antihypertensive mechanism of P. americana was previously reported to be similar to that of ACE inhibitors with
decreased resorption of fluid from the distal convoluted tubule, resulting in natriuresis and decreased plasma volume in
high salt-fed Wistar rats [21]. Similarly, an earlier report stated that A. sativum lowered BP by stimulating production of
vascular gasotransmitter H,S and.enhancing nitric oxide regulation leading to smooth muscle cell relaxation, dilatation
and lowered BP [22]. This current study has further fractionated these medicinal plants with evidence of the
antihypertensive property traceable primarily to methanol extract for P. americana and hexane extract for A. sativum.

Furthermore, this study established that these extracts enhanced the antioxidant system (GST, GPx, GSH, SOD) and
reduced generation of oxidation products (H,O,, MDA) in the brain, heart, kidney and liver of hypertensive rats treated
with the extracts. Paravicini.et al. [6] established the function of oxidative stress in the pathophysiology of high blood
pressure, demonstrated -as promotion of reactive oxygen species (ROS) production alongside a decline in the
bioavailability of NO and antioxidants. ROS are generated by activated NADPH oxidase (Nox), a family of enzymes which
catalyze electron transfer to oxygen molecules thereby generating superoxides or H,O, [23]. The endothelial and nephron
are unique sources of Nox-derived ROS, playing a crucial role in vascular and renal pathologies as observed in
hypertension [24]. Nox functions by donating an electron, therefore, catalyzing oxygen reduction via NADPH, increasing
superoxide production and up-regulation of NADPH oxidase in hypertensive states [25]. The primary role of NADPH
oxidase-derived: superoxide is to inhibit NO in the chemical processes producing peroxynitrite, resulting in dysfunctional
endothelial-dependent dilatation [26].

An equilibrium between generated ROS and available antioxidants must be achieved to attain physiological status.
Endogenous or exogenous antioxidants are needed to mop up free radicals during oxidative stress [27]. The correlation
between oxidative stress and hypertension was expressed in this study with significantly depleted antioxidants and
elevated products of oxidation in untreated hypertensive rats, nevertheless was overturned in the extract-treated rats.
GPx, SOD and catalase are involved with direct elimination of ROS, while GSH and GST eliminate ROS by decreasing
peroxide levels [28]. Gomez-Marcos et al. [29] reported a negative correlation between serum SOD and vascular damage
in hypertensive patients and diabetic patients which had significant accumulation of superoxide anions leading to vascular
impairment caused by ROS. Chrissobolis et al. [30] also agreed that SOD, GPx, and catalase protect blood vessels
against homocycsteine, which caused oxidative stress in vasculature. These antioxidants were increased in hypertension-



induced Wistar rats treated with extracts of P. americana and A. sativum, indicating the antioxidant potentials of these
plants with the ability to eliminate generated and inhibit further generation of ROS in hypertensive patients.

Oxidative damage has a cyclical effect of cellular damage with increasing ROS generation. Superoxide production is
enhanced via Nox activation and/or H,0,-induced endothelial NO synthase (NOS) uncoupling. This triggers endothelial
dysfunction following rapid oxidative inactivation of NO by excess superoxide production and the cycle is repeated [31]. In
this study, P. americana and A. sativum inhibited NO depletion which is essentially required for normal endothelial
function. There are three isoforms of NOS and they are; inducible NOS (iNOS), endothelial NOS (eNOS) and neuronal
NOS (nNOS) with the latter being atheroprotective while (iINOS) is proatherogenic [32]. Hypertensive patients have been
reported to have reduced NO levels coupled with impairment of endothelium-dependent vasodilation [19]. Deficiencies in
the production of nitric oxide pathway may lead to development of essential hypertension [33].

MDA is one of the important biomarkers for assessing oxidative stress leading to lipid peroxidation._It is a byproduct of
polyunsaturated fatty acid peroxidation, as it increases during cellular injury, as well as oxidative damage to other lipid
containing molecules [34]. Ayala et al. [35] described lipid peroxidation as a chain reaction occurring during oxidative
stress with the formation of various reactive compounds which cause cellular damage. MDA levels is reportedly higher in
serum of hypertensive patients [36], a feature observed in this study and was reversed by the extracts. Elevated MDA and
H,O, levels in the untreated group might be attributed to enhanced lipid peroxidation activity and superoxide generation
[37,38].

Table 1: Blood Pressure in experimentally-induced hypertensive Wistar.rats treated with solvent-partitioned
Persea americana or Allium sativum extract

Group sysTOLIC DIASTOLIC MAP
Control 112.55+18.45% 100.44+20.99 104.42+9.22

uT 158.40+21.28 151.00+20.36 153.20+19.02
LIS 148.20+27.94 123.20+27.12 125.20+29.80
Hydr 132.00+17.38 94.25+15.61 107.43+24.10
Pa Hex 20 143.73£16.01 110.00£15.61 118.47+15.29
Pa Hex 50 206.87+37.21° 159.48+85.02 177.10+30.94
Pa EA 20 216.00+26.91° 176.67+50.82 185.13+57.86
Pa EA 50 148.00+27.16 123.00+23.99 135.40+21.71
Pa Meth 20 150.83+20.93 115.19+21.41 123.62+25.74
Pa Meth 50 135.00+22.63 109.00+22.63 114.33+16.65
As Hex 20 152.75£19.61 105.81+36.82 133.41£27.19
As Hex 50 103.50+38.49 67.5+19.07 90.80+33.77

As EA 20 153.20+40.39 105.23+38.08 113.08+35.39
As EA 50 148:18+37.18 103.14+30.06 111.67+40.86
As Meth 20 148.75£12.12 113.40£31.19 137.00£26.26
As Meth 50 137.25+29.27 115.31+35.49 110.18+30.09
Sham 115.00£15.60 102.41+43.37 104.00£31.10

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05



Table 2: Glutathione peroxidase in experimentally-induced hypertensive Wistar rats treated with solvent-

partitioned Persea americana or Allium sativum extracts

Group Brain Heart Kidney Liver
Control 200.01+39.15 219.89+24.99 172.44+55.82 50.72+4.50
uT 177.21+£19.75 198.37+£5.13 155.34+£7.97 46.34+2.46
LIS 244.51+8.46 292.41+11.56 168.18+5.72 61.90+1.77
Hydr 216.95+17.73 275.54+72.18 186.35+83.36 49.38+1.80
Pa Hex 20 235.47+83.47 231.29+39.49 183.30+16.49 59.71+7.10
Pa Hex 50 234.07£79.25 269.67+37.95 190.57+63.08 56.15+11.85
Pa EA 20 214.29+56.20 252.55+48.00 211.30459.10 52.21+1.17
Pa EA 50 218.31+63.11 264.55+40.30 225.30+54.84 53.00+1.83
Pa Meth 20 278.11+36.50 233.92+49.05 110.36+6.65 47.63+1.05
Pa Meth 50 202.36+23.88 290.49+39.57 112.80+3.35 56.25+12.56
As Hex 20 254.29+38.00 262.76x40.81 104.64+6.72 56.63+10.27
As Hex 50 238.46+56.26 240.49+50.24 97.38+2.63 53.85+4.89
As EA 20 295.01+17.02 248.59+37.07 101.19+8.85 60.66+10.99
As EA 50 282.35+42.57 245.56+32.73 98.10+11.49 68.12+21.83
As Meth 20 224.35+42.57 248.74+36.87 102.04+£17.78 67.55+15.77
As Meth 50 236.26+34.15 227.53+30.83 62.31+13.33 64.13+9.74
Sham 201.27+0.13 216.27+20.23 172.15+£23.56 49.86+4.57

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate ‘extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05

Table 3: Reduced glutathione levels in experimentally-induced hypertensive Wistar rats treated with solvent-

partitioned Persea americana or Allium sativum extract

Group Brain Heart Kidney Liver
Control 96.13+7.82 107.85+8.07 105.58+5.96 71.84+0.66
uT 85.99+1.63 100.70+0.75 101.87+0.30 69.37+1.32
LIS 88.68+3.31 109.82+6.96 106.84+4.46 75.06+2.55
Hydr 99.13+29.18 110.05+£12.85 110.22+4.69 74.92+3.26
Pa Hex 20 101.62+25.36 113.05+14.46 108.82+6.14 79.20+10.94
Pa Hex 50 101.23+£15.04 115.94+13.74 106.94+2.52 83.70+11.26
Pa EA 20 99.59+12.60 115.86+15.33 107.19+7.89 77.56x7.95
Pa EA 50 96.98+15.67 116.84+7.99 106.87+4.51 77.92+3.02
Pa Meth 20 102.51+15.77 109.96+14.74 115.54+16.71 85.06+17.49
Pa Meth 50 87.72+3.76 98.04+1.81 112.20+17.38 76.02+4.47




As Hex 20 88.89+2.11 94.78+0.54 111.38+14.15 82.27+10.67
As Hex 50 84.85+1.51 98.58+1.05 106.72+9.61 81.61+6.07
As EA 20 85.28+4.51 101.98+5.57 118.89+18.03 88.10+8.67
As EA 50 80.88+1.28 102.19+4.97 110.90+15.17 85.23+7.51
As Meth 20 93.26+2.86 99.00£1.35 120.27+11.95 86.23+21.68
As Meth 50 82.72+4.84 108.26+5.42 111.02+9.39 83.24+6.61
Sham 96.30+£1.81 107.19+2.41 105.28+0.60 72.66x1.23

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana:Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanel extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05

Table 4: Gluthathione-s-transferase levels in experimentally-induced hypertensive Wistar rats treated with
solvent-partitioned Persea americana or Allium sativum extracts

Group Brain Heart Kidney Liver
Control 7.50+0.86 2.59+0.22° 3.63+1.29° 3.92+0.79°
uT 6.93+0.32 1.75+0.01° 2.80+0,05" 3.30£0.25"
LIS 8.93+1.50 3.08+0.53 4.01+0.59 5.08+0.34
Hydr 8.05+2.80 3.09+0.07 3.96+0.08 4.02+0.09
Pa Hex 20 8.85+1.20 2.66+0.18 3.91+0.45 5.80+1.21°
Pa Hex 50 7.48+1.12 2.79+0.34 6.72+2,41% 4.97+0.41
Pa EA 20 8.61+0.64 2.83+0.09 7.03+0.93% 4.47+0.36
Pa EA 50 8.01+0.40 2.46+0.06 7.06+1.22% 4.88+0.50
PaMeth20  9.72+1.42 2.30+0.28 2.04+0.17 4.84+0.43
PaMeth50  8.17+4.67 1.17+0.41 2.05+0.33 5.43+0.79
As Hex 20 3.64+1.58 3.21+0.34 1.55+0.33 7.20+0.58%
As Hex 50 2.89#0.35 1.02+0.44 1.32+0.28 5.66+0.53"
As EA 20 3.73+0.97 1.14+1.21 3.20+0.36 4.99+0.70
As EA 50 4.19+0.72 6.46+2.18% 0.52+0.09° 9.53+1.89%
AsMeth20  3.61+0.41 4.34+1.98 0.39+0.16° 5.53+0.82
As Meth 50, .4.23+1.38 5.20+3.51 0.43+0.13% 4.83+0.52
Sham 7.31+0.34 3.40+0.31 3.53+0.01 4.28+0.38

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05



Table 5: Superoxide dismutase levels in experimentally-induced hypertensive Wistar rats treated with solvent-

partitioned Persea americana or Allium sativum extract

Group Brain Heart Kidney Liver

Control 6.82+1.30° 7.63£3.07 7.1612.44 1.92+0.12
uT 5.98+0.65" 6.84+0.29 5.77+0.13 1.69+0.05
LIS 8.2620.26% 10.04+0.49 5.84+0.07 2.33+0.13
Hydr 7.28+0.60 9.51+3.69 8.55+2.29 1.80+0.08
Pa Hex 20 8.54+2.71 9.52+2.44 6.89+0.59 2.25+0.16
Pa Hex 50 7.92+2.70 9.60+1.48 9.47+3.41 2.09+0.36
Pa EA 20 7.26x1.91 9.55+2.06 8.97+1.25 1.86+0.02
Pa EA 50 7.41+2.08 8.60+2.49 9.08+1.31 2.02+0.09
Pa Meth 20 9.59+1.28 8.92+2.60 3.68+0.26 1.58+0.03
Pa Meth 50 7.31+0.68 10.21+1.34 4.27+0.24 2.27+0.24
As Hex 20 8.57+1.39 10.39+£3.04 3.35+0.33 2.11+0.12
As Hex 50 8.14+2.28 12.33+£2.43 3.32+0.14 1.98+0.07
As EA 20 10.13+0.81 9.47+2.72 3.49+0.16 2.22+0.28
As EA 50 9.75+0.65 9.87+1.79 3.28+0.39 2.56+0.68
As Meth 20 7.65+1.61 8.62+2.23 3.51+0.72 2.38+0.48
As Meth 50 8.16+1.03 7.90+£2.09 2.17+0.50 2:32+0.26
Sham 6.87+0.17 7.66x0.77 7.19+5.48 1.91+0.56

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum. Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05

Table 6: Nitric oxide levels in experimentally-induced hypertensive Wistar rats treated with solvent-partitioned
Persea americana or Allium sativum extract

Group Brain Heart Kidney Liver

Control 0.75+0.37° 0.51+0.14 0.98+0.28 3.01+0.57
uT 0.59+0.06" 0.37+0.10 0.76x0.04 2.50+0.42
LIS 0.68+0.17 0.54+0.09 0.93+0.12 4.46x1.00
Hydr 2.28+0.79% 0.80+0.42 1.70+0.61 3.19+1.19
Pa Hex 20 1.45+0.66 0.39+0.07 1.21+0.15 3.61+0.97
Pa Hex 50 0.99+0.42 0.67+0.29 1.36+0.61 3.29+1.04
Pa EA 20 1.16+0.44 0.81+0.33 1.41+0.59 2.70+0.23
Pa EA 50 0.69+0.30 0.56+0.15 1.00+£0.42 2.95+1.05
Pa Meth 20 0.53+0.07 0.52+0.06 1.55+0.69 4.08+1.20
Pa Meth 50 0.76x0.12 0.49+0.09 1.20+0.27 3.68+1.21
As Hex 20 0.83+0.24 0.45+0.08 1.02+0.12 3.95+1.26
As Hex 50 0.80+0.32 0.45+0.04 1.81+0.81 5.22+1.22




As EA 20 0.41+0.04 0.52+0.12 1.25+0.36 3.20+0.93
As EA 50 0.74+0.32 0.56+0.08 0.98+0.04 3.60+1.54
As Meth 20 0.74+0.32 0.53+0.10 1.55+0.66 3.98+1.19
As Meth 50 0.64+0.06 0.53+0.11 1.21+0.16 3.22+0.71
Sham 0.74+0.17 0.52+0.37 1.05+0.01 3.05+0.96

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05

Table 7: Hydrogen peroxide levels in experimentally-induced hypertensive Wistar rats treated with solvent-
partitioned Persea americana or Allium sativum extract

Group Brain Heart Kidney Liver
Control 75.26+18.13 115.77+49.40°  40.75+5.96°  97.39+23.26
uT 107.52+44.53"  157.38+28.78"  46.93+5.04°  114.93+16.70"
LIS 29.36+3.05" 36.09+4.91% 31.23+2.65°  56.93+5.57"
Hydr 56.07+19.59 88.94+19.08" 4425+1.03  69.15+17.38
PaHex20  60.55+23.30 82.41+18.02° 33.63+1.03°  66.69+12.76
PaHex50  56.28+7.41 87.79+12.82" 34.88+4.27  83.32+25.64
Pa EA 20 55.40+4.87 77.38+17.53" 38.84+3.39  88.84+1.92
Pa EA 50 34.57+7.96" 92.9049.72" 34.54+5.25  63.06+12.90
PaMeth20  55.82+2.95 30.40+5.68%" 35.35+4.15  74.98+23.54
PaMeth50  87.20+30.49 28.39+5.27% 26.28+3.81"  59.88+3.09
AsHex 20  69.98+27.70 36.23+7.31%° 32.55+3.95"  87.40+25.90
AsHex 50  69.88+19.30 32.04+4.60% 31.02+1.98°  97.69+1.46
As EA 20 61.44+18.27 37.61+9.35% 37.69+2.67 77.83+8.31
As EA 50 90.19+10.90 36.83+7.30% 33.02+4.54°  88.66+7.63
AsMeth20  131.65+53.03  34.46+7.51% 28.65+4.77°  75.05+21.69
As Meth 50 .177.48+18.56  35.14+8.18% 33.88+2.36°  67.22+13.71
Sham 76.88+1.92 144.77+28.87 38.63+6.92 96.30+43.34

UT- Untreated Hypertensive; LIS — Lisinopril; Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05



Table 8: Malondialdehyde levels in experimentally-induced hypertensive Wistar rats treated with solvent-

partitioned Persea americana or Allium sativum extract

Group Brain Heart Kidney Liver
Control 3.15+1.15 1.32+0.18 2.02+0.75% 2.18+0.40%
uT 5.46+1.72° 1.69+0.17" 2.96+0.66" 3.00+0.43"
LIS 0.86+0.30° 0.76+0.16" 0.31+0.13% 1.60+0.35"
Hydr 1.55+0.50° 0.67+0.03" 1.33+0.65" 1.81+0.22°
Pa Hex 20 2.31+0.92° 0.84+0.37° 0.99+0.22° 1.83+0.15"
Pa Hex 50 2.03+0.79° 1.64+0.08 1.38+0.30° 1.02+0.37%
Pa EA 20 2.76+0.40° 1.12+0.04 1.21+0.19° 0.21+0.07%
Pa EA 50 1.69+0.61° 1.03+0.28 1.74+0.10° 1.85+0.12°
Pa Meth 20  1.82+0.26° 1.00+0.70 0.91+0.12% 1.20+0.51°
PaMeth50  2.28+0.65° 0.87+0.16" 0.87+0.27® 1.76+0.34°
As Hex 20 2.47+0.66" 0.80+0.12° 0.41+0.06%° 1.67+0.16"
As Hex 50 2.03+0.76" 1.10+0.23 0.42+0.11% 0.96+0.45%
As EA 20 2.30+0.63" 0.65+0.01° 0.66+0.13% 0.72+0.19%
As EA 50 1.72+0.61° 1.730.27 0.48+0.19% 1.5240.11°
As Meth 20 2.75+1.11° 1.30+0.04 0.46+0.13% 1.61+0.74°
As Meth 50 2.54+0.79" 1.26+0.04 0.47+0,17% 1.63+0.26"
Sham 3.17+1.37 1.37+0.44 2.31+0.35 2.1620.27

UT- Untreated Hypertensive; LIS — Lisinopril; ‘Hydro- Hydrochlorothiazide; Pa Hexane- P. americana Hexane
extract; Pa EA- P. americana Ethyl acetate extract; Pa Meth- P. americana Methanol extract; As Hex- Allium
sativum Hexane extract; As EA- Allium sativum Ethyl acetate extract; As Meth- Allium sativum Methanol extract.

Values with the same superscript alphabets as control or untreated hypertensives are statistically significant at
P=.05

4. CONCLUSION

In conclusion, the antihypertensive effect of P. americana and A. sativum was not limited to the blood pressure lowering
effects, remarkably at 50mg/kg doses of P. americana methanol and A. sativum hexane extract. These extracts also
enhanced the antioxidant systems and inhibited oxidative stress in hypertensive subjects. Further study of these extracts
as drug candidates for.management-of hypertension is thus warranted.



CONSENT (WHERE EVER APPLICABLE)

Not applicable

ETHICAL APPROVAL (WHERE EVER APPLICABLE)
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appropriate ethics committee of the University of Ibadan.
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