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Abstract 

Background; Hypertension is the major leading risk factor for atherosclerosis and other diseases, especially renal and 
cardiovascular disorders, including myocardial infarction, stroke, and heart failure. Blood pressure may be influenced 
by either genetic and/or lifestyle factors including nutrition, smoking, high blood glucose and high body-mass index. 
Global mortality due to hypertension is currently over 30 million and may increase to 40 million annually by 2030. 

Objectives: This research work was designed to evaluate the antihypertensive and electrolyte modulatory effect of 
ethanol extract of Terminalia catappa leaf following L-NAME induced hypertension in male Wistar rats. 

Methods: In this present work, thirty- five (35) Wistar male rats was allowed to acclimatize for a period of 7 days, in a 
well-ventilated room at room temperature and relative humidity of 29°C and 70% respectively with 12 hours natural 
light-dark cycle Hypertension was induced by intraperitoneal administration of L-NG-nitro arginine methyl ester (L-
NAME) (40 mg/kgb.wt/day in distilled water. Treatment was carried out as follows: group 1 (normal control) received 
only the vehicle (Normal saline) orally, group 2 (hypertensive control) received L-NAME (40 mg/kgb wt/day) 
intraperitoneally for 2 successive weeks; group 3 ( standard control) L-NAME (40 mg/kgb .wt/day) +20mg/kg b.wt 
/day of amlodipine  while  group 4 and 5 (reference groups) received L-NAME + extract of T. catappa (200  and 
400 mg/kg b .wt/day respectively for 2 successive weeks. Blood was collected by cardiac puncture under plane sterile 
tubes for serum electrolytes and lipid profile.  

Results: The result displayed that T. catappa leaf produced a significant (p<0.05) decrease in serum Na+, K+, Ca2+, Cl- ion 
concentration when compared with normotensive and hypertensive. The extract significantly (p<0.05) increased serum 
HDL and triacyl glycerides, but lowered the serum LDL, total –cholesterol when compared with normotensive, 
hypertensive and standard control. 

Conclusion: It can be inferred from this present work that extract of Terminalia catappa might inhibit predisposition 
to hypertension and/ or contain some bioactive compounds with antihypertensive effect and might be useful in the 
management of pathological conditions associated with cardiovascular dysfunction possibly by deactivation of either 
the brain renin–angiotensin–aldosterone system (RAAS) or sympathetic nervous system. 
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1. Introduction 

High blood pressure is classified primarily either as essential hypertension or secondary hypertension (1). About 90-
95% of cases are primary i.e high pressure due to non-specific lifestyle and genetic factors (2). Lifestyle factors that 
increase the risk include excessive salt in the diet, excess body weight, smoking and alcohol use. The remaining 5-10% 
of cases are categorized as secondary high blood pressure, since they have an identifiable cause such as chronic kidney 
disease, narrowing of the kidney arteries, an endocrine disruptor or the use of birth control pills (3). Blood pressure 
may also be classified by two measurements, the systolic and diastolic pressures, which are the minimum and maximum 
pressures respectively. For most adults, normal blood pressures at rest are within the range of 100–130-millimeter 
mercury (mmHg) systolic, and 60-80 mmHg diastolic (4). For most adults, high blood pressure is present if the resting 
blood pressure is persistently at or above 130/80 or 140/90mmHg (4).  

Lifestyle changes and medications can lower blood pressure and decrease the risk of health complications (5). Lifestyle 
changes include weight loss, physical exercise, decrease in salt intake and a healthy diet. If lifestyle changes are not 
sufficient then blood pressure medications can be used.  

Recent attention has been focused on the herbal preparations as alternative agents for the treatment and prevention of 
cardiovascular problems. Ethnobotanical surveys of various medicinal plants indicate their vast use in the management 
of cardiovascular disorders typical of this plant Terminalia catappa.  

Terminalia catappa is a large tropical tree in the Leadwood family (Combretaceae), that grows mainly in the tropical 
regions of Asia, Africa and Australia (6). Common names of Terminalia catappa in English include country almond, India 
almond, beach almond (7). Terminalia catappa innumerable medicinal roles ranging from hepatoprotective, 
hypoglycemic, anti-oxidant, anti-inflammatory, ace-inhibitory, anti-diabetic activities among others (6). Aqueous and 
ethanol extracts of the of T. catappa shows different degrees of activities against Pseudomona saeruginosa, Pseudomona 
stestosterone, Pseudomonas pseudoalcaligenes, Staphylococcus aureus, Staphylococcu ssubflava, Proteusmirabilis, 
Proteusvulgaris, Proteusmorgana, Bacilluscerus, Bacillussubtilis, Bacillusm egaterium, Escherichiacoli, Streptococcus 
agalactiae candida (Sharma and Rana, 2017) (8).                               

