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Toxicological Assessment of Ethanol Extract of Ficus exasperata and Sida acuta leaves in Alloxan-Induced Diabetic Rats



ABSTRACT
Aims: This study evaluated the toxicological effects of ethanol extracts of Ficus exasperata and Sida acuta, administered singly and in combination, in alloxan-induced diabetic rats.
Study Design: Experimental animal study involving acute toxicity testing and a 28 day antidiabetic treatment in alloxan induced diabetic wistar rats.
Place and Duration of Study: Department of Applied Biochemistry, Faculty of Biosciences, Nnamdi Azikiwe University, Awka, and Chris Experimental Animal Farm and Research Laboratory, Awka, Nigeria. The duration of treatment was 28 days.
Methodology: Acute oral toxicity (LD50) was evaluated using Lorke’s method. One hundred and four (104) male Wistar rats were used for the acute toxicity study, while 63 female Wistar albino rats were used for the antidiabetic study and divided into nine groups (n = 7). Diabetes was induced with alloxan monohydrate (150 mg/kg, intraperitoneally). After 28 days of treatment, serum liver function markers, renal function indices, and electrolyte parameters were determined using standard spectrophotometric and diagnostic methods.
Results: The LD50 of the ethanol extract of Sida acuta was 2154 mg/kg body weight, while that of Ficus exasperata was 3808 mg/kg body weight. Diabetic untreated rats showed significant increases in alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, bilirubin, urea, and creatinine concentrations compared to the normal control. Treatment with the single and combined extracts improved these parameters compared with the diabetic untreated group. The extracts also improved electrolyte imbalance.
Conclusion: The ethanol extracts of Sida acuta and Ficus exasperata showed protective effects against diabetes induced hepatic and renal dysfunction, with evidence of improved biochemical and electrolyte parameters when administered singly or in combination. These findings support the safety and ethnomedicinal relevance of both plants.
Keywords: Ficus exasperata; Sida acuta; toxicity; LD50; liver enzymes; kidney function; electrolytes; diabetes.
1. INTRODUCTION
Medicinal plants have proven to be effective and essential in the management of several diseases, including metabolic diseases because of their nutritional, antidiabetic, phytochemicals and protective effects when administered. Many plant based secondary metabolites have shown efficacy in the management of diabetes mellitus, a chronic metabolic disorder that remains a major global health burden [1-5]. Ficus exasperata and Sida acuta are two medicinal plants locally used in various communities in the treatment of inflammation, infections  and metabolic diseases including diabetes mellitus.
The mechanism of diabetes mellitus involves oxidative stress, which damages cells, tissues, and organs and predisposes affected individuals to complications such as nephropathy, hepatotoxicity, and cardiovascular disease [3,4].Interestingly, combining therapeutic agents that target multiple biochemical pathways, including antioxidant, anti-inflammatory, and metabolic mechanisms, may yield better outcomes than monotherapy. The adverse effects associated with some conventional antidiabetic drugs have also increased interest in plant based therapies with organ protective potentials  [2,5].
Ficus exasperata (family Moraceae), commonly known as the sandpaper tree, and Sida acuta (family Malvaceae) are medicinal plants traditionally used for inflammation, infections, and metabolic disorders, including diabetes [6-10]. The leaves of F. exasperata have been used traditionally in the management of diabetes, hypertension, ulcers, and infections, while S. acuta has been reported to possess antidiabetic properties associated with flavonoids, alkaloids, and phenolic compounds [6-10]. Both plants also contain antioxidant bioactive compounds that may reduce oxidative stress by scavenging reactive oxygen species, inhibiting lipid peroxidation, and preserving membrane integrity [11]. Most drugs we use today are chemically synthesized, and some are isolated from medicinal plants for therapeutic purposes, so these medicinal plants possess abundant phytochemicals, when the phytochemicals are extracted from the plants, some are effective for clinical application. The bioactive constituents extracted from higher plants, has proven to be a life saver in many communities, some established institutions rely on these plants for therapeutic and ethnomedicinal uses. Both Ficus exasperta and Sida acuta plants also contain antioxidant bioactive compounds that may reduce oxidative stress by scavenging reactive oxygen species, inhibiting lipid peroxidation, and preserving membrane integrity. Although studies have documented the hypoglycemic effects of the ethanol leaf fractions of these plants, information on their toxicological profiles, especially when administered in combination, remains limited. Therefore, this study evaluated the acute toxicity (LD50) and the effects of ethanol extracts of Ficus exasperata and Sida acuta, administered singly and in combination, on liver function, kidney function (urea, creatine) , and electrolyte profile in alloxan-induced diabetic Wistar rats.
2. METHODOLOGY
2.1 Plant Collection and Authentication
The leaf samples of Ficus exasperata and Sida acuta were collected, thoroughly washed, and air-dried at room temperature. The plants were authenticated by Dr. (Mrs.) Bibian Aziagba of the Department of Botany, Nnamdi Azikiwe University, Awka. Voucher specimens were deposited with reference numbers N.A.U.H. No: 28A for Ficus exasperata and N.A.U.H. No: 75A for Sida acuta. After drying, the leaves were pulverized into fine powder using a Buchymix electric blender.
2.2 Extraction Procedure
The dried leaves of Sida acuta and Ficus exasperata were ground into fine powder and subjected to successive solvent extraction, beginning with n-hexane, followed by petroleum ether, ethanol, and water. For each plant, 1000 g of powdered sample was soaked in 5 L of n-hexane for 24 h with occasional stirring. After filtration through muslin cloth and Whatman No. 1 filter paper, the filtrate was concentrated using a rotary evaporator. The residue was air-dried and re-extracted with the next solvent in sequence. All fractions were evaporated to dryness in a water bath at 50 °C.
2.3 Acute Toxicity (LD50) Assessment
The acute oral toxicity profile was evaluated using the method of Lorke [12]. A total of 104 male Wistar rats weighing 100-120 g were used for the acute toxicity study. The rats were divided equally between Ficus exasperata and Sida acuta test groups, randomly assigned into dose groups, and administered graded doses of each extract orally. Behavioural changes and mortality were monitored for 24 h after administration, and LD50 values were calculated accordingly.



