




Triticum aestivum (Wheatgrass) Ameliorates Hyperglycemia and Insulin Resistance in Albino Mice Fed a Fat Rich Diet
        

Abstract
Glucose is a vital energy source regulated by insulin, and its imbalance can lead to serious complications such as cardiovascular, kidney, and eye diseases. High-fat diets contribute to insulin resistance and metabolic disorders, while plant-based treatments like wheatgrass offer potential antidiabetic benefits due to their rich nutrient and antioxidant content. The present study demonstrates that administration of a fresh aqueous extract of wheatgrass (Triticum aestivum) reverses the hyperglycemic effects caused by a fat-rich diet (FRD). The FRD was prepared by mixing vanaspati ghee and coconut oil in a 2:3 ratio. The animals were divided into four groups, each consisting of 10 albino mice, and treatments were administered for 30 consecutive days: Group A: Control, Group B: Fat-rich diet (10 ml/kg body weight/day), Group C: FRD (10 ml/kg body weight/day) along with T. aestivum (20 ml/kg body weight/day) and  Group D: FRD (10 ml/kg body weight/day) along with T. aestivum (50 ml/kg body weight/day). Compared to the control group, FRD increased blood glucose levels from 134.2 ± 1.93 to 154.2 ± 2.87 mg/dl and decreased insulin levels from 1.307 ± 0.094 to 0.406 ± 0.071 µU/ml. Administration of fresh wheatgrass juice produced significant effects on both blood glucose and insulin levels. The lower dose of wheatgrass reduced blood glucose from 154.2 ± 2.87 to 135.6 ± 2.1 mg/dl and increased insulin levels from 0.406 ± 0.071 to 0.85 ± 0.103 µU/ml. The higher dose of wheatgrass further reduced blood glucose from 154.2 ± 2.87 to 126.3 ± 1.10 mg/dl and increased insulin levels from 0.406 ± 0.071 to 2.306 ± 0.063 µU/ml. These results indicate that the aqueous extract of Triticum aestivum has significant hypoglycemic and hyperinsulinemic effects.
Keywords
Triticum aestivum, Wheatgrass, Fat Rich Diet (FRD), Vanaspati ghee, Coconut oil, Blood Glucose, Insulin Hormone.
1. Introduction
Glucose is the body’s most important carbohydrate fuel. After being absorbed, it enters the bloodstream. However, without insulin, glucose cannot enter the cells of most body tissues. Insulin is a hormone produced by the pancreas and it is released when blood glucose levels rise. It helps glucose enter the cells, providing them with the energy they need to function properly. Excess glucose is stored in the muscles and liver, which helps lower blood glucose levels and prevents them from rising to dangerous levels. The brain requires a continuous supply of glucose to function effectively. Glucose also acts as a precursor for the synthesis of other important molecules, including glycogen (for energy storage), ribose (for DNA and RNA), and various glycolipids and glycoproteins. Additionally, it provides the energy needed for muscle contraction during physical activity and supports the proper functioning of all organ systems.  Hyperglycemia (high blood glucose) affects nearly every organ in the body. Prolonged high blood sugar levels become toxic and can cause irreversible damage to blood vessels and nerves. It increases the risk of atherosclerosis (narrowing of the arteries), heart attacks, and strokes. It can also damage the nephrons in the kidneys, leading to kidney failure, and harm the blood vessels of the retina, which may result in cataracts, glaucoma, blurred vision, or even permanent blindness.
        A fat-rich diet (FRD) was prepared by mixing vanaspati ghee and coconut oil. Vanaspati ghee is     a partially hydrogenated oil that contains 30–40% trans fatty acids (TFAs), which have harmful effects and are associated with insulin resistance, obesity, endothelial inflammation, and atherosclerosis (Micha et al., 2008). Coconut oil contains a high proportion of saturated fatty acids (about 90.84%), which makes it more resistant to oxidative reactions (Yousefi et al., 2013).
 The World Health Organization (WHO) has recommended the use of traditional plant-based treatments for diabetes because they are considered effective, non-toxic, and associated with few or no side effects. The antihyperglycemic effects of these plants are mainly attributed to their ability to restore pancreatic function by enhancing insulin production, reducing intestinal glucose absorption, and supporting metabolic processes involved in insulin activity. Plant compounds such as glycosides, alkaloids, terpenoids, flavonoids, carotenoids, and others are often associated with antidiabetic properties (Malviya et al., 2010).
Triticum aestivum (wheatgrass) is a type of herbal remedy used to treat various illnesses. It is a rich source of nutrients and is reported to contain about 70% chlorophyll. It is sometimes referred to as “green blood” due to the structural similarity between chlorophyll and human hemoglobin, as both contain a tetrapyrrole ring (Padalia et al., 2010). Wheatgrass is believed to support the detoxification of the liver and bloodstream. It is low in calories but rich in minerals such as calcium, iron, and magnesium, as well as phytonutrients, chlorophyll, and vitamins C, E, K, and B. It also contains antioxidants like glutathione (Kapil, 2012). In addition, wheatgrass is a good source of bioflavonoids, including apigenin, quercetin, and luteolin, as well as amino acids such as aspartic acid, glutamic acid, arginine, alanine, and serine (Devi et al., 2019).
The present study demonstrates that administration of a fresh aqueous extract of Triticum aestivum reverses the hyperglycemic effects induced by a fat-rich diet, restoring blood glucose levels to normal.
2. Materials and Methods

