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ABSTRACT  11 
 12 
Aims: Oxidative stress sequel to hypertension exacerbates the clinical condition and 
accelerates associated organopathies, therefore prevention is important. Traditionally in 
Nigeria, hypertension is treated with Annona muricata L. leaves or Curcuma longa L. 
rhizomes, two medicinal plants with antioxidant properties.  
Study design:  This study assessed the effect of these plants on hypertension-induced 
oxidative stress in uninephrectomized Wistar rats daily loaded with 1% sodium chloride. 
Place and Duration of Study: Department of Veterinary Pharmacology and Toxicology 
Experimental Animal House, University of Ibadan, Nigeria, between August and November 
2017. 
Methodology: Hypertensive rats were treated with methanol extracts of the plants for 
42days. Two other groups of hypertensive rats were treated with lisinopril or chlorothiazide. 
Blood pressure was monitored by non-invasive tail plethysmography using an electro-
sphygmomanometer. Oxidative stress markers were determined in blood and tissue (heart, 
kidney and liver); GPX, GST, GSH, SOD, MDA and NO. 
Results: Treatment of uninephrectomized rats with A. muricata or C. longa significantly 
(p<0.0001) decreased blood pressure and MDA, while elevating enzymatic and non-
enzymatic antioxidant defense mechanisms of GST, GSH, GPx and SOD, comparable to 
normotensive rats. NO, the ubiquitous molecule required for basal vascular tone, myocardial 
contractility regulation and platelet adhesion prevention, was restored in the extract-treated 
rats. However, hypertensive untreated rats showed evidence of oxidative damages with 
significant increase in MDA, especially in the heart and liver, with decreases in the 
antioxidant defense system. 
Conclusion: Results of this study justified the traditional use of A. muricata or C. longa for 
management of hypertension in Nigeria and showed that the extracts ameliorated oxidative 
damage that accompanied hypertension, thus also preventing complications of hypertension.
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1. INTRODUCTION  16 
 17 
Oxidative stress, precipitated by excessive production of reactive oxygen species (ROS) 18 
which has overwhelmed the antioxidant defense mechanisms, has been implicated in 19 
pathophysiological conditions that affect cardiovascular system such as 20 
hypercholesterolemia, diabetes and hypertension [1,2,3]. In animal models, oxidative stress 21 
has been demonstrated in spontaneous hypertension [4], renovascular hypertension [5], 22 
deoxycorticosterone acetate-salt model [6] and obesity-related hypertension [7].  23 



 

 

Spontaneous hypertension in rats can be significantly decreased by reducing superoxide 24 
radicals which can be achieved by infusion of superoxide dismutase (SOD) [8]. 25 

In humans, hypertension is also considered as a state of oxidative stress that can contribute 26 
to the development of atherosclerosis [9] and other hypertension-induced organ damages 27 
[10]. Evaluation of antioxidant activities and lipid peroxidation byproducts in hypertensive 28 
subjects show an excessive amount of ROS and a decrease in the mechanism of antioxidant 29 
activity in both blood as well as in several other cellular systems [11,12], including vascular 30 
wall cells [13]. The instability of critical non-lipid macromolecules as another consequence of 31 
the overproduction of ROS may have important consequences on cellular functions. More 32 
recent management strategy for hypertension targets alleviation of oxidative stress, thus 33 
more research are geared towards antihypertensive drug candidates with capacity to reverse 34 
and or prevent development of oxidative stress in hypertensive patients.  35 

A major source been explored are natural antioxidants from plants species which have 36 
protective effect against oxygen ion derived from free radicals involved in the development of 37 
many diseases such as arthritis, cardiovascular disorders, cancer and neurodegenerative 38 
diseases such as Parkinson’s and Alzheimer’s diseases [14]. Phytochemicals such as 39 
flavonoids, polyphenols, vitamin C and E and carotenoids as antioxidants have been 40 
reported to protect the body system against reactive oxygen species [15,16]. Various efforts 41 
are now concentrated on many herbal plant extracts because of their antioxidant effects [17]. 42 

