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Abstract: 
Chronic alcohol consumption causes oxidative stress, liver damage and multi-organ toxicity. Therefore, it is of interest to evaluate the 
hepatoprotective and renoprotective effects of Liv-52, Rohitakarista, their combination and Silymarin against ethanol-induced toxicity 
in rats. Thirty-six healthy adult rats were divided into six groups and administered ethanol followed by the respective treatments, 
after which serum biochemical markers, hepatic MDA levels, triglycerides, bilirubin, creatinine, organ weights, body weight gain and 
histopathology of liver and kidney tissues were assessed. Ethanol significantly elevated GGT, AST, ALT, triglycerides, bilirubin, 
creatinine, hepatic MDA and organ weights while reducing body weight gain (p ≤ 0.05). Liv-52 significantly improved liver function 
markers and reduced hepatic MDA, Rohitakarista more effectively lowered creatinine and kidney weight and both Silymarin and the 
Liv-52 + Rohitakarista combination produced the most comprehensive protection with near-normal biochemical and histological 
profiles. Thus, Liv-52 and Rohitakarista demonstrated marked hepatorenal protective effects and their combination exhibited 
synergistic benefits comparable to or exceeding those of Silymarin. 
 
Keywords: Ethanol-induced toxicity; Liv-52; rohitakarista; silymarin; hepatoprotection; oxidative stress; serum biochemical markers; 
antioxidant activity; histopathology; experimental rat model 

 
Background: 
Ethanol (C₂H₅OH), commonly known as ethyl or grain alcohol, is 
a flammable, colorless compound [1]. Widely consumed as a 
recreational substance, ethanol is also present in non-beverage 
products like mouthwash, colognes and cough syrups [2]. It is 
primarily produced via fermentation of substrates such as 
sugarcane, corn and manioc [3]. Alcohol addiction, driven by 
biological, emotional and social factors, leads to liver cirrhosis, 
cardiovascular disease and neurological damage. Rising alcohol 
use poses serious public health risks, mainly due to its impact on 
liver function. Ethanol-induced liver injury involves cell death, 
fibrosis and poor detoxification, increasing susceptibility to 
inflammation and infection [2, 3]. Toxicity may result from binge 
episodes or chronic intake [2]. Ethanol is metabolized primarily 
through enzymatic pathways such as the cytosolic pathway 
involving alcohol dehydrogenase (ADH) or cytosolic pathway, 
the cytochrome P450 2E1 (CYP2E1)-dependent pathway and 
catalase (CAT), all of which produce acetaldehyde [3, 4]. 
Acetaldehyde and reactive oxygen species generated during 
metabolism play a central role in ethanol-induced tissue injury. 
Alcohol-induced organ damage results from multiple 
mechanisms, including oxidative stress, inflammation and 
acetaldehyde buildup, harmful adduct formation, mitochondrial 
impairment, fibroblast activation and compromised barrier 
function and signaling pathways [8]. These combined effects 
predominantly impact the liver. While pharmacological options 
exist to support abstinence and prevent relapse, their use is often 
limited due to adverse effects. In comparison, herbal remedies 
are increasingly favored for their broad therapeutic potential 
and improved tolerability [5-7]. Studies have highlighted the 
hepatoprotective properties of herbal blends. Korean 
formulations like JBU (Pueraria thunbergiana and Panax ginseng) 

are known to offer antioxidant and anti-inflammatory effects. 
Kampo medicines in Japan, including goreisan and 
orengedokuto, support alcohol metabolism and liver protection 
[6]. In India, herbs such as Garcinia indica, Piper betle and 
Cudrania tricuspidata are recognized for their antioxidant 
potential [7]. Recent trends favor combined herbal formulations 
over single-ingredient remedies due to their synergistic effects 
[8]. Therefore, it is of interest to investigate the clinico-
pathological impact of sub-acute ethanol toxicity and evaluates 
the hepatoprotective potential of three widely available herbal 
products: Liv-52, Rohitakarista and Silymarin in rat model. 
 
Materials and Methods: 
The present controlled, randomized in vivo study was conducted 
on healthy adult rats to assess the protective effects of Liv-52, 
Rohitakarista and Silymarin against sub-acute ethanol toxicity. 
Following OECD Guideline 407 (2008), the protocol involved 
repeated oral dosing and included control and treatment groups 
for biochemical, oxidative stress and histopathological 
assessments [9]. 
 
Ethical approval and experimental animals: 
Approval for the study was obtained from Institutional Animal 
Ethical Committee. A total of 36 healthy adult rats, comprising 
18 males and 18 females, were obtained from Pharmacology and 
Toxicology department. Animals were kept in groups of six per 
polypropylene cage under standardized conditions; including a 
12:12 h regulated light-dark cycle at 22–25°C, with ad libitum 
access to food and water. A one-week period for acclimatization 
was provided before initiating the experiment [10]. 
 