2.1 Animal Model
Albino mice (Mus musculus) used in this study were 40–50 days old and weighed 20–40 g. The animals were housed in polypropylene cages and maintained under standardized conditions in the animal house of the University Department of Zoology, Tilka Majhi Bhagalpur University, Bhagalpur, Bihar. They were allowed to acclimatize for seven days before the commencement of the treatment phase.

2.2 Wheatgrass juice preparation
For this experiment, Triticum aestivum was cultivated in the garden of the University Department of Zoology. The wheatgrass leaves were harvested by cutting them approximately ½ inch above the ground when they reached a height of about 6 inches. Freshly selected leaves (20 g) were ground with 10 ml of sterile water. The juice was then extracted using four layers of damp muslin cloth. The filtrate was diluted with sterile water to a final volume of 20 ml and administered as juice. The fresh leaf extract was prepared daily prior to administration.
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Fig. 1: Triticum aestivum
2.3 Fat Rich Diet  preparation
Vanaspati ghee and edible coconut oil were purchased from the market and mixed in a 2:3 (v/v) ratio (Shyamala et al., 2003). This mixture was administered at a dose of 10 ml/kg body weight for 30 days, along with a standard chow diet.

2.4 Experimental design
The animals were divided into four groups, each consisting of 10 albino mice. The treatments were administered for 30 consecutive days.
· Group A: Control
· Group B: Fat-rich diet (10 ml/kg body weight/day)
· Group C: Fat-rich diet (10 ml/kg body weight/day) along with T. aestivum (20 ml/kg body weight/day)
· Group D: Fat-rich diet (10 ml/kg body weight/day) along with T.  aestivum (50 ml/kg body weight/day)
2.5 Hormonal Detection 
Insulin levels were measured using an ELISA kit.
2.6 Estimation of Blood Glucose
Blood glucose estimation was performed using the Anthrone method. The chemicals required for the assay included: Anthrone reagent (0.2%) – 200 mg Anthrone per 100 ml , Concentrated sulfuric acid , 4% Trichloroacetic acid (TCA) – 4 g per 100 ml and Standard blood glucose solution – 100 mg per 100 ml. All chemicals were purchased from the Scientific Syndicate Store in Bhagalpur, Bihar.

2.7 Statistical Analysis
The results are presented as mean ± standard error (S.E.). Statistical analysis was performed using the t-test and one-way ANOVA to compare differences between the control and the treated groups.



3 [bookmark: _GoBack]Results and Discussion

Table 1:  Blood Glucose levels in different groups of albino mice after 30 days of treatment
	No. of Animals
	Group
	Dose
	Mean ±SE

	10
	A
	Control
	       134.2 ± 1.93

	10
	B
	FRD(10 ml/kg b wt/day)
	154.2 ± 2.87**

	10
	C
	FRD(10 ml/kg b wt/day) and T. aestivum (20 ml/kg b wt/day)
	       135.6 ±  2.1

	10
	D
	FRD(10ml/kg b wt/day) and T. aestivum (50 ml/kg b wt/day).
	126.3 ± 1.10**



The f-test  value is 32.626;  all the data were  significant at **p <0.01.


                Fig. 2:  The average level of blood glucose in the control and all treated groups.




 



Table 2:  Insulin Hormone levels in different groups of albino mice after 30 days of treatment
	No. of Animals
	Group
	Dose
	Mean ±SE

	10
	A
	Control
	        1.307 ±  0.094

	10
	B
	FRD(10 ml/kg b wt/day)
	        0.406 ±  0.071**

	10
	C
	FRD(10 ml/kg b wt/day) and T. aestivum (20 ml/kg b wt/day)
	         0.85  ±  0.103

	10
	D
	FRD(10ml/kg b wt/day) and T. aestivum (50 ml/kg b wt/day).
	      2.306 ±  0.063**



The f-test  value is 92.331; all the data were  significant at * * p <0.01.