Inhibition of nitric oxide (NO) synthase (NOS) by NG-nitro-L-arginine methyl ester (L-NAME) is a well-established 
model of experimental hypertension, cardiovascular and renal disease (8). The cardiovascular effect of L-NAME includes 
endothelial dysfunction, vascular remodeling, inflammation, and myocardial hypertrophy (9). The mechanism of L-
NAME-induced hypertension and cardiovascular disease(s) involves more than removal of the tonic vasodilator action 
of NO by NOS inhibition, and there is evidence for contributions from the renin–angiotensin system (RAS), sympathetic 
nervous system (SNS), prostaglandins, and superoxide anions to this process. Chronic L-NAME administration increases 
plasma rennin levels (7, 10) and cardiac and vascular angiotensin-converting enzyme (ACE) activity (7) and causes a 
transient increase in both type 1 (AT1) and type 2 (AT2) angiotensin II receptors in the heart (8). Acute administration 
of ACE inhibitor (ACEI) or AT1 receptor blocker (ARB) causes only modest reduction in blood pressure of L-NAME 
hypertensive rats (11,3) but chronic ACEI or ARB administration normalizes blood pressure (9,10) and prevents the 
vascular remodeling, inflammation, and myocardial hypertrophy due to L-NAME administration (8,12,9).  

L-NAME induced hypertensive rats have increased plasma noradrenaline and adrenaline levels (11) and showed a 
marked fall in blood pressure with pentolinium administration (11) suggesting an important contribution by the SNS 
to L-NAME hypertension. Sympathectomy, and the α1 blocker, prazosin, also reverse L-NAME induced hypertension 
(13,14). Reversal of L-NAME hypertension by both RAS and SNS inhibition suggests that the hypertension may be due 
to an altered balance between NO and angiotensin II in the central nervous system, resulting in increased sympathetic 
tone that might be normalized by RAS inhibition (15). 

L-NAME hypertension is also associated with increased vascular and renal expression of cyclooxygenase-2 (COX-2), and 
COX-2 inhibition considerably attenuates the hypertension and proteinuria that accompany L-NAME administration 
(16) 

L-NAME hypertension may be associated with increased vascular production of superoxide anions (11). Simultaneous 
administration of the anti-oxidant N-acetylcysteine prevented development of hypertension and vascular inflammation, 
and augmented NOS activity, in L-NAME-treated rats (17). However, N-acetylcysteine had only a modest effect on blood 
pressure of rats with established L-NAME hypertension (18). Chronic ACEI and ARB therapy prevented the increased 
vascular superoxide production (18,19,1). Suggesting that angiotensin II-stimulated vascular NAD(P)H oxidases are 
responsible for the increased superoxide production that accompanies L-NAME administration. Angiotensin II-
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stimulated superoxide production may cause down-regulation of endothelial dihydrofolate reductase, resulting in 
uncoupling of endothelial NOS (eNOS) and further reducing NO bioavailability (18,1,17).  

An electrolyte is a substance that produces an electrically conducting solution when dissolved in polar solvent, such as 
water. The dissolved electrolytes separate into cation and anions which disperse uniformly through the solvent (20). 
Electrolytes are important because they are what cells (especially nerve, heart and muscle cells) use to maintain 
voltages across their cell membranes. Electrolytes have different functions, and an important one is to carry electrical 
impulses between cells (21). Kidneys work to keep the electrolyte concentrations constant despite changes in the body. 
For example, during heavy exercise; electrolytes are lost in sweat, particularly in the form of sodium and potassium 
(22). The kidneys can also generate dilute urine to balance sodium levels (22). These electrolytes must be replaced to 
keep the electrolyte concentrations of the body fluids constant. Hyponatremia, or low sodium, is the most common type 
of electrolyte imbalance (23).                                                                                                                                                                                                                                                                                                                                                         

Electrolyte imbalance is thought as one of the prominent underlying mechanisms of hypertension. It is therefore 
imperative to ascertain the safety and risk potential of ethanol leaf extract on serum electrolytes and lipid profile 
following L-NAME induced hypertension in male Wistar rats. 

2. Materials and Methods 

2.1. Materials 

2.2. Plant Materials 

Fresh leaves of T.catappa were collected from the UNICROSS environment, Okuku, Cross River State, Nigeria. The leaves 
were taken to the University of Calabar, Department of Botany for identification and authentication. The voucher 
number of 206 has been deposited for future reference at the department's herbarium. 

2.3. Experimental animals 

Thirty-five (35) male Wistar rats were obtained from the animal holding unit of the Department of Medical 
Biochemistry, University of Cross River State. The animals were allowed to acclimatize for a period of 7 days, in a well-
ventilated room at room temperature and relative humidity of 29°C and 70% respectively with 12 hours natural light-
dark cycle. They were allowed food and water ad libitum. Good hygiene was maintained by daily cleaning and removal 
of faeces and spills from their cages. 

2.4. Preparation of extract of T.catappa leaf 

The leaves of T.catappa was collected around UNICROSS and air dried at room temperature for a period of 21days until 
constant weight was obtained. The dried leaves were then pulverized to powdery form by a machine blender and sieved. 
Thereafter, 400g of the pulverized plant material (T.catappa) was dissolved in 1200ml of 70% petroleum ether for 72 
hours. This was followed with vacuum filtration and extracts was concentrated using an evaporator water bath at 40°C 
to obtain a solvent free extract, and stored in a refrigerator at 4°C. 

