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Abstract 

Background: Hypertension remains a leading cause of cardiovascular disease and mortality worldwide. This study explores the 

potential of tea seed oil (TSO) in mitigating hypertension-related complications in a rat model induced with N(G)-nitro-L-arginine 

methyl ester (L-NAME). TSO was extracted following standard protocols, and experimental groups (A - E) were administered 

L-NAME along with varying doses of TSO or Enalapril Maleate (as a positive control) for 28 days. Blood pressure indices were 

measured non-invasively, and blood and tissue samples were collected for biochemical analyses. 

Results: Groups B and E showed significant changes in systolic blood pressure (SBP) compared to the control (Group A). 

Additionally, SBP decreased notably in groups C, D, and E compared to hypertensive group B. The administration of TSO at the 

highest dose (0.6 ml/kg) caused a reduction in diastolic blood pressure (DBP) in group D, similar to the effect of enalapril maleate in 

group E. Group B, subjected only to L-NAME administration, exhibited notable increases in LDL-C. Liver function markers like 

AST, ALT, and ALP showed significant changes across groups, with TSO administration leading to reductions in AST in groups C 

and D, and in group E compared to group B. Group B rats showed a significant rise in malondialdehyde (MDA) compared to Group 

A. TSO administration in Groups C and D slightly reduced MDA towards Group A levels. In Group E, MDA significantly differed 

from both groups A and B. Catalase (CAT) decreased significantly in group B but remained unchanged in groups C, D, and E 

compared to A or B. Superoxide dismutase (SOD) decreased significantly in group B compared to A but increased in C, D, and E 

compared to B. Glutathione peroxidase (GPx) decreased in groups B and C compared to A but increased in C compared to B. groups 

D and E showed no significant difference in GPx values compared to either A or B. Reduced glutathione (GSH) increased 

significantly in TSO-treated Groups C and D and in the standard drug group compared to A or B. 

Conclusions: These findings highlight the therapeutic potential of TSO as a natural adjunct in the management of hypertension and 

its related complications. 
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1 Background 
Hypertension remains the leading risk factor for cardiovascular diseases, and its annihilative effect is felt in the 

form of reduced life expectancy and premature death. The escalating global incidence of hypertension is linked to 

factors such as excessive salt intake, physical inactivity, tobacco and alcohol consumption, and the aging process 

(Wang et al., 2023). An individual is considered hypertensive if their systolic blood pressure (SBP) reaches 130 

mm Hg or higher and/or if their diastolic blood pressure (DBP) exceeds 80 mm Hg (Muntner et al., 2019). 

In developed nations, hypertension ranks as the fourth contributor to premature deaths and seventh in developing 

countries. Globally, hypertension is responsible for nearly 16.5% of annual deaths, with projections estimating 

that by 2030, 23.5 million people will succumb to hypertension-related complications (Kibret and Mesfin, 2015; 

Oliveira et al., 2021). The prevalence of hypertension in Africa is particularly alarming, with current projections 

indicating that 150 million people will be affected by 2025, with Nigeria alone accounting for 40 million of this 

estimate (Akindele, 2014). 

Throughout history, plants have been explored as an indispensable source of medicine due to their easy 

affordability and lack of common side effects associated with synthetic drugs (Parasuraman, 2018). Tea (Camellia 
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sinensis), native to China, stands out as one of the most widely consumed beverages globally. In terms of chemical 

composition, it contains polyphenols, alkaloids, amino acids, polysaccharides, lipids, proteins, vitamins and trace 

elements (Wang et al., 2022). Notably, polyphenols, particularly flavonoids and catechins, which make up 

approximately 33% of tea’s composition, have been consistently highlighted in various studies as the primary 

contributors to its significant health benefits (Khan and Mukhtar, 2018). Several studies have demonstrated the 

diverse therapeutic potential of tea, including its ability to restore sperm quality in heat-exposed mice (Mahmoudi 

et al., 2018), its dual anti-β-secretase and anti-cholinesterase activities relevant for dementia treatment 

(Suttisansanee et al., 2019), and its protective role in preventing DNA oxidative damage and inhibiting colorectal 

cancer cell proliferation (Wang et al., 2020). 