            Fig. 3:  The average level of Insulin Hormone in the control and all treated groups.





Fig 4: A histogram comparing the average levels of insulin hormone and blood glucose in the control  and all treated groups.

After completing the experiments on all the groups of albino mice, the average blood glucose level in the control group was 134.2 ± 1.93 mg/dl. In Group B, which was treated with the fat-rich diet (FRD), blood glucose levels increased significantly to 154.2 ± 2.87 mg/dl.

The average insulin level in the control group was 1.307 ± 0.094 µU/ml. In Group B, which received only the FRD, the insulin level decreased to 0.406 ± 0.071 µU/ml. These findings are consistent with other reports on the effects of a high-fat diet on blood glucose and insulin levels.           A high-fat diet may reduce the activity of intracellular enzymes involved in fatty acid synthesis and impair the cell’s ability to use glucose. As a result, the response of glucose metabolism to insulin may be limited (Lavau et al., 1979). Capito et al. (1992) reported that in mice fed a high-fat diet, glucose oxidation in pancreatic cells slowed down, which in turn reduced insulin secretion. According to Van et al. (1986), saturated fatty acids may decrease insulin’s affinity in peripheral tissues. A high-fat diet also reduces GLUT2 and glucokinase mRNA levels in pancreatic beta cells, slowing glucose entry into these cells and consequently delaying insulin secretion. Overall, a high-fat diet decreases glucose metabolism in peripheral tissues and does not cause hyperinsulinemia. By reducing insulin affinity in peripheral tissues and altering the activity of lipoprotein lipase (LPL), insulin resistance decreases the rate of VLDL metabolism in these tissues.
  Compared to Group B, blood glucose levels decreased in Groups C and D, which were treated with fresh wheatgrass juice along with the fat-rich diet (FRD). In Group C, receiving the lower dose of T. aestivum, blood glucose slightly decrease from  154.2 ± 2.87 to 135.6 ± 2.1 mg/dl. In Group D, receiving the higher dose, blood glucose decreased significantly from 154.2 ± 2.87  to  126.3 ± 1.10 mg/dl.                                                                           
Components of T. aestivum are believed to promote regeneration of pancreatic beta cells and enhance insulin secretion, thereby helping to maintain normal blood glucose levels. In Group C, the lower dose of T. aestivum along with FRD slightly increased insulin levels from 0.406 ± 0.071  to  0.85 ± 0.103 µU/ml. In Group D, the higher dose of T. aestivum with FRD caused a significant increase in insulin levels from  0.406 ± 0.071 to  2.306 ± 0.063 µU/ml.
Wheatgrass may increase the sensitivity and activity of peripheral tissues to insulin. In peripheral fat tissue, insulin stimulates lipolytic hormones, which break down triglycerides and prevent the mobilization of free fatty acids (Briones et al., 1984). Elevated serum phospholipid levels result from the liver converting free fatty acids into phospholipids and cholesterol, which are then released into the bloodstream. The liver stores glucose in the form of glycogen, while pancreatic beta cells produce insulin, which stimulates glycogen synthase and inhibits glycogen phosphorylase to promote intracellular glycogen storage (Grover et al., 2000). By enhancing glucose uptake and metabolism or by reducing gluconeogenesis in the liver, insulin effectively lowers blood glucose levels (Saravanan et al., 2012). T. aestivum also contains biotin, which promotes the production of compounds such as insulin that regulate blood sugar, while inhibiting the synthesis of enzymes that trigger glucose production in the liver (Anand et al., 2020).                                                                                                       
T. aestivum was found to significantly increase hepatic glycogen stores, likely due to enhanced insulin secretion reactivating glycogen synthase. It also reduces pancreatic cell deterioration. This effect may be attributed to the strong antioxidant content of T. aestivum, including vitamin C, vitamin E, beta-carotene, ferulic acid, vanillic acid, and other flavonoids. By reducing oxidative stress in the pancreas, these antioxidants may improve insulin production and function while protecting the organ from damage (Aydos et al., 2011). Vitamin K1 (phylloquinone) and vitamin K2 (menaquinones) supplementation improves insulin sensitivity and glucose metabolism, contributing to lower blood glucose levels (Manna et al., 2016). Vitamin B1 (thiamine) increases the activity of the Krebs cycle and serves as a cofactor for transketolase (Tk), pyruvate dehydrogenase, and alpha-ketoglutarate dehydrogenase complexes, which are essential for intracellular glucose metabolism.
According to How et al. (2011), T. aestivum contains vitamin C, which enhances non-oxidative glucose metabolism and stimulates insulin activity. Boushey et al. (2001) reported that magnesium acts as a cofactor in several enzymatic systems involved in glucose oxidation and helps regulate glucose transