


[bookmark: _GoBack]Original Research Article
Alleviation of Hydroxychloroquine-induced hepatic and renal damage by dietary intervention with Avena sativa and Ficus carica on male albino rats


Abstract
Background: Hydroxychloroquine (HCQ), a well-known drug for the treatment of malaria, repurposed to treat coronavirus. Despite of cure, this drug was found to be associated with hepatic and renal damages by inducing oxidative imbalance, enzymatic and histological alteration. Identifying natural plant product to mitigate this damage is necessary. Thus, this study is aimed to investigate the efficacy of dietary Avena sativa (Oats) and Ficus carica (Figs) for the alleviation of HCQ induced liver and kidney damages.
Methodology: Thirty male albino rats were allocated in five distinct groups, having six rats each. As per their feeding, the experimental groups are: Control (C), HCQ (T), HCQ + Oats (OA), HCQ+ Figs (F), HCQ+ Oats+ Figs (OA+F). After completion of six days experimental tenure, animals were subjected to sacrifice and oxidative stress parameters, enzyme levels and histopathological changes of liver and kidney tissues were evaluated.
Result: HCQ-administration led to increase oxidative stress, elevate liver and kidney enzymes and alter histoarchitectures. Treatment with oats and figs restored antioxidant enzymatic activity and improved overall histology.
Conclusion: HCQ administration led to a notable injury in liver and kidney tissues. Beneficial effects on liver and kidney indicates the ameliorative properties of oats and figs on HCQ-induced damages.     




1. Introduction
Hydroxychloroquine is an antimalarial drug and was also repurposed to treat coronavirus. Beyond significant cure rate, boundless exposure of this drug was found to be associated with health damages. Thus, as a result, HCQ has been banned for the treatment of COVID 19 in India1. Case reports showed that after using HCQ 400mg daily for 2 weeks patients required liver transplantation and even died2.Acute toxic hepatitis was diagnosed in a Hydroxychloroquine treated Systemic Lupus Erythromatosus (SLE) patient which return to normal level after cessation of medicine3.After six days of HCQ exposure at 33mg/kg/day, liver and kidney damage was observed in male albino rats4.Such toxic manifestation underscores the growing concerns regarding the safety profile of HCQ and reinforced the demand of strategies that can mitigate the HCQ-induced damages. 
In recent years, there is a rising trend towards the use of natural dietary substances for their potential against pharmaceutical agents induced damages. Among various natural options, Avina sativa (Oats) and Ficus carica (Figs) emerge as promising sources because of their proven nutritional and medicinal value, moreover, having year-round availability at low-cost price. Oats and figs have beneficial effect on lithium induced hepatic and renal toxicity5. Oats led to decrease obesity, abdominal fat, serum cholesterol and improve liver function by lowering Alanine Transaminase (ALT) enzyme6.Oats contains biologically active compounds such as phenolic compounds, beta glucan etc., which contributes the antioxidant activity by scavenging free radicals7.Oats mitigates alcohol induced liver damages by preventing gut leakiness in rats8.Oats are found to be act as adjuvant therapeutics for metabolic disorders by alleviating obesity, body fat, and improving serum parameters with metabolic regulation and lipid clearance of liver.9 In rats, Carbon tetrachloride(CCl4) induced liver and kidney damage was found to be restored after addition of oats in the dietary cookies10.Oat bran extracts showed significant ameliorative effect on acute liver damage in mice11.Ficus carica leaf extracts led to decrease the serum and triglyceride levels in hyper-lipidemic rats12. Ficus carica fruit extracts showed beneficial effect on CCl4 induced liver injury in mice13. Methanol induced hepatic oxidative damages also found to be restored by Ficus carica stem extracts14. Ficus carica leaf extracts at a dose of 200mg/kg enhanced hepatoprotective effect against CCl4 induced liver damage on mice15. Ficus carica leaf extracts also have hepatoprotective effect on Rifampicin-induced liver damage16.Ficus carica also showed antioxidative properties in cisplatin induced kidney damage17.  Thus, this present study is aimed to investigate the hepatic and nephroprotective effect of Avena sativa and Ficus carica against HCQ-induced damages.
2. Methodology
2.1 Ethics statement
Experiments on animals were performed with the approval of Institutional animal ethical accordance with the national guidelines (CPCSEA). Ethical approval no :04/IAEC (1)/S/RNLKWC/2023.
2.2 Animal preparation
Eight weeks old thirty (30) male albino rats were taken for the experiment. After acclimatization of 7days in the cages under a 12-hour day-night cycle, animals were randomly divided into five groups (n=6): 
· Control (C)
· HCQ-Treated (T) 
· Oats (OA)
· Figs (F)
· Oats+ Figs (OA+F)
Hydroxychloroquine, at a dose of 33mg/kg/day was selected to induce damages on liver and kidney4 by considering lethal dose of 1240mg/kg18.Except ‘Control’, all the groups received Hydroxychloroquine (HCQ) at a dose of 33mg/kg/day for six days. Body weight of each rat was recorded every day from the beginning to the end of the experiment. Plain basal diet including Oats and Figs diet was prepared in a composition of 100g Oats/kg basal diet and 50g Figs/kg basal diet as per Mahmoud NY et al.,201619OA group received oats diet in a composition of 100g oats/kg basal diet. F group received Figs diet in a composition of 50g Figs/kg basal diet, OA+F group received oats and figs both in a composition of 100g Oats +50g Figs /kg basal diet. Control group received plain basal diet and equal amount (as HCQ) of drinking water through gavage. All group received their respective dietary formulations and pharmacological regimen (HCQ) concurrently for six consecutive days.    

2.3 Tissue weighing, supernatant preparation and total protein quantification
After the completion of treatment tenures, liver and kidney were excised after euthanization of each rat. Total weight (g) of those organs was measured. Excised organs were homogenized in ice cold isotonic sodium phosphate buffer (PBS) (0.2M, pH 7.4) and centrifuged for 15min at 10,000g at 4C. Supernatants were collected, then total proteins were estimated by Biuret method20. Following enzymatic quantifications were further done.
2.4 Superoxide dismutase (SOD) activity 
SOD was quantified by the method as described by Beauchamp C et al., (1971)21. Optical density was measured at 560nm and the activity was expressed in µmols/min/mg of protein. 

2.5 Catalase (CAT) activity
From the collected supernatants CAT activity was performed according to the method described by Aebi (1984) and the optical density was measured at 240nm for 60sec by using spectrophotometer22. The activity was determined by using molar extinction coefficient of 39.4 M-1.cm-1 and the activity was expressed with the unit of µmols/min/mg of protein.
2.6 Determination of Glutathione reductase (GR) enzymatic activity
GR activity was determined from the collected supernatants by the method as described by Carlberg and Mannervik (1985)23 by using a molar coefficient of 6.22 mM-1 cm-1. Optical density was measured for 3mins at 340nm.The activity was expressed in nmol/min/mg of protein.
2.7 Estimation of Glutathione S transferase (GST) activity
GST activity was done according to the modified method of Mannervik et al.,(1985)23. Optical density was spectrophotometrically measured at 340nm for 5 mins using a molar coefficient of 0.0096 M-1 cm-1. The unit is nmol/min/mg of protein.
2.8 Glucose-6-Phosphate dehydrogenase (G6PD) activity
G6PD activity was determined from the collected supernatant according to the method as described by Beutler (1975)24 by using a molar coefficient of 6.22 mM-1 cm-1. Optical density was measured for 3mins at 340nm.The activity was expressed with the unit of nmol/min/mg of protein.

2.9 Lipid peroxidation assay
Lipid peroxidation was determined by the method as described by Ohkawa et al., (1979)25. Optical density of Malondialdehyde (MDA) was determined from the collected supernatant by spectrophotometric analysis at 532nm wavelength with the molar coefficient of 1.56×105 M-1 cm-1.
2.10 Serum Biochemical parameters 
Blood was collected after 6days of treatment. The blood was then allowed to clot and then it was centrifuged at 5000 rpm for 10 minutes then the serum was collected and biochemical parameters like serum glutamate oxaloacetate transaminase (SGOT), Serum glutamate pyruvate transaminase (SGPT) were estimated from serum by the Reitman and Frankel method26. The level of alkaline phosphatase (ALP) was measured by Kind and Kings method27. GOT, GPT, and ALP levels were estimated from the collected supernatant of the Liver and Kidney by the same procedure as that of serum. Calculation was done after measuring the total protein per milligram of tissue. Total serum bilirubin was estimated by Malloy and Evelyn method28.Serum proteins were estimated by biuret method20,29.

2.11 Histopathological analysis
Tissue sections of 5µm thickness were done and then histopathological analysis was done under 100x microscopic magnification by using hematoxylin-eosin staining method. Severity of lesions for kidney tissues was evaluated by a semi-quantitative score (Grade 0–5) for each tissue sample considering casts, desquamation, vacuolization, tubular dilation and inflammatory cell infiltration30.The scoring system for kidney tissue is shown in Table 1. Liver histopathology scoring was done by considering cell swelling, Vascular congestion, Hepatocyte atrophy, Hepatocyte degeneration and Necrosis31. The scoring method for liver tissue is shown in table 2. 
	Score
	Severity of lesion in kidney tissue

	0-0.9
	No pathological change

	1-1.9
	Mild change

	2-2.9
	Mild to moderate change

	3-3.9
	Moderate change

	4-4.9
	Moderate to severe change

	>5
	severe change






                                Table 1: Scoring system of kidney tissues
	Score
	Changes in liver histopathology

	0-0.9
	Normal

	1-1.9
	Mild

	2-2.9
	Moderate

	>3
	severe



                                   Table 2: Scoring system of liver tissues


2.12 Statistical analysis
Data were calculated using One way ANOVA followed by Tukey’s HSD test considering significance at p<0.05. Results were expressed as Mean and Standard deviation. Statistical analysis was done by using SPSS (IBM SPSS 29.0.2.0).








3. Result and discussion:

3.1 Evaluation of the total weight (gm) and total protein (mg/g of tissues) of liver and kidney tissues
              
Fig 1: Represents the difference in organ weight among five groups. *p<0.05, in difference with HCQ-Treated (T), n=6, Data are expressed as mean ± SD
            
Fig 2: Represents the difference in tissue protein among five groups. *p<0.05, in difference with HCQ-Treated (T), n=6, Data are expressed as mean ± SD.
Decreased weight of the liver was seen in HCQ treated group(T) than that of control (C) group. Individual administration of Oats and Figs didn’t show any significant changes in the weight of the liver than that of T group, but concomitant administration of Oats and Figs showed significant enhancement in liver weight than that of T group. No significant changes were observed in the weight of the kidney among five experimental groups as shown in Fig 1.  Total protein level in both liver and kidney tissues was found to be decreased in T group, but other group showed significant enhancement for the same as shown in Fig 2. 
3.2 Evaluation of enzymatic biomarkers and antioxidant enzymatic activities in liver and kidney tissues
	Parameters
	C
	T
	OA
	F
	OA+F

	SGOT (U/L)
	40.59±6.52a
	109.39±12.17
	86.74±9.05a
	72.64±5.66a
	53.41±9.86a

	SGPT (U/L
	42.21±4.96a
	179.99±6.66
	128.88±9.16a
	99.99±13.33a
	58.88±12.42a

	ALP (U/L)
	51.86±14.76a
	155.14±37.18
	86.77±18.21a
	76.25±14.15a
	59.16±14.93a

	Total serum protein (g/dl)
	5.14±0.20a
	7.44±0.19
	5.69±0.24a
	6.14±0.28a
	5.04±0.15a

	Total Bilirubin (mg/dl)
	0.64±0.09a
	1.95±0.02
	0.9±0.12a
	1.13±0.14a
	0.67±0.03a

	GOT (U/mg of protein) in liver tissue
	0.61±0.06a
	1.21±0.19
	0.83±0.03a
	0.81±0.04a
	0.72±0.05a

	GPT (U/mg of protein) in liver tissue
	1.10±0.11a
	4.21±0.52
	2.53±0.51a
	2.38±0.57a
	1.30±0.13a

	ALP (U/mg of protein) in liver tissue
	1.91±0.13a
	5.11±0.52
	4.03±0.51a
	3.55±0.24a
	2.24±0.35a

	GOT (U/mg of protein) in Kidney tissue
	0.65±0.12a
	3.07±0.68
	1.10±0.13a
	0.91±0.27a
	0.63±0.08a

	GPT (U/mg of protein) in kidney tissue
	2.18±0.14a
	7.95±1.39
	4.96±0.36a
	3.46±0.38a
	2.8±0.38a

	ALP (U/mg of protein) in kidney tissue
	1.69±0.18a
	7.19±0.52
	2.56±0.25a
	2.83±0.29a
	1.60±0.11a


Table 3: Serum, liver and kidney enzymes and serum protein and bilirubin level of the rats of five groups. Data are expressed as mean ± SD of n=6 rats per group. Statistically significant difference ap<0.05, as compared to HCQ-Treated (T).
A marked elevation in GOT, GPT and ALP level in both serum and tissues were found in T group than that of others. Although Oats and Figs individually imparted a mitigating effect on perturbation of these enzymes, but their combined administration elicited more significant attenuation of these enzymes as shown in Table 3. In a study by, RASOULI A et al.,2015 found that chronic treatment with Fig, Olive green and both of them orally for 16 weeks decreased hepatic liver enzymes (ALP, AST and ALT), and increased total tissue protein12.AST level and impaired liver functions were found to be improved after oats administration in hypercholesterolemic rats32.The elevation of these enzymatic biomarkers underscores the occurrence of structural and functional deterioration of hepatic and renal system. Total serum protein and bilirubin found to be increased after HCQ exposure than that of others group, indicating impaired hepatic function, disrupted bilirubin clearance, and possible hepatocellular injury, collectively reflecting the adverse impact of HCQ on liver integrity. As similar to our result, Lassiter CA et al.,1958, also found that total serum protein level increased after Aureomycin exposure33. Ali Ameen A, et al.,2025 found that oats administration led to decrease AST, ALT and ALP levels and increase antioxidant enzymatic activity in male rats with fatty liver34.
	Parameters
	C
	T
	OA
	F
	OA+F

	SOD activity (µmol/min/mg of protein)
	18.46±1.59a
	9.56±1.36
	12.25±1.11a
	14.09±1.28a
	17.13±0.76a

	CAT activity (µmol/min/mg of protein)
	12.35±1.13a
	6.87±0.54
	9.62±0.28a
	12.62±0.75a
	12.69±0.56a

	GR activity (nmol/min/mg of protein)
	69±4.40a
	34.40±2.56
	41.15±3.99
	53.06±4.33a
	56.56±4.14a

	GST activity (nmol/min/mg of protein)
	233.85±8.34a
	141.94±22.59
	183.54±22.84a
	197.68±12.03a
	206.27±7.32a

	G6PD activity
(nmol/min/mg of protein)
	17.48±2.78
	12.06±2.29
	13.37±2.89
	17.49±3.88
	17.32±3.07

	MDA level (nmol/mg of protein)
	5.06±1.74a
	16.59±1.80
	12.54±0.64a
	10.26±1.19a
	6.96±0.70a




Table 4: Evaluation of the difference in the antioxidant enzymes and MDA level in liver tissue among five experimental groups. Data are expressed as mean ± SD of n=6 rats per group. Statistically significant difference ap<0.05, as compared to HCQ-Treated (T).
	Parameters
	C
	T
	OA
	F
	OA+F

	SOD activity (µmol/min/mg of protein)
	13.19±1.89a
	7.29±1.61
	10.52±2.83
	11.29±0.92a
	13.22±2.62a

	CAT activity (µmol/min/mg of protein)
	7.18±0.31a
	4.90±0.76
	5.37±0.76a
	6.61±0.80a
	6.68±1.13a

	GR activity (nmol/min/mg of protein)
	50.76±3.98a
	41.30±6.11
	47.37±4.43
	45.49±5.77
	48.82±3.42

	GST activity (nmol/min/mg of protein)
	180.15±11.02a
	128.63±19.50
	144.45±15
	161.75±12.39a
	162.81±12.17a

	G6PD activity
(nmol/min/mg of protein)
	12.88±2.79a
	3.70±2.11
	4.98±1.07
	7.14±1.35
	6.96±0.90

	MDA level (nmol/mg of protein)
	4.71±0.95a
	22.14±2.92
	12.82±1.57a
	10.05±1.20a
	5.87±0.54a


Table 5: Evaluation of the difference in the antioxidant enzymes and MDA level in kidney tissue among five experimental groups. Data are expressed as mean ± SD of n=6 rats per group. Statistically significant difference ap<0.05, as compared to HCQ-Treated (T).
Table 4 and 5 delineated the changes in antioxidant enzymes in liver and kidney tissues. A marked diminution in SOD and CAT activity in liver tissue was seen in HCQ-treated group (T) relative to others group. OA, F and OA+F group showed significant augmentation of these enzymatic activities, which indicates significant ameliorative potential of Oats and Figs. In kidney tissue, SOD activity didn’t differ significantly in between T and OA group indicating that individual Oats administration is insufficient to reestablish SOD activity, but F and OA+F group demonstrated marked elevation in this enzymatic activity. Similarly, CAT activity in kidney tissue, also found to be reduced in T group than that of other groups. In liver, GR activity significantly reduced in T group than that in C group, OA group didn’t exhibit any appreciable deviation from T group, whereas, both F and OA+F group showed significant enhancement in GR activity. In kidney tissues, none of the treated group viz., OA, F and OA +F showed any discernible amelioration in GR activity. Likewise, G6PD activity in both liver and kidney tissues also remained unaltered in OA, F and OA+F group than that of T group, indicating absence of ameliorative potential of oats and figs for this enzymatic activity. Marked depression in GST activity in liver tissue was observed in T group relative to other groups. In kidney, no significant changes were observed in between T and OA group for the same, but F and OA+F group showed significant increase in GST activity, reflecting ameliorative potential of individual Figs and synergistic Oats+ Figs intervention. Increased level of MDA in both liver and kidney tissues in T group than that of other groups signify a substantial increase in oxidative stress. OA, F and OA +F group showed significant reduction in MDA level, underscoring the protective efficacy of oats and figs. Collectively, Figs alone or in a combination with Oats and Figs regimen elicited more pronounced attenuation in HCQ-induced hepatic and renal oxidative stress than Oats alone. Tikent A et al.,2025 confirmed the antioxidative strength of Figs35. Widyawati D et al.,2025 found that dietary Ficus carica (Figs) showed the protective effects against Hypoxia-induced Non-alcoholic Fatty Liver Disease by enhancing SOD, catalase activity and decreasing MDA level36. Cerium oxide, a nanoparticle produced from Ficus carica also showed antioxidant properties as showed in a study by Majani SS et al.,2025.

 
[bookmark: _Hlk215344685]3.3 Evaluation of the histopathological changes in liver and kidney
[image: ]Fig 3: Liver sections of different experimental groups:L1:Control (C):showed normal histology, having proper central vein.L2:HCQ-treated group(T): showed clumped hepatocyte with hemorrhage in central vein, decreased visual diameter of central vein,L3:Oats-fed group (OA): showed lower clumped hepatocyte than that of group T but have hemorrhage in central vein,L4:Figs-fed group (F): showed normal hepatocyte but clumped hepatocytes are also present in several portion and hemorrhage in central vein also present.L5:Oats+fig fed group (OA+F): No hemorrhage is seen but the hepatocytes are still clumped in several portion.[cv: central vein],scale bar=40µM.  
	Groups
	Score (mean ± SD)
	Remarks of changes in histopathology

	Control (C)
	0*
	Normal

	HCQ-Treated (T) 
	2.36±0.13
	Moderate

	Oats (OA)
	0.46±0.09*
	Normal

	Figs (F)
	1.03±0.13*
	Mild

	Oats+ Figs (OA+F)
	0.6±0.09*
	Normal



Table 6: Representation of the difference in evaluated score for histology of liver tissues among five experimental groups (n=6). Score represented as mean ± standard deviation (SD). *p<0.05: in compared to HCQ-treated (T) group.

[image: ]Fig 4:Kidney sections of different experimental groups K1 Control (C): showed normal histology K2 HCQ-treated group(T): showed Swollen glomeruli, clumped cells and no Bowman’s space K3: Oats group (OA), showed visual increased Bowmen’s space but clumped cells are still present,K4:Figs group (F), showed normal bowman’s space but have clumped cells K5: Oats+ fig fed group (OA+F):, showed normal Bowman’s space and glomeruli. scale bar=40µM.
	Groups
	Score (mean ± SD)
	Remarks of severity of lesions

	Control (C)
	0.5±0.1*
	No pathological changes

	HCQ-Treated (T) 
	3.3±0.25
	Moderate change

	Oats (OA)
	2.23±0.21*
	Mild to moderate change

	Figs (F)
	1.6±0.16*
	Mild change

	Oats+ Figs (OA+F)
	1.56±0.17*
	Mild change




Table 7: Representation of the difference in evaluated score for severity of lesions in kidney tissues among five experimental groups (n=6). Score represented as mean ± standard deviation (SD). *p<0.05: in compared to HCQ-treated (T) group.
Fig 3 and Table 6 represent the histology and histopathological scoring of liver tissue. Control group showed normal histology of liver. In contrast, moderate changes were observed in the histology of HCQ-treated rats (T) than that of control group. Clumped hepatocyte and hemorrhage in central vein were observed after HCQ exposure. Following dietary intervention with oats and figs, histological score indicated transition toward normal histology and mild changes in histology respectively relative to T group. Notably, OA+F group showed significant amelioration and turned it towards normal histology. Thus, these outcomes indicates that HCQ-elicited hepatic damages could be restored by Oats and Figs administration.  AL-Rawi MM et al., 2010, also found in their study that treatment with oat ameliorated the biochemical parameters and histopathology of liver in hypercholesterolemic rats38.Improved liver histology after administration of Ficus carica also found in a nickel-induced toxicity study by Nemiche S, et al.,202239. They also suggest Fig fruits as a promising natural tool against Nickel toxicity.
Fig 4 and Table 7 represent the histology and histopathological scoring of kidney tissue. No pathological changes were noted in Control group. Moderate changes, including swollen glomeruli, clumped cells were observed in HCQ-treated group. OA group demonstrated mild to moderate histological alterations in kidney whereas, F and OA+F group showed distinct shift toward mild changes than that of T group. These indicate the ameliorative efficacy of Figs and combined Oats and Figs counteracting HCQ-induced renal damages. As similar to our results, El Rabey HA et al., 2013 found that Oat bran had protective effects against induced hyperlipidaemia and improved histological alterations of liver and kidney in male rats40. Ghafoor A et al.,2015 found improved kidney histology after administration of Ficus carica leaf extract on Gentamicin induced nephrotoxicity in male albino mice41.  
Conclusion
The cumulative results of this study revealed that HCQ exposure exhibited discernible hepatic and renal injury, marked by decreased weight of the liver, reduction in total protein content, perturbation of enzyme profiles, increased oxidative stress indices, and pronounced histopathological alterations of both organs. Dietary administration of Oats, Figs and most effectively their combined intervention led to a progressive reversal of these detrimental distortions. The combined intervention of Oats and Figs exhibited most robust protective efficacy to attenuate HCQ-induced hepatic and renal impairments by enhancing antioxidant enzymatic activity, lowering GOT, GPT and ALP level and shifting histology towards normal integrity. Overall, these findings indicate the ameliorative and restorative capacity of Oats and Figs as accessible, economical, and biologically efficacious interventions against HCQ-induced tissue-specific toxicity.
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