This study aims to explore the potential therapeutic effects of tea seed oil (TSO) in modulating blood pressure, 

oxidative stress, and lipid profiles in an L-NAME-induced hypertensive rat model. 

2 Methods 

2.1 Plant material and sample preparation 

Tea seeds were gathered from the Mambilla substation, Cocoa Research Institute of Nigeria (CRIN), Kusuku, 

Taraba state, Nigeria. The seeds were thoroughly cleaned under running tap water for 3 minutes to eliminate any 

adhering dirt. Subsequently, the seeds were sun-dried until a consistent weight was achieved, mechanically 

crushed, and ground to increase the surface area. A 100 g sample of the finely ground tea seeds was introduced 

into the thimble of a Soxhlet apparatus and then extracted with 500 ml of n-hexane for 8 hours, following the 

AOCS guidelines (Irving, 1958). After the extraction, the solvent was eliminated through rotary evaporation at 

60oC under a nitrogen stream. The resulting TSO extract was then oven-dried until a solvent free extract was 

achieved. 

2.2 Drugs and chemicals 

Enalapril Maleate and NG-nitro-L-arginine methyl ester (L-NAME) were obtained from Honeywell Research 

Chemicals (Morris Plains, New Jersey). All other chemicals used were obtained from local suppliers and were of 

analytical grade. 

2.3 Animals and experimental design 

A total of forty (40) male Wistar albino rats, with weights ranging from 140 to 200 g, were sourced from the 

Experimental Animal Unit, Faculty of Veterinary Medicine, University of Ibadan, Nigeria. All experimental 

protocols were carried out in accordance with the guidelines approved by the Animal Care and Use Research 

Ethics Committee (ACUREC), University of Ibadan, Nigeria. These rats were accommodated in adequately 

ventilated plastic cages and allowed to acclimatize for 14 days prior to the initiation of the experiment. 

Throughout this acclimatization phase, the rats were provided with commercial rat feed and had unrestricted 

access to water. 

The rats were distributed into five (5) groups of eight rats each. Group A, designated as the control, received 5 

ml/kg of normal saline. Groups B-E were subjected to oral administration of 40 mg/kg L-NAME (Metchi Donfack 

et al., 2021) once daily. Furthermore, animals in groups C and D were concurrently administered 0.45 and 0.6 

ml/kg of TSO, respectively, while group E received 2mg/kg Enalapril Maleate (Tawfeek et al., 2018) for a 

duration of 28 days. 

2.4 Blood pressure measurement 

Before blood pressure measurements, each animal was placed in a restraining holder for 10-15 minutes to allow 

for proper acclimatization. Systolic (SBP), diastolic (DBP), and mean arterial pressure (MAP) were 

non-invasively assessed using tail-cuff plethysmography with an electrosphygmomanometer (CODA, Kent 

Scientific, USA). At least nine readings were taken per animal, and the average was calculated. 

2.5 Blood and tissue samples collection 

Following an overnight fasting period, the rats were euthanized using cervical dislocation. Blood was then 

obtained from each rat via cardiac puncture and collected in sterile plain tubes. The collected blood samples were 
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allowed to clot and subsequently centrifuged at 4,000 rpm for 10 minutes. The resulting serum was meticulously 

separated into another sterile plain tube and stored at 4°C until required. The heart and liver of each rat were then 

excised, rinsed with a saline solution at a low temperature. The tissues were immersed in liquid nitrogen and 

promptly preserved at -80°C for subsequent analyses. 

2.6 Measurement of lipid profile 

The collected sera were used to determine various lipid components, including total cholesterol (TC), triglycerides 

(TGs), high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C). The 

quantification of TC and TGs followed the methods of (Roeschlau et al., 1974), and (Biggs et al., 1975), 

respectively. The HDL-C level was determined using the method outlined by (Warnick et al., 2001), while the 

estimation of LDL-C employed the Friedewald formula (Krishnaveni and Gowda, 2015): 

LDL-C = (TC) - (HDL-C)-(TGs/5) 

2.7 Estimation of liver function indices 

The activities of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) were assessed following 

the procedure outlined by (Reitman and Frankel, 1957). Alkaline phosphatase (ALP) activity was determined 

using the method described by (Babson et al., 1966). Total protein (TP) was quantified using the biuret reaction, 

as described by (Linne and Ringsurd, 1979) The concentration of albumin (ALB) was determined using the 

bromocresol green dye-binding method (Doumas et al., 1971). Serum total and conjugated bilirubins were 

determined according to the method described by (Malloy and Evelyn, 1937) and modified by (Nwanjo and 

Alumanah, 2006). 

2.8 Assay of tissue oxidative stress and antioxidant enzyme markers 

The heart and liver were individually sectioned into smaller fragments with a sterile scalpel and homogenized in 

an aqueous solution of 0.1M potassium buffer (pH 7.4). Subsequently, the homogenates underwent centrifugation 

at 10,000 rpm (4°C) for 10 minutes, and the resulting supernatants were employed for the antioxidant assays. 

Catalase (CAT) activity was evaluated using the method developed by (Goth, 1991). The activity of superoxide 

dismutase (SOD) was estimated through the pyrogallol autoxidation method as outlined by (Marklund and 

Marklund, 1974). Reduced glutathione (GSH) was determined using the 5,5’-dithiobis-2-nitrobenzoic acid 

(DTNB) recycling method described by (Banerjee et al., 1999). Glutathione peroxidase (GPx) activity was 

determined according to the method of Kinoshita et al. (1996). The level of malondialdehyde (MDA) was 

measured using the method described by (Okhawa et al., 1979). 

2.9 Statistical analysis 

Data were expressed as mean ± standard deviation, using the statistical software SPSS version 27. The data were 

analysed by one way analysis of variance (ANOVA) followed by a post-hoc Tukey test at P < 0.05. 

3 Results 

As shown in Table 1, L-NAME administration significantly increased SBP and MAP compared with the control 

group. Treatment with TSO attenuated these elevations, with the higher dose producing effects comparable to 

those of enalapril. Significant changes in DBP were observed only in the high-dose TSO and enalapril-treated 

groups. 

Table 1 Influence of TSO on blood pressure indices 

Blood Pressure Parameters (mm Hg) Group A (Control) Group B Group C Group D Group E 

SBP 119.57±4.75 124.83±2.63a 119.00±13.42b 119.42±11.87b 108.29±4.03a,b 

DBP 82.67±6.09 81.00±8.20 80.83±11.75 77.60±9.75a,b 73.57±3.10a,b 

MAP 93.50±3.87 97.75±5.00a 93.00±13.68 88.50±11.22 84.86±2.61a,b 

Values are expressed as mean ± SD (n = 8). A, B, C, D and E represent control, 40 mg/kg L-NAME, 40 mg/kg L-NAME + 0.45 

mL/kg TSO, 40 mg/kg L-NAME + 0.6 mL/kg TSO and 40 mg/kg L-NAME + 2 mg/kg Enalapril Maleate, respectively. aP < 0.05 

significantly different compared with control (A); bP < 0.05 significantly different compared with group B 
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Table 2 shows that TSO improved the L-NAME-induced changes in lipid profile, with lipid levels approaching 

those of the control group. 

