Cardioprotective and Hypolipidemic Effects of Methanolic Stem Bark Extract of Vitex doniana Against Gentamicin-Induced Myocardial Injury and Dyslipidaemia in Wistar Rats

ABSTRACT
Gentamicin, a widely used aminoglycoside antibiotic, is associated with cardiotoxic effects largely mediated by oxidative stress and lipid metabolic disturbances. This study evaluated the cardioprotective potential of methanolic stem bark extract of Vitex doniana (MSEVD) against gentamicin-induced cardiac injury in Wistar rats. Thirty-six female rats were divided into six groups and treated for 12 days with normal saline, gentamicin (100 mg/kg), gentamicin plus graded doses of MSEVD (100, 200, and 400 mg/kg), or gentamicin plus silymarin (75 mg/kg) used as a positive control. Serum lipid profile parameters (TC, TG, HDL-c, LDL-c, VLDL-c) and atherogenic index (AI) were evaluated, alongside histopathological examination of heart tissues. Gentamicin administration significantly increased TC, TG, LDL-c, and AI, while reducing HDL-c, indicating marked dyslipidaemia and elevated cardiovascular risk. Co-administration of MSEVD significantly ameliorated these alterations in a dose-dependent manner, with the 400 mg/kg dose showing near-complete normalization of lipid indices and superior reduction in VLDL-c compared with the reference drug. Histopathological findings corroborated the biochemical results, showing severe myocardial degeneration, necrosis, inflammation, and vascular damage in gentamicin-treated rats, while MSEVD markedly preserved myocardial architecture, particularly at higher doses. These findings demonstrate that methanolic stem bark extract of Vitex doniana exerts significant cardioprotective and hypolipidaemic effects against gentamicin-induced cardiac injury, likely mediated through its antioxidant and anti-inflammatory phytoconstituents, supporting its potential as a natural therapeutic agent in drug-induced cardiotoxicity.
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1	INTRODUCTION






2

Cardiovascular diseases (CVDs) remain a leading cause of morbidity and mortality worldwide, accounting for a substantial proportion of global health burden and healthcare costs. This has intensified research interest in preventive and therapeutic strategies capable of mitigating cardiac injury arising from pathological conditions and xenobiotic exposure. In recent years, medicinal plants rich in bioactive phytochemicals have gained increasing attention as potential cardioprotective agents, largely due to their antioxidant, anti-inflammatory, anti-apoptotic, and lipid-modulating properties (Mahmoud, Al-Rawi, & Hama, 2021; Shaker et al., 2025 Irampagarikiye et al., 2025).
Vitex doniana Sweet (Verbenaceae), a tropical plant indigenous to West Africa and widely utilized in ethnomedicine, has been traditionally employed for the management of cardiovascular disorders, inflammatory conditions, and metabolic abnormalities. Pharmacological investigations have documented its antihypertensive, antioxidant, anti-inflammatory, hepatoprotective, and cardioprotective potentials (Yakubu et al., 2015; Mahmoud et al., 2021). Detailed phytochemical analyses have revealed that the stem bark and leaves of V. doniana contain high levels of flavonoids, phenolic acids, saponins, alkaloids, terpenoids, and cardiac glycosides—bioactive classes strongly associated with modulation of oxidative stress, stabilization of cellular membranes, and protection against tissue injury (Sulaiman, Dahiru, Jada, & Hayatu, 2021; Mahmoud et al., 2021; Durand et al., 2023, Ndatsu et al., 2019).
Experimental evidence supports the cardiocurative potential of Vitex doniana. Sulaiman et al. (2021) demonstrated that aqueous and ethanol stem bark extracts significantly reduced serum biomarkers of cardiotoxicity, improved lipid profiles, and preserved myocardial architecture in doxorubicin-induced cardiac injury in rats. Similar protective effects have been reported for flavonoid-rich plant extracts in chemically induced cardiotoxicity, suggesting that antioxidant-mediated mechanisms play a central role in phytotherapeutic cardioprotection (Iqbal et al., 2025; Iqbaet al., 2023, Arhin, 2023). Despite these promising findings, investigations targeting heart function specifically in the context of aminoglycoside antibiotic exposure remain limited.
Gentamicin is a widely used aminoglycoside antibiotic with high efficacy against Gram-negative bacterial infections. However, its clinical utility is constrained by well-documented toxicities, including nephrotoxicity, ototoxicity, and increasingly recognized cardiotoxicity (Meligy et al., 2022). Mechanistic studies have shown that gentamicin induces excessive generation of reactive oxygen species (ROS), disrupts mitochondrial electron transport chains, and impairs antioxidant defense systems, leading to lipid peroxidation, protein oxidation, and DNA damage in cardiac tissue (Meligy et al., 2022; Çakmak, 2023).
At the molecular level, gentamicin-induced cardiotoxicity has been linked to mitochondrial dysfunction, calcium dysregulation, and activation of apoptotic signaling pathways, including caspase-dependent cell death (Elgazzar et al., 2022; Abukhalil  et al; 2024 Hamdy et al., 2024). These processes culminate in structural myocardial damage, altered cardiac protein expression involved in contraction and membrane integrity, and impaired lipid metabolism, thereby increasing cardiovascular risk (Meligy et al., 2022; Çakmak, 2023). Experimental models further demonstrate that oxidative stress–driven dyslipidaemia and elevated atherogenic indices are critical contributors to gentamicin-related cardiac dysfunction (Abbott et al., 1988; Shaker et al., 2025).
Given that phytochemicals such as flavonoids and phenolic acids can scavenge free radicals, enhance endogenous antioxidant enzymes (e.g., superoxide dismutase and catalase), and preserve mitochondrial function, plant-derived interventions have emerged as promising protective strategies against drug-induced cardiotoxicity (Tang,  et al., 2022, Araa, 2024, Varga et al., 2015 Zare-Zardini et al., 2024). Several studies have reported that medicinal plants such as Curcuma longa, Hibiscus rosa-sinensis, and Jatropha mollissima significantly attenuate gentamicin- and chemotherapy-induced cardiac injury through antioxidant and anti-inflammatory mechanisms (Hamdy et al., 2024; None et al., 2025; Iqbal et al., 2025, Harish et al, 2025).
Despite the traditional use of Vitex doniana and evidence of its cardiocurative potential in chemotherapeutic toxin models, there remains a significant knowledge gap regarding its effects on cardiac function indices following gentamicin exposure. Most existing studies focus on doxorubicin-induced cardiotoxicity, with limited data on methanolic stem bark extracts in aminoglycoside-induced cardiac injury models. Addressing this gap is essential for expanding the pharmacological relevance of Vitex doniana and advancing the search for effective botanical cardioprotectants. Therefore, this study was designed to evaluate the effect of methanolic stem bark extract of Vitex doniana on gentamicin-induced alterations in serum lipid markers and cardiac histology in Wistar rats.
2	METHODS
The experimental protocol used in the study was approved by the ethics committee of University of Ilorin, Ilorin Nigeria kwara state for animals experimentation.  Thirty six (36) female Wister albino rats (aged 8–12 weeks and body weight: 130–190g) used in this study were obtained from the Animal House of the Department of Biochemistry, University of Ilorin, Ilorin, Nigeria, Kwara State. The rats were handled in accordance with international principles guiding the use and handling of experimental animals (National Research council, USA, 2011). The rats were maintained on standard rat feed and potable water which were made available ad libitum. The rats were maintained at an ambient temperature between 28 and 30° humidity of 55±5%, and standard (natural) photoperiod of approximately 12/12 hours of alternating light and dark periodicity

2.1 	Experimental Protocol
The matured stem bark of Vitex doniana was collected from Maraba, Ilorin, kwara state. The stem bark was identified and authenticated at the department of Plant Biology university of Ilorin, kwara state with voucher number UILH/001/1065/2022. The stem bark was washed and air dried under the shade for a Period of two weeks after which they were cut into small pieces and pulverized into fine powder using a grinding machine. 250g of the pulverized stem bark of Vitex doniana was macerated in 2.5 liters (2500ml) of methanol at room temperature for 5 days but intermittently shaken to ensure complete dissolution. Thereafter, the solution was filtered with cotton wool and then with the 110 mm Whatman filter paper. The resultant filtrate was concentrated in a vacuo using a rotary evaporator (BUCHI Rotavapor concentrated in Model R-215, Switzerland) with the Vacuum Module V-801 Easy Vac Switzerland) set at a revolution of 70 rpm and a temperature at 36°C before it was completely dried over a water bath preset at 40°C.
The animals were divided into six groups of 6 rats each in a cage and were treated for 12 days as follows;Group A: received 1ml of 0.9% normal saline intraperitonaelly (i.p.),Group B: received 100mg/kg body weight of gentamicin in 0.9% normal saline intraperitonaelly,Gtroup C: received 100mg/kg bw of Vitex doniana extract in normal saline per ox (p.o.) orally and 100mg/kg bw of gentamicin in 0.9% normal saline i.p concurrently for 12 days,Group D: received200mg/kg bw of Vitex doniana extract in normal saline p.o. orally and 100mg/kg bw of gentamicin in 0.9% normal saline i.p concurrently for 12 days,Group E: received400mg/kg bw of Vitex doniana extract in normal saline p.o. orally and 100mg/kg bw of gentamicin in 0.9% normal saline i.p concurrently for 12 days,Group F: received75mg/kg bw of sylimarin extract in normal saline p.o. orally and 100mg/kg bw of gentamicin in 0.9% normal saline i.p concurrently for 12 days.
2.1.1    Blood Sample Collection 
At the end of the 12 days experimental period, the rats were weighed and fasted overnight but drinking water was made available ad libitum before they were sacrificed on the 13th day. Animals were euthanized by diethyl ether anesthesia and the whole blood of each animal was collected via cardiac puncture using fine 21G Needle and 5ml Syringe without causing damage to the heart tissues. The blood samples were centrifuged at 3000 rpm for 15 minutes, serum was separated and preserved for further analysis. The rats hearts were identified, harvested, and weighed and was immediately preserved in a refrigerator until further processing. The serum was used for various biochemical analysis.
2.1.2      Preparation of Tissue Homogenate	
After the rats were sacrifice, their hearts were isolated from the dissected rats. The isolated tissues were cleansed with blotting pepper to remove blood stain and weighed, then stored immediately in ice cold 0.25M sucrose solution. The heart organs were subjected to homogenization using mortar and pestle in ice-cold 0.25M sucrose solution. The homogenates were centrifuged at 4000rpm for 15 minutes and the supernatants was decanted and stored in the freezer (-5oC) until required for further analysis. 
2.2        lipid Profile Analysis
2.2.1     Determination of Serum Total Cholesterol
The total cholesterol in the serum was assayed by the method of Fredrickson et al. (1967).
Principle: The principle is based on the enzymatic hydrolysis and oxidation as described by Fredrickson et al. (1967). The formation of quinoneimine from 4-aminoantipyrine and phenol in the presence of hydrogen peroxide is catalyzed by peroxidase. The peroxidase catalyzed reaction is dependent on the concentration of H2O2 formed from cholesterol and molecular oxygen.
Cholesterol ester + H2O      cholesterol esterase    Cholesterol + Fatty Acids			
Cholesterol + Fatty Acids     Cholesterol oxidase   Cholesten-3-one + H2O2
2H₂O₂ + 4-Amino antipyrine + Phenol      peroxidase   Quinoneimine + 4H₂O
Procedure: Using a micropipette, 20ul each of appropriately diluted sample, standard and distilled water were pipetted into different test tubes and were labeled sample, standard and blank respectively. 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.
Calculation: Concentration of cholesterol (mmol/L) = 
Concentration of standard = 5.10 mmol/L
 2.2.2      Determination of Serum Triglycerides
The method describe by Hainline et al., (1980) was used for the determination of serum triglyceride concentration.
Principle: Triglyceride is determined after enzymatic hydrolysis with lipases. The indicator is quinoneimine formed from hydrogen-peroxide, 4-aminophenazome and 4-chlorophenol under the catalytic influence of peroxidase.
Procedure: Using a micropipette, 10ul of appropriately diluted sample, standard and distilled water were pipetted into clean test tubes labelled sample, standard and blank respectively. 100ul 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.
Calculation:


Concentration of standard = 2.21 mmol/L

2.2.3     Determination of Serum High Density Lipoprotein-Cholesterol Concentration
HDL-cholesterol concentration in serum was determined by adopting the procedure described by Albers et al., (1978).
Principle: Low density lipoprotein-cholesterol (LDL), very low density lipoprotein cholesterol (VLDL) and chylomicron fractions are precipitated quantitatively following addition of phosphotungstic acid in the presence of magnesium ions. After centrifugation, the cholesterol concentration in the HDL fraction, which remains in the supernatant, was determined spectrophotometrically at 546nm.
Procedure: Using a micropipette, 200ul of appropriate diluted sample, standard and distilled water were pipetted into clean test tubes labelled sample, standard and blank respectively. 500ul of working reagent comprising of phosphotungstic acid and magnessium 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 rmp for 10 minutes. The clear supernatant was separated off within two hours and the cholesterol content determined by the CHOD-PAP method earlier described.


Concentratin of standard = 5.10 mmol/L
Determination of Serum Low Density Lipoprotein-Cholesterol Concentration
Serum low density lipoprotein-cholesterol concentration was calculated using the formula described by Friedwald et al. (1972). The equation is expressed as:
LDL Cholesterol (mmol/l) = Total Cholesterol −VLDL-C − HDL-C
2.2.4     Determination of Very Low Density Lipoprotein-cholesterol (VLDL-c)
VLDL-C= TAG/2.
Atherogenic index (AI)
Atherogenic index (AI) was calculated using the method described by (Abbort et al., 1988) as LDL-c (mmol/L) ÷ HDL-c (Mmol/L).
Histological Analysis 
A specimen (representing each experimental group) of each of the tissue studied were fixed in 10% formalin. The specimens were dehydrated in ascending grades of ethanol, cleared in xylene, and processed to paraffin blocks, sectioned (5µm thick) and stained with Hematoxyline and Eosine stain. They were examine using light microscopy for demonstration of pathological changes (Drury and Wallington, 1973).

3    RESULTS
All data were expressed as the mean of four replicates ± standard error of mean (S.E.M). Statistical evaluation was performed with Graph pad software and SPSS version 25 using one way analysis of variance (ANOVA), followed by Duncans’ posthoc test for multiple comparison. Values were considered statistically significant at P<0.05 (confidence level95).
Table 1 presents the effect of methanolic stem bark extract of Vitex doniana (MSEVD) on serum lipid markers total cholesterol (TC), triglycerides (TG), and high-density lipoprotein cholesterol (HDL-c) in gentamicin-exposed rats.
Effect of Gentamicin (GEN) Administration
Rats treated with gentamicin alone (100 mg/kg) showed a marked and statistically significant increase in TC and TG levels compared with the normal control group (p < 0.05). Specifically, TC increased from 46.69 ± 0.98 mmol/L in the control to 64.61 ± 1.15 mmol/L, while TG rose from 12.59 ± 0.52 mmol/L to 17.84 ± 0.64 mmol/L. Conversely, HDL-c was significantly reduced (25.20 ± 2.59 mmol/L) relative to the control (31.81 ± 0.68 mmol/L). These changes indicate that gentamicin induces dyslipidaemia, characterized by hypercholesterolaemia, hypertriglyceridaemia, and reduced cardioprotective HDL-c levels, likely due to oxidative stress and metabolic disruption associated with gentamicin toxicity.
Effect of Vitex doniana Extract on Gentamicin-Induced Dyslipidaemia
Co-administration of MSEVD at all tested doses (100, 200, and 400 mg/kg) significantly ameliorated gentamicin-induced lipid abnormalities. TC and TG values in all extract-treated groups were comparable to those of the normal control and significantly lower than the gentamicin-only group (p < 0.05). This suggests that MSEVD effectively prevented the elevation of atherogenic lipids caused by gentamicin.
Regarding HDL-c, treatment with MSEVD resulted in a dose-related improvement. The 100 mg/kg and 400 mg/kg extract doses restored HDL-c levels to values comparable with or slightly higher than the normal control, indicating a strong protective effect on lipid metabolism. The 200 mg/kg dose showed an intermediate response, not significantly different from either the control or the gentamicin group, suggesting partial restoration.
Comparison with Reference Drug (RFD)
The reference drug group (GEN + RFD) also significantly reduced TC and TG levels compared with the gentamicin-only group, with values similar to the control group. HDL-c levels in this group showed partial recovery, comparable to the intermediate response observed with the 200 mg/kg MSEVD dose. Notably, the higher dose of MSEVD (400 mg/kg) produced HDL-c levels that were equal to or higher than those observed with the reference drug, suggesting comparable or superior lipid-modulating efficacy.
[bookmark: _GoBack]Table 1: Effect of methanol stem bark extract of Vitex doniana of gentamicin exposed rats on serum lipids makers (TC, TG and HDL-c)

	Groups
	TC(mg/dL)
	TG(mmol/L)
	HDL-c(mmol/L)

	Control(Normal saline)
	46.69±0.98a
	12.59±0.52a
		31.81±0.68a




	GEN(100mg/kg)
	64.61±1.15b
	17.84±0.64b
	25.20±2.59b

	GEN.+100MSEVD
	43.63±1.62a
	13.49±0.36a
	33.53±1.78a

	GEN.+200MSEVD
	47.34±1.70a
	12.83±0.81a
	29.77±0.87ab

	GEN.+400MSEVD
	44.68±1.30a
	12.39±0.84a
	34.44±2.51a

	GEN.+RFD
	44.86±1.85a
	13.93±0.16a
	30.41±0.48ab


Values are mean ± SEM of four replicates and are considered statistically significant at p<0.05. Values with different letters superscripts are significantly different (p<0.05) from the control. NC= Normal control, GM Gentamicin, RFD Reference drug, MSEVDMethanol stem bark extract of Vitex doniana.
Table 2 summarizes the effects of gentamicin and graded doses of methanolic stem bark extract of Vitex doniana (MSEVD) on low-density lipoprotein cholesterol (LDL-c), very-low-density lipoprotein cholesterol (VLDL-c), and the atherogenic index (AI), which collectively reflect cardiovascular risk.
Effect of Gentamicin Administration
Rats treated with gentamicin alone (100 mg/kg) exhibited a marked and statistically significant increase in LDL-c and AI compared with the normal control group (p < 0.05). LDL-c rose sharply from 4.16 ± 1.54 mmol/L in the control to 14.48 ± 2.00 mmol/L, while AI increased from 0.13 ± 0.05 to 0.62 ± 0.14. These findings indicate severe dyslipidaemia and elevated atherogenic risk induced by gentamicin. In contrast, VLDL-c showed no significant change relative to the control, suggesting that gentamicin predominantly affected LDL-related lipid metabolism rather than VLDL production.
Effect of Vitex doniana Extract on Gentamicin-Induced Lipid Alterations 
Co-administration of MSEVD at all tested doses (100, 200, and 400 mg/kg) significantly attenuated the gentamicin-induced elevation in LDL-c and AI, restoring these parameters to levels comparable with the normal control (p < 0.05).
· At 100 mg/kg MSEVD, LDL-c and AI were markedly reduced, indicating substantial protection against gentamicin-induced atherogenic changes.
· The 200 mg/kg dose also normalized LDL-c and AI, although LDL-c remained slightly higher than the control, suggesting partial but meaningful improvement.
· Notably, the 400 mg/kg MSEVD dose produced the most pronounced protective effect, reducing LDL-c and AI to values almost identical to the control group. In addition, this dose caused a significant reduction in VLDL-c compared with both the control and 

gentamicin-only groups (p < 0.05), indicating a broader lipid-lowering action at higher extract concentration.
Comparison with Reference Drug (RFD) The reference drug group (GEN + RFD) similarly showed significant reductions in LDL-c and AI compared with the gentamicin-only group, with values comparable to the control. However, VLDL-c levels remained unchanged, suggesting that while the reference drug effectively mitigated LDL-related risk, it had limited influence on VLDL-c. In contrast, high-dose MSEVD (400 mg/kg) demonstrated superior efficacy by significantly lowering VLDL-c in addition to LDL-c and AI.
[bookmark: _Hlk218786581]Table 2: Effect of methanol stem bark extract of Vitex doniana on gentamicin exposed rats on serum lipids makers (LDL-c, VLDL-c and AI)
		
	GROUPS	
	LDL-c(mmol/L)
	VLDL-c(mmol/L)
	   AI
	

	Control(Normal saline)
	4.16±1.54a
	5.72±0.24a
	0.13±0.05a
	

	GEN(100mg/kg)
	14.48±2.00b
	6.18±0.57a
	0.62±0.14b
	

	GEN.+100MSEVD
	5.77±1.82a
	6.13±0.16a
	0.18±0.62a
	

	GEN+200MSEVD
	8.19±0.00a
	5.83±0.22a
	0.28±0.06a
	

	GEN.+400MSEVD
	4.24±0.94a
	2.70±0.13b
	0.12±0.18a
	

	GEN.+RFD
	5.62±1.38a
	6.33±0.07a
	0.19±0.04a
	


Values are mean ± SEM of four replicates and are considered statistically significant at p<0.05. Values with different letters superscripts are significantly different (p<0.05) from the control. NC= Normal control, GM Gentamicin, RFD Reference drug, MSEVDMethanol stem bark extract of Vitex doniana.







[bookmark: _Hlk218786618]Histopathology effects of concurrent administration of gentamicin and methanol stem bark extract of Vitex doniana on heart histology.
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Plate 1-6: Photomicrographs of the heart of a representative of all experimental groups
Plate 1: A cross-sectional representative of a control, group A (0.9% normal saline) showing normal myocardial fibers with evidence of striation and cardiomyocytes showing normal deep basophilic nuclei and eosinophilic sarcoplasm, arterioles were visibly prominent (×400 magnification, hematoxylin-eosin stain). Plate 2: Group B (Gentamicin 100mg/kg BW), myocardial arterioles were severely destroyed and myocardial fibres showed increased cellularity which on high magnification had swollen hypereosinophilic sarcoplasm and necrotic nuclei and increase number of interstitial fibroblast. The arterioles were infiltrated by lymphocytes and macrophages which also were within cardiomyocytes fibres, H & E X400. Plate 3: Group C (Gentamicin 100mg/kg body weight + 100mg/kg BW of Vitex doniana extract), myocardial arterioles were severely destroyed, with occasional thrombosis and myocardial fibres showed increased cellularity which on high magnification had swollen hypereosinophilic cytoplasm and necrotic nuclei and occasional rowing of nuclei depicting regeneration. The arterioles were infiltrated by lymphocytes which also were within cardiomyocytes fibres. Plate 4:Group D (Gentamicin 100mg/kg body weight + 200mg/kg BWVitex doniana extract), myocardial arterioles were infiltrated by inflammatory cells and myocardial fibers showed increased cellularity which on high magnification had swollen hypereosinophilic cytoplasm and necrotic nuclei and were destroyed. Plate 5: Rat heart, group E (Gentamicin 100mg/kg body weight + 400mg/kg BWVitex donianastem bark extract), Mild cardiomyocytes degeneration and necrosis, H & E X400. Plate 6:group F (Gentamicin 100mg/kg BW + 75mg sylimarin);multifocal occasional cardiomyocytes degeneration and necrosis, there was haemorrhage in interstial and increased fibroplasia, H & E X400. 
4      Discussion
The present study demonstrates that gentamicin administration induces marked dyslipidaemia and structural myocardial damage, while concurrent treatment with methanolic stem bark extract of Vitex doniana (MSEVD) significantly attenuates these adverse effects in a dose-dependent manner. The elevation of serum total cholesterol, triglycerides, LDL-c, VLDL-c, and atherogenic index, accompanied by reduced HDL-c in gentamicin-treated rats, confirms the cardiotoxic potential of gentamicin. These findings are consistent with earlier reports indicating that gentamicin induces oxidative stress–mediated lipid metabolic disturbances and myocardial injury (Meligy et al., 2022; Çakmak, 2023).
The dyslipidaemic profile observed in the gentamicin-only group aligns with studies demonstrating that aminoglycoside antibiotics disrupt lipid homeostasis and enhance lipid peroxidation, thereby increasing cardiovascular risk (Hamdy et al., 2024; Elgendy et al., 2023). Elevated LDL-c and atherogenic index are particularly significant, as these parameters are strongly associated with atherogenesis and impaired cardiac function (Abbott et al., 1988; Shaker et al., 2025). Similar lipid derangements have been reported in doxorubicin- and tilmicosin-induced cardiotoxicity models, suggesting a common oxidative and inflammatory pathway underlying drug-induced cardiac injury (Sulaiman et al., 2021; Elgendy et al., 2023).