2.5. Experimental design 

Hypertension was induced according to (24) by intraperitoneal administration of L-NAME (40 mg/kgb.wt/day in 
distilled water. Treatment was carried out as follows: group 1 (normal control) received only the vehicle (Normal saline) 
orally, group 2 (hypertensive control) received L-NAME (40 mg/kg b. wt/day) intraperitonially for 2 successive weeks; 
group 3 ( standard control) L-NAME (40 mg/kgb .wt/day) +20mg/kg b .wt /day of amlodipine  while  group 4 and 5 ( 
reference groups) received L-NAME + extract of T. catappa (200  and 400 mg/kg b .wt/day respectively for 2 successive 
weeks 

2.6. Blood sample collection 

Blood was collected from all the test rats and control by cardiac puncture under plane sterile tubes for serum 
electrolytes, preceded by centrifuging and separation of the blood plasma with standard pipette. The specimens were 
labelled with the identification alphabets/ number. The samples were kept at room temperature until processing, which 
occurred within 30 minutes of collection. 
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3. Results 

The result below displayed the effect of extract of T. catappa leaves on serum electrolytes following L-NAME-induced 
hypertensive Wistar rats. The extract produced a significant (p<0.05) decrease in serum Na+, K+, Ca2+, Cl- ion 
concentration when compared with normal and positive control in the normotensive groups and groups co- 
administered with graded doses of extract of Terminalia catappa and L-NAME induced hypertensive groups but 
portrays a significant (p<0.05) decrease when compared with the negative control in all the test groups (table 1). 

Table 1 Effect of extract of T. catappa leaves on serum electrolytes following L-NAME-induced hypertensive Wistar rats 

Groups Na+ 

(mmol/l) 

K+ 

(mmol/l) 

Ca2+ 

(mmol/l) 

Cl- 

(mmol/l) 

Normal control 64.00 + 0.71a 4.50 +0.07a 52.40+ 0.25a 67.40+ 0.75a 

Negative control 84.76 + 0.75b 9.58 +0.07b 67.60+1.44b 92.00+ 0.84b 

Positive control 45.80 + 0.92a 5.24 +0.10c 51.80+ 2.58c 44.14+ 9.62c 

200mg/kg b.wt TC 73.80 + 0.66d 6.48 +0.12d 53.40+ 0.40a 46.00+ 0.71dc 

400mg/kg b.wt TC 76.00 +0.32d 6.64 + 0.14d 52.40+ 0.40a 48.20+ 1.07ec 

200TC +40L-name 45.40 + 1.03eb 3.84 +0.15e 50.60+ 1.08a 63.00+ 1.79a 

400TC+40L-name 41.40 + 1.72f 4.30 + 0.07a 50.60+ 0.93a 63.60+0.75a 

Values are expressed as mean+SEM.  (n = 5). Values with different superscript along the columns are statistically significant (P<0.05). Legend: 
Normal control = group which received normal saline; Negative control = group treated with 40mg/kg b.wt L-NAME; Positive control = group which 
received 40 and 5mg/kg b.wt L-NAME and Amlodipine, respectively; 200mg/kg b.wt TC = group treated with 200mg/kg b.wtT. catappa; 400mg/kg 

b.wt TC = group treated with 400mg/kg b.wt T. catappa; 200TC+40L-NAME = group treated with 200 and 40mg/kg b.wtT. catappa and L-NAME, 
respectively and 400TC+40L-NAME = group treated with 400 and 40mg/kg b.wtT. catappa and L-NAME, respectively. 

   

Table 2 Effect of extract of T. catappa leaf on serum lipid profile following L-NAME-induced hypertensive Wistar rats 

Groups TAG  

(mg/dl) 

HDL 

 (mg/dl) 

LDL  

(mg/dl) 

T. Chol 

(mg/dl) 

Normal control 138.80 + 0.37a 43.60 + 0.25a 28.00 + 0.32a 101.80+ 0.86a 

Negative control 127.80+1.28b 41.40 + 0.40a 34.80 + 1.02b 122.20 + 0.20b 

Positive control 161.20 + 0.58c 60.00+1.41b 23.00+ 0.78c 117.60+ 1.86c 

200mg/kg b.wt TC 145.80+ 1.02de 66.80+1.32c 22.00+ 0.71c 75.20+ 0.86d 

400mg/kg b.wt TC 148.00+0.55e 73.60+ 0.51e 19.80+ 0.80e 74.40+ 0.93d 

200TC +40L-name 143.40+0.51fg 63.40+0.60d 23.00+ 0.45c 83.40+ 0.75f 

400TC+40L-name 144.20+1.02dg 64.60+ 0.51cd 23.00+ 0.45c 83.60+0.75ef 

Values are expressed as mean+SEM.  (n = 5). Values with different superscript along the columns are statistically significant (P<0.05). Legend: 
Normal control = group which received normal saline; Negative control = group treated with 40mg/kg b.wt L-NAME; Positive control = group which 
received 40 and 5mg/kg b.wt L-NAME and Amlodipine, respectively; 200mg/kg b.wt TC = group treated with 200mg/kg b.wtT. catappa; 400mg/kg 

b.wt TC = group treated with 400mg/kg b.wtT. catappa; 200TC+40L-NAME = group treated with 200 and 40mg/kg b.wtT. catappa and L-NAME, 
respectively and 400TC+40L-NAME = group treated with 400 and 40mg/kg b.wtT. catappa and L-NAME, respectively. 