Table 2 Effects of TSO on serum lipid profile 

Parameters (mg/dL) Group A (Control) Group B Group C Group D Group E 

TC 158.00±13.64 162.40±13.70 161.60±15.31 152.80±8.64a,b 158.20±6.76 

TG 58.80±9.47 62.80±8.80 58.80±4.15 79.40±14.27a,b 62.80±9.01 

HDL-C 42.60±5.94 35.80±6.38 39.84±5.81 49.40±4.22a,b  45.80±6.57 

LDL-C 132.40±13.94 140.00±17.73a 130.00±13.93 122.80±12.54a,b 129.80±13.04 

Values are presented as mean ± SD (n = 8). A = Control; B = 40 mg/kg L-NAME; C = 40 mg/kg L-NAME + 0.45 mL/kg TSO; D = 

40 mg/kg L-NAME + 0.6 mL/kg TSO; E = 40 mg/kg L-NAME + 2 mg/kg enalapril maleate. aP < 0.05 vs. A; bP < 0.05 vs. B 

L-NAME induced marked changes in liver function indices, including elevations in AST, ALT, and ALP activities, 

whereas TSO treatment attenuated these effects (Table 3). 

Table 3 Effects of TSO on serum liver enzyme activities 

Parameters  Group A (Control) Group B Group C Group D Group E 

AST (U/L) 156.20±1.30 259.20±2.59a 168.20±1.79b 165.00±1.58b 161.40±1.14b 

ALT (U/L) 88.60±1.14 184.60±1.95a 80.60±2.07b 82.31±1.82b 78.20±0.84b 

ALP (U/L) 175.20±5.89 266.52±6.89a 184.00±7.07b 182.00±10.61b 165.60±7.57a,b 

TP (g/dL) 7.14±0.13 6.70±0.21a 7.10±0.19 7.10±0.21 7.58±0.16 

ALB (g/dL) 4.02±0.15 3.62±0.24 3.98±0.23 3.96±0.25 3.52±1.23a 

TB (mg/dL) 0.52±0.16 0.56±0.15 0.54±0.26 0.70±0.21a,b 0.42±0.13a,b 

CB (mg/dL) 0.30±0.07 0.30±0.10 0.26±0.11 0.34±0.17 0.25±0.09 

Values are expressed as mean ± SD (n = 8). A = Control; B = 40 mg/kg L-NAME; C = 40 mg/kg L-NAME + 0.45 mL/kg TSO; D = 

40 mg/kg L-NAME + 0.6 mL/kg TSO; E = 40 mg/kg L-NAME + 2 mg/kg enalapril maleate. aP < 0.05 vs. A; bP < 0.05 vs. B 

There was an increase in cardiac MDA levels and impairment of antioxidant defenses, as reflected by reductions 

in CAT, SOD, GPx, and GSH activities. TSO treatment mitigated these effects and improved cardiac antioxidant 

status (Table 4). 

Table 4 TSO effects on heart MDA levels and antioxidant enzymes 

Parameters GroupA (Control) Group B Group C Group D Group E 

MDA (nmol/mg protein) 13.31 ± 5.13 26.11 ± 2.30a 12.32 ± 5.21 12.62 ± 4.81 11.23 ± 1.37 

CAT (U/mg protein) 60.18 ± 7.24 38.57 ± 8.25a 49.80 ± 4.15a,b 59.38 ± 38.16 64.12 ± 2.83 

SOD (U/mg protein) 10.27 ± 2.62 4.42 ± 5.70a 12.89 ± 0.94b 10.26 ± 16.35b 14.00 ± 1.24b 

GPx (U/mg protein) 20.31 ± 2.75 10.21 ± 8.02a 18.16 ± 2.82b 20.14 ± 13.36b 22.46 ± 3.63b 

GSH (µmol/g protein) 7.71 ± 2.92 3.28 ± 4.39a 6.87 ± 1.46b 7.37 ± 1.29b 7.11 ± 3.16b 

Values are expressed as mean ± SD (n = 8). A, Control; B, L-NAME (40 mg/kg); C, L-NAME + TSO (0.45 mL/kg); D, L-NAME + 

TSO (0.6 mL/kg); E, L-NAME + Enalapril Maleate (2 mg/kg). aP < 0.05 vs. A; bP < 0.05 vs. B 

Similarly, Table 5 demonstrates that L-NAME administration caused oxidative imbalance in the liver, 

characterized by elevated MDA levels and altered antioxidant markers. TSO supplementation partially restored 

these changes toward normal levels. 