This study is focused on two plants traditionally used for management of hypertension in 43 
Nigeria and are proven to have antioxidant properties [18,19,20,21,22]. The plants are 44 
widely grown in Nigeria and readily available. These medicinal plants; Annona muricata L. 45 
and Curcuma longa L. have a long history of use in African Traditional medicine for 46 
treatment of several ailments including diabetes and cancer [18,23,24,25,26]. These 47 
medicinal plants are well reported to be traditionally used in Nigeria for treatment of 48 
hypertension [27,28,29,30]. This study therefore seeks to evaluate treatment outcome on 49 
oxidative stress status of hypertensive Wistar rats treated with the extracts of Annona 50 
muricata leaves or Curcuma longa rhizomes. 51 
 52 
2. MATERIAL AND METHODS  53 
 54 
2.1 Plant collection and extract preparation 55 
 56 
Fresh leaves of Annona muricata were harvested from a private orchard in Asaba, 57 
Delta State, Nigeria and rhizomes of Curcuma longa were purchased from Bodija 58 
Market, Ibadan, Nigeria. The plants were identified and voucher specimen deposited 59 
at Department of Botany, University of Ibadan (Voucher-Numbers UIH-22593 and 60 
UIH-22595). The rhizomes were chopped and air dried, while the leaves were air 61 
dried and pulverized. The plant materials were extracted by cold macerated in 62 
methanol (96%) for 72 hours. The filtrate decanted was concentrated using a rotary 63 
evaporator (BUCHI R-210, Switzerland) and the extract obtained was stored at 40C. 64 
Fresh extract was reconstituted daily for dosing. 65 

2.2 Experimental Animals 66 

Seventy male Wistar rats weighing 140-180g were obtained from and housed at the 67 
Experimental Animal unit of the Department of Veterinary Pharmacology and 68 
Toxicology, University of Ibadan. They were allowed free access to standard rat 69 



 

 

pellets and fresh water ad libitum. The rats were acclimatized for two weeks before 70 
commencement of the experiment. All experiments and protocols described in the 71 
study were in accordance with the recommendation for animal care and use by 72 
University of Ibadan Animal Care and Use Research Ethics Committee (UI-73 
ACUREC/App/11/2017/054) which follow internationally acceptable best practices 74 
for experimental animal care and use as adapted from the European Community 75 
and US guidelines.  76 

2.3 Experimental protocol 77 

The rats were randomly divided into ten groups with 7 rats in each group. Group A 78 
rats were maintained as normal healthy rats (Normotensive control), while 79 
hypertension was induced in groups B-J by unilateral nephrectomy and daily loading 80 
with sodium chloride (1%) for 42 days. Group B rats remained hypertensive and 81 
untreated throughout the study. Groups C and D rats were hypertensive rats treated 82 
with lisinopril or hydrochlorothiazide (standard antihypertensives). Groups E, F and 83 
G were hypertensive rats treated with Annona muricata leaves extract (100mg/kg, 84 
200mg/kg or 400mg/kg), while Group H, I and J rats were hypertensive rats treated 85 
with Curcuma longa rhizomes extract (100mg/kg, 200mg/kg or 400mg/kg). The 86 
experimental hypertension was maintained for 42 days, alongside treatment with the 87 
antihypertensive drugs or plant extracts. Blood pressure was monitored by non-88 
invasive method using an electro-sphygmomanometer (CODA, Kent Scientific, 89 
USA). 90 

2.4 Sample collections and homogenate preparation 91 

Blood sample was collected from the retro-orbital sinus into lithium heparinized 92 
bottles on day 43. After blood collection, the rats were humanely sacrificed by 93 
cervical dislocation. The heart, liver and kidney of each rat was carefully removed, 94 
immediately perfused with normal saline and blotted with filter paper. It was 95 
homogenized in cold potassium phosphate buffer (0.1 M, pH 7.4) using a Teflon 96 
homogenizer. The homogenate was centrifuged at 10,000 rpm for 10 minutes with a 97 
cold centrifuge at 4 0C to obtain post-mitochondrial fraction. An estimation of serum 98 
total protein as well as determination of reduced glutathione (GSH), glutathione 99 
peroxidase (GPx), glutathione transferase (GST), superoxide dismutase (SOD), 100 
malonaldehyde (MDA) and nitric oxide (NO) from the supernatant were carried out.  101 

