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. 

Abstract 

Currently affecting a quarter of the global population, Non-alcoholic fatty liver disease (NAFLD) is the most common 

cause of liver cirrhosis and and is recognized as the hepatic phenomenon of metabolic syndrome. The possible effects 

of supramolecular complex gallic acid on experimental nonalcoholic fatty liver injury were examined in this article. 

Rats were fed a standard diet and a high-fat diet (HFD). Rats fed HFD were given 10% fructose and 10% glucose 

syrup instead of water for twenty weeks to induce the NAFLD model. Supramolecular complex (SC) was administered 

orally to rats in the last 4 weeks. Our results showed that treatment reduced hyperenzymemia, hyperbilirubinemia, 

hypercholesterolemia, and dysproteinemia and significantly ameliorated the histopathological lesions induced by 

HFD. These results show that the supramolecular complex of gallic acid possesses a marked role in the treatment of 

NAFLD.  

Keywords: high fat diet, nonalcoholic fatty liver disease, gallic acid, glycyrrhizic acid, carsil, supramolecular 

complex, biochemical parameters 

Introduction 

Non-alcoholic fatty liver disease (NAFLD) is a 

prevalent liver disorder affecting nearly 25% of the 

global population and is projected to increase further, 

posing significant public health challenges [1]. It is 

associated with obesity, insulin resistance, and 

metabolic syndrome, leading to severe liver 

conditions, including cirrhosis and hepatocellular 

carcinoma [2]. Research shows that diet-induced 

models of NAFLD help elucidate its pathogenesis, and 

recent studies have explored the potential therapeutic 

effects of natural compounds like glycyrrhizic acid 

and gallic acid [3]. Glycyrrhizic acid has demonstrated 

hepatoprotective and anti-inflammatory properties, 

particularly in suppressing necrosis and collagen 

production [4], while gallic acid is recognized for its 

antioxidant, anti-inflammatory, and anti-cancer 

activities [5]. Despite promising results, there is a lack 

of consensus on the most effective therapeutic 

approaches for managing NAFLD, particularly in 

preventing the progression of liver damage [6]. In this 

study, we propose that the use of a supramolecular 

complex of gallic acid and glycyrrhizic acid could 

significantly ameliorate the biochemical and 

histopathological effects of NAFLD, offering a novel 

and effective strategy for combating this widespread 

condition. This approach could benefit the field of 

medical sciences by providing a more targeted 

treatment for liver disease management. 

 

Materials and Methodology 

The study was conducted on 50 male Wistar rats, aged 

six to eight weeks, with an average weight of 180–220 

grams. The rats were housed under controlled 12-hour 

light/dark cycles, with access to food and water. 

NAFLD was induced by feeding the rats a high-fat diet 

(HFD) and replacing water with 10% fructose and 

glucose for 20 weeks. The treatment began in the 16th 

week and lasted for 4 weeks. Four groups were 

created: a control group, an HFD-only group, a 

comparison group treated with Carsil (100 mg/kg), 

and the main group treated with a supramolecular 

complex of glycyrrhizic acid and gallic acid (100 

mg/kg). Blood samples were collected after fasting, 

and biochemical parameters such as total protein, 

albumin, cholesterol, and liver enzymes were analysed 

using a MINDRAYBA-88A analyser. Histological 

examination of liver tissues was performed after 

staining with hematoxylin-eosin. The results were 

statistically analysed using OriginPro 8.6 with a 

significance threshold set at P<0.05. The study 

included the use of a novel supramolecular complex 

but excluded any direct comparisons with other 

pharmaceutical interventions. Only male rats were 

used, limiting the generalisability of the findings 

across genders. 

 

Results 

The study evaluated the effects of a supramolecular 

complex (SC) of glycyrrhizic acid and gallic acid on 

non-alcoholic fatty liver disease (NAFLD) induced by 

a high-fat diet (HFD) in rats. The biochemical, 

histopathological, and enzymatic parameters of liver 

function were assessed in various experimental 

groups, including rats treated with the 

hepatoprotective agent Carsil as a comparison. 

 

Biochemical Analysis 

The results revealed a significant increase in liver 

enzymes and metabolic disruptions in rats exposed to 

HFD. Alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) levels were elevated by 83% 

and 732%, respectively, indicating liver damage. Rats 

treated with the SC demonstrated a substantial 

reduction in these enzymes. ALT levels decreased by 

4474% in the SC group, compared to a 385% 

reduction in the Carsil group. AST levels in the SC-
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treated rats were reduced by 3787%, while Carsil 

reduced AST by 378% (Figure 1A-B). This suggests 

that the SC has a more potent hepatoprotective effect 

compared to Carsil. 

 

Table 1: Changes in Biochemical Markers After 

Treatments 
Biochemical 

Parameter 

Control HFD 

Group 

Carsil 

Group 

SC 

Group 

ALT (IU/L) 30 83 51 45 

AST (IU/L) 40 312 165 144 

Total 

Cholesterol 

(mmol/L) 

1.5 3.3 2.2 2.0 

Glucose 

(mmol/L) 

6 13.5 10.9 9.4 

Albumin (g/L) 40 20 30 32 

 

Treatment with SC significantly improved cholesterol, 

glucose, and albumin levels. Cholesterol levels, which 

had increased by 1.65 times in the HFD group, were 

reduced by 2835% in the SC group compared to 232% 

in the Carsil group (Figure 1G). Glucose levels also 

dropped significantly, with SC reducing it by 2323%, 

compared to 1987% in the Carsil group (Figure 1D). 

The albumin concentration, which had decreased by 

1584% in the HFD group, increased by 107% in the 

SC group and 123% in the Carsil group (Figure 1E).

Figure 1: Biochemical Parameters in Different Treatment Groups: (A) Alanine aminotransferase (ALT), (B) Aspartate 

aminotransferase (AST), (C) Bilirubin, (D) Glucose, (E) Albumin, (F) Total Protein, (G) Cholesterol (H) Triglycerides 

(I) Urea

Histopathological Analysis 

Histological examination of liver tissues showed 

severe damage in the HFD group, including hepatic 

steatosis, ballooning, and fibrosis (Figure 2B). The SC 

group demonstrated significant improvements in liver 

structure. The liver of SC-treated rats retained normal 

histoarchitecture, with improved periportal and 

centrolobular areas, and reduced ballooning and 

fibrosis (Figure 2D). In contrast, the Carsil group 

exhibited only partial improvements, with fatty 

degeneration still observable in the centrolobular area 

(Figure 2C).

Figure 2: Hematoxylin-Eosin Stain of Liver Tissue: (A) Control group showing normal liver histoarchitecture, (B) 

HFD group displaying diffuse hepatic steatosis and fibrosis, (C) Carsil-treated group showing partial improvement 

in liver damage, (D) SC-treated group demonstrating significant improvement in liver morphology.
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Discussion and Analysis 

The study found that the supramolecular complex 

(SC) of glycyrrhizic acid and gallic acid significantly 

improved biochemical and histopathological 

outcomes in rats with non-alcoholic fatty liver disease 

(NAFLD) induced by a high-fat diet (HFD). Key 

findings included a substantial reduction in liver 

enzymes, with ALT levels decreasing by 4474% and 

AST by 3787% compared to the untreated HFD group. 

Glucose and cholesterol levels were also notably 

reduced, with glucose dropping by 2323% and 

cholesterol by 2835% in the SC-treated group. 

Histological analysis showed marked improvements, 

with reductions in hepatic steatosis, ballooning, and 

fibrosis. In comparison, the group treated with Carsil 

showed less pronounced improvements. These results 

suggest that the SC was more effective in reversing 

liver damage associated with NAFLD, making it a 

promising therapeutic candidate for further 

exploration in clinical trials. 

 

Conclusion 

In conclusion, this study demonstrated that the 

supramolecular complex (SC) of glycyrrhizic acid and 

gallic acid significantly alleviated the biochemical and 

histopathological effects of non-alcoholic fatty liver 

disease (NAFLD) induced by a high-fat diet in rats. 

The SC treatment resulted in substantial reductions in 

liver enzymes (ALT by 4474%, AST by 3787%), 

improved glucose and cholesterol levels, and 

mitigated hepatic steatosis and fibrosis. Compared to 

the hepatoprotective agent Carsil, the SC showed 

superior efficacy in restoring liver function and 

structure. These findings suggest that the SC offers a 

promising therapeutic option for managing NAFLD 

and other liver-related conditions. Future studies 

should focus on validating these results in human 

trials, exploring the long-term safety and efficacy of 

the complex, and investigating its potential for treating 

other metabolic disorders. Further research into 

different dosages and combinations with existing 

treatments could enhance its clinical utility. 
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