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Abstract

Aim: The present study was designed to evaluate the preventive potential of an active principle (FIIc) isolated from the fruit pulp of Eugenia 
jambolana against fructose-induced insulin resistance in rats.

Methodology: A crude aqueous extract of Eugenia jambolana fruit pulp was subjected to ion-exchange column chromatography to obtain fraction 
FII, which was further purified to yield FIIc. The purity of FIIc was confirmed by high-performance liquid chromatography (HPLC). FIIc was 
administered orally to experimental rats at a dose of 15mg/kg body weight for 60 days. Body weight, fasting blood glucose, serum triglycerides, 
total cholesterol, LDL-C, HDL-C, liver and skeletal muscle glycogen levels, tumor necrosis factor-α (TNF-α), serum insulin, insulin resistance 
(HOMA-IR), and insulinogenic index were assessed at 30-day intervals over the study period.

Results: Fructose feeding for 60 days resulted in a significant increase (p < 0.001) in serum biochemical parameters along with a marked 
reduction in liver and skeletal muscle glycogen levels in untreated fructose-fed rats. Oral administration of FIIc significantly reduced fasting 
blood glucose levels (p < 0.001) compared with the fructose control group. Significant improvements (p < 0.001) were also observed in body 
weight, lipid profile, and tissue glycogen content following FIIc treatment. Serum TNF-α and insulin levels were restored toward normal values. 
Additionally, insulin resistance and insulinogenic index showed significant improvement compared with untreated fructose-fed rats.

Conclusion: These findings demonstrate that FIIc exerts a protective effect against fructose-induced insulin resistance, suggesting its potential 
role in preventing metabolic dysfunction associated with excessive fructose intake.
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Introduction

Over the past few decades, there has been a substantial 
rise in per capita fructose consumption, largely due to the 
widespread use of sucrose and high-fructose corn syrup (HFCS) 
in the food industry [1,2]. Excessive fructose intake has been 
associated with several adverse metabolic consequences, 
including hyperlipidemia, hyperinsulinemia, insulin resistance, 
hyperuricemia, hypertension, glucose intolerance, and enhanced 
non-enzymatic fructosylation of proteins [3-5].

Fructose metabolism differs fundamentally from glucose 
metabolism. Upon ingestion, fructose is rapidly phosphorylated 
by fructokinase to fructose-1-phosphate, which is subsequently  

 
cleaved by aldolase B into glyceraldehyde and dihydroxyacetone 
phosphate. These intermediates bypass the rate-limiting step 
of glycolysis catalyzed by phosphofructokinase. Consequently, 
hepatic fructose metabolism proceeds in a relatively unregulated 
manner, promoting de novo lipogenesis and increased triglyceride 
synthesis, thereby rendering fructose more lipogenic than glucose 
[6-8]. Experimental models employing high-fructose diets have 
been widely used to induce insulin resistance in rodents. Such 
models exhibit hallmark features including hyperglycemia, 
hypertriglyceridemia, and hyperinsulinemia, closely resembling 
metabolic disturbances observed in humans [10-15].
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Therefore, fructose-fed rats provide a suitable and well-
established model for investigating potential therapeutic agents 
targeting insulin resistance. The present study evaluates the effect 
of a purified active compound (FIIc), isolated from the fruit pulp 
of Eugenia jambolana, on fructose-induced insulin resistance. 
Previous investigations have demonstrated the antihyperglycemic, 
antihyperlipidemic, and organ-protective properties of FIIc 
in experimental diabetic models [16-20]. However, its role in 
preventing insulin resistance in a diet-induced prediabetic state 
has not been previously explored. This study, therefore, aims 
to elucidate the protective effects of FIIc on insulin resistance, 
inflammatory markers such as TNF-α, and tissue glycogen levels 
in fructose-fed rats.

Materials and Methods

Plant material

Fruits of Eugenia jambolana were procured from the Azadpur 
Mandi herbal market, Delhi, India. Botanical authentication was 
performed by a qualified taxonomist, and a voucher specimen (No. 
P-96/7) was deposited for future reference.

Preparation of crude aqueous extract

Fresh fruits were thoroughly washed, and seeds were 
removed. The fruit pulp was homogenized with distilled water, 
filtered, centrifuged, and subsequently lyophilized to obtain the 
crude aqueous extract.

Isolation and Chemical Characterization of FIIc. The lyophilized 
extract was subjected to DEAE-52 ion-exchange chromatography 
to isolate fraction FII, which was further purified to obtain 
FIIc. Purity was confirmed by HPLC analysis. Spectroscopic 
characterization identified FIIc as α-hydroxy succinamic acid 
(C₄H₇O₄N) [16].

Experimental design

Male Wistar albino rats were randomly assigned to three 
groups:

i.	 Chow control

ii.	 Fructose control

iii.	 Fructose + FIIc (15mg/kg body weight)

FIIc was administered orally for 60 days. Biochemical and 
metabolic parameters were evaluated at predetermined intervals.

Analytical methods

Fasting blood glucose, serum lipid profile, insulin, TNF-α, liver 
and skeletal muscle glycogen, and insulin resistance (HOMA-IR) 
were assessed using standard biochemical and immunoassay 
techniques.

Statistical analysis

Data were expressed as mean ± SEM. Statistical significance 
was determined using analysis of variance (ANOVA), with p < 0.05 

considered statistically significant.

Results

Glycemic control

Fructose feeding resulted in significant hyperglycemia, 
whereas FIIc administration markedly reduced fasting blood 
glucose levels.

Lipidemic control

Serum triglyceride levels were significantly elevated in 
fructose-fed rats and were effectively normalized following FIIc 
treatment.

Insulin and TNF-α

Fructose feeding led to significant increases in serum insulin 
and TNF-α levels. Treatment with FIIc significantly attenuated 
these elevations and improved insulin sensitivity.

Liver and skeletal muscle glycogen

A significant reduction in tissue glycogen content was 
observed in fructose-fed rats. FIIc treatment restored liver and 
skeletal muscle glycogen levels toward normal values.

Discussion

Chronic fructose consumption induces insulin resistance 
characterized by hyperglycemia, dyslipidemia, and 
hyperinsulinemia. The present findings demonstrate that FIIc 
effectively ameliorates these metabolic disturbances, likely 
through enhancement of insulin sensitivity and suppression 
of fructose-induced lipogenesis. Restoration of tissue glycogen 
content further supports improved peripheral insulin action.

Conclusion

FIIc significantly prevents fructose-induced hyperglycemia, 
hyperinsulinemia, hypertriglyceridemia, and insulin resistance. 
Its beneficial effects on inflammatory markers and tissue glycogen 
levels highlight its potential as a preventive therapeutic agent 
against insulin resistance and related metabolic disorders.
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