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[bookmark: _Toc203267625]ABSTRACT
Paroxetine, a widely prescribed selective serotonin reuptake inhibitor, has been linked to metabolic disturbances such as elevated triglycerides, total cholesterol, and low-density lipoprotein cholesterol, along with reduced high-density lipoprotein cholesterol, increasing cardiovascular risk. Natural remedies like Syzygium aromaticum (clove) contain bioactive compounds, including eugenol and flavonoids, with antioxidant and lipid-lowering potential.
This study was justified by the need to explore natural interventions for paroxetine-induced dyslipidemia. The aqueous extract of S. aromaticum was evaluated for its ability to improve lipid profiles in rats administered paroxetine.
Adult Wistar rats were assigned to control and test groups. Dyslipidemia was induced by oral paroxetine administration, while treatment groups received varying doses of clove aqueous extract. Serum lipid parameters; total cholesterol, triglycerides, LDL-C, and HDL-C, were measured using standard enzymatic methods. Data were analyzed using one-way ANOVA with p < 0.05 considered significant.
Paroxetine significantly increased total cholesterol, triglycerides, and LDL-C while lowering HDL-C compared to controls. Co-administration of clove extract improved lipid profiles in a dose-dependent manner, with the highest dose producing the most notable reductions in total cholesterol, triglycerides, and LDL-C, alongside increased HDL-C.
Syzygium aromaticum aqueous extract mitigated paroxetine-induced dyslipidemia in rats, suggesting potential as a complementary therapy for managing SSRI-associated metabolic disturbances. Further clinical research is warranted to confirm these findings in humans.
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[bookmark: _Toc203267627]1.0 INTRODUCTION
[bookmark: _Toc203267628]1.1 Background of the Study
Dyslipidemia, characterized by abnormal levels of serum lipids such as total cholesterol, triglycerides, low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), is a major risk factor for cardiovascular diseases (CVDs) globally (Toth et al., 2022). Pharmacological agents, including certain antidepressants, have been implicated in lipid metabolism alterations, potentially increasing CVD risk (Grundy et al., 2019). Paroxetine, a selective serotonin reuptake inhibitor (SSRI), is widely prescribed for depression and anxiety disorders but has been reported to influence weight gain, glucose homeostasis, and lipid metabolism in both clinical and experimental settings (Yosaee et al., 2020). Animal studies have shown that chronic paroxetine administration can increase triglycerides and LDL-C while lowering HDL-C, possibly via its effects on appetite regulation and hepatic lipid synthesis (Vázquez-Palacios et al., 2021).
Syzygium aromaticum (clove) is a medicinal plant rich in phenolic compounds such as eugenol, gallic acid, and flavonoids, which have been shown to exert antioxidant, anti-inflammatory, and hypolipidemic effects (Al-Malki & El Rabey, 2019). Aqueous extracts of clove have demonstrated the potential to reduce serum total cholesterol, LDL-C, and triglycerides while increasing HDL-C in various experimental models of dyslipidemia (Ali et al., 2020). These effects are attributed to modulation of lipid metabolism enzymes, enhancement of antioxidant defenses, and suppression of lipid peroxidation (Mehmood et al., 2022).
Given the possible metabolic side effects of paroxetine and the reported lipid-lowering properties of clove extracts, it is crucial to explore their interaction in an experimental setting. Investigating the effects of Syzygium aromaticum aqueous extract on the serum lipid profile of paroxetine-administered rats may provide insights into potential complementary therapies for managing SSRI-induced dyslipidemia. Such findings could contribute to the development of safe, plant-based interventions for patients at risk of drug-induced lipid abnormalities.
1.2 Problem Statement
Selective serotonin reuptake inhibitors (SSRIs) such as paroxetine are widely used in the management of depression and anxiety disorders; however, accumulating evidence suggests that chronic administration may induce dyslipidemia, characterized by elevated triglycerides, increased low-density lipoprotein cholesterol (LDL-C), and reduced high-density lipoprotein cholesterol (HDL-C), thereby increasing cardiovascular risk. While pharmacological interventions exist for lipid control, they may introduce additional side effects and drug interactions. Syzygium aromaticum (clove), a medicinal plant rich in bioactive compounds with documented hypolipidemic and antioxidant properties, presents a potential natural therapeutic option. Yet, there is limited experimental evidence on whether clove aqueous extract can counteract paroxetine-induced alterations in lipid profile. Addressing this gap is critical for identifying safe, complementary interventions to mitigate antidepressant-associated metabolic disturbances.
1.3 Justification for the Study
Paroxetine, a commonly prescribed SSRI, has been associated with adverse metabolic effects, including dyslipidemia, which increases the risk of cardiovascular diseases (Yosaee et al., 2020). While statins and other lipid-lowering agents are effective, their long-term use may cause adverse reactions and drug–drug interactions, making the search for safe, natural alternatives necessary (Grundy et al., 2019). Syzygium aromaticum (clove) contains bioactive compounds such as eugenol and flavonoids with potent antioxidant and hypolipidemic properties, demonstrated in both in vivo and in vitro studies (Mehmood et al., 2022; Sedeek et al., 2024). Aqueous extracts of clove have been shown to reduce serum triglycerides, total cholesterol, and LDL-C while elevating HDL-C, likely through the modulation of lipid metabolism enzymes and reduction of oxidative stress (Ali et al., 2020). However, there is a scarcity of research evaluating its efficacy against SSRI-induced lipid alterations. This study is therefore justified as it may provide experimental evidence for the use of Syzygium aromaticum aqueous extract as a safe, accessible, and cost-effective adjunct therapy for mitigating paroxetine-associated dyslipidemia.
1.4 Significance of the Study
This study holds significance in both biomedical research and public health. The rising prescription rates of paroxetine for depression and anxiety disorders highlight the need to address its metabolic side effects, particularly dyslipidemia, which can contribute to long-term cardiovascular risk (Yosaee et al., 2020). By exploring the potential of Syzygium aromaticum aqueous extract, a readily available, cost-effective, and culturally accepted spice with proven hypolipidemic and antioxidant properties (Mehmood et al., 2022; Sedeek et al., 2024), this research could offer a natural alternative or adjunct to conventional lipid-lowering agents, minimizing drug–drug interactions and adverse effects (Grundy et al., 2019). Furthermore, the findings may contribute to the growing body of evidence supporting plant-based interventions for drug-induced metabolic disturbances, paving the way for translational studies and clinical trials. From a societal perspective, validating such interventions can promote affordable, accessible healthcare solutions, especially in resource-limited settings where synthetic drugs may be less available or tolerated.
1.5 Objectives of the Study
The overall objective of the study was to evaluate the effects of Syzygium aromaticum (clove) aqueous extract on the serum lipid profile of paroxetine-administered rats. The specific objectives were to:
i. prepare Syzygium aromaticum aqueous extract;
ii. determine the effect of paroxetine administration on serum total cholesterol, triglycerides, LDL-C, and HDL-C levels in rats;
iii. assess the effect of Syzygium aromaticum aqueous extract on serum lipid profile parameters in paroxetine-administered rats;
iv. compare the lipid-lowering potential of Syzygium aromaticum aqueous extract with that of paroxetine-only treated groups;
v. investigate possible dose-dependent effects of Syzygium aromaticum aqueous extract on lipid parameters in paroxetine-administered rats by varying the extract dose;