2.5 Data analysis 102 

All values were expressed as mean±S.D. The test of significance between two 103 
groups was estimated by student’s t-test. One-way analysis of variance (ANOVA) 104 
with Tukey’s post–hoc test was performed using Graph Pad Prism version 4.00.  105 

 106 
3. RESULTS AND DISCUSSION 107 
 108 
3.1 Result 109 
3.1.1 Blood pressure 110 



 

 

The systolic, diastolic and mean arterial blood pressures of hypertensive rats were 111 
significantly (p<0.05) higher than the normotensive rats. These were significantly (p<0.05) 112 
reversed in hypertensive rats treated with the methanol extracts of A. muricata leaves or C. 113 
longa rhizomes, or the standard antihypertensive drugs (lisinopril or Chlorothiazide) (Figure 114 
1). 115 

3.1.2 Antioxidant defense systems 116 

The result shows that nitric oxide (NO) levels were significantly (p<0.01) decreased in 117 
untreated hypertensive rats, but was reversed in hypertensive rats treated with the extracts 118 
of A. muricata or C. longa or the antihypertensive drugs. NO levels in rats treated with the 119 
extracts were comparable to that in normotensive rats (Figure 2). Hypertension produced a 120 
significant (p<0.01) reduction in the heart, kidney and liver glutathione peroxidase (GPx) 121 
level in the untreated hypertensive group when compared to the normotensive rats. This was 122 
reversed in only hypertensive rats treated with A. muricata or C. longa (100mg/kg), while 123 
other hypertensive rats had reduced heart GPx levels. Depression of kidney GPx levels was 124 
reversed in all treated groups except in rats that received the higher doses of C longa 125 
(200mg/kg or 400mg/kg). A reversal of the depression in GPx was also observed in liver of 126 
treated rats, with significant (p<0.05) elevations of liver GPx in rats treated with A. muricata 127 
(200mg/kg and 400mg/kg) (Figure 3). Reduced glutathione (GSH) levels were also 128 
depressed in the heart, kidney and liver of untreated rats compared to normotensive rats, but 129 
a reversal was observed in all the treated hypertensive rats. Significant (p<0.01) elevations 130 
of heart and kidney GSH levels were also observed in hypertensive rats treated with 131 
methanol extract of A. muricata (400mg/kg) and C. longa (200mg/kg) (Figure 4).  132 

Glutathione s-transferase (GST) levels significantly (p<0.05) declined in hearts, kidney and 133 
liver of untreated hypertensive rats compared to normotensive rats but was also reversed in 134 
all treated rats with significant elevations in the heart of hypertensive rats treated with A. 135 
muricata (400mg/kg) and the liver of rats treated with C. longa (100mg/kg and 200mg/kg) 136 
(Figure 5). The same pattern of decline in untreated hypertensive rats compared to 137 
normotensive rats and reversal in all treated rats was observed for superoxide dismutase 138 
(SOD) levels in the heart, kidney and liver of these rats. In addition, significant elevations in 139 
SOD levels were observed in kidneys of rats treated with C. longa (400mg/kg) and liver of 140 
rats treated with A. muricata (200mg/kg), while SOD were statistically unchanged in liver of 141 
rats treated with A. muricata (100mg/kg) and C. longa (100 and 400mg/kg)  (Figure 6). 142 
Malondialdehyde (MDA) levels were significantly (p<0.0001) elevated in untreated 143 
hypertensive rats compared to normotensive rats, but were remarkably reversed to normal 144 
levels in treated rats with the extracts or antihypertensives (Figure 7). 145 

 146 

 147 



 

 

Figure 1: Blood pressure of uni-nephrectomized rats loaded daily with NaCl 148 
(1%) and treated with methanol extract of Annona muricata leaves or Curcuma 149 
longa rhizomes 150 
### Significantly (p<0.001) different from normotensive control; *Significantly 151 
different from hypertensive untreated (*p<0.05, ***p<0.0001) 152 
 153 

 154 

Figure 2: Effects of Annona muricata leaves, Curcuma longa rhizomes, 155 
lisinopril and chlorothiazide on serum NO. 156 
Significantly different from the normotensive rats (####p<0.01); Significantly 157 
different from hypertensive untreated rats (*p<0.05, ****p<0.0001) 158 
 159 

160 
 161 

 162 

Figure 3: Effects of Annona muricata leaves, Curcuma longa rhizomes, 163 
lisinopril and chlorothiazide on heart, kidney and liver glutathione peroxidase. 164 
## Significantly different from the normal control group (p<0.01); *Significantly 165 
different from hypertensive untreated control (*p<0.05, ***p<0.001) 166 
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 168 

 169 

Figure 4: Effects of Annona muricata leaves, Curcuma longa 170 
rhizomes,lisinopril and chlorothiazide on heart, kidney and liver GSH. 171 
## Significantly different from the normal control group (p<0.01); *Significantly 172 
different from hypertensive untreated control (*p<0.05, ***p<0.0001)   173 
 174 

 175 

   176 

 177 

Figure 5: Effects of Annona muricata leaves, Curcuma longa rhizomes, 178 
lisinopril and chlorothiazide on heart, kidney and liver GST. 179 
#### Significantly different from the normal control group (p<0.01); *Significantly 180 
different from hypertensive untreated control (****p<0.0001) 181 
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 185 

Figure 6: Effects of Annona muricata leaves, Curcuma longa rhizomes, 186 
lisinopril and chlorothiazide on heart, kidney and liver SOD. 187 
#### Significantly different from the normal control group (p<0.0001); *Significantly 188 
different from hypertensive untreated control (****p<0.0001) 189 
 190 

 191 

192 
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Figure 7: Effects of Annona muricata leaves, Curcuma longa rhizomes, 194 
lisinopril and chlorothiazide on heart, kidney and liver MDA. 195 
#### Significantly different from the normal control group (p<0.0001); *Significantly 196 
different from hypertensive untreated control (****p<0.0001) 197 
 198 
 199 
3.2 Discussion 200 
Medicinal plants are now considered as the basis for health preservation and care 201 
worldwide [31]. Chronic degenerative diseases (hypertension, diabetes, 202 
cardiovascular and cancer) have reached epidemic proportions and are considered 203 
a serious health problem; therefore, the treatments of these diseases are of clinical 204 
importance [32]. In this study, hypertension was induced by unilateral nephrectomy 205 
and daily loading with sodium chloride (1%) which resulted in renal hypertension 206 
[33,34]. Annona muricata L. (Family: Annonaceae) and Curcuma longa (Family: 207 
Curcubitaceae) demonstrated potent antihypertensive properties evidenced by the 208 
reversal of the elevated blood pressure, restoration of antioxidants and reduction of 209 
oxidants generated in the induced hypertensive state. 210 

The methanol extract of A. muricata leaves and C. longa rhizomes inhibited 211 
development of hypertension shown by normal systolic blood pressure, diastolic 212 
blood pressure and mean arterial pressure of these treated hypertensive rats. This 213 
is in agreement with an earlier report in which leaf extract of A. muricata caused a 214 
dose-dependent reduction in mean arterial pressure (MAP) in normotensive rats 215 
[27]. These researchers suggested that A. muricata lowered blood pressure through 216 
the blockage of calcium ion channel, and the Ca2+ antagonism was further 217 
demonstrated by its ability to relax high K+ induced contractions [27]. C. longa has 218 
also been reported to have antioxidant and vascular protective effect [35] and exert 219 
antihypertensive effect by down-regulation of AT1 receptor in vascular smooth 220 
muscle cells [36]. 221 

This study showed hypertension generated a remarkable oxidative stress which was 222 
significantly (p<0.01) reversed by the extracts of A. muricata and C. longa, 223 
alongside lowering of the blood pressure. The extracts showed significant (p<0.05) 224 
increase in antioxidant defense system and inhibition of generation of free radicals. 225 
Antioxidant defense systems of cells contain a variety of enzymatic and non-226 
enzymatic scavengers. The enzymatic antioxidants of cells, including glutathione 227 
peroxidase (GPx), glutathione reductase (GR), glutathione-s-transferase (GST) and 228 
superoxide dismutase (SOD) play a critical role in the attenuation of oxidative stress 229 
induced by reactive oxygen species [37]. Reduced glutathione substrate augments 230 
the activity of GPx and GST in catalyzing the hydrogen peroxide into oxygen and 231 
water. The reduced glutathione has the ability to reduce the oxidized glutathione, 232 
catalyzed by GR [38].  233 

The first defensive mechanism against reactive oxygen species is provided by SOD, 234 
which attenuates oxidative stress through dismutation of O2

-. Catalase enzyme has 235 
an important role in converting the endogenous H2O2 to water and oxygen [39]. The 236 
accumulation of H2O2 in cells results in the generation of highly reactive free 237 
hydroxyl radical (OH-) through Fenton reaction, which has an important devastating 238 



 

 

role in oxidative damages [40]. GPx degrades lipid peroxides to hydroxyl lipids and 239 
waters through conversion of glutathione to glutathione disulfide [41,42].  240 

A major marker of lipid peroxidation is malondialdehyde (MDA) which increases 241 
during oxidative damage to cell membranes, inhibition of several important 242 
enzymes, reduced cellular function, and cell death [43,44]. The degree of lipid 243 
peroxidation can be determined by tissue MDA levels, which is a highly reliable 244 
marker of oxidative stress [45]. MDA is a highly reactive aldehyde which can cause 245 
toxic stress in cells and result in formation of covalent protein adducts known as 246 
advanced lipoxidation end-products, an analogy of advanced glycation end-products 247 
[46]. The result of this study shows that induction of hypertension produced a 248 
significant (p<0.0001) elevation of MDA in the heart, kidney and liver of untreated 249 
hypertensive group when compared to the normotensive rats. Treatment with 250 
methanol extract of A. muricata or C. longa, lisinopril and chlorothiazide produced a 251 
significant (p<0.0001) reduction in the heart, kidney and liver MDA. This indicates 252 
remarkable inhibition of lipid peroxidation which usually accompanies and further 253 
exacerbates oxidative stress and hypertension [47]. 254 

Depletion of nitric oxide (NO) was reversed in rats treated with methanol extract of 255 
A. muricata and C. longa in this study. Nitric oxide is generated from its precursor L-256 
arginine by nitric oxide synthase (NOS). There are three isoforms of the enzyme; 257 
the two constitutive forms, endothelial and neuronal NOS (eNOS and nNOS) and 258 
the inducible isoform originally described in immune cells (iNOS). Nitric oxide effects 259 
its principle biological actions, including that of vascular smooth muscle relaxation, 260 
via soluble guanylate cyclase and production of the second messenger c-GMP [48]. 261 
Interestingly, A. muricata or C. longa treatment exhibited a good therapeutic profile 262 
with a marked increase of serum NO level thereby enhancing the vasodilatory 263 
effects of NO with resultant lowering of blood pressure. 264 

 265 
4. CONCLUSION 266 
 267 
In conclusion, methanol extract of Annona muricata and Curcuma longa ameliorated the 268 
oxidative stress which accompanies and exacerbates hypertension in uni-nephrectomized 269 
rats loaded with 1% sodium chloride. This study corroborated previous findings on the 270 
correlation between hypertension and oxidative stress [47,49], and improvement of 271 
renovascular hypertension following antioxidant treatment [50]. Further studies are 272 
warranted to establish the pharmacological principle responsible for the antihypertensive 273 
activity of these medicinal plants which can be progressed as antihypertensive drug 274 
candidates. 275 
 276 
 277 
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