Table 5 Effects of TSO on liver MDA and antioxidant enzymes 

Parameters  Group A  Group B Group C Group D Group E 

MDA (nmol/mg protein) 10.13 ± 0.71 22.61 ± 4.43a 13.32 ± 2.26 14.45 ± 5.11 12.21 ± 6.39a,b 

CAT (U/mg protein) 60.31 ± 5.11 30.42 ± 3.37a 55.38 ± 6.28 58.82 ± 8.32 67.12 ± 4.53 

SOD (U/mg protein) 13.72 ± 0.73 8.42 ± 1.14a 10.62 ± 2.47b 15.18 ± 3.42b  12.00 ± 2.71b 

GPx (U/mg protein) 16.48 ± 7.01 9.43 ± 6.38a 12.00±6.75a,b 17.19 ± 2.76 19.56 ± 7.38 

GSH (µmol/g protein) 5.84 ± 9.20 5.14 ± 0.12 8.50 ± 5.11a,b 8.87 ± 7.45a,b 7.85 ± 0.67a,b 

Values are expressed as mean ± SD (n = 8). A, Control; B, L-NAME (40 mg/kg); C, L-NAME + TSO (0.45 mL/kg); D, L-NAME + 

TSO (0.6 mL/kg); E, L-NAME + Enalapril Maleate (2 mg/kg). aP < 0.05 vs. A; bP < 0.05 vs. B 
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4 Discussion 

Tea is widely consumed not only as a beverage but also for its numerous health benefits, which have been 

attributed to its abundance of polyphenols, catechins, and other antioxidant compounds (Musial et al., 2020). In 

the present study, we employed a well-established model of experimental hypertension induced by chronic 

administration of L-NAME, a non-selective nitric oxide synthase (NOS) inhibitor (Krasylenko et al., 2019; 

Adedapo et al., 2020). By competitively inhibiting NOS, L-NAME reduces nitric oxide (NO) bioavailability, 

leading to endothelial dysfunction and elevated blood pressure (Zhao et al., 2015). 

The co-administration of TSO alongside L-NAME appeared to mitigate the hypertensive effects caused by 

L-NMAE. This normalization of blood pressure parameters may be attributed to the vasodilatory properties of 

TSO. This finding aligns with the report of Fuchs et al. (2014), who demonstrated enhanced microcirculation 

following catechin and theaflavin supplementation in healthy individuals, supporting the beneficial effects of 

tea-derived compounds on vascular function. 

Hypertension is intricately associated with disturbances in lipid metabolism, with dyslipidemia frequently occurring 

as a coexisting condition. Elevated blood pressure is often accompanied by increased serum lipid levels, including 

TC, LDL-C, and TGs (Lee and Siddiqui, 2019). Among these lipid fractions, elevated LDL-C plays a major role in 

the development of atherosclerosis through the accumulation of cholesterol within arterial walls, thereby impairing 

vascular function and increasing cardiovascular risk. Conversely, HDL-C plays a protective role by mediating 

reverse cholesterol transport, facilitating the removal of cholesterol from peripheral tissues to the liver for excretion. 

