


CARDIOTOXICITY SCREENING OF Commelina diffusa (Dayflower) Aqueous Extract in Female Wistar Rats: Acute, Sub-Acute, and Chronic Effects Following OECD 425 Guidelines


ABSTRACT
This study investigates the potential cardiotoxic effects of Commelina diffusa aqueous extract in female Wistar rats, following the guidelines set by the OECD Test No. 425 for acute oral toxicity. Commelina diffusa is a medicinal plant traditionally used for therapeutic purposes; however, its safety profile, particularly regarding cardiovascular health, remains underexplored. The research evaluates the extract’s impact through acute, sub-acute, and chronic exposure models to assess potential adverse effects on heart function and structure. Fifty non-pregnant female Wistar rats used for this study, were divided into 10 group of five rats per group. Group served as normal control. Group 2-4 were orally administered Commelina diffusa extract at 166mg/kg for 7, 14, and 21 days. Group 5-7 were administered the extract at 250mg/kg while group 8-10 received 500mg/kg of the extract for 7, 14 and 21 days. The mean CTn-I and CTn-T levels of the control were 194.34±0.03pg/ml and 285.64±0.03pg/ml respectively while those orally administered with 500mg/kg for 21 days were 138.15±0.03pg/ml and 228.34±0.03pg/ml respectively. The MDA level of the control was 7.84±0.01mmol/l while those of group 10 for 21 days administration was 3.22±0.02mmol/l. The LDH activity of the control was 187.74±0.02U/L while that exposed to the extract at 500mg/kg for 21 days was 154.16±0.03U/L. The CTn-I and CTn-T levels and LDH activity of extract treated at 500mg/kg were significantly improved in comparison to the control values. Commelina diffusa extract at 500mg/kg elicited enhancement potential on cardio-neurohormones and oxidative stress biomarkers of heart homogenate, hence could serve as a cardiovascular tonic in strengthening and improving cardiac functions.
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1. INTRODUCTION
Cardiotoxicity refers to the detrimental effects on the heart caused by certain therapeutic interventions, notably cancer treatments (Jutta, 2022).These adverse effects can manifest as arrhythmias, cardiomyopathies, myocardial ischemia, and other cardiac dysfunctions. Drugs such as doxorubicin are known to induce cardiotoxicity through mechanisms like oxidative stress, calcium overload, and apoptosis of cardiac cells (Yang et al., 2018; Miao et al., 2023).Exposure to some dangerous medicinal plants could cause severe cardiotoxicity to both humans and animals. Exposure of Wistar rats to Calotropisprocera  aqueous extract at a dose of 20 mg/kg dose for two weeks observed a transient increase in systolic and mean arterial pressures and hypertensive effect (Ma et al., 2018; Pan et al., 2020).Bufalin and aconitine, found in certain Chinese Materia Medicine (CMM0 have been shown to inhibit sodium–potassium ATPase activity, leading to disturbances in ion gradients essential for cardiac function (Nieet al., 2017; Jieet al., 2021).
Ghanaian traditional system of medicaments, the leaves of Commelina diffusa are utilized as curative agents against inflammation and facilitate wound healing.Scientific studies have corroborated these uses, demonstrating significant anti-inflammatory and antioxidant activities in the plant's ethanolic leaf extract (Abraham et al., 2006; Abraham et al., 2014).Abebeet al. (2024) showed that the plant exhibits diuretic properties by reducing sodium ion reabsorption in the kidneys while sparing potassium, making it beneficial for managing conditions like hypertension and edema. According to Abebeet al. (2024), ethyl acetate fractions of Commelina diffusa have shown hypoglycemic effects, attributed to compounds such as 4-hydroxybenzoic acid and methyl gallate, indicating potential in diabetes management. Burmet al. (211) demonstrated that Commelina diffusa is traditionally used to address various infections.Their study indicated that methanolic extracts of Commelina diffusa possess antimicrobial activity, particularly against fungal species like Trichophyton, supporting its use in treating skin infections.

Commelina diffusa is widely regarded as a climbing dayflower, which represents a herbaceous plant belonging to the Commelinaceae family. The plant species is predominates in tropical and subtropical regions worldwide, including Africa, Asia, and the Americas, thriving in moist, shaded environments such as wetlands, and agricultural entities. Wellington et al. (2025) carried out a bioactive and nutritional potential of Commelina diffusa: a comprehensive study, where they showed that Commelina diffusa aerial parts contain crude protein of 17.39 ±0.04 %, crude fat (11.60±0.03%), and carbohydrate (37.04±0.05%). The calcium (321.26±12.01mg/100g), potassium (721.51±7.12mg/100g), manganese (47.19±3.16mg/100g), sodium (64.04±11.08mg/100g), molybdenum (1.38±0.12mg/100g), iron (57.10±2.15mg/100g), selenium (48.26±11.05mg/100g), magnesium (18.17±0.03mg/100g), phosphorus (237.28±13.05mg/100g). The glutamate level was 17.27±1.03mg/100g, arginine (13.63±2.10mg/100g), lysine (11.02±1.06mg/100g), phenylalanine (9.31±0.38mg/100g), alanine (8.31±1.17mg/100g), serine (8.26±2.01mg/100g), methionine (7.21±0.01mg/110g), and leucine (2.38±1.03mg/100g). The result revealed that the aerial parts of Commelina diffusa has a good shelf-life, high carbohydrate content, moderately and acceptable values for crude protein and lipid (Wellington et al., 2025).
The OECD 425 guidelines provide a structured and internationally recognized protocol for assessing acute oral toxicity. Employing this guideline ensures the study follows standardized dosing regimens, observation periods, and ethical considerations, enhancing the reliability and reproducibility of results (Sewellet al., 2015; Uzmaet al., 2017; Fiona et al.,2024). Female Wistar rats are commonly used in toxicity studies due to their well-characterized physiology. They are particularly suitable for cardiotoxicity screening because estrogen influences cardiovascular responses, offering insights into potential gender-specific risks.
Commelina diffusa has been commonly adopted in traditional system of medicaments against many diseases and disorders and hypertension (Samuel and Oulowagbenga, 2017; Malarvizhi et al., 2019). Despite its therapeutic benefits, the absence of comprehensive safety data, particularly concerning cardiac health and toxicological implication, raises concerns about potential adverse effects with prolonged or high-dose usage. With increasing global interest in herbal medicine, Commelina diffusa is gaining attention for its pharmacological potential. However, herbal treatments often bypass rigorous toxicity evaluations, posing risks of unanticipated side effects, particularly on vital organs like the heart.
2. MATERIALS AND METHODS
2.1 Collection and Preparation of Plant Extract 
The aerial parts of Commelina diffusa were harvested from Toru-Orua Community in Sagbama Local Government Area, Bayelsa State. Botanical identity was determined by the Department of Plant Science and Biotechnology (PSB), University of Africa Toru-Orua. The sample was registered with Voucher Number UAT/P/241 and sample was deposited at the Herbarium.
Plant extracts were prepared according to a method that was optimized and modified previously in the Biochemistry laboratory University of Africa Toru-Orua. The aerial parts of Commelina diffusa were dried at 45°C until a constant weight was reached and coarsely grounded. Grounded plant material (300 g) was dissolved in 500mL of distilled water and refluxed for 4 hrs. The mixture was strained and the final volume was adjusted to 300 mL and freeze-dried.
2.2 Experimental Animals and Design 
Total of 50 healthy non-pregnant female Wistar rats, weighing between 130 ± 12 and 140±11g, were purchased from the animal house of the Biochemistry Research Institute, University of Port Harcourt, to carry out the experiment. The rats were housed in a well-ventilated animal house at the Faculty of Basic and Applied Sciences, University of Africa Toru-Orua. The rats were maintained on a standard laboratory diet of rat pellets. Rats were acclimatized to the environment (temperature, 25 ± 2°C; relative humidity, 505%; and 12-hour light-dark cycle) for two weeks prior to experimental use. All protocols used in this study were approved by the Ethical Review Committee of the Faculty of Medicine, University of Africa Toru-Orua, guided by the CIOMS international guiding principles of biomedical research involving animals. The rats were grouped into ten (10) groups of five rats per group treated as in the table below.
Table 1 Experimental design for cardiotoxicity evaluation of Commelina diffusa extract in non-pregnant female Wistar rats.
	Group
	Treatment
	Duration

	1
	Normal control: Received rat feed H2O only, serving as normal control
	21 days

	2
	166mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as oral treatment 1
	7 days

	3
	166mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 2
	14 days

	4
	166mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 3
	21 days

	5
	250mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 4
	7 days

	6
	250mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 5
	14 days

	7
	250mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 6
	21 days

	8
	500mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 7
	7 days

	9
	500mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 8
	14 days

	10
	500mg/kg bw. CD extract+ Rat Feed+ H2O only, serving as Oral treatment 9
	21 days


Source: Table under study
Exactly, 24 hours after each last day of seven days interval of oral treatment with the extract at interval, the rats in each treatment were humanly sacrificed through cervical dislocation, blood sample were be collected for biochemical assays. The heart tissue of the rats in each group were harvested and was cut into two equal halves. Half of the organs was homogenized for estimation of heart biomarkers while the other half was used for histological examination.
2.6 Biochemical Determination

2.6.1 Determination of C-reactive protein (CRP), Interluikin-6 (IL-6), Cardiac Troponins ( 
cTnI and cTnT) Levels
The indices observed for cardio-neuro hormones were interleukin 6 (IL-6), c-reactive protein (CRP), cardiac troponin I and T (CTn-I and T). Plasma IL-6 and cardiac troponin I and T were determined using enzyme-linked immunosorbent assays (ELISA), based on antigen-antibody interactions, where specific antibodies bind to cardiac troponins. A detectable enzyme-linked reaction reveals the presence and concentration of the target biomarker. In this method, a chromogenic substrate (TMB - 3,3',5,5'-tetramethylbenzidine) was used, which produce color complexes at 450 nm, that are proportional to the troponin I and T concentrations as described by Chaulin (2021). 
2.6.2 Determination of Superoxide Dismutase (SOD) and GPx Activities
SOD activity can be measured using spectrophotometric assays that monitor the enzyme's ability to inhibit the reduction of specific substrates. One common method involves the reduction of cytochrome c, where SOD competes with cytochrome c for superoxide radicals, leading to a decrease in absorbance at 550 nm. Automated versions of this assay have been developed to enhance efficiency (Wheeler, et al., 1990).
2.6.3 Determination of Catalase (CAT) Activity
CAT activity was typically assessed by measuring its capacity to decompose hydrogen peroxide (H₂O₂). A spectrophotometric method, which involves incubating the sample with H₂O₂ and then adding a cobalt-bicarbonate reagent to react with the remaining H₂O₂, forming a colored complex measurable at 440 nm as defined by Mahmoud (2018).
2.6.4 Determination of MDA Level
MDA is a byproduct of lipid peroxidation and is commonly measured using the Thiobarbituric Acid Reactive Substances (TBARS) assay, which relies on spectrophotometry. The plasma MDA react with thiobarbituric acidat 95°Cfor30 minutesto form a pink-colored MDA-TBA adduct, that is proportional to the concentration of MDA. The pink color complex was measured at 532 nm using a spectrophotometer as described by Mirunaet al. (2010). 
2.6.5 Determination of GSH Level
The plasma GSH was estimated using Ellman’s Reagent (DTNB) assay, which is the most common spectrophotometric method for GSH quantification. In this method, the plasma GSH react with 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) to produce a yellow-colored product which proportional to the level of GSH in the sample as described by Mirunaet al. (2010). 
2.6.6 Determination of Cardiac Enzyme Biomarkers
The AST, ALP, and ALP activity were measured by using a commercially available colourimetric enzyme assay kit purchased from Biorex Diagnostic, United Kingdom. Commercially available spectrophotometric enzyme assay kit purchased from Biorex Diagnostic, United Kingdom, was used to measure LDH and CK, activity in the plasma. MDA level was estimated by using commercially available ELISA kit purchased from DRG International Inc., United States of America (USA).
2.6.7 Determination of Cardiac Electrolyte Levels
All cardiac electrolytes were estimated using spectrophotometric methods, using sodium tetraphenylborate, arsenazo III, ranyl zinc acetate, and reagents as described by.. The calibration curve was used to determine the concentration of each electrolyte based on the measured absorbance using the general relationship below (Bishop et al., 2013):
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2.8 Histopathological Analysis of Heart Tissue
The heart tissue isolated from sacrificed Wistar rats was fixed in 10% formalin, then after processing embedded in paraffin wax. Paraffin sections were made at 5 mm and stained with hematoxylin and eosin. The slides were studied under a light microscope and captured the magnified images of heart tissue structure for further study.
2.9 Statistical Analysis 
All Data are represented as means ± error of mean (M±E) and were analyzed using Statistical Package foe Social Sciences (SPSS) for window version 20.0 USA. Descriptive statistics was done by one way analysis of variance (ANOVA) and multiple comparison was done using Turkey Post hoc at (p≤0.05) confidence interval.
3.  RESULTS
3.1 Effect of Aqueous Extract of the Aerial Parts of Commelina diffusa on Mean Homogenate Cardio-Neuro Hormones in Normal Non-Pregnant Female Rats
Table 2 shows the effect of aqueous extract of the aerial parts of Commelina diffusa on mean homogenate cardio-neuro hormones in normal non-pregnant female rats. The effect of the extract in the treated groups were compared to the normal control values down the groups (Table2)
Table 2 Effect of aqueous extract of the aerial parts of Commelina diffusa onmean homogenate cardio-neuro hormones in normal non-pregnant female rats (n=5)
	Group
	IL-6(pg/dl)
	CRP (mg/ml)
	CTn-I (pg/ml)
	CTn-T (pg/ml)

	Control
	52.84±0.03c
	22.04±0.03c
	194.34±0.03c
	285.64±0.03c

	166mg/kg CD 7 days
	48.84±0.02ac
	18.74±0.03 ac
	185.73±0.03 ac
	279.84±0.04bc

	166mg/kg CD 14 days
	48.46±0.04bc
	18.64±0.04bc
	185.55±0.03bc
	279.64±0.03bc

	166mg/kg CD 12 days
	48.25±0.03bc
	18.45±0.04bc
	185.33±0.03bc
	279.24±0.03bc

	250mg/kg CD 7 days
	36.34±0.03bc
	13.86±0.04bc
	163.87±0.03bc
	248.93±0.03bc

	250mg/kg CD 14 days
	36.37±0.04bc
	13.65±0.03bc
	166.54±0.03bc
	248.53±0.03bc

	250mg/kg CD 21 days
	36.55±0.03bc
	13.26±0.05bc
	165.27±0.03bc
	248.27±0.04bc

	500mg/kg CD 7 days
	28.95±0.03bc
	8.17±0.02bc
	138.73±0.03bc
	228.85±0.04bc

	500mg/kg CD 14 days
	28.66±0.03bc
	8.56±0.03bc
	138.35±0.04bc
	228.55±0.04bc

	500mg/kg CD 21 days
	28.16±0.03bc
	8.17±0.03bc
	138.15±0.03bc
	228.34±0.03bc


Values are reported as mean ± standard error of mean (M±SEM) (n =5). Values bearing superscript (“ac”) were significantly different (p≤ 0.05) from the normal control down the groups. Values with similar superscript (“bc”) were not significantly (p≤ 0.05) different from the negative control down the groups. 
3.2 Effect of Aqueous Extract of The Aerial Parts OfCommelina diffusa on Oxidative Stress Biomarkers of Heart Homogenate Iin Normal Non-Pregnant Female Rats 
Table 3 indicates the effect of aqueous extract of the aerial parts of Commelina diffusa on oxidative stress biomarkers of heart homogenate in normal non-pregnant female rats. Impact of Commelina diffusa extract determined  at 166, 250, and 500mg/kg for 7, 14, and 21 days, were compared to the normal control as shown in Table 3.

Table 3 Effect of aqueous extract of the aerial parts of Commelina diffusa on oxidative stress biomarkers of heart homogenate in normal non-pregnant female rats (n=5)
	Group
	MDA (mmol/l)
	GSH (μg/mg protein)
	GPX (IU/g)
	CAT (mg/pro.min)
	SOD (mg/g)


	N/Control
	7.84±0.01c
	57.04±0.02 c
	62.84±0.02c
	98.35±0.02c
	46.24±0.02c

	166mg/kg CD 7 days
	7.53±0.01ac
	64.35±0.02 ac
	69.54±0.03ac
	101.05±0.02ac
	50.04±0.03ac

	166mg/kg CD 14 days
	7.36±0.03bc
	64.57±0.02bc
	69.74±0.03bc
	101.24±0.02bc
	50.25±0.03bc

	166mg/kg CD 21 days
	7.22±0.02bc
	64.74±0.02bc
	69.93±0.04bc
	101.35±0.03bc
	50.65±0.03bc

	250mg/kg CD 7 days
	6.73±0.02bc
	69.05±0.03bc
	75.05±0.03bc
	110.05±0.04bc
	56.85±0.04bc

	250mg/kg CD 14 days
	6.54±0.02bc
	69.63±0.04bc
	75.36±0.03bc
	104.64±0.03bc
	56.06±0.03bc

	250mg/kg CD 21 days
	6.32±0.02bc
	69.833±0.03bc
	75.55±0.04bc
	105.75±0.03bc
	56.07±0.02bc

	500mg/kg CD 7 days
	3.83±0.03bc
	80.05±0.04bc
	81.43±0.02bc
	120.14±0.02bc
	73.26±0.03bc

	500mg/kg CD 14 days
	3.44±0.03bc
	80.33±0.02bc
	81.56±0.03bc
	120.54±0.04bc
	73.38±0.03bc

	500mg/kg CD 21 days
	3.22±0.02bc
	80.55±0.04bc
	76.81±0.04bc
	81.75±0.02bc
	73.66±0.02bc


Values are reported as mean ± standard error of mean (M±SEM) (n =5). Values bearing superscript (“ac”) were significantly different (p≤ 0.05) from the normal control down the groups. Values with similar superscript (“bc”) were not significantly (p≤ 0.05) different from the negative control down the groups. 
3.3 Effect of Aqueous Extract of the Aerial Parts of Commelina diffusa on Enzymes Biomarkers of Heart Homogenate in Normal Non-Pregnant Rats 
Table 4 presents the effect of aqueous extract of the aerial parts of Commelina diffusa on enzymes biomarkers of heart homogenate in normal non-pregnant rats. The effect of aqueous extract of the aerial parts of Commelina diffusa at 166, 250, and 500mg/kg bwfor 7, 14, and 21 days, on the enzymes biomarkers of heart homogenate in normal non-pregnant female rats were presented in comparison to the normal control (Table 4).
Table 4 Effect of aqueous extract of the aerial parts of Commelina diffusa on enzymes biomarkers of heart homogenate in normal non-pregnant rats (n=5)
	Group
	ALT (U/L)
	AST (U/L)
	ALP (U/L)
	LDH (U/L)
	CK (U/L)

	N/Control
	73.06±0.02c
	172.47±0.03 c
	98.54±0.03c
	187.74±0.02c
	186.34±0.03c

	166mg/kg CD 7 days
	68.93±0.02ac
	171.94±0.03 ac
	95.74±0.03 ac
	185.05±0.02ac
	182.75±0.03ac

	166mg/kg CD 14 days
	68.75±0.04bc
	171.66±0.03bc
	95.45±0.03bc
	181.94±0.04bc
	182.64±0.03bc

	166mg/kg CD 21 days
	68.35±0.04bc
	171.34±0.02bc
	95.26±0.02bc
	184.74±0.04bc
	182.56±0.03bc

	250mg/kg CD 7 days
	64.73±0.03bc
	167.83±0.03bc
	89.75±0.02bc
	176.93±0.03bc
	168.55±0.04bc

	250mg/kg CD 14 days
	64.35±0.04bc
	167.45±0.03bc
	89.53±0.02bc
	176.60±0.03bc
	168.35±0.02bc

	250mg/kg CD 21 days
	64.24±0.05bc
	167.26±0.05bc
	89.25±0.02bc
	176.340.03bc
	168.12±0.03bc

	500mg/kg CD 7 days
	59.66±0.03bc
	158.05±0.02bc
	82.74±0.02bc
	154.86±0.03bc
	147.67±0.04bc

	500mg/kg CD 14 days
	59.45±0.03bc
	157.66±0.03bc
	82.55±0.03bc
	154.56±0.04bc
	147.24±0.04bc

	500mg/kg CD 21 days
	59.04±0.01bc
	157.44±0.03bc
	82.27±0.03bc
	154.16±0.03bc
	146.96±0.02bc


Values are reported as mean ± standard error of mean (M±SEM) (n =5). Values bearing superscript (“ac”) were significantly different (p≤ 0.05) from the normal control down the groups. Values with similar superscript (“bc”) were not significantly (p≤ 0.05) different from the negative control down the groups. 
3.5 Effect of Aqueous Extract of the Aerial Parts of Commelina diffusa on Electrolyte Biomarkers of Heart Homogenate in Normal Non-Pregnant Female Rats
Table 5 indicates the effect of aqueous extract of the aerial parts of Commelina diffusa on electrolyte biomarkers of heart homogenate in normal non-pregnant female rats. The electrolytes levels in group 2-10, treated with the extract at 166, 250, and 50mmmg/kg for 7, 14, and 21 days were reported against the control values as shown in Table 5
Table 5 Effect of aqueous extract of the aerial parts of Commelina diffusa on electrolyte biomarkers of heart homogenate in normal non-pregnant female rats (n=5)
	Group
	K+
(mmol/l)
	Cl-
(mmol/l)
	HCO32-(mmol/l)
	Na+
(mmol/l)
	Ca2+
(mmol/l)

	N/Control
	6.12±0.04c
	52.72±0.03 c
	32.66±0.03c
	75.42±0.06 c
	0.17±0.02 c

	166mg/kg 7 days
	9.25±0.02ac
	58.33±0.02ac
	39.05±0.03 ac
	72.33±0.04ac
	0.23±0.01 ac

	166mg/kg 14 days
	9.34±0.02bc
	58.43±0.04bc
	39.28±0.03bc
	77.54±0.03bc
	0.32±0.03bc

	166mg/kg 21 days
	9.82±0.03bc
	58.85±0.04bc
	39.62±0.03bc
	77.83±0.04bc
	0.34±0.03bc

	250mg/kg 7 days
	13.25±0.04bc
	63.43±0.03bc
	43.56±0.03bc
	83.17±0.02bc
	0.37±0.02bc

	250mg/kg 14 days
	13.44±0.03bc
	63.26±0.02bc
	43.84±0.05bc
	83.27±0.03bc
	0.44±0.02bc

	250mg/kg 21 days
	13.84±0.04bc
	63.45±0.03bc
	43.92±0.04bc
	83.64±0.03bc
	0.50±0.01bc

	500mg/kg 7 days
	17.57±0.02 bc
	72.23±0.02bc
	56.06±0.02bc
	97.05±0.03bc
	0.58±0.02bc

	500mg/kg 14 days
	17.34±0.02  bc
	72.55±0.04bc
	56.36±0.04bc
	97.45±0.03bc
	0.60±0.01bc

	500mg/kg 21 days
	17.62±0.03bc
	72.83±0.05bc
	56.74±0.03bc
	97.65±0.04bc
	0.60±0.01bc


Values are reported as mean ± standard error of mean (M±SEM) (n =5). Values bearing superscript (“ac”) were significantly different (p≤ 0.05) from the normal control down the groups. Values with similar superscript (“bc”) were not significantly (p≤ 0.05) different from the negative control down the groups. 


Effect of Aqueous Extract of Commelina diffusa on the Heart Tissue of Normal Non-pregnant Female Wistar Rats
Plate 1-10 shows the effect ofaqueous extract of Commelina diffusa on the heart tissue of normal non-pregnant female Wistar rats. The changes and improvement or enhancement effect produced by Commelina diffusa extract at 166, 250, and 500mg/kg bw were presented in comparison to the normal control heart tissue.
Plate 1-10 shows the effect of aqueous extract of the aerial parts of Commelina diffusa on cardiac histology of normal non-pregnant female rats
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Photomicrographs of subendocardial region of rat myocardium (H & E, ×400).
Plate 1: Normal control showing normal lloose connective tissue, smooth muscle cells, purkinje fibers, striated muscle fibers, squamous epithelium, and coronary vessels.
[image: C:\Users\WILLINGTIONH\heart1.jpg]
Plate 2: Heart tissue of rat orally administered with Commelina diffusa extract at 166mg/kg 7 days, showing mild inflammation, improved cross-striations, cytoplasmic vacuolization, striated muscle fibers, and cardiac purkinje fibers.
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Plate 3: Heart tissue of rat orally administered with Commelina diffusa extract 166mg/kg 14 days, showing little cardiomyocytes with increased cytoplasmic volume, boxcar-shaped nuclei, and formation of new capillaries
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Plate 4: Heart tissue of rat orally administered with Commelina diffusa extract 166mg/kg 21 days, indicating cardiomyocytes with slightly increased cytoplasmic volume, boxcar-shaped nuclei, and formation of new capillaries.
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Plate 5: Heart tissue of rats orally administered with Commelina diffusa extract 250mg/kg 7 days, showing slight vascularization, cytoplasmic volume, collagen deposition in the extracellular matrix, and mitochondrial proliferation.

[image: C:\Users\WILLINGTIONH\heart3.jpg]
Plate 6: Heart tissue of rat orally administered with Commelina diffusa extract 250mg/kg 14 days, showing slightly increased vascularization, cytoplasmic volume, collagen deposition in the extracellular matrix, mitochondrial proliferation, capillary-to-myocyte ratio, and sarcomere density.

[image: C:\Users\WILLINGTIONH\heart1.jpg]
Plate 7: Heart tissue of rat orally administered with Commelina diffusa extract 250mg/kg 21 days, showing little vascularization, cytoplasmic volume,collagen deposition in the extracellular matrix, mitochondrial proliferation, and sarcomere density.
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Plate 8: Heart tissue of rat orally administered with Commelina diffusa extract 500mg/kg 7, showing increased vascularization, increased cytoplasmic volume, enhanced collagen deposition in the extracellular matrix, mitochondrial proliferation, improved capillary-to-myocyte ratio, and increased sarcomere density.
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Plate 9: Heart tissue of rat orally administered with Commelina diffusa extract 500mg/kg 14 days, indicating, increased cytoplasmic volume, mycodiac nuclei, enhanced collagen deposition in the extracellular matrix, mitochondrial proliferation, improved capillary-to-myocyte ratio, and increased sarcomere density.
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Plate 10: Heart tissue of rat orally administered with Commelina diffusa extract 500mg/kg 21 days, showing, increased cytoplasmic volume, improved capillary-to-myocyte ratio, deposition in the extracellular matrix, mitochondrial proliferation, increased expression of connexins, and reduced fatty infiltration.