2.4 Experimental Design for the Antidiabetic Study
A total of 63 female Wistar albino rats weighing 170-200 g were randomly divided into nine groups (n = 7). After overnight fasting, baseline fasting blood glucose levels were recorded using a OneTouch glucometer and glucostrips. Diabetes was induced by a single intraperitoneal injection of alloxan monohydrate (150 mg/kg) according to Radenković et al., 2016; Ighodaro et al., 2017 [13, 14].
 To prevent hypoglycaemic shock, rats received 5 mL of 5% glucose solution orally 2 h after alloxan administration. After 48 h, fasting blood glucose was measured again, and rats with blood glucose levels above 200 mg/dL were considered diabetic.
2.5 Treatment Regimen
Treatment lasted 28 days with daily oral administration as follows: Group A, normal control; Group B, diabetic untreated (negative control); Group C, diabetic + glibenclamide (0.29 mg/kg); Group D, diabetic + 200 mg/kg ethanol fraction of Sida acuta; Group E, diabetic + 400 mg/kg ethanol fraction of Sida acuta; Group F, diabetic + 200 mg/kg ethanol fraction of Ficus exasperata; Group G, diabetic + 400 mg/kg ethanol fraction of Ficus exasperata; Group H, diabetic + 200 mg/kg combination of ethanol fractions of Sida acuta and Ficus exasperata; and Group I, diabetic + 400 mg/kg combination of ethanol fractions of Sida acuta and Ficus exasperata. At the end of treatment, the animals were anaesthetized with chloroform. Blood samples were collected by cardiac puncture for biochemical analysis, while the liver, kidney, heart, and pancreas were harvested for histopathological examination.
2.6 Biochemical Analysis
Serum was analyzed for liver function markers (ALT, AST, ALP, direct bilirubin, and total bilirubin), renal function markers (urea and creatinine), and electrolytes (Na+, K+, Cl-, HCO3-, total calcium, and ionized calcium). Blood samples were collected into plain bottles, allowed to clot, and centrifuged to obtain serum. Serum ALT and AST activities were determined using Randox diagnostic kits according to the manufacturer's instructions. Serum ALP, total bilirubin, direct bilirubin, urea, and creatinine were also determined using Randox kits. Serum electrolytes were measured using routine diagnostic methods on an autoanalyzer (Selectra Junior, Vital Scientific B.V., The Netherlands).
2.7 Statistical Analysis
Results were expressed as mean ± SEM (n = 7 per group for the antidiabetic study). One-way analysis of variance (ANOVA), followed by Tukey's post hoc test, was used to determine statistical significance. Values were considered significant at P < .05.
3. RESULTS AND DISCUSSION
3.1 Acute Toxicity (LD50)
Acute toxicity results are presented in Tables 1 and 2. No mortality was observed up to 1600 mg/kg for the ethanol extracts. Slight weakness, dullness, and reduced feed intake were observed at higher doses, indicating dose-dependent toxicity. The calculated LD50 values were 3808 mg/kg body weight for Ficus exasperata and 2154 mg/kg body weight for Sida acuta.
The acute toxicity in this study showed that the ethanol leaf fractions of Ficus exasperata and Sida acuta produced a dose dependent toxicity in the experimental animals. For Sida acuta, no mortality was recorded in the first phase (10, 100, and 1000 mg/kg) and at 1600 mg/kg in the second phase, where the animals appeared normal. However, weakness was observed at 2900 mg/kg with 100% mortality, while at 5000 mg/kg the animals became very weak with jerking, also resulting in 100% mortality. Using Lorke’s formula, the oral LD₅₀ was calculated as 2154 mg/kg body weight. For Ficus exasperata, the animals remained normal up to 1600 mg/kg, showed slight weakness at 2900 mg/kg without mortality, and weakness at 5000 mg/kg with 100% mortality, giving an LD₅₀ of 3808 mg/kg body weight. Since a higher LD₅₀ indicates lower acute toxicity, the ethanol fraction of Ficus exasperata was less toxic than that of Sida acuta [12]. These findings suggest that both plant fractions possess low acute oral toxicity, because their LD₅₀ values are above 2000 mg/kg. Under OECD/GHS interpretation, substances with oral LD₅₀ values between 2000 and 5000 mg/kg are commonly placed in the low to moderate acute toxicity range. This shows that the extracts are not highly toxic after a single oral exposure, but they are not completely safe when used at higher doses where obvious toxic signs and mortality appeared, OECD [15].The normal appearance of the animals at lower doses indicates that the extracts were tolerated at those levels, whereas the weakness, severe weakness, and jerking seen at higher doses point to the toxic effects though low that became more pronounced as the administered dose increased. In acute toxicity studies, changes in behaviour and motor activity are important indicators of adverse effects on the central nervous system and general physiological stability. Thus, the jerking observed with the Sida acuta fraction at 5000 mg/kg may reflect greater neurobehavioral activity at very high doses compared with Ficus exasperata, which only produced slight weakness at 2900 mg/kg and weakness at 5000 mg/kg [16].
The lower LD₅₀ obtained for Sida acuta compared with Ficus exasperata indicates that Sida acuta has a less safety exposure. This difference may be related to variation in the phytochemical composition of the two plants, since ethanol fractions commonly concentrate bioactive constituents such as alkaloids, flavonoids, saponins, tannins, and phenolic compounds, which can contribute both therapeutic and toxic effects depending on dose. Therefore, while both plants may have medicinal relevance, the result emphasizes that dose standardization is essential, particularly for Sida acuta  [17].  The present finding is consistent with earlier reports showing that Ficus exasperata leaf preparations are safe at lower oral doses, although toxicity may emerge as the dose increases. A 2022 study using ethanol extract of Ficus exasperata reported acute toxicity testing in rats up to 2000 mg/kg, while earlier work also described the plant as relatively safe on short-term administration [18]. Some work on Sida acuta has shown that the plant is tolerated at lower doses, but toxicological effects still depend on the extract type, fraction, and administered amount. This explains why the current ethanol fraction of Sida acuta still produced mortality above 2000 mg/kg despite apparent safety at lower concentrations. 
The acute toxicity profile of the two ethanol leaf fractions indicates that Ficus exasperata is safer than Sida acuta in single dose oral exposure, as shown by its higher LD₅₀ value (3808 mg/kg) compared with Sida acuta (2154 mg/kg). Since both extracts produced toxic signs and mortality at high doses, their use should still be approached with caution. 

Table 1. LD₅₀ of ethanol fraction of F.exasperata leaf extract
	Dose (mg/kg)
	Observation
	Mortality

	First phase
	
	

	10
	Rats were normal
	0/3

	100
	   Rats were normal
	   0/3

	1000
	   Rats were normal
	   0/3

	1600
	Rat was normal
	  0/1

	2900
	Rat was slightly weak
	   0/1

	5000
	Rat was weak
	   1/1


LD₅₀= √2900 × 5000 = √14500000 = 3807.88655  ≈ 3808mg/kg b.w.

Table 2. LD₅₀) of ethanol fraction of S acuta leaf extract
	Dose (mg/kg)
	Observation
	Mortality

	First phase
	
	

	10
	Rats were normal
	0/3

	100
	   Rats were normal
	   0/3

	1000
	   Rats were normal
	   0/3

	Second phase
	
	

	1600
	Rat was normal
	  0/1

	2900
	Rat was slightly weak before death
	   1/1

	5000
	Rat was very weak, jerked and died
	   1/1


LD₅₀= √1600 × 2900 = √4640000 = 2154.0659  ≈ 2154mg/kg b.w.

3.3 Liver Function Parameters
The effects of the ethanol fractions on liver function parameters are shown in Table 3. In the present study, the diabetic untreated rats showed marked elevations in ALT (80.50 ± 8.79 U/L), AST (41.25 ± 2.25 U/L), ALP (68.65 ± 11.89 U/L), direct bilirubin (1.32 ± 0.05 mg/dl), and total bilirubin (4.69 ± 0.52 mg/dl) relative to the normal control values of 56.50 ± 7.79 U/L, 27.00 ± 1.63 U/L, 22.08 ± 5.96 U/L, 0.99 ± 0.11 mg/dl, and 2.86 ± 0.22 mg/dl, respectively. The diabetic untreated group showed increased ALT, AST, ALP, and bilirubin values compared with the normal control group. Treatment with the extract fractions of Sida acuta and Ficus exasperata, administered singly and in combination, improved these parameters relative to the diabetic untreated group. The combined extract groups showed evidence of hepatoprotective effect. 

The diabetic untreated rats showed marked elevations in ALT (80.50 ± 8.79 U/L), AST (41.25 ± 2.25 U/L), ALP (68.65 ± 11.89 U/L), direct bilirubin (1.32 ± 0.05 mg/dl), and total bilirubin (4.69 ± 0.52 mg/dl) when compared to the normal control values of 56.50 ± 7.79 U/L, 27.00 ± 1.63 U/L, 22.08 ± 5.96 U/L, 0.99 ± 0.11 mg/dl, and 2.86 ± 0.22 mg/dl, respectively. This indicates that alloxan induced diabetes was associated with liver dysfunction. Similar increases in serum transaminases, ALP, and bilirubin have been reported in diabetic rats and are generally interpreted as evidence of hepatic injury secondary to oxidative stress and metabolic imbalance [18].The liver function data show that induction of diabetes with alloxan caused clear hepatic disturbance, as seen in the diabetic untreated group, which had higher serum ALT, AST, ALP, direct bilirubin, and total bilirubin than the normal control group. This suggests hepatocellular injury and impaired hepatobiliary function. In experimental diabetes, persistent hyperglycaemia promotes oxidative stress, lipid peroxidation, inflammation, and membrane damage in hepatocytes, which increases leakage of intracellular enzymes such as ALT and AST into circulation, while elevated ALP and bilirubin may reflect biliary dysfunction and reduced hepatic clearance capacity. These changes are well documented in alloxan-induced diabetic models [19].Treatment with glibenclamide improved the liver indices compared with the diabetic untreated group, especially AST, ALP, and bilirubin, although most parameters did not fully return to normal. This agrees with the expected effect of standard antidiabetic therapy, where glycaemic control reduces the metabolic burden on the liver and limits further tissue injury [20]. The ethanol fraction of Sida acuta showed evidence of hepatoprotection, but the effect was dependent on the parameter.  At 200 mg/kg, ALT was reduced to 61.75 ± 11.56 U/L, which was closer to the normal control than the diabetic untreated group, suggesting better protection against hepatocellular leakage. AST also decreased to 31.25 ± 1.84 U/L, and total bilirubin declined to 3.48 ± 0.34 mg/dl. At 400 mg/kg, the effect on AST and ALP was more visible, with AST at 29.25 ± 2.78 U/L and ALP at 26.90 ± 0.70 U/L, both approaching normal values, while direct bilirubin also improved to 1.19 ± 0.01 mg/dl. These findings suggest that Sida acuta may improve hepatocyte membranes and biliary pigments, likely through antioxidant phytochemicals such as flavonoids and phenolics. However, the ALT value at 400 mg/kg remained relatively high, indicating that the hepatoprotective effect may not be uniform across all liver biomarkers and may indicate that it offers better protection in the liver at low dosage. Experimental work has shown that Sida acuta possesses antioxidant and hepatoprotective activity, supporting this interpretation [21].The ethanol fraction of Ficus exasperata also improved several liver function parameters, though not uniformly. At 200 mg/kg, ALP fell markedly to 25.53 ± 5.56 U/L and total bilirubin to 3.21 ± 0.20 mg/dl, showing improved hepatobiliary status, while AST also decreased to 31.25 ± 1.84 U/L. At 400 mg/kg, direct bilirubin was further reduced to 1.17 ± 0.10 mg/dl and total bilirubin to 3.09 ± 0.51 mg/dl, which were among the best bilirubin values observed among the treated groups. However, ALT remained high in both Ficus exasperata groups, and ALP rose again at 400 mg/kg. This suggests that Ficus exasperata may have exerted stronger effects on biliary function and oxidative injury. Though the impact of alloxan elevated the ALT, but it was still lower compared to the diabetic untreated. This interpretation is consistent with published evidence that ethanolic extract of Ficus exasperata has hepatoprotective and antioxidant effects in liver injury models [21].
The combined treatment of Sida acuta and Ficus exasperata did not demonstrate a higher effect over the single extracts. Although the 200 mg/kg combination reduced ALP to 26.22 ± 2.87 U/L and direct bilirubin to 1.20 ± 0.14 mg/dl, AST remained high at 39.00 ± 4.24 U/L and total bilirubin was still elevated at 4.24 ± 0.05 mg/dl. At 400 mg/kg, the combination produced an ALT value of 83.00 ± 4.49 U/L, which was even higher than the diabetic untreated group, and direct bilirubin rose to 1.48 ± 0.09 mg/dl. These findings do not support a strong synergistic hepatoprotective interaction at the tested doses. Instead, the data suggest that combining the two extracts may have weakened the beneficial effect seen with some single-extract treatments for specific markers. This is important because combined herbal therapy does not always produce additive benefits; interactions among phytochemicals can alter absorption, metabolism, or biological activity [21]. The results indicate that alloxan-induced diabetes impaired liver function, while treatment with the ethanol fractions of Sida acuta and Ficus exasperata partially ameliorated these abnormalities. Among the single treatments, Sida acuta appeared more favourable for improving  ALT, AST, and ALP at some doses, whereas Ficus exasperata appeared particularly beneficial for bilirubin reduction. The combination treatment was less consistent and did not outperform the individual extracts. The hepatoprotective effects observed are likely related to phytochemical,  antioxidant activity, reduction of oxidative stress, and stabilization of hepatocyte integrity [22]. The values obtained for the ethanol extracts of Ficus exasperata and Sida acuta suggest its safe use at the experimental doses used in this study suggesting hepatoprotective activity. This effect may be linked to antioxidant phytoconstituents, including flavonoids and phenolic compounds [18,23-25].












Table3: Ethanol Fraction of S. acuta and F. exasperata on liver  function parameters of alloxan induced diabetic Rats.
	

GROUPS
	

ALT (U/L)
	

AST (U/L)
	

ALP (U/L)
	
Direct Bilirubin (mg/dl)
	
Total Bilirubin (mg/dl)

	Group A: Normal control
	56.50 ± 7.79
	27.00 ± 1.63
	22.08 ± 5.96
	0.99 ± 0.11
	2.86 ± 0.22

	Group B: Diabetic untreated
	80.50 ± 8.79a
	41.25 ± 2.25a
	58.65 ± 11.89a
	1.32 ± 0.05
	4.69 ± 0.52a

	Group C: 0.29mg/kg Glibenclamide 
	76.00 ± 4.00a
	32.25 ± 1.25
	32.43 ± 7.07
	1.26 ± 0.05
	3.55 ± 0.46a

	Group D: 200mg/kg ethanol fraction of S.acuta).
	61.75 ± 11.56a
	31.25 ± 1.84
	35.19 ± 7.67a
	1.24 ± 0.05
	3.48 ± 0.34

	Group E: (400 mg/kg ethanol fraction of S. acuta).
	73.75 ± 7.62a
	29.25 ± 2.78 c
	26.90 ± 0.70
	1.19 ± 0.01
	3.46 ± 0.43

	Group F (200mg/kg ethanol fraction of F.exasperata)
	79.00 ± 7.33a
	31.25 ± 1.84 
	25.53 ± 5.56
	1.25 ± 0.06
	3.21 ± 0.20

	Group G (400mg/kg ethanol fraction of F. exasperata)
	78.75 ± 5.22a
	32.50 ± 2.18
	52.44 ± 16.98a
	1.17 ± 0.10
	3.09 ± 0.51

	Group H (200mg/kg combination of  ethanol fraction of S.acuta and F .exasperata
	75.00 ± 7.06a
	39.00 ± 4.24a
	26.22 ± 2.87
	1.20 ± 0.14
	4.24 ± 0.05a

	Group I (400mg/kg combination of  ethanol fraction of S.acuta and F . exasperata
	83.00 ± 4.49a
	32.25 ± 1.25
	31.74 ± 3.65
	1.48 ± 0.09a
	3.58 ± 0.28a


aSignificant increase with respect to Normal Control; bSignificant decrease with respect to Normal Control; c Significant increase with respect to Diabetic untreated; dSignificant decrease with respect to Diabetic untreated.

3.4 Kidney Function Parameters
The effects of the ethanol fractions on kidney function parameters (urea and creatinine) are shown in Figures 1 and 2. The diabetic untreated group showed elevated urea and creatinine values compared with the normal control group. Treatment with the plant extracts improved these parameters toward normal values, although the change was reported as not statistically significant (P > .05). The elevated urea and creatinine concentrations in the diabetic untreated rats indicate renal stress.

Higher serum creatinine levels may indicate impaired kidney function. Urea and creatinine are widely used biochemical indices for assessing renal function. Creatinine is generally regarded as a more specific indicator of glomerular filtration, whereas urea is useful but can also be influenced by non-renal factors such as hydration status, protein intake, and catabolic state. In kidney disease assay, serum creatinine can be interpreted together with estimated glomerular filtration rate, while albuminuria is emphasized as an important marker for detecting kidney injury, especially in patients at risk such as those with diabetes [26].
Our finding in this urea and creatinine study of kidney function assay shows that the treatment groups showed only mild variation across doses, with most values clustering near the normal control. This suggests that both single-plant treatment and combined administration were able to stabilize renal biochemical parameters under diabetic conditions. Since diabetic nephropathy is strongly linked to oxidative stress and inflammatory injury, the observed improvement may be related to nephroprotective phytochemicals in the extracts, such as flavonoids, phenolics, tannins, and related antioxidant constituents, which are often reported to reduce oxidative renal damage and improve filtration markers in experimental diabetes. Recent plant-based nephroprotection studies and reviews similarly report reductions in serum urea and creatinine after treatment with bioactive extracts in renal injury and diabetic models [27].Treatment with glibenclamide, the ethanol fraction of Sida acuta, the ethanol fraction of Ficus exasperata, and their combinations reduced the urea and creatinine values closer to those of the normal control group. This indicates that the plant fractions did not alter renal function and may have a protective effect against diabetes in kidney. The reduced creatinine values in treated groups compared with the diabetic untreated group are important, because creatinine is a more reliable reflection of renal filtration capacity than urea alone. [26]. The treatment groups showed only mild variation across doses, with most values clustering near the normal control. This suggests that both single-plant treatment and combined administration were able to stabilize renal biochemical parameters under diabetic conditions. Since diabetic nephropathy is strongly linked to oxidative stress and inflammatory injury, the observed improvement may be related to nephroprotective phytochemicals in the extracts, such as flavonoids, phenolics, tannins, and related antioxidant constituents, which are often reported to reduce oxidative renal damage and improve filtration markers in experimental diabetes. Some report showed reductions in serum urea and creatinine after treatment with bioactive extracts in renal injury and diabetic models [28]. The combination groups also maintained urea and creatinine values close to normal, suggesting that co-administration of Sida acuta and Ficus exasperata may have preserved kidney function rather than producing additive renal stress. This is consistent with other experimental findings in diabetic rats where plant based treatments improved altered renal biomarkers relative to untreated diabetic controls [29]. These findings indicate that alloxan-induced diabetes caused renal dysfunction, as reflected by elevated urea and especially creatinine in the untreated diabetic rats, the reduction in serum urea and creatinine following treatment with the combined extracts suggests a possible protective and restorative effect on renal function, although this effect was reported as not statistically significant (P > .05). 
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Fig 1: Effect of S.acuta and F.exasperta leaf extracts on Urea Activity
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Fig 2: Effect of S.acuta and F.exasperta leaf extracts on Creatinine Activity


3.4.1 Electrolyte Profile
The effects of the ethanol fractions on electrolyte parameters are shown in Table 4. Diabetes was associated with altered electrolyte values, while treatment with the extracts improved electrolyte balance. The combined extract groups maintained relatively balanced potassium, sodium, chloride, bicarbonate, and calcium values. 
The electrolyte profile obtained in this study showed that alloxan-induced diabetes altered the serum electrolyte homeostasis in the untreated diabetic rats, while treatment with the ethanol fractions of Sida acuta, Ficus exasperata, and their combinations generally improved these imbaances. The diabetic untreated group showed reduced Na⁺ (126.25 ± 4.42 mmol/L), Cl⁻ (93.75 ± 5.31 mmol/L), and HCO₃⁻ (12.25 ± 2.29 mmol/L) values compared with the normal control group (133.25 ± 2.21, 99.00 ± 1.22, and 16.25 ± 1.55 mmol/L, respectively), with a slight elevation in K⁺ (7.60 ± 1.56 mmol/L versus 7.15 ± 1.62 mmol/L). This is consistent with the established metabolic effects of poorly controlled diabetes, in which hyperglycaemia promotes osmotic diuresis, volume depletion, natriuresis, and acid-base disturbance; potassium may appear normal or elevated in serum despite total potassium depletion because insulin deficiency and acidosis shift potassium from the intracellular to the extracellular space [30].The reduction in sodium observed in the diabetic untreated group may be attributed to hyperglycaemia, which can cause osmotic fluid shifts and urinary electrolyte loss. Similar findings have been reported in diabetic patients, where hyponatraemia is one of the most frequent electrolyte abnormalities and is often associated with poor glycaemic control. The reduction in chloride in the untreated diabetic group also agrees with reports that hypochloraemia commonly accompanies diabetic electrolyte derangements, especially in the presence of osmotic diuresis and disturbed renal handling of ions [31].The depressed bicarbonate concentration in the diabetic untreated rats suggests the presence of metabolic acidosis or a tendency toward acid-base imbalance secondary to alloxan-induced diabetic metabolism. Literature has shown low bicarbonate as a key marker of metabolic acidosis in hyperglycaemic states. In the present study, bicarbonate improved from 12.25 ± 2.29 mmol/L in the diabetic untreated rats to 16.25 ± 0.25 mmol/L in the glibenclamide group, 17.75 ± 1.11 mmol/L in the 200 mg/kg S. acuta group, 17.25 ± 1.11 mmol/L in the 200 mg/kg F. exasperata group, and 16.00 ± 1.68 mmol/L in the 200 mg/kg combined treatment group. This suggests that the test extracts may have ameliorated diabetes through improved glycaemic control and preserved renal activity of bicarbonate [30]. With respect to potassium, the untreated diabetic rats had the highest mean value, whereas all treated groups showed lower K⁺ values ranging from 5.67 ± 0.23 to 6.17 ± 0.09 mmol/L. This decreased values suggests an improvement in potassium redistribution and electrolyte balance after treatment. Since serum potassium may be falsely elevated in uncontrolled diabetes despite depletion, a reduction compared to the normal control range after treatment is usually interpreted as a favourable response rather than deterioration. This supports that the plant fractions improved the diabetic condition sufficiently to reduce abnormal extracellular potassium shift [30]. Among the treatment groups, the 200 mg/kg ethanol fraction of S. acuta appeared to produce the best protective effect on the major electrolytes, with Na⁺ (132.25 ± 0.95 mmol/L) and Cl⁻ (98.25 ± 0.48 mmol/L) values very close to the normal control, and with the highest HCO₃⁻ value (17.75 ± 1.11 mmol/L) among all groups. The 200 mg/kg ethanol fraction of F. exasperata also produced visible improvement, especially in Na⁺ (131.25 ± 0.63 mmol/L), Cl⁻ (96.25 ± 0.75 mmol/L), and HCO₃⁻ (17.25 ± 1.11 mmol/L). The combined fractions improved the electrolyte imbalance as well, particularly at the dose of 200 mg/kg, although the improvement was not better to that produced by the single extracts.The single extracts, especially at 200 mg/kg, appeared to show better electrolytes values than the combined extract. This may suggest that the combined treatment did not produce a stronger synergistic effect on electrolyte 
regulation than the individual fractions under the conditions of this experiment.
The total calcium and  ionized calcium were both higher in the diabetic untreated group than in the normal control, and these  values remained elevated in several treated groups, especially the S. acuta and F. exasperata single  treatment groups. While this may reflect altered calcium homeostasis in diabetes, it also indicates that the  treatments did not improve calcium indices in the same way they improved sodium, chloride, bicarbonate,  and potassium. This findings show that the ethanol fractions of Sida acuta and Ficus exasperata were able to ameliorate diabetes in serum electrolytes, particularly sodium, chloride, bicarbonate, and  potassium. The effect was more evident with the single fractions than with the combined treatment, and the 200 mg/kg dose of S. acuta showed the closest improvement compared to normal values for most of  the electrolytes measured. These findings suggest that the extracts may possess protective effects  against diabetes-induced fluid, electrolyte, and acid-base imbalance. However, the persistently elevated calcium values indicate that their corrective effect may not extend equally to all electrolyte components, and this aspect warrants further investigation. The Electrolyte imbalance is a common feature of diabetic complications and may reflect tubular dysfunction [30].. The improvement observed in the treated groups suggests that the extracts may contribute to electrolyte homeostasis, the hepatoprotective and nephroprotective effects observed in this study may be attributed to the antidiabetic and antioxidant potential of Sida acuta and Ficus exasperata. 












