


Evaluation of the antidiabetic, hypolipidemic  and hepatoprotective effect of Allium sativum in diabetic rats
Abstract
Background : Diabetes is a metabolic disorder and is rapidly raising worldwide. It is characterized by pancreatic insulin resistance and β-cell dysfunction. Hyperglycemia induced reactive oxygen species (ROS) production and oxidative stress are correlated with the pathogenesis and progression of diabetes. To counteract the harmful effects of ROS, antioxidants of the body neutralise it and maintain bodily homeostasis. Allium sativum (garlic) is a medicinal plant which is used in Indian traditional medicine to treat or prevent many diseases like cancer, hepatitis, and diabetes. 
Aim :The main aim of this study was to investigate the effect of garlic extract on oxidative stress and dyslipidemia in diabetic rats. 
Methods :In this study, 30 male Wistar rats weighing 200± 20gr are randomly divided to five groups of 6 each including healthy normal control (group I), garlic treatment (group II), diabetic control (group II), diabetic animals treated with garlic positive control (group III) and diabetic animals treated vitamin C. Diabetes mellitus was experimentally induced by injection of STZ. 
Findings : In our study, we observed significant increase in Blood glucose, Malondialdehyde (MDA), low density lipoprotein (LDL), very low density lipoprotein (VLDL), high density lipoprotein (HDL) and  serum markers in diabetic rats. However, with garlic treatment all these lipid metabolic profiles and serum markers are came back to near to normalcy. 
Conclusion : Our study reported that garlic possess hepatoprotective antioxidant and antilipidemic effect in diabetic rats.So consumption of garlic helpful to diabetic patients. 
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1. Introduction
Diabetes, is one of the stress related disorder, it will affect many parts of the body, due to production of free radicals. Worldwide, 415 million people living with diabetes in 2015 (global prevalence, 8.8%), and the estimate is projected to rise to more than 650 million by 2040. (Cermenati et al., 2017;Hamdiken et al., 2018). Several risk factors, including genetic makeup, sedentary lifestyle, intake of energy-rich diets, obesity, family history, hypertension and physical inactivity, have been correlated with the risk of developing diabetes.
[bookmark: bb0075]In diabetic condition many free radicals are produced these will damage the liver, heart, kidney and many parts of the human body. Diabetes affects lipid metabolism, carbohydrate metabolism and other metabolisms. Also use of allopathic drugs will leads to organ failure. Hence, there is need for alternate medicine. “Herbal treatments have been used to alleviate the diabetes related disorders from centuries and are well documented in traditional system of medicines and it becomes a favourable therapy for treatment of diabetes”. (Shanmugam et al.,2011).
“Medicinal plants as potential supplier of natural antioxidants and bioactive compounds, they   have effective and safe in treating diseases like diabetes, cancer, and hepatitis”.(Park et al., 2019). “Through the continuous efforts of scientific community, several plant-derived medicinal compounds have been tested and developed into effective modern drugs. There are number of plants and polyhedral formulations claimed to have anti-diabetic and anti-lipidemic properties, however only a few herbal plants like ginger garlic, Ocimum has been studied thoroughly for their therapeutic applications”. (Akerele, 1993)
[bookmark: bbib45]Garlic, scientifically known as Allium sativum, is an herbaceous plant belongs to Amaryllidaceae family. But there was little scientific support of its therapeutic and pharmacologic properties until recently. Garlic has anti-diabetic, anti-oxidant, anti-lipidemic, anti-cancer, anti-bacterial and anti-viral properties. (Tadi  et al., 1990; Dini et al., 2011). “There many bioactive compounds in garlic like allicin, 1 -propenyl allyl thiosulfonate, allyl methyl thiosulfonate, (E,Z)-4,5,9-trithiadodeca- l,6,11-triene 9- oxide (ajoene), and y-L-glutamyl-S-alkyl- L-cysteine. The pharmacological potency of garlic is mainly because of its active phytochemicals.The bioactive compounds in garlic are responsible for their properties”. (Hitl et al., 2021; Jain et al., 2025).
The objective of the present study was to explore the anti-diabetic and anti-lipidemic effect of garlic in diabetic rats. 
2. Materials and methods
2.1.Collection of Plant Material 
Garlic was collected locally and was dried in the shade, coarsely powered and soaked in 70% ethanol for three days at room temperature. The extract was filtered and the solvent was removed using rotary evaporator at 65°C. The yield was 12% (w/w). 
2.2.Chemicals
The chemicals used in this study are obtained from Sigma-Aldrich (St. Louis, USA), Merck, qualigens etc.  
2.3. Animals
Thirty male albino rats weighing 220 ± 20 g were obtained from the animal house of the faculty of National Institute of Nutrition, Hyderabad. Rats were housed in a temperature-controlled environment (22 ± 3 °C), 45%–55% humidity, and a 12-h light/darkcycle. After baseline behavioural assessment, the animals were allowed to acclimatize for two weeks before the experiment. Throughout the experiment, rats are weighed and regularly monitored for any indications of distress. 
2.4. Diabetes Induction in rats
The rats are given a single intraperitoneal injection (ip) of STZ (50 mglkg) for the introduction of diabetes. All the STZ-induced rats are given 20% glucose solution for 24 hours to prevent hypoglycemic shock. Accucheck glucometer (Roche- Germany) was used to test the blood glucose levels. After 3 days of STZ injection, the rats with the blood glucose levels more than 250 mg/dl are used for the study. 
2.5. Grouping of Animals
Rats are separated in to five groups, each group containing six rats.  
I – Normal Control (NC): rats receives saline for 30 days.
II – Garlic treatment (Gt): rats receive the garlic ethanolic extract (200mg/bodyweight) for 30 days. 
III – Diabetic Control (DC): streptozotocin (STZ-50mg/kg),was used for induction of diabetes. 
IV – Diabetic + Garlic treatment (D+Gt): diabetic rats receive the garlic for a period of 30 days. 
V - Diabetic + Vitamin C (D+Vit C): Diabetic rats receive vitamin c for 30 days.
Treatment was given for 30 days and after 24 hrs of the last treatment the blood was collected from retro orbital plexus and serum was separated and used for the estimation of biochemical parameters.  
2.6. Estimation of blood glucose and body weight
Blood glucose and body weight changes are observed in all the groups.  
2.7. Estimation of lipid profiles in serum
MDA, LDL, VLDL, HDL are estimated in the serum of all groups by standard protocols. 
2.8. Estimation of serum markers in serum 
The serum markers like AST, ALT and ALP are also estimated in the serum of all the samples. 
2.9. Statistical analysis
The data were analysed by SPSS 16.0 software (IBM, USA) with one-way analysis of variance (ANOVA). In our study Dunnett's multiple comparision test, M.S. Office, excel software’s are also used for analysis of the data. Differences were considered significant at p < 0.001.
3. Results 
In diabetic rats the blood glucose levels are increased and body weigh was decreased in diabetic rats. But with garlic administration depleted the blood glucose levels and elevated body weight in diabetic rats. (Table 1).
The lipid metabolic profiles MDA, LDL, VLDL, levels are upregulated, except HDL in diabetic rats. However, with garlic treatment in diabetic rats, all these lipid profiles came to near to normalcy. (Figure 1).
The liver markers AST, ALT, ALP levels are elevated in diabetic rats. But with garlic administration all these liver parameters are depleted in diabetic rats. (Table 1).
4. Discussion
“The present study investigated the in vivo antioxidant and anti-diabetic activities and hepatoprotective activity of garlic in diabetic rats. It has been reported that the oral administration garlic to diabetic rats depleted blood glucose levels. Active compounds from plants are capable of modulating the oxidative stress and may act as anti-inflammatory agents contributing to the decreased concentration of inflammatory mediators. The World Health Organization (WHO) has reported that about 80% of the global population relies on herbal remedies for their primary healthcare needs.” (Ekor, 2014).
Oxidative stress is an imbalance between production and removal of ROS due to the decrease in the antioxidant defence mechanisms. It is very evident that free radicals adversely affect various types of biomolecules and can cause lipid peroxidation, thereby damaging several organelles. (Sies, 2015; Darenskaya et al., 2021). “Hyperglycemia and hyperlipidemia induce oxidative stress in diabetes. During hyperglycemia, increased mitochondrial pyruvate oxidation promotes the TCA cycle, which in turn promotes lipid synthesis and ROS production. A high glucose level can also enhance the generation of ROS from pro-oxidative pathways. Hence, in diabetic rats blood glucose levels are high. At the same time protein break down and muscle weekness leads to loss of body weight in diabetic rats.  Previous reports have shown significant weight loss seen in diabetic subjects, compared to normal control rats, due to loss of adipose tissue”. (Moodley et a., 2015). “This reduction of body weight can be due to breakdown of tissue proteins in diabetic rats”. (Bailey & Turner,  1996; Ozata et al., 2001) However with garlic treatment restored the body weight in diabetic rats after 30 days. This shows that garlic has pharmacological property. 
[bookmark: bb0070]“The plant derived phytochemicals such as flavonoids, polyphenols, unsaturated fatty acids, glycosides, tannins, saponins and alkaloids having wide range of biological activities and found useful in the treatment of diabetes” (Pang et al., 2019). “In recent years, there has been a growing focus on the potential of natural compounds in preventing diabetes. In this study, we observed elevated levels of blood glucose and depleted levels of body weight in diabetes rats”. (Nayak et al., 2014; Nabiyouni et al., 2021). But with garlic supplementation blood glucose levels and body weight came back to near to normal levels.(Capasso 2013). “Our study proved that garlic have anti-diabetic effect in diabetic subjects. Besides, another previous study has confirmed the anti-diabetic and hepatoprotective activity of ginger”. (Shanmugam et al., 2011). (Table 1).
Abnormal lipid and glucose metabolism is a hallmark character of diabetes, leading to hyperglycemia and dyslipidemia characterized by elevated levels of lipid profiles. (Yu et al., 2024). In the current study, STZ-induced diabetic rats showed a markedly elevated level of MDA, LDL, VLDL levels as compared with those of the control group. In the present study, we reported  increase in the levels of serum MDA, LDL and VLDL, which indicate disturbances in protein and lipid metabolism in diabetic rats. Also there will be alterations in the lipid metabolism, which results in the upregulation of lipid metabolic profiles in diabetic rats. In addition, excess ROS could induce an enrichment of lipid metabolic profiles levels in diabetic rats. 
“Dyslipidemia, characterized by increased triacylglycerol and cholesterol concentrations, is an established risk factor in the development of diabetes related diseases like coronary heart disease. A variety of derangements in metabolic and regulatory mechanisms, due to insulin deficiency, are responsible for the observed accumulation of lipids” (Rajalingam et al., 1993). “The impairment of insulin secretion results in enhanced metabolism of lipids from the adipose tissue to the blood”. (Pathak et al., 1981). “Moreover, the diabetics have abnormal lipid metabolism due to insulin deficiency in the body as a result of STZ induced damage to pancreatic β cells. Insulin can activate lipoprotein lipase, the enzyme lipoprotein. In the diabetic condition, the enzyme lipoprotein lipase activity decreased so that the levels of lipoproteins in the blood increases” (Johston & Gass, 2006).
Animals treated with garlic showed significantly depletion of lipid profiles compared with STZ treated animal group. It has been described that hyperglycaemia resulted in oxidative injury via shooting up oxidative stress, resulting in overproduction of ROS was supressed by garlic, hence, in diabetic subjects which received garlic showed depletion of lipid profiles. 
In the current study, treatment with garlic appreciably ameliorated the altered oxidative stress levels in STZ induced diabetic animals resulting in depletion of lipid profiles. Moreover, garlic treatment significantly altered the lipid metabolic profile in diabetic subjects. Our study reported that the bioactive compounds of garlic may modulate the lipid profiles in diabetic rats. So these lipid metabolic profile levels are down regulated in diabetic rats. (Yu-Yan & Liu 2001; Zeng et al., 2013). (Figure 1).
“The elevated levels of liver function enzymes in the serum are associated with hepatocellular damage because damage in the liver cell plasma membrane results in the release of these enzymes into circulation. ALT, ALP and AST are liver markers, when liver tissue is damaged these markers will leakage in to blood stream. Therefore, serum levels of AST, ALT and AST can be considered as the most sensitive indicators of liver injury. Our studies reported in diabetic rats these levels are upregulated. But with garlic supplementation these serum markers are down regulated. Our study proved that garlic have hepato protective effect in diabetic subjects. Besides, another previous study has confirmed the hepatoprotective activity of ginger”. (Shanmugam et al., 2011; Abdullah Ali et al., 2023). (Table 1).
Conclusion
Accordingly, from our experimental results it can be concluded that garlic ethanolic extract has a beneficial effect in diabetic subjects. The finding of this study advocates that the anti-diabetic, hypolipidemic and hepato-protective effect of garlic in diabetic subjects. So garlic may be used to treat diabetes. Further, additional experimental evidence is required to elucidate the influences of various concentrations and doses of garlic  and its constituents as promising therapeutic agents for diabetes.
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Figure 1 : Impact of garlic in diabetic rats. 


















Table 1:- Effect of garlic blood glucose and ALT, AST and ALP in diabetic rats 

    Groups       Blood Glucose     Body                       ALT                AST                 ALP    
                                                                                     (IU/L)         	IU/L)              (IU/L)                                   
(mg/DL)            weights   (grams)
                        0 Day    30 Day   0  Day      30 Day

        NC      80±1.6       84±2.8      220±12     210±12      46.42±8.23   48.46±14.2         124.2±12.4
        Gt        86±1.8        86±8.2       230±14      220±142      86.6±21.46   216.±15.6*         202.4±26.6
        DC     262±12.6* 262±15* 220±14  142±16.4    198±32.6*     212±20.42        284±26.6
        D+Gt  286±14*   148±14*   230±16    158±12      126.±24.2        114.±32.6           128.6±20.64
        D+vit C  274±18*  154±12    210±14  180±14    132±6.4*        54±4.8*             156±18.2

All the values are means ± SD of six individual observations.
 * Significant at p < 0.001 with respect to normal control. 







MDA
Ψ
*
Ψ
*
Ψ
*
10	12	24	12	16	10	12	24	12	16	NC	Gt	DC	D+Gt	D+Vit C	120	115	246	184	162	Treatment

μm mol/L MDA 

LDL
Ψ
*
Ψ
*
Ψ
*
2.6	1.9200000000000008	1.6600000000000001	1.8800000000000001	1.9600000000000009	2.6	1.9200000000000008	1.6600000000000001	1.8800000000000001	1.9600000000000009	NC	Gt	DC	D+Gt	D+Vit C	82	89	107	74	82	Treatment
mg of Low density lipoprotein /dl of serum

VLDL
Ψ
*
Ψ
*
Ψ
*
1.8	2.8	2.6	2.4	1.8	1.8	2.8	2.6	2.4	1.8	NC	Gt	DC	D+Gt	D+Vit C	22	18	35	19.8	20.6	Treatment

mg of Very low density lipoprotein /dl of serum

HDL
Ψ
*
Ψ
*
Ψ
*
1.8	2.6	2.6	1.6	2.2000000000000002	1.8	2.6	2.6	1.6	2.2000000000000002	NC	Gt	DC	D+Gt	D+Vit C	26	22	28	32	24	Treatment

mg of High density lipoprotein /dl of serum