Chemicals and herbal formulations: 
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Ethanol (Chong Yu Hi-Tech Chemicals, China), analytical 
reagents (Hi Media, India) and serum diagnostic kits (Aspen 
Laboratories Pvt. Ltd., Delhi) were used in the study. Liv-52, 
Rohitakarista and Silymarin were procured from local 
pharmaceutical suppliers. 
 
Study design: 
Sample size (n=6/group) was calculated using G*Power for one-
way ANOVA with large effect size (f=0.40), α=0.05, power=80%, 
based on prior rat ethanol-toxicity studies. Animals were 
randomly assigned to six groups (n = 6; three males and three 
females) using a computer-generated table, ensuring equal sex 
distribution for meaningful biochemical and histopathological 
comparisons. Healthy adult rats that completed 7-day 
acclimatization and fell within ±20% of the mean body weight 
for their sex were included in the trial. Animals were excluded if 
pregnant, showing clinical illness, losing more than 20% of their 
starting weight, or producing unusable samples, in accordance 
with OECD Test Guideline 407 and ARRIVE 2.0 standards [9, 
11]. 

[1] A: Control - distilled water 
[2] B: Ethanol control - 20% ethanol (3.76 g/kg twice daily) 
[3] C: Ethanol + Liv-52 (1.0 ml/kg twice daily) 
[4] D: Ethanol + Rohitakarista (1.0 ml/kg twice daily) 
[5] E: Ethanol + Silymarin (100 mg/kg once daily) 
[6] F: Ethanol + Liv-52 (0.5 ml/kg) + Rohitakarista (0.5 

ml/kg) twice daily 
[7] Treatments were administered via intra-gastric gavage for 

28 days. 
 
Anesthesia and blood collection: 

On day 28, ketamine (40 mg/kg, IM) and xylazine (5 mg/kg, IM) 
were used for anesthesia, [12] administered into the caudal thigh 
muscle with a 30G × 6 mm U40 insulin syringe [13]. 
Carboxymethylcellulose Sodium Eye Drops IP 0.5% (Refresh 
Tears) was applied to prevent corneal dryness. Blood (1.5–2.0 ml) 
was drawn from the retro-orbital plexus using plain glass 
capillaries (ID: 0.9–1.1 mm; OD: 1.1–1.4 mm), without 
anticoagulant and transferred to clot-activator tubes. After 
resting at room temperature for 30 minutes, samples were 
centrifuged at 3000 rpm for 10 minutes and the serum was stored 
at 4°C for biochemical analysis [13]. 
 
Serum biochemical analysis: 

Serum levels for GGT, ALT, AST, bilirubin, triglycerides (TG) 
and creatinine (Cr) were analyzed at 37°C using a SYSTRONICS 
Spectrophotometer (Model 106, Ahmedabad, Serial No. 5515) 
and commercially available diagnostic kits. 
 
Body weight monitoring: 
Body weights were recorded weekly: on days 0 (baseline), 7, 14, 
21 and 28, to assess weight gain or loss during the treatment 
period. 
 
Necropsy and organ weights: 

Following the 28-day study duration, the animals were 
euthanized by cervical dislocation under anesthesia. Major 

visceral organs were excised and examined for gross changes. 
Liver and kidney were weighed after rinsing with saline and a 
portion of liver tissue was preserved for lipid peroxidation 
analysis. All major organs (liver, kidney, spleen, heart, brain) 
were preserved in 10% neutral-buffered formalin for 
histopathological examination. 
 
Lipid Peroxidation (LPO) estimation: 
Lipid peroxidation in liver tissue was determined by quantifying 
malondialdehyde (MDA) through the thiobarbituric acid 
reactive substances (TBARS) method, following the procedure 
outlined by Yoladi et al. [14]. A portion of liver tissue weighing 
roughly 500 mg was processed using 5 ml of ice-cold phosphate-
buffered saline (pH 7.4) for homogenization. The homogenate 
was then centrifuged for 10 minutes at 5000 rpm and at a 
temperature of 4°C, separating a supernatant, which was used 
for subsequent oxidative stress-related biochemical assay. One 
milliliter of this supernatant was incubated at 37°C for 2 hours 
for the assay. Post-incubation, 1 ml of 10% (w/v) trichloroacetic 
acid was added to the sample and centrifuged for 10 minutes at 
3000 rpm. Subsequently, 1 ml of the obtained supernatant was 
combined with 1 ml of 0.67% (w/v) thiobarbituric acid. This 
solution was subsequently heated at 95°C for 10 minutes. Once 
cooled, 1 ml of distilled water was added. Absorbance was 
determined at a wavelength of 535 nm, applying the molar 
extinction coefficient of malondialdehyde (1.56 × 10⁸ M⁻¹ cm⁻¹) 
for calculation. 
LPO was calculated using the formula: 

[1] LPO (nM MDA/g) = OD/EC × Total volume of 
reaction mixture / Amount of sample taken × 10⁹× DF 

[2] Where: DF = Dilution factor (10), EC = Extinction 
coefficient of MDA (1.56 × 10⁸) 

 
Histopathological evaluation: 
Specimens were preserved in 10% formalin buffered to neutral 
pH, to facilitate histopathological evaluation. Subsequently, they 
underwent dehydration through ascending concentrations of 
ethanol (70%-100%), followed by xylene clearing. and were 
embedded in paraffin using standard procedures. Thin sections 
(4-5 µm) were prepared using a rotary microtome (Thermo 
Shandon™ Finesse™ 325), subsequently stained with 
hematoxylin and eosin and mounted with DPX [15] 
 
Histopathological scoring 
Lesions in the liver and kidney were scored as from 0 to 5, with:  
0 = No abnormalities detected, 1 = Marginal or Minimal, 2 = 
Slight or Few, 3 = Moderate or Severe, 4 = Marked or many and 
5 = Severe [16]. 
 
Statistical analysis: 

Biochemical and weight data were analyzed using one-way 
ANOVA followed by Tukey’s post hoc test and 
histopathological lesion scores were compared using the 
Kruskal–Wallis test with Dunn’s multiple comparisons. A p-
value < 0.05 was considered statistically significant. All analyses 



ISSN 0973-2063 (online) 0973-8894 (print)  

©Biomedical Informatics (2026) Bioinformation 22(7): 3849-3853 (2026) 
 

3852 

 

were performed using Studio software (version 2023.12.1+402; R 
Foundation for Statistical Computing, Vienna, Austria) 
 
Results: 

As shown in Table 1, ethanol administration (Group B) 
significantly elevated serum markers of hepatic and renal 
dysfunction, including GGT, AST, ALT, TG, bilirubin, creatinine 
and the AST/ALT ratio (p ≤ 0.05), confirming alcohol-induced 
liver and kidney injury. In contrast, all herbal-treated groups 
(Groups C–F) showed significant improvements. Liv-52 notably 
reduced liver enzymes and lipid levels, while Rohitakarista was 
more effective in reducing serum creatinine and kidney weight. 
Silymarin and the Liv-52 + Rohitakarista combination showed 
the most comprehensive protective effects, normalizing multiple 
parameters and approaching control values, indicating potent 
multi-organ protection. On evaluating the oxidative stress and 

morphometric data, ethanol was shown to significantly increase 
hepatic MDA levels and relative liver and kidney weights while 
reducing net body weight gain, indicating oxidative damage and 
systemic toxicity. Herbal treatments reversed these changes. Liv-
52 and Rohitakarista selectively reduced liver and kidney 
weights, respectively. Silymarin and the combination group 
showed the greatest reduction in MDA levels and the highest 
body weight gain, suggesting robust antioxidant activity and 
systemic recovery. Ethanol-treated livers showed congestion, 
hydropic degeneration, fatty change, necrosis and inflammation. 
Kidneys exhibited glomerular damage, tubular necrosis, 
congestion and fibrosis. Herbal treatments reduced lesion scores 
in both organs. Rohitakarista preserved renal structure with 
minimal necrosis, while Silymarin and the combination group 
maintained near-normal hepatic and renal architecture [19]. 

 
Table 1: Effect of ethanol and herbal preparations on serum biochemical parameters (Day 28) 

Group GGT (U/L) AST (U/L) ALT (U/L) TG (mg/dL) Bilirubin (mg/dL) Creatinine (mg/dL) AST/ALT 

A - Control 4.37 ± 0.16ᵉ 105.11 ± 0.37ᵉ 43.95 ± 1.34ᵈ 60.67 ± 0.66ᵉ 0.14 ± 0.004ᵈ 0.56 ± 0.02ᶜ 2.40 ± 0.07ᵇ 
B - Ethanol 22.73 ± 0.43ᵃ 348.53 ± 9.99ᵃ 129.30 ± 2.80ᵃ 172.25 ± 5.83ᵃ 0.689 ± 0.161ᵃ 1.29 ± 0.15ᵃ 2.71 ± 0.13ᵃ 
C - Ethanol + Liv-52 7.96 ± 0.86ᶜ 156.57 ± 6.28ᶜ 103.22 ± 5.28ᵇ 97.14 ± 1.90ᶜ 0.29 ± 0.003ᶜ 0.74 ± 0.22ᵇ 1.54 ± 0.12ᵈ 
D - Ethanol + Rohitakarista 13.71 ± 0.59ᵇ 222.15 ± 4.13ᵇ 104.04 ± 7.68ᵇ 111.57 ± 3.56ᵇ 0.46 ± 0.04ᵇ 0.62 ± 0.01ᶜ 2.20 ± 0.18ᵇ 
E - Ethanol + Silymarin 5.94 ± 0.35ᵈ 123.09 ± 0.93ᵈ 64.47 ± 2.81ᶜ 88.95 ± 2.37ᵈ 0.20 ± 0.002ᶜᵈ 0.59 ± 0.01ᶜ 1.92 ± 0.09ᶜ 
F - Ethanol + Liv-52 + Rohitakarista 6.38 ± 0.38ᵈ 125.50 ± 1.29ᵈ 65.40 ± 1.68ᶜ 85.29 ± 1.82ᵈ 0.20 ± 0.005ᵈ 0.51 ± 0.08ᶜ 1.92 ± 0.06ᶜ 

Values are mean ± SE (n = 6).  
Different superscript letters within a column indicate significant differences at p< 0.05 

 
Discussion: 

Ethanol administration (Group B) led to significant elevations in 
serum GGT, AST, ALT, TG, bilirubin and creatinine levels, 
indicating hepatic and renal injury. These findings are consistent 
with previous studies demonstrating ethanol-induced 
hepatocellular damage and oxidative stress [14, 17 and 18]. An 
elevated ALT: AST ratio observed in this group further suggests 
mitochondrial dysfunction, potentially linked to pyridoxal-5-
phosphate deficiency, as noted in earlier reports [3]. The 
increases in TG and bilirubin reflect disrupted lipid metabolism 
and cholestasis, corroborating the findings of previous 
experimental studies [14, 17 and 18]. Elevated serum creatinine 
levels suggestive of impaired renal function, as similarly 
reported in earlier toxicology studies [9, 10]. Herbal treatments 
effectively countered the biochemical disturbances. Liv-52 
notably improved liver enzyme profiles and lowered triglyceride 
levels, likely due to its antioxidant and hepatoprotective actions, 
consistent with reports from phytomedicine research [5–7]. 
Rohitakarista, containing Tecomellaundulata, also reduced serum 
creatinine, aligning with earlier pharmacological evidence [8]. 

Both formulations significantly lowered ALT levels, reinforcing 
their hepatoprotective potential. Among all treatment groups, 
Silymarin and the Liv-52+Rohitakarista combination exhibited 
the most pronounced improvements across biochemical 
markers. This suggests potential synergistic effects, as 
highlighted by Lai et al. [8]. Elevated hepatic malondialdehyde 
(MDA) levels in the ethanol group confirmed oxidative stress, 
aligning with the findings of Zhang et al. [18]. Additionally, 
increased liver and kidney weights in ethanol-treated rats reflect 
tissue injury, consistent with the observations of Yakut et al. [19]. 

Herbal treatments reversed these changes, with Liv-52 offering 
more pronounced hepatic protection and Rohitakarista 
demonstrating greater renal protective effects. The highest gains 
in body weight were noted in the Silymarin and combination 
groups, suggesting improved systemic recovery. 
Histopathological evaluation further confirmed the biochemical 
findings. Extensive hepatic and renal tissue damage observed in 
ethanol-treated rats mirrored earlier studies by Yakut et al. [19]. 
In contrast, nearly normal tissue architecture seen in the 
Silymarin and combination-treated groups affirmed their 
protective efficacy. The toxic effects of ethanol extended beyond 
hepatic and renal systems, affecting extrahepatic organs such as 
the spleen, heart, intestine and brain. The broad protective 
effects observed in the Silymarin and Liv-52+Rohitakarista 
groups could be ascribed to their ability to counter oxidative 
stress and modulate inflammatory responses. Ethanol exposure 
has been found to suppress nuclear factor erythroid 2-related 
factor 2 (Nrf2) and increase Kelch-like ECH-associated protein 1 
(Keap1), weakening antioxidant defenses, as noted by Wang et 
al. [20]. The herbal treatments in this study may help restore 
redox balance by activating Nrf2 signaling, thereby aiding organ 
protection. The enhanced efficacy of the Liv-52 and Rohitakarista 
combination likely stems from synergistic effects of their active 
compounds, which improve antioxidant capacity and offer 
broader organ protection, as also reported in phytotherapeutic 
literature [5-8]. 
 
Conclusion:  
Alcohol-induced toxicity led to marked hepatic and renal injury, 
confirmed by altered biochemistry, oxidative stress and tissue 
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damage. Silymarin and the Liv-52 + Rohitakarista combination 
offered significant protection. Thus, polyherbal therapies are 
safer alternatives for managing alcohol-related organ damage, 
warranting further investigation into their molecular 
mechanisms. 
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