Table 4: Effect of ethanol Fraction of S. acuta and its combination with F. exasperata on electolytes of alloxan induced diabetic Rats expressed as mean ± SEM.
	
GROUPS
	K+ (Mmol/L)
	Na+ (Mmol/L)
	Cl- (Mmol/L)
	HCo3+ (Mmol/L)
	Tca+ (Mmol/L)
	Ica+ (Mmol/L)

	Group A: Normal control
	7.15±1.62 
	133.25 ± 2.21
	99.00 ± 1.22
	16.25 ± 1.55
	1.40 ± 0.32
	0.60 ± 0.17

	Group B: Diabetic untreated
	7.60 ± 1.56
	126.25 ± 4,42
	93.75 ± 5.31
	12.25 ± 2.29
	1.75 ± 0.17
	0.79 ± 0.82

	Group C : 0.29mg/kg Glibenclamide 
	6.07 ± 0.73
	125.50 ± 1.19
	91.75 ± 1.11
	16.25 ± 0.25
	1.73 ± 0.02
	0.70 ± 0.04

	Group D 200mg/kg  ethanol  fraction of S.acuta)
	5.67 ± 0.29
	132.25 ± 0.95
	98.25 ± 0.48
	17.75 ± 1.11
	2.12 ± 0.05
	0.87 ± 0.02

	Group E (400mg/kgethanol fraction of S.acuta)
	6.17 ± 0.09
	130.00 ± 0.91
	96.25 ± 1.25
	15.50 ± 1.85
	2.03 ± 0.13
	0.90 ± 0.06

	Group F (200mg/kg ethanol fraction of F.exasperata)
	6.17 ± 0.09
	131.25 ± 0.63
	96.25 ± 0.75
	17.25 ± 1.11
	2.00 ± 0.58
	0.88 ± 0.03

	Group G (400mg/kg ethanol fraction of F. exasperata)
	5.75 ± 0.21
	126.50 ± 6.89
	94.00 ± 4.06
	16.25 ± 0.75
	2.10 ± 0.11
	0.83 ± 0.03

	Group H ( 200mg/kg combination of  ethanol fraction of S.acuta and F .exasperata
	5.67 ± 0.23
	132.75 ± 1.49
	97.75 ± 1.18
	16.00 ± 1.68 
	1.95 ± 0.16
	0.83 ± 0.06

	Group I (400mg/kg combination of  ethanol fraction of S.acuta and F . exasperata
	5.97 ± 0.23
	131.50 ± 2.06
	97.75 ± 1.10
	15.25 ± 1.65
	1.83 ± 0.16
	0.78 ± 0.08


aSignificant increase with respect to Normal Control; bSignificant decrease with respect to Normal Control; cSignificant increase with respect to Diabetic untreated; dSignificant decrease with respect to Diabetic untreated.



4. CONCLUSION
Ethanol extracts of Sida acuta and Ficus exasperata leaves, administered singly and in combination, showed protective effects on liver and kidney functions in alloxan-induced diabetic rats. The combined treatment also improved some liver enzyme activities, renal function markers, and electrolyte balance without causing histological damage. These findings support the traditional use of these plants in the management of diabetes. 
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