4. Discussion 

Hypertension is the major leading risk factor for atherosclerosis and several diseases, especially renal and 
cardiovascular disorders, including myocardial infarction, stroke, and heart failure (24). Blood pressure is influenced 
by various genetic and lifestyle factors including nutrition smoking, high blood glucose, and high body-mass index, all 
responsible for approximately 29 million deaths globally (25). According to the World Heart Federation, hypertension 
is the most important risk factor for stroke which causes about 50% of ischaemic strokes (26). Nutrition has an 
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important impact on blood pressure with sodium (salt) playing a prominent role. However, potassium, in addition to 
calcium, and possibly also chloride, exert at least some effects on blood pressure.  

Sodium is an important mineral which, besides its functions in fluid balance, action potential generation, digestive 
secretions and absorption of many nutrients, also plays an important role in blood pressure regulation with a reduced 
sodium intake being associated with a reduction in systolic and diastolic blood pressure (27). Therefore, independent 
of body weight, sex and age, too much dietary salt (sodium chloride) is regarded as an established risk factor for 
hypertension (28).There are several mechanistic explanations for the association between high sodium intake and 
blood pressure like enhanced reabsorption and retention of filtered sodium through the renal tubules (29) or activation 
of the brain renin–angiotensin–aldosterone system (RAAS), which is suggested to increase blood pressure through 
angiotensin II and aldosterone promoting locally oxidative stress and activating the sympathetic nervous system (30). 
Furthermore, based on the “vasodysfunction theory” of salt induced hypertension, salt loading results in subnormal 
decreases in systemic vascular resistance leading to an increase in blood pressure (31). The significant increase in 
serum sodium ion concentration following the administration of ethanol leaf extract of Terminalia catappa suggest that 
the extract of Terminalia catappa induced hypernatreamia, due to alteration in the physiologic and   metabolic role of 
the kidney. This effect was found to be lowered following L-NAME induced hypertension which may suggest a 
synergistic interaction possibly by deactivation of either the brain renin–angiotensin–aldosterone system (RAAS) or 
sympathetic nervous system. 

Potassium intake or supplementation has also been repeatedly shown to reduce the blood pressure of hypertensive 
individuals (28). In addition to the well-known advice to reduce the consumption of dietary sodium (<1500 mg/day or 
at least 1000 mg/day decrement) for adults with normal and elevated blood pressure (32). Also, several studies and 
meta-analysis showed that potassium supplements reduce blood pressure and also the risk of hypertension (33). 
Suggested mechanisms of the blood pressure lowering effects of potassium are; improvement of endothelial function 
and NO release, vasodilatation by lowering cytosolic smooth muscle cell calcium, increasing natriuresis, and lowering 
the activity of the sympathetic nervous system (28). In this study the extract produced a significant increase in 
potassium ion concentration; following L-NAME induced hypertension suggest that the extract might reduce the risk of 
hypertension or predisposition to hypertension by improving the release of NO and triggering vasodilatation. 

It has also been documented that calcium supplementation has been shown to exert beneficial effects on the risk for 
gestational hypertension in women with low dietary calcium intake (34). Besides the interdependent effect of sodium 
and potassium, calcium has also been implicated in the regulation of blood pressure (35). The effects of calcium were 
primarily restricted to the prevention of gestational hypertension. On the other hand, low dietary calcium intake is 
shown to be a risk factor for the development of hypertension especially for women with a history of gestational 
hypertension (36).  In this regard the World Health Organization recommends daily calcium supplementation of 1.5–
2.0 g oral elemental calcium for pregnant women in populations with low dietary calcium intake to reduce the risk of 
pre-eclampsia and related complications (27). In this research the significant increase in calcium ion concentration 
suggests that Terminalia catappa extract might reduce the risk of gestational hypertension associated with low calcium 
level. 

More so, Chloride has an independent effect on blood pressure (37). Several studies and meta-analysis have shown that 
replacing chloride with bicarbonate, citrate or phosphate as the anion for sodium would not lead to increases in blood 
pressure in humans compared to sodium chloride (38). Interestingly, lowered serum chloride levels were associated 
with higher cardiovascular and all-cause mortality risk in epidemiological studies (39). In this research the   extract 
produced a significant increase in serum chloride ion concentration when compared with the normal and positive 
group. This significant increase in chloride ion concentration suggests that Terminalia catappa can reduced the risk of 
cardiovascular disease associated with low serum chloride levels.  

The serum lipid levels are very good hypertensive biomarkers. High levels of cholesterol and low-density lipoproteins 
have been implicated as causative agents of hypertension, since they are directly involved in atherogenicity, while high 
density lipoprotein is noted for its ability to prevent hypertension as it functions as anti-atherogenic lipid (40). HDL-
cholesterol (HDL-C) is known to have a protective effect against cardiovascular disease, since it removes excess 
cholesterol from circulation and carries it back to the liver where it is degraded or converted into bile acid Also, HDL-C 
is considered to have anti atherogenic properties. It has also been shown that an increase in HDL-cholesterol correlates 
inversely to atherosclerosis, hypertension, and coronary heart disease among others. It can therefore be inferred that 
the significant increase in serum level HDL-cholesterol suggests that the  extract of Terminalia catappa may be used to 
reduce the risk factor of atherosclerosis and other cardiovascular related disorders or suggests that the extract might 
exert a protective effect against atherosclerosis or increases estradiol which might promote apolipoprotein A1 (Apo A1) 
production, and reduce hepatic lipase activity, resulting in increased production of high-density lipoproteins (HDL) 
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during pregnancy their by inhibiting pregnancy induced hypertension. It may also suggest that the extract contain some 
bioactive agents that may elicit antihypertensive property. (41) reported that phytochemical constituents such as 
saponins, flavonoids, and sesquiterpene lactones may ameliorate hypertensive and hyperlipidemic conditions. 
Hyperlipidemia is directly related to high cholesterol levels in the blood (40). This has a consequent occlusion of the 
vessel wall, with a resultant increase in the force required to pump and circulate blood through and round the body thus 
resulting in hypertensive condition. For the extracts to decrease the total cholesterol levels at both 200 and 400 mg/ kg 
body weight of the blood, it shows that it has anti-hyperlipidemic properties. Also, the high and low levels of 
triacylglycerol and low-density lipoprotein respectively showed that the extract has the tendency to ameliorate 
hypertensive condition.  

5. Conclusion  

It can be inferred from these present results that extract of Terminalia catappa might inhibit predisposition to 
hypertension and might be useful in the management of medical conditions associated with cardiovascular diseases 
possibly by deactivation of either the brain renin–angiotensin–aldosterone system (RAAS) or sympathetic nervous 
system. 

Compliance with ethical standards 

Disclosure of conflict of interest 

The authors declare that there is no conflict of interest related to this work.  

Statement of ethical approval 

Ethical approval for the study was obtained from the Faculty of Basic Medical Science Animal Research Ethical 
Committee of Cross River University of Technology, Calabar, Nigeria (approval number FBMS/UNICROSS/24/020). 

Author’s contribution: 

All authors contributed substantially to the conception, design, and interpretation of data presented in this review. They 
were actively involved in the analysis of existing literature, drafting of the figures, writing of the manuscript, and critical 
revision of its intellectual content. All authors approved the final version of the manuscript and agreed to be accountable 
for all aspects of the work.  

References 

[1] Gonzalez W, Fontaine V, Pueyo, ME, Laquay N, Messika-Zeitoun D, Philippe M. Molecular plasticity of vascular 
wall during NG-nitro-L-arginine methyl ester-induced hypertension: modulation of pro inflammatory signals. 
Journal of   Hypertension 2016; 36:103–109. 

[2] Carretero OA, Oparil S. Essential hypertension. Part I: definition and etiology.Circulation. 2016;101(3): 329–335. 

[3] Pechanova O, Dobesova Z, Cejka J, Kunes J, Zicha J. Vasoactive systems in L-NAME hypertension: the role of 
inducible nitric oxide synthase. Journal of Hypertension Research. 2015; 22:167–173. 

[4] Whelton PK, He J, Appel LJ, Cutler, JA, Havas S, Kotchen TA, Roccella EJ, Stout R, Vallbona C, Winston MC, 
Karimbakas J. Primary prevention of  hypertension: clinical and public health advisory from The National 
High Blood Pressure Education Program. American Journal of Hypertension. 2012;288 (15): 1882–1888. 

[5] Viera .AJ. Screening for Hypertension and Lowering Blood Pressure for Prevention of Cardiovascular Disease 
Events". The Medical Clinics of North America (Review). 2017;101 (4): 701–712. 

[6] Lin CC, Chen YL, Lin JM, Ujiie T.Hyperglycemic effect of Terminalia catappa.China Journal of Medicine, 2018;25(2): 
153–161. 

[7] Henn JJ, McCoy MB, Vaughan, CS. Beach almond (Terminalia catappa, Combretaceae) seed production and 
predation by scarlet macaws (Aramacao) and variegated squirrels (Sciurusvariegatoides)". Revista de Biologia 
Tropical. 2014;62(3): 929–938. 

[8] Katoh M, Egashira K, Usui M, Ichiki T, Tomita H, Shimokawa H. Cardiac angiotensin II receptors are upregulated 
by long-term inhibition of nitric oxide synthesis in rats. 2018;83:743–751. 

mhtml:file://C:/Users/OBIA%20UKAWULU%20AJAH/AppData/Local/Microsoft/Windows/INetCache/IE/8766CEM6/Terminalia_catappa_-_Wikipedia%5b1%5d.mhtml!https://doi.org/10.15517%2Frbt.v62i3.14060
mhtml:file://C:/Users/OBIA%20UKAWULU%20AJAH/AppData/Local/Microsoft/Windows/INetCache/IE/8766CEM6/Terminalia_catappa_-_Wikipedia%5b1%5d.mhtml!https://doi.org/10.15517%2Frbt.v62i3.14060


GSC Advanced Research and Reviews, 2025, 24(02), 001-009 

7 

[9] Takemoto M, Egashira K, Usui M, Numaguchi K, Tomita H, Tsutsui H. Important role of tissue angiotensin-
converting enzyme activity in the pathogenesis of coronary vascular and myocardial structural changes induced 
by long-term blockade of nitric oxide synthesis in rats. 2017;99:278–287. 