Reduced HDL-C levels in hypertensive individuals may diminish this protective mechanism, thereby accelerating 

the progression of atherosclerotic disease (Ben-Aicha et al., 2020; Khatana et al., 2020). Furthermore, elevated 

triglyceride concentrations have been implicated in the development of cardiovascular complications and are 

considered an independent risk factor for cardiovascular disease (Packard et al., 2020). In the present study, 

L-NAME administration altered the lipid profile of the experimental animals, while concurrent treatment with TSO 

restored these parameters toward normal values. This finding is consistent with previous reports demonstrating the 

lipid-lowering effects of tea-derived products. For example, Samavat et al. (2016) reported significant reductions in 

TC and LDL-C following long-term supplementation with green tea catechin extract. 

The growing recognition of the link between hypertension and hepatic dysfunction shows the importance of 

evaluating liver function in hypertensive models. Liver enzymes such as ALT, AST, GGT, ALP serve as established 

biomarkers of hepatic integrity and function (Rahman et al., 2020). Elevations in these enzymes are often associated 

with systemic inflammation and oxidative stress, which are known contributors to endothelial dysfunction and the 

pathogenesis of hypertension (Guzik and Touyz, 2017). The increased activities of these enzymes observed 

following L-NAME administration indicate hepatic stress, whereas their reduction in the TSO-treated groups 

suggests a hepatoprotective effect of TSO. The reduction in total protein observed in the hypertensive group may 

reflect impaired hepatic synthetic function or increased protein catabolism under conditions of oxidative stress (Li et 

al., 2020). A notable reduction in albumin (ALB) concentration in the Enalapril Maleate-treated group raises 

important considerations regarding the effects of this drug on hepatic protein metabolism. Although 

angiotensin-converting enzyme (ACE) inhibitors are generally regarded as hepatoprotective, the mechanism 

underlying this observed decrease warrants further investigation, particularly in the context of long-term 

administration or possible interaction with hypertensive states. 

Oxidative stress is a key mechanism underlying L-NAME-induced hypertension (Tan et al., 2018). In the present 

study, elevated MDA levels together with reductions in antioxidant defenses confirmed the presence of oxidative 

imbalance following NOS inhibition. Also, decreased activities of CAT, SOD, GPx, and reduced levels of GSH in 

the L-NAME-treated group indicate impairment of endogenous antioxidant systems responsible for neutralizing 

reactive oxygen species and maintaining cellular redox homeostasis (Panday et al., 2020; Maurya and Namdeo, 

2021; Vitolo, 2021). The improvement in these antioxidant markers following TSO administration suggests that 

TSO enhances endogenous antioxidant capacity and limits oxidative damage. These findings further support the 
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antioxidant potential of the phytoconstituents present in tea seed oil, which may suppress reactive oxygen species 

generation and promote the restoration of redox balance (Yan et al., 2020). 

5 Conclusions 

This study affirms the therapeutic potential of TSO in effectively reducing blood pressure, enhancing antioxidant 

defenses and improving lipid profiles. Although further investigation is warranted to elucidate the underlying 

mechanisms, the study provides valuable insights into the multifaceted benefits of TSO, positioning it as a natural 

and potentially effective agent in the management of hypertension and its associated complications. 

List of abbreviations 

Abbreviation Full name 

TSO Tea Seed Oil 

L-NAME NG-nitro-L-arginine Methyl Ester 

SBP Systolic Blood Pressure 

DBP Diastolic Blood Pressure 

MAP Mean Arterial Pressure 

ALT Alanine Aminotransferase 

AST Aspartate Aminotransferase 

ALP Alkaline Phosphatase 

HDL-C High-Density Lipoprotein Cholesterol 

LDL-C Low-Density Lipoprotein Cholesterol 

TC Total Cholesterol 

TGs Triglycerides 

GSH Glutathione 

GPx Glutathione Peroxidase 

SOD Superoxide Dismutase 

MDA Malondialdehyde 

NO Nitric Oxide 

NOS Nitric Oxide Synthase 

GGT γ-glutamyltransferase 

ACE Angiotensin-Converting Enzyme 

TP Total Protein 

ALB Albumin 

TB Total Bilirubin 

ANOVA Analysis of Variance 
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