CHAPTER TWO
2.0 LITERATRUE REVIEW
2.1 Overview of Paroxetine
Paroxetine is a selective serotonin reuptake inhibitor (SSRI) widely prescribed for the management of major depressive disorder, generalized anxiety disorder, panic disorder, and other psychiatric conditions. It acts by inhibiting the serotonin transporter (SERT), thereby increasing serotonin availability in the synaptic cleft, which enhances serotonergic neurotransmission and improves mood regulation (Zhou et al., 2021). Among SSRIs, paroxetine has a relatively high affinity for muscarinic receptors, which partly explains its anticholinergic side effects compared to other agents in its class (Kumar et al., 2022).
While generally effective in alleviating psychiatric symptoms, long-term paroxetine use has been associated with metabolic alterations, including weight gain, insulin resistance, and dyslipidemia (Yosaee et al., 2020). The mechanism underlying paroxetine-induced dyslipidemia is not fully understood but may involve altered hypothalamic regulation of appetite, modulation of lipid metabolism enzymes, and increased oxidative stress (Kumar et al., 2022). Several clinical and animal studies have reported elevated serum triglycerides, total cholesterol, and low-density lipoprotein cholesterol (LDL-C), along with reduced high-density lipoprotein cholesterol (HDL-C), in paroxetine-treated subjects (Grover et al., 2021). These findings have raised concerns about its potential to increase cardiovascular risk, especially in patients with pre-existing metabolic disorders. Consequently, there is growing interest in identifying natural or pharmacological agents that could counteract these adverse metabolic effects without compromising antidepressant efficacy.
2.2 Lipid Metabolism
Lipid metabolism encompasses the processes of synthesis, transport, and degradation of lipids in the body, playing a critical role in energy homeostasis, cell membrane integrity, and signaling pathways. The major lipid classes involved include triglycerides, phospholipids, cholesterol, and free fatty acids, which undergo complex metabolic cycles in the liver, adipose tissue, and other organs (Ramakrishnan et al., 2022). Lipid homeostasis is regulated by dietary intake, endogenous synthesis, hormonal influences, particularly insulin and glucagon, and enzymatic activities such as those of lipoprotein lipase and HMG-CoA reductase (Zhou et al., 2021).
Disturbances in lipid metabolism can lead to dyslipidemia, characterized by abnormal levels of plasma lipids and lipoproteins, which is a well-established risk factor for atherosclerosis and cardiovascular disease (Huang et al., 2023). Oxidative stress, chronic inflammation, and genetic predispositions are important contributors to lipid dysregulation. Additionally, pharmacological agents such as antidepressants and antipsychotics have been implicated in lipid metabolic alterations, further underlining the need for monitoring and interventions in at-risk populations (Kumar et al., 2022).
2.3 Serum Lipid Profile
The serum lipid profile is a standard diagnostic tool used to assess lipid metabolism status and cardiovascular risk. It typically includes measurements of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) (Gao et al., 2021). TC and LDL-C are considered atherogenic lipids, as elevated levels promote plaque formation in arteries, whereas HDL-C is protective, facilitating reverse cholesterol transport from peripheral tissues to the liver for excretion (Natarajan et al., 2023). TG serves as a marker of circulating fat and is often elevated in metabolic syndrome and insulin resistance.
Abnormalities in the lipid profile can result from lifestyle factors, genetic disorders, systemic diseases, and drug therapy. For example, SSRIs such as paroxetine have been linked to elevated LDL-C and TG levels with concurrent HDL-C reduction (Figure 2.1), which increases cardiovascular risk (Yosaee et al., 2020). Regular lipid profiling is therefore essential in both clinical and experimental settings to detect dyslipidemia early and evaluate therapeutic interventions, including the use of plant-derived bioactive compounds with lipid-lowering potential.
[image: ]
Figure 2.1. Pathophysiology of Dyslipidemia
Source: Diamanti-Kandarakis et al. (2007)


2.4 Medicinal Plants in the Management of Dyslipidemia
Medicinal plants have long been recognized for their therapeutic potential in managing dyslipidemia due to their bioactive constituents such as flavonoids, polyphenols, alkaloids, and essential oils. These compounds exert lipid-lowering effects through multiple mechanisms, including inhibition of cholesterol synthesis, enhancement of LDL receptor activity, promotion of bile acid excretion, and reduction of oxidative stress in vascular tissues (Zhang et al., 2023). Many plant extracts also modulate lipid-metabolizing enzymes such as HMG-CoA reductase and lipoprotein lipase, contributing to favorable shifts in serum lipid profiles (Ekor et al., 2024).
In recent years, phytomedicine research has gained momentum as an alternative or complementary approach to synthetic lipid-lowering drugs, especially for patients who experience adverse effects from statins or fibrates. Several plants, including Curcuma longa, Camellia sinensis, Allium sativum, and Syzygium aromaticum, have demonstrated significant hypolipidemic and antioxidant activity in both preclinical and clinical studies (Akinmoladun et al., 2022). These benefits are often attributed to their ability to scavenge free radicals, improve endothelial function, and reduce lipid peroxidation. The integration of medicinal plants into dyslipidemia management aligns with the growing trend towards functional foods and nutraceuticals, offering safer and potentially synergistic therapeutic options.
2.5 Syzygium aromaticum (Clove)
Syzygium aromaticum, commonly known as clove, is an aromatic spice derived from the dried flower buds of the clove tree, widely used in culinary, medicinal, and preservative applications. Phytochemical analyses have revealed that cloves are rich in bioactive compounds including eugenol, β-caryophyllene, eugenyl acetate, flavonoids, tannins, and phenolic acids, which contribute to their diverse pharmacological activities (El-Mesallamy et al., 2023). Eugenol, the major constituent, is particularly known for its potent antioxidant, anti-inflammatory, and antimicrobial properties, while also exhibiting hypolipidemic and cardioprotective effects (Teng et al., 2022).
Experimental studies have demonstrated that clove extracts can modulate lipid metabolism by inhibiting HMG-CoA reductase, enhancing LDL receptor expression, and reducing lipid peroxidation in tissues (Rahman et al., 2024). In addition, the strong antioxidant potential of clove polyphenols helps protect against oxidative stress-induced dyslipidemia, a key contributor to atherosclerosis and cardiovascular diseases. Beyond lipid regulation, S. aromaticum has shown promise in improving insulin sensitivity, reducing inflammatory cytokine levels, and protecting hepatic and renal function, indicating its potential in managing metabolic syndrome and drug-induced metabolic alterations (Sokeng et al., 2021).
2.6 Paroxetine-Induced Metabolic Alterations and Potential Protective Role of Clove
Paroxetine, a selective serotonin reuptake inhibitor (SSRI), is widely prescribed for depressive and anxiety disorders but has been linked to adverse metabolic effects, including weight gain, insulin resistance, and dyslipidemia. These alterations are thought to arise from changes in central serotonin regulation of appetite, peripheral lipid metabolism, and mitochondrial function (Mohammad et al., 2024). Chronic paroxetine therapy has been shown to elevate serum triglycerides, total cholesterol, and LDL-C, while reducing HDL-C levels, thereby increasing cardiovascular risk (Jangra et al., 2023). Such effects may be mediated by enhanced hepatic lipid synthesis, reduced lipoprotein clearance, and oxidative stress-induced damage to vascular tissues.
The antioxidant and hypolipidemic potential of Syzygium aromaticum positions it as a promising natural intervention against SSRI-induced dyslipidemia. Eugenol and other phenolic constituents of clove can reduce lipid peroxidation, inhibit cholesterol biosynthesis, and improve lipoprotein profiles in preclinical models (Rahman et al., 2024). Furthermore, its anti-inflammatory properties may mitigate endothelial dysfunction and metabolic inflammation, two hallmarks of paroxetine-induced metabolic disturbances. These pharmacological attributes suggest that S. aromaticum could serve as a complementary therapy to counteract the lipid abnormalities associated with prolonged paroxetine use.
[bookmark: _Toc203267642]

CHAPTER THREE
[bookmark: _Toc203267643]3.0 MATERIALS AND METHODS
[bookmark: _Toc203267644]3.1 Materials
[bookmark: _Toc203267645]3.1.1 Plant Materials  
Syzygium aromaticum was purchased from Mandate Market in Ilorin, Kwara State. It was authenticated and identified at the Herbarium, Department of Plant biology, University of Ilorin, where voucher number UILH/001/1498 was obtained. 
[bookmark: _Toc203267646]3.1.2 Experimental Animal  
Twenty-five (25) male experimental rats were obtained from Research Fulcrum Lab, Ilorin. Prior to the experiment, the animals were housed in a well-ventilated and illuminated facility and were fed standard diet of rat pellets and clean water ad libitum. 
[bookmark: _Toc203267647]3.1.3 Reagents and Kits  
Seroxat (paroxetine) was purchased from General Drug Pharmacy, Ilorin. obtained from Elab Scientifics, epinephrine, DTNB (Ellman’s Reagent) (5,5-dithio-bis-2-nitrobenzoic acid) and glucose from Sigma. The assay kits for High Density Lipoproten (HDL), total cholesterol, triglyceride, were products of Randox Laboratories Ltd., Co-Antrim, UK. Other reagents to be used were of analytical grade.
[bookmark: _Toc203267648]3.2 Methods
[bookmark: _Toc203267649]3.2.1 Preparation of Clove Extract
Syzygium aromaticum aqueous extract was prepared using the method described by Ahmad et al. (2012) with slight modifications. Briefly, approximately 150 g crude powder was mixed in 1.5 L distilled water, and the mixture was left over night with shaking. The mixture was then filtered and freeze-dried to obtain brown flakes which were pulverized into powder and stored for the research.
[bookmark: _Toc203267650]3.2.2 Qualitative Phytochemical Screening
The qualitative phytochemical screening of Syzygium aromaticum aqueous extract was performed using standard methods described by Odebiyi and Sofowora (1978), with additional protocols from Finar (1986), Kokate (1999), and Yasuma and Ichikawa (1953). Alkaloids were detected by heating the extract with 1% HCl, filtering, and adding Wagner’s reagent; a reddish-brown precipitate indicated a positive result. Tannins were identified by mixing the extract with 10% KOH, forming a dirty white precipitate. Phenolics were confirmed with ferric chloride, producing a greenish precipitate. Glycosides were tested by acid hydrolysis followed by Fehling’s solution; a brick-red precipitate indicated presence. Saponins were confirmed through persistent froth after shaking. Flavonoids gave a yellow color with 10% NaOH. Steroids showed red coloration upon addition of concentrated sulfuric acid. Phlobatannins formed a red precipitate with 1% HCl. Triterpenes were confirmed by color change to blue-green after sequential addition of acetic anhydride, sulfuric acid, steaming, neutralization, and chloroform. Phytosterols were identified using Liebermann–Burchard’s reaction, showing multiple color changes. Fixed oils were detected by oil stains on filter paper. Terpenoids produced a reddish-brown layer at the interface of chloroform and sulfuric acid. Amino acids turned purple upon reaction with ninhydrin solution.




[bookmark: _Toc203267651]3.2.3 Experimental Design
Twenty-five (25) male Wistar rats were randomly assigned to five groups, each consisting of five rats. They were treated as follows:
Group 1 (Normal control) received 1 mL of 0.9% normal saline 
Group 2 (Paroxetine-induced untreated) was administered only 10 mg/kg of paroxetine orally for 21 days. 
Group 3 (standard drug) received 10 mg/kg of paroxetine along with 50 mg/kg of sildenafil citrate (Viagra).
Groups 4 was administered 10 mg/kg of paroxetine followed by 200 mg/kg S. aromaticum aqueous extract (SAAE).
Group 5 was administered 10 mg/kg paroxetine, followed by 400 mg/kg of SAAE. These treatments were administered orally. At the end of the experiment, the rats were humanely sacrificed using diethyl ether anaesthetization. 
[bookmark: _Toc203267652]3.2.4 Induction of Erectile Dysfunction
Erectile dysfunction was induced using the method described by Muritala and Bewaji (2021). This involved oral administration of 10 mg/kg of paroxetine suspension which was prepared using Tween-80 (BDH Chemicals, Ltd.; Poole, England) suspended in 9 g/L saline solution as the vehicle. The paroxetine was administered for 21 days, followed by treatment the following day.
[bookmark: _Toc203267653]3.2.5 Lipid Profile
[bookmark: _Toc203267654]3.2.5.1 Serum Total Cholesterol Concentration
The assay for total cholesterol in the serum was carried out using the method of Fredrickson et al. (1967). Micropipette was used to measure 20 µL each of appropriately diluted sample, standard and distilled water were pipetted into different test tubes and were labeled sample, standard and blank respectively. Thereafter, 2000ul of working reagent composing of 4-aminoantipyrine, phenol, peroxide, cholesterol esterase, cholesterol oxidase and buffer (pH 6.8) were added to each test tube. The reaction constituents were thoroughly mixed and incubated at 37ᵒC for 5min. The absorbance of sample and standard were read against the blank at 546nm. The cholesterol concentration was then calculated using the following equation:
Concentration of cholesterol (mmol/L) =  
Concentration of standard = 5.10 mmol/L

[bookmark: _Toc203267655]3.2.5.2 Triglycerides concentration
The concentration of serum triglyceride was determined using the method describe by Hainline et al. (1980). Using a micropipette, 10ul of appropriately diluted sample, standard and distilled water were pipetted into clean test tubes labelled sample, standard and blank respectively. Then 100 µL of working reagent comprising of 4-aminophenazone, ATP, lipases, glycerokinase, glyceryl-3-phosphate oxidase and peroxidase were added to each test tube. The solution was mixed, left undisturbed for 10min at room temperature (20-25 0 C). The absorbance of sample and standard was measured against the blank within 60 min at 500nm. The triglycerides were then estimated using the equation below:
Calculation:
Concentration of TG (mmol/L) = 
Concentration of standard = 2.21 mmol/L


[bookmark: _Toc203267656]3.2.5.3 Serum High Density Lipoprotein-Cholesterol Concentration
By adopting the procedure described by Albers et al. (1978), HDL-cholesterol concentration in serum was determined. Using a micropipette, 200ul of appropriate diluted sample, standard and distilled water were pipetted into clean test tubes labelled sample, standard and blank respectively. Then 500 µL of working reagent comprising of phosphotungstic acid and magnesium chloride were added to each test tube. The solution was mixed and left undisturbed for 10min at room temperature. This was then centrifuged at 4000 rpm for 10 minutes. The clear supernatant was separated off within two hours and the cholesterol content determined by the CHOD-PAP method earlier described.
Concentration of HDL cholesterol (mmol/L) = 
Concentration of standard = 5.10 mmol/L

[bookmark: _Toc203267657]3.2.5.4 Serum Low Density Lipoprotein-Cholesterol Concentration
The assay for serum low-density lipoprotein cholesterol concentration was carried out using the polyvinyl sulphate (PVS) reaction as described by Demacker et al. (1984).
Calculation:
LDL-C (mg/dl) = Total cholesterol (mg/dl) – 1.5 x
Supernatant cholesterol (mg/dl)
[bookmark: _Toc203267658]3.3 Statistical Analysis
Data obtained were expressed as mean ± standard error of mean (S.E.M.) of three replicates. Graphs were obtained using Graphpad prism version 8.0, and one-way analysis of variance (ANOVA) was used for statistical evaluation using Duncan’s post hoc test of SPSS for multiple comparisons. Values analyzed were considered statistically significant at p<0.05.
[bookmark: _Toc203267659]CHAPTER FOUR
[bookmark: _Toc203267660]4.0 RESULTS
[bookmark: _Toc203267661]4.1 Percentage Yield of the Extract
[bookmark: _Hlk203135764]After the preparation of Syzygium aromaticum aqueous extract using 500 g of the plant sample, 78 g of extract was obtained.
% Yield =  × 100
		=  × 100
= 15.6 %
Therefore, the percentage yield of the S. aromatic extract was 15.6 %
[bookmark: _Toc203267662]4.2 Phytochemical Screening of Syzygium aromaticum Aqueous Extract
The phytochemical screening of Syzygium aromaticum aqueous extract (SAAE) revealed the presence of tannins, saponins, flavonoids, glycosides, alkaloids, phenols and steroids (Table 4.1). However, terpenoids and phlobatannins in phytochemical screening were not present.
[bookmark: _Hlk203263160]







Table 4.1: Phytochemical Screening of Syzygium aromaticum Aqueous Extract
	S/N
	Phytochemical Class
	Results

	1
	Tannins
	+

	2
	Saponins
	+

	3
	Flavonoids
	+

	4
	Terpenoids
	-

	5
	Glycosides
	+

	6
	Phlobatannins
	-

	7
	Alkaloids
	+

	8
	Phenols
	+

	9
	Steroids
	+



Keys:
+ = Present
- = Absent
[bookmark: _Toc203267663]4.3 Serum Lipid Profile
The experiment revealed low density lipoprotein (LDL) in group 2 (dysfunctional untreated group) which was significantly higher (p<0.05) compared to others (Table 4.2). There was no significant difference (p<0.05) in LDL of 400 mg/kg body weight SAAE, 200mg/kg body weight SAAE and sildenafil citrate groups, and their LDL concentrations were significantly higher (p<0.05) than that of normal control.
Higher density lipoprotein (HDL) in group 2 (untreated group) was significantly lower (p<0.05) compared to others. There was no significant difference (p<0.05) in the HDL of sildenafil citrate, 200 and 400 mg/kg body weight SAAE, and their HDL concentrations were significantly (p<0.05) lower compared to the normal control group.
Triacylglycerol (TAG) in group 2 (dysfunctional untreated group) was significantly higher (p<0.05) compared to others. There was no significant difference (p<0.05) in the triacylglycerol concentrations of normal control, sildenafil citrate and 400mg/kg body weight SAAE. The triacylglycerol in 400mg/kg body weight SAAE group was significantly lower (p<0.05) than 200mg/kg body weight SAAE group.
The total cholesterol in group 2 (dysfunctional untreated group) was significantly higher (p<0.05) compared to other groups. There was no significant difference (p<0.05) in the total cholesterol of 200 and 400 mg/kg body weight SAAE groups.
Table 4.2: Serum Lipid Profile of Paroxetine-Induced Dysfunctional Rats Administered Syzygium aromatic Extract
	S/N
	Groups
	LDL
(mmol/L)
	HDL
(mmol/L)
	TAG
(mmol/L)
	Cholesterol
(mmol/L)

	1
	Normal Control
	5.14 ± 0.20a
	9.07 ± 0.33c
	3.01 ± 0.50ab
	16.82 ± 1.13a

	2
	Dysfunctional Untreated
	18.77 ± 0.54c
	6.27 ± 0.37a
	5.18 ± 0.20c
	23.13 ± 1.22c

	3
	50 mg/kg bw Sildenafil Citrate
	8.78 ± 0.15b
	7.73 ± 0.33b
	3.55 ± 0.24ab
	20.38 ± 1.03bc

	4
	200 mg/kg bw SAAE
	9.37 ± 0.45b
	7.55 ± 0.23b
	3.85 ± 0.48b
	19.13 ± 1.12ab

	5
	400 mg/kg bw SAAE
	8.81 ± 0.09b
	8.15 ± 0.09b
	2.66 ± 0.20a
	18.02 ± 0.49ab



SAAE: Syzygium aromaticum Aqueous Extract




















[bookmark: _Toc203267664]CHAPTER FIVE
[bookmark: _Toc203267665]5.0 DISCUSSION, CONCLUSION AND RECOMMENDATION
[bookmark: _Toc203267666]5.1 Discussion
The observed improvements in paroxetine-induced sexual dysfunction following administration of Syzygium aromaticum aqueous extract (SAAE) highlight the therapeutic potential of clove-derived phytochemicals in modulating biochemical and physiological pathways relevant to male reproductive health.
The dyslipidemic effects induced by paroxetine were evident, with elevated LDL, total cholesterol, and triacylglycerol (TAG), alongside decreased HDL levels in the dysfunctional group. These lipid abnormalities are consistent with the literature on SSRIs, which have been shown to impair lipid metabolism and increase cardiovascular risk (Yuan et al., 2022). Treatment with SAAE effectively reversed these alterations, particularly at the higher dose, showing comparable outcomes to sildenafil. This hypolipidemic effect is likely due to the antioxidant and hepatoprotective action of polyphenols in S. aromaticum, which enhance lipid catabolism and reduce lipid peroxidation (Aboubakr et al., 2018). In a study by Hussien et al. (2024), clove extract significantly reduced LDL and total cholesterol levels in diabetic rats, supporting its potential in correcting drug-induced dyslipidemia.
In addition to biochemical improvements, the broad spectrum of phytochemicals identified in the extract, such as alkaloids, saponins, and flavonoids, contribute synergistically to its therapeutic effects. Flavonoids in particular are well-known for their ability to scavenge free radicals, modulate endothelial function, and enhance reproductive hormone profiles (Dehghani et al., 2012). The absence of terpenoids and phlobatannins, though noteworthy, did not appear to compromise the efficacy of the extract, indicating that the major active compounds present were sufficient to induce measurable physiological and biochemical improvements.
[bookmark: _Toc203267667]5.2 Conclusion
[bookmark: _Toc203267668]The findings of this study demonstrate that Syzygium aromaticum aqueous extract possesses significant potential in ameliorating paroxetine-induced dyslipidemia in rats. The hypolipidemic effects observed are likely attributed to the synergistic action of its phytoconstituents, including eugenol, flavonoids, tannins, phenols, and saponins, which modulate lipid metabolism through inhibition of cholesterol biosynthesis, enhancement of lipoprotein clearance, bile acid binding, and antioxidant protection of lipid structures. By counteracting oxidative stress and restoring lipid profile parameters towards normal levels, S. aromaticum may serve as a complementary therapeutic option for managing drug-induced lipid abnormalities. These results provide experimental evidence supporting the ethnomedicinal use of clove in metabolic disorders and warrant further clinical investigations to validate its efficacy and safety in humans.
5.3 Recommendation
Based on the findings of this study, the following are recommended:
· Additional animal studies should investigate the dose–response relationship, chronic administration effects, and possible toxicity of Syzygium aromaticum aqueous extract to establish optimal therapeutic dosage and safety margins.
· Detailed biochemical and molecular investigations should be conducted to elucidate the exact pathways through which S. aromaticum modulates lipid metabolism, including gene expression of lipid-regulating enzymes and receptors.
· The extract should be compared with established lipid-lowering drugs in controlled experiments to assess relative potency, synergistic potential, or possible interactions.
· Given its traditional culinary and medicinal use, S. aromaticum could be explored as an ingredient in functional foods or dietary supplements targeting cardiovascular health, pending rigorous scientific validation.
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