[10] Morton JJ, Beattie EC, Speirs A, &Gulliver F. Persistent hypertension following inhibition of nitric oxide formation 
in the young Wistar rat: role of renin and vascular hypertrophy. Journal of Hypertension Preview. 2015;11:1083–
1088. 

[11] Zanchi A, Schaad NC, Osterheld MC, Grouzmann E, Nussberger J, Brunner, HR, Waeber B. Effects of chronic NO 
synthase inhibition in rats on renin-angiotensinsystem. 2014. 

[12] Luvara G, Pueyo ME, Philippe M, Mandet C, Savoie F, Henrion D, Michel, JB. Chronic blockade of NO synthase 
activity induces a proinflammatory phenotype in the arterial wall: prevention by angiotensin II antagonism. 
Arterioscler Thrombocyte Vascular Biology 2015;18:1408–1416. 

[13] Sander M, Hansen PG, Victor RG. Sympathetically mediated hypertension caused bychronic inhibition of nitric 
oxide. Hypertension. 2015;26:691–695. 

[14] Wangensteen R, O'Valle F, Del-Moral R, Vargas F, Osuna A. Chronic alpha1-adrenergic blockade improves 
hypertension and renal injury in L-NAME and low-renin L-NAME-DOCA hypertensive rats. 2015;8:378–384. 

[15] Kunes J, Hojna S, Kadlecova M, Dobesova Z, Rauchova, H, Vokurkova M. Altered balance of vasoactive systems in 
experimental hypertension: the role of relative NO deficiency. 2014;53:(1):23–34. 

[16] Tomida T, Numaguchi Y, Nishimoto Y, Tsuzuki M, Hayashi Y, Imai H. Inhibition of COX-2 prevents hypertension 
and proteinuria associated with a decrease of 8-iso-PGF2α formation in L-NAME-treated rats. Journal of 
Hypertension Research. 2018;21:601–609. 

[17] Rauchova H, Pechanova O, Kunes J, Vokurkova M, Dobesova Z, Zicha J. SChronic N-Nitro arginine methyl ester. 
2015;5: 85-89. 

[18] Usui M, Egashira K, Tomita H, Koyanagi, M, Katoh M, Shimokawa H. Important role of local angiotensin II activity 
mediated via type 1 receptor in the pathogenesis of cardiovascular inflammatory changes induced by chronic 
blockade of nitric oxide synthesis in rats.  101:305–310. 

[19] Kitamoto S, Egashira K, Kataoka C, Usui M, Koyanagi M, Takemoto M, Takeshita A. Chronic inhibition of nitric 
oxide synthesis in rats increases aortic superoxide anion production via the action of angiotensin II. Journal of  
Hypertension. 2018;18:1795–1800. 

[20] Walls RM, Hockberger R S, Gausche-Hill, Marianne. Rosen's Emergency Medicine:  Concepts and Clinical Practice. 
2018;23 (8):256-275. 

[21] Bockenhauer D, Zieg J. Electrolyte disorders. Clinics in Perinatology. 2014;41 (3): 575–590. 

[22] Moritz ML, Ayus JC. Disorders of water metabolism in children: hyponatremia and hypernatremia. 2012;23(11): 
371–380.  

[23] Ályarez LE, González CE. Pathophysiology of sodium disorders in children. Revistachilena de pediatria . 
2014;85(3): 269–280.  

[24] Majithiya JB, Arvind N, Chitrang P, Trivedi R, Balaraman. Effect of pioglitazone on L-NAME induced hypertension 
in diabetic rats Vascular Pharmacology. 

[25] 2005;43(4):260-266 

[26] Rahimi K, Emdin CA, Macmahon S. The Epidemiology of Blood Pressure and Its Worldwide Management. 2015; 
116:925–936. 

[27] Zhao DQY Zheng Z, Wang Y, Zhang X, Li H, Liu H, Zhang XT, Du J, & Liu J. Dietary factors associated with 
hypertension. National review of  Cardiology. 2011; 48:456–465. 

[28] Elliott P, Kesteloot H, Appel LJ, Dyer AR, Ueshima H, Chan Q, Brown IJ, Zhao L,  Stamler J. Dietary Phosphorus and 
Blood Pressure: International Study of Macro- and Micro-Nutrients and Blood Pressure. Hypertension. 
2008;51:669–675.  

[29] Rust P, Ekmekcioglu C.  Impact of Salt Intake on the Pathogenesis and Treatment of Hypertension. Journal of 
hypertension 2017;56:661–684. 

https://www.sciencedirect.com/journal/vascular-pharmacology
https://www.sciencedirect.com/journal/vascular-pharmacology/vol/43/issue/4


GSC Advanced Research and Reviews, 2025, 24(02), 001-009 

8 

[30] Ekmekcioglu C, Elmadfa I, Meyer AL, Moeslinger T. The role of dietary potassium in hypertension and diabetes. 
Journal of Physiological Biochemistry. 2016;72:93–106. 