4. DISCUSSION OF FINDINGS
Elevations in plasma interleukin-6 (IL-6) and cardiac troponins I and T (cTnI and cTnT) are significant biomarkers associated with various pathological conditions, particularly cardiovascular diseases.​ IL-6 is a cytokine integral to inflammatory responses and elevated plasma IL-6 levels is linked to several adverse health outcomes on the heart (Zhengyanget al., 2024). Mossmann et al. (2022) reported thatin high-risk patients undergoing coronary angiography, serum IL-6 levels above 0.44 pg/mL were associated with a 2.8-fold increased risk of long-term cardiovascular events. This underscores IL-6's potential as a predictive marker for cardiovascular risk assessment. In Table 2, the mean homogenate IL-6 and C-reactive protein of the extract administered at 166, 250, and 500mg/kg body weight of Commelina diffusa extract for 21 days were significantly lower than the control. The aqueous extract at 500mg/kg body weight elicited a more significant reduction on the mean homogenate IL-6 and C-reactive protein levels followed by dose at 250mg/kg body weight while the least was 166mg/kg body weight. Significant reduction in IL-6 and c-reactive protein levels are reflective of enhancement potential of treatment plan on cases involving cardiovascular toxicity. 
cTnI and cTnT are proteins specific to cardiac muscle, and their presence in the bloodstream is indicative of myocardial injury. Ram et al. (2012) showed that cTnI and cTnT are proteins specific to cardiac muscle, and their presence in the bloodstream is indicative of myocardial injury. Ram et al. (2012) also indicated that in patients with advanced heart failure, detectable serum cTnI was associated with impaired hemodynamics, elevated B-type natriuretic peptide (BNP) levels, progressive left ventricular dysfunction, and increased mortality rates. This suggests that cTnI can serve as a prognostic marker in heart failure management.In Table 2, the mean homogenate CTn-I and T concentration of rats orally administered with 16, 250, and 500mg/kg body weight for 21 days were significantly decreased in comparison to the normal control (Table 2). The extract at dose 500mg/kg body weight produced a better improvement reduction potential on the mean IL-6 and C-reactive protein levels, next was dose at 250mg/kg body weight while the least was 166mg/kg bodyweight. Significant reduction in mean homogenate CTn-I and T concentration are reflective of enhancement potential of drugs or therapeutic agents.
Malondialdehyde (MDA) is a well-established biomarker of oxidative stress, resulting from lipid peroxidation of polyunsaturated fatty acids.Elevated MDA levels have been implicated in various pathological conditions, reflecting increased oxidative damage (Del Rio et al., 2005). Elevated serum MDA levels have been observed in patients with severe sepsis, particularly among non-survivors. This suggests that heightened oxidative stress contributes to the pathophysiology of sepsis and may serve as a prognostic indicator (Weiss and Deutschman, 2014). Dodik et al. (2023) demonstrated that in ischemic stroke patients, increased MDA levels have been associated with oxidative stress, serving as biomarkers for predicting outcomes, mortality, post-stroke cognitive impairment, and depression. Table 3 indicates the effect of aqueous extract of the aerial parts of Commelina diffusa on oxidative stress biomarkers of heart homogenate in normal non-pregnant female rats. The mean homogenate MDA and GSH levels of the group 2-4 treated with aqueous extract of Commelina diffusa at 166mg/kg bw for 7, 14, and 21 days were similar to those of the normal control (Table 3). Aqueous extract of the aerial parts of Commelina diffusa did not yield improvement effects on the mean homogenate MDA and GSH level, hence could ameliorate lipid peroxidation facilitated by oxidative stress.
Decreased activities of key antioxidant enzymes such as glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD) are closely associated with increased oxidative stress, contributing to the progression of various diseases (Crawford et al., 2011). Mohammed et al. (2017) in a study in the South Indian population revealed that COPD patients exhibited reduced SOD and CAT activities compared to healthy controls.Notably, as COPD severity advanced from GOLD stage I to IV, there was a significant increase in erythrocyte SOD and CAT activities, suggesting a compensatory response to heightened oxidative stress.Additionally, a uniform decrease in GPx activity was observed with disease progression, indicating its potential role in COPD pathogenesis as reported by Mohammed et al. (2017).
Anna et al. (2023) revealed that CKD patients with specific SOD gene polymorphisms (Ala/Val and Val/Val genotypes) experienced a more rapid decline in kidney function compared to those with the Ala/Ala genotype.Also,  a direct relationship was observed between the rate of change in plasma GPx activity and the rate of change in estimated glomerular filtration rate (eGFR) over 12 months, underscoring the significance of GPx in CKD progression as revealed by Anna et al. (2023). In Table 3, the mean GPx, CAT and SOD activities of rats orally exposed to the extract at 166mg/kg for 7, 14, and 21 days were significantly different from the normal control (Table 3). Also, the mean plasma GSH level, GPx, CAT and SOD activities of rats administered with Commelina diffusa extract at 250mg/kg for 7, 14, and 21 days were significantly increased in comparison to the normal control (Table 3).  A more significantly increased mean homogenate GSH level, GPx, CAT and SOD activities occurred in rats administered with Commelina diffusa extract at 500mg/kg for 7, 14, and 21 days (Table 3). The mean homogenate MDA level of rats orally administered at 250 and 500mg/kg bw were significantly reduced in comparison to the normal control (Table 3). The significantly reduced mean homogenate MDA levels following oral exposure to the extract is reflective of the ability of Commelina diffusa extract to reduce lipid peroxidation. The significantly increased GSH level, GPx, CAT and SOD activities noticed in the extract administered rats at 250 and 500mg/kg for 7, 14, and 21 days is indicative of the ability of the extract to enhance the synthesis of antioxidant defense enzymes and proteins.
Plasma enzyme activities such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) are important biomarkers in clinical diagnostics. Abnormal elevations in these enzymes can provide insights into various pathological conditions, particularly those related to liver, muscle, and bone health (Renner et al., 2019).Elevated serum levels of these transaminases typically indicate hepatocellular damage.While ALT elevations are more liver-specific, AST elevations can also originate from extrahepatic and cardiac sources such as muscle tissue (Renner et al., 2019). Increased activities of plasma ALT, AST, and ALP serve as important biomarkers for various health conditions.Their elevations can indicate liver injury, metabolic syndrome, cholestasis, or even increased cardiovascular risk, underscoring the importance of a thorough and context-specific clinical assessment (Rahmaniet al., 2019).In Table 4 shows the effect of aqueous extract of the aerial parts of Commelina diffusa on enzymes biomarkers of heart homogenate in normal non-pregnant rats. Oral administration of Commelina diffusa extract at 166mg/kg for particularly for 14, and 21 days significantly reduced the mean ALT, AST, ALP, LDH, and CK (creatine kinase) activities of heart homogenate in comparison to the normal control (Table 4). Oral exposure of the extract at 250mg/kg bw for 7, 14, and 21 days significantly reduced the mean ALT, AST, ALP, LDH, and CK (creatine kinase) activities of heart homogenate and similar trends occurred in rats exposed to the extract at 500mg/kg for the stated period of time (Table 4). The significant reduction on the mean ALT, AST, ALP, LDH, and CK (creatine kinase) activities of heart homogenate of rats orally administered with the extract at 250 were much more higher than those administered with the extract 166mg/kg bw (Table 4). A more significant reduction in 500mg/kg administration for 7, 14, and 21 days (Table 4). The significantly improved effect studied on the mean ALT, AST, ALP, LDH, and CK (creatine kinase) activities of rats orally exposed to the rats at 166, 250, and 500mg/kg bw for 7, 14, and 21 days are suggestive, the plant extract elicited enhancement in the metabolism of cardiac proteins for proper functioning of the heart.
Electrolytes such as potassium (K⁺), chloride (Cl⁻), bicarbonate (HCO₃⁻), sodium (Na⁺), and calcium (Ca²⁺) are vital for maintaining cardiac function.Decreases in these electrolytes can lead to significant cardiovascular complications. Lee et al., (2010) and Ursoet al. (2015) showed that hypokalemia, or low serum potassium levels, is common in heart failure patients and is a strong independent predictor of mortality.It can lead to ventricular arrhythmias and sudden cardiac death.Maintaining serum potassium levels above 4.5 mEq/L is recommended to minimize these risks.Hypokalemia may also cause diastolic dysfunction and impair vasodilation, contributing to hypertensive endothelial dysfunction (Ursoet al., 2015). In Table 5, the mean cardiac homogenate K+, Cl-, HCO32, Na+ , and Ca2+ levels respectively of rats orally administered with aqueous extract of 166mg*kg for 7, 14, and 21 days were significantly increased when compared to the control values (Table 6). The mean cardiac homogenate K+, Cl-, HCO32, Na+, and Ca2+ level of rats orally exposed to the extract at 250mg/kg were significantly increased in comparison to the control (Table 5). Also, Commelina diffusa extract at 500mg/kg bw produced a significant increase on the mean cardiac homogenate K+, Cl-, HCO32, Na+ , and Ca2+ levels. Aqueous extract of Commelina diffusa at 166, 250, and 500mg/kg bw when administered to rats in group 2-10 for 21 days yielded a much more increases on the mean homogenate cardiac K+, Cl-, HCO32, Na+ , and Ca2+ levels (Table 5). The significant improvement observed on the mean cardiac electrolytes is indicative of the electrocardiogram promoting potential of Commelina diffusa extract, hence could serve as a cardiovascular tonic in strengthening the heart and blood vessels.
Some extracts enhance endothelial function and lower blood pressure, improving heart tissue oxygenation. Li et al. (2021) in their study on protective role of green tea extract in ischemic heart injury, reported that reduced myocardial fibrosis and improved heart tissue structure in animal models with ischemic injuries. Rahman et al.(2020)  showed that garlic (Allium sativum) which is rich in allicin, yielded improved anti-inflammatory and vasodialation effects on endothelial function and reduced cardiac fibrosis in animal models. In Plate 2-10 shows the effect of aqueous extract of the aerial parts of Commelina diffusa on the heart tissues of normal non-pregnant female rats. Oral administration of Commelina diffusa extract at 166mg/kg bw to normal non-pregnant female rats in group 2-4 resulted in mild inflammation, appearance of little cross-striations, cytoplasmic vacuolization, striated muscle fibers, and cardiac purkinje fibers when compared to the control heart tissue (Plate 1). The mild inflammation, appearance of little cross-striations, cytoplasmic vacuolization, striated muscle fibers, and cardiac purkinje fibers showed that the extract at 166mg/kg elicited little improvement impact on the heart tissues when compared to the histology of  the control (Plate 1).  Also, oral exposure of Commelina diffusa extract at 250mg/kg bw for 7, 14, and 21 days caused slight vascularization, cytoplasmic volume, collagen deposition in the extracellular matrix, mitochondrial proliferation, capillary-to-myocyte ratio, and sarcomere density, and improved capillary-to-myocyte ratio. Oral administration of the extract at 500mg/kg bw for 7, 14, and 21 days produced significantly increased vascularization, increased cytoplasmic volume, enhanced collagen deposition in the extracellular matrix, mitochondrial proliferation, improved capillary-to-myocyte ratio, increased sarcomere density, increased expression of connexins, and reduced fatty infiltration in comparison to the heart tissue of the control (Plate 1). The significantly improved enhancement in the histological indices that define normal histological architecture observed after oral exposure to the extract particularly at 250 and 500mg/kg bw for 14 and 21 days  (Plate 2-10) when compared to the histology of the control (Plate 1)is suggestive that Commelina diffusa extract could be to a very large degree less toxic to the cardiovascular system and could serve as a source of novel therapy for strengthening and improving cardiovascular functioning. The effects elicited by Commelina diffusa extract on the heart tissues is similar to the report of Li et al. (2021) on protective role of green tea extract in ischemic heart injury.

5. CONCLUSION
Performing cardiotoxicity screening of Commelina diffusa aqueous extract in female Wistar rats, conducted following OECD 425 Guidelines, might provide valuable insights into the extract's safety profile. The extract's safety profile. Oral administration of the extract was carried out using three graded doses; 166, 250, and 500mg/kg body bw for 7, 14, and 21 days. Commelina diffusa extract yielded enhancement effects on the mean homogenate cardio-neurohormones (IL-6, CR, CTn-I and CTn-T) levels, GSH, MDA, CAT, SOD, GPx and LDH activity. Aqueous extract of Commelina diffusa of extract orally 500mg/kg were significantly improved in comparison to the control values.  Commelina diffusa extract at 500mg/kg elicited enhancement potential on cardio-neurohormones and oxidative stress biomarkers of heart homogenate, hence could serve as a cardiovascular tonic in strengthening and improving cardiac functions. The findings indicated that the extract at 166, 250, and 500mg/kg exhibited no significant acute toxic effects within the recommended range, suggesting a favorable safety margin for short-term exposure. There were also no major cardiac abnormalities were observed at low and highest doses, higher doses revealed very little cardiotoxic effects, due the absence of alterations in biochemical markers, histopathological changes, or electrocardiographic disturbances.
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