Co-administration of Vitex doniana extract significantly ameliorated gentamicin-induced lipid abnormalities, restoring serum lipid parameters toward normal values. This hypolipidaemic effect is consistent with earlier findings by Sulaiman et al. (2021), who reported that aqueous and ethanol stem bark extracts of Vitex doniana significantly reduced TC, TG, and LDL-c while increasing HDL-c in doxorubicin-induced cardiotoxicity. Similarly, Mahmoud et al. (2025) highlighted the lipid-modulating and antioxidant potential of Vitex doniana, attributing these effects to its rich phytochemical composition, including flavonoids, phenolics, terpenoids, and saponins.
Comparable cardioprotective effects have been reported for other medicinal plants. Iqbal et al. (2025) demonstrated that Jatropha mollissima extract significantly improved lipid profiles and reduced oxidative stress in doxorubicin-treated rats. Singh et al. (2025) reported that a brazilin-enriched extract of Caesalpinia sappan normalized lipid parameters and attenuated myocardial injury. Likewise, Hibiscus rosa-sinensis extracts have been shown to protect against chemotherapy-induced cardiomyopathy through antioxidant-mediated mechanisms (None et al., 2025).
The observed reduction in VLDL-c and atherogenic index at higher doses of MSEVD further supports its anti-atherogenic potential. Similar reductions in atherogenic indices have been reported with curcumin and ginsenosides in gentamicin- and chemotherapy-induced cardiotoxicity models, respectively (Hamdy et al., 2024; Zare-Zardini et al., 2024). These findings reinforce the role of phytochemicals in modulating lipid transport and reducing cardiovascular risk.
Histopathological findings in the present study further corroborate the biochemical data. Gentamicin-treated rats exhibited severe myocardial degeneration, necrosis, inflammatory cell infiltration, and vascular disruption, confirming gentamicin-induced cardiotoxicity. These pathological alterations are consistent with reports by Meligy et al. (2022) and Çakmak (2023), who documented similar myocardial damage following gentamicin exposure. In contrast, MSEVD-treated groups showed dose-dependent preservation of myocardial architecture, with reduced inflammation and minimal necrosis at higher doses. This pattern of histological protection mirrors findings reported for Vitex doniana (Sulaiman et al., 2021), Jatropha mollissima (Iqbal et al., 2025), and Caesalpinia sappan (Singh et al., 2025).
Mechanistically, drug-induced cardiotoxicity is largely mediated by excessive reactive oxygen species generation, mitochondrial dysfunction, and disruption of endogenous antioxidant defenses (Meligy et al., 2022; Çakmak, 2023). Flavonoids and phenolic compounds, which are abundant in Vitex doniana, are known to scavenge free radicals, enhance antioxidant enzyme activity, and stabilize cellular membranes (Mahmoud et al., 2025; Shaker et al., 2025). The concordance between improved lipid profiles and preserved myocardial histology observed in this study strongly suggests that antioxidant and anti-inflammatory mechanisms underlie the cardioprotective effects of MSEVD.
5     CONCLUSION 
This results demonstrates that gentamicin induces significant dyslipidaemia and myocardial histopathological damage in Wistar rats, confirming its cardiotoxic potential. Methanolic stem bark extract of Vitex doniana effectively ameliorated these adverse effects in a dose-dependent manner by normalizing serum lipid profiles, reducing atherogenic risk, and preserving cardiac tissue architecture. The 400 mg/kg dose exhibited the strongest cardioprotective effect and showed comparable or superior efficacy to the reference drug. These findings provide experimental evidence supporting the traditional use of Vitex doniana and highlight its potential as a natural cardioprotective agent against gentamicin-induced cardiac toxicity.
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