[31] Adrogué HJ,  Madias NE. Sodium and Potassium in the Pathogenesis of Hypertension.  National England Journal 
of Medicine. 2007;356:1966–1978 

[32] Takahashi H, Yoshika, M, Komiyama Y, Nishimura M. The central mechanism underlying hypertension: A review 
of the roles of sodium ions, epithelial sodium channels, the renin-angiotensin-aldosterone system, oxidative 
stress and endogenous digitalis in the brain. Hypertension Research. 2011;34:1147–1160.  

[33] Morris RC, Schmidlin O, Sebastian A, Tanaka M, Kurtz TW. Vasodysfunction That Involves Renal Vasodysfunction, 
Not Abnormally Increased Renal Retention of Sodium, Accounts for the Initiation of Salt-Induced Hypertension. 
Circulation. 2016;133:881– 893. 

[34] Flack JM, Calhoun D, Schiffrin EL. The New ACC/AHA Hypertension Guidelines for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in Adults. American Journal of Hypertension. 2018;31:133–
135. 

[35] Houston MC. The Importance of potassium in managing hypertension. Current Hypertension Report. 
2011;13:309–317.  

[36] Imdad A, Jabeen A, Bhutta ZA. The Role of calcium supplementation during pregnancy in reducing risk of 
developing gestational hypertensive disorders: A meta-analysis of studies from developing countries. BMC Public 
Health. 2011;11: 218-228 

[37] Feyh A, Bracero L, Lakhani HV, Santhanam P, Shapiro J, Khitan Z, Sodhi K. Role of Dietary Components in 
Modulating Hypertension. Journal of Clinical Expert Cardiology. 2016;7:433-440.  

[38] Egeland GM, Skurtvei S, Sakshaug S, Daltveit AK, Vikse BE, Haugen M. Low Calcium Intake in Mid-pregnancy Is 
Associated with Hypertension Development within 10 Years after Pregnancy: The Norwegian Mother and Child 
Cohort Study. Journal of Nutrition. 2017;147:1757–1763. 

[39] McCallum L, Lip S, Padmanabhan S. The hidden hand of chloride in hypertension. PflugersArchiev. European 
Journal of Physiology. 2015;467:595–603.  

[40] Vasudevan, DM, Sreekumari S. Textbook of Biochemistry for Medical Students. 5th Edition, New Delhi: Jaypee 
Brothers Medical Publishers, 2006;239-246 

[41] De Bacquer D, De Backer G, De Buyzere M, Kornitzer, M. Is low serum chloride level a risk factor for cardiovascular 
mortality? Journal of Cardiovascular Risk. 1998;5:177–184. 

[42] Igile GO, Iwara AI, Ekpe OO,  Isika AI, Mgbeje BIA. Antihypertensive and electrolyte modulatory potential of 
vernonioside e (steroidal saponin) from Vernonia amygdalina (asterecea) in adult albino Wistar rats . World 
Journal of Advance Healthcare Research. 2018;2(4):195-204 

[43] Odey MO, Ujong UP, Abam KI, Mboso EO, Ategwu MA. Biochemical parameters as indicators of antihypertensive 
efficacy of stem bark extract of Nauclea latifolia. Euro J. Experimental Biology. 2013;3(5): 207-212.  

[44] Alamgeer Muhamamd, SA, Qaiser J, Muhammad A, Hafeez UK, Sabeha K, Muhammad  NH Malik, Muhammad 
NM Umme S. Antihypertensive activity of  aqueous- methanol extract of Berberis orthobotrys Bien Ex Aitch in Rats 
Tropical Journal of Pharmaceutical Research, 2013;12(3): 393-399* 

[45] Alfarouk KO, Ahmed SBM, Ahmed A, Elliott RL, Ibrahim ME, Ali HS, Wales CC,  Nourwali, Ibrahim, Aljarbou AN, 
Bashir AHH, Alhoufie Sari TS, Alqahtani SS, Cardone, RA, Fais S,  Harguindey Salvador, Reshkin Stephan J. The 
 Interplay of Dysregulated pH and Electrolyte Imbalance in Cancer. 2020;12(4): 898-905 

[46] Alonso A, Nettleton JAIxJ.H, de Boer, IH, Folsom AR, Bidulescu A, Kestenbaum BR, Chambless, L.E., & Jacobs, D.R. 
Dietary phosphorus, blood pressure and incidence of hypertension in the Atherosclerosis Risk in Communities 
(ARIC) Study and the Multi-Ethnic Study of Atherosclerosis (MESA) Hypertension. 2010, 55:776–784.  

[47] Ekmekcioglu C, Blasche G, Dorner TE. Too much salt and how we can get rid of it. Journal of Nutrition. 
2013;20:454–460.  

[48] Espay AJ. Neurologic complications of electrolyte disturbances and acid–base balance’, Handbook of clinical 
neurology. 2014;119:365-382. 

[49] Goldstein DA, Walker H, Kenneth H, Dallas W, Hurst JW. Serum Calcium, Clinical Methods: The History, Physical, 
and Laboratory Examinations  Butterworths.35(7): 176- 185. 



GSC Advanced Research and Reviews, 2025, 24(02), 001-009 

9 

[50] Ladele B, Kpoviessi S, Ahissou H, Gbenou J, Kpadonou BK, Mignolet E, Hérent M F,  Bero J, Larondelle Y, 
Leclercq JQ,  Moudachirou M. Chemical composition and nutritional properties of Terminalia catappa L. oil and 
kernels from Benin. Comptes Rendus Chim. 2016;19(7): 876- 883.  

[51] Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm M. ESH/ESC guidelines for the management of 
arterial hypertension: the Task Force for the Management of Arterial Hypertension of the European Society of 
Hypertension (ESH) and of the European Society of Cardiology (ESC).European Heart Journal. 2013;34(28): 
2159– 2219.  

[52] Musini VM, Tejani AM, Bassett K, Puil L, Wright JM. Pharmacotherapy for hypertension in adults 60 years or older. 
2019;16(6) 100-108. 

[53] Odey MO, Itam EH, Ebong PE, Atangwho, IJ, Iwara IA, Eyong UE, Nnaligu IJ, Inekwe VU, Johnson JT, Ochigbo V, 
Udiba UU, and Gauje B. ’Effect of Antihypertensive treatment with root and stem bark extracts of Nauclea latifolia 
on serum  profile. International Journal of Science and Technology. 2012;2(6): 382-385. 

[54] Sada NM, Tanko Y Mabrouk MA. Influence of Payor on use of invasive cardiac procedures and patient outcomes 
after myocardiac infarction in the United States. Journal of the American College of Cardiology, 2013;31(7): 1474-
1480.  

[55] Sica DA. "Calcium Channel Blocker-Related Peripheral Edema: Can It Be Resolved?".  The Journal of Clinical 
Hypertension. 2013;5(4): 291–295. 

[56] Tintinalli JE, Stapczynski J, Stephan MaO, John Yealy, Donald M, Meckler GD, Cline DM. Tintinalli's Emergency 
Medicine: A Comprehensive Study Guide.  New York. 2016;25(4): 156-165. 

[57] Vischer AS, Burkard T. Principles of Blood Pressure Measurement  Current Techniques, Office vs Ambulatory 
Blood Pressure Measurement. Advances in ExperimentalMedicine and Biology (Review). 2017;956: 85–96. 

[58] Wang JG. A combined role of calcium channel blockers and angiotensin receptor blockers in stroke prevention. 
Vascular Health and Risk Management. 2019;5:593–605.  

[59] Williams B, Poulter NR, Brown MJ, Davis M, McInnes GT, Potter JF, Sever PS, McG, Thom S.  Guidelines for 
management of hypertension: report of the fourth working party of the British Hypertension Society, Journal of 
Human Hypertension. 2004; 18 (3):139–185. 

[60] Wong ET, Rude RK, Singer FR, Shaw ST. A high prevalence of hypomagnesemia and hypermagnesemia in 
hospitalized patients. American Journal of Clinical Pathology. 2016;79(3): 348–352. 

[61] Wong TY, Wong T, Mitchell P. The eye in hypertension. Lancet. 2017;369(9559): 425– 435. 

[62] Wright JM, Musini VM, Gill R. Firstline drugs for hypertension. The Cochrane Database of Systematic 
Reviews.Blood pressure lowering efficacy of diuretics as secondline therapy for primary hypertension. The 
Cochrane Database of Systematic Reviews. 2018;28(4): 75-79. 

[63] Xie X, Atkins E, Lv J, Bennett A, Neal B, Ninomiya T, Woodward M, MacMahon S, Turnbull F, Hillis GS, Chalmers J, 
Mant J, Salam A, Rahimi K, Perkovic V, Rodgers A. Effects of intensive blood pressure lowering on cardiovascular 
and renal outcomes: updated systematic review and metaanalysis. Lancet. 2016;387 (10017): 435–443. 

[64] Yohannes A, Kelbessa U, Ephrem E. Evaluation of In Vivo Antihypertensive and In Vitro  Vasodepressor 
Activities of the Leaf Extract of Syzygium guineense (Wild) D.C. Phytother  Res 2010; 24:1457-1462 

[65] Yun-Lian L,Yueh-Hsiung K, Ming-Shi S, Chien-Chih C, Jun- Chih, OJ. China Chemical Society. 2016;47: 253-256. 

[66] Zhu Yanlin, Wang Fen, Li Quan, Zhu Mingshe, Du Alicia, Tang Wei, Chen Weiqing. Amlodipine Metabolism in 
Human Liver Microsomes and Roles of CYP3A4/5 in the Dihydropyridine Dehydrogenation. Drug Metabolism 
and Disposition. 2014;42(2): 245–249. 

[67] Zuo Xiao-cong, Zhou Ya-nan, Zhang Bi-kui, Yang Guo-ping, Cheng Ze-neng, Yuan Hong,  Ouyang Dong-sheng, Liu 
Shi-kun, Barrett JS. Effect of CYP3A5*3 Polymorphism on Pharmacokinetic Drug Interaction between Tacrolimus 
and Amlodipine. Drug Metabolism and Pharmacokinetics. 2013;28(5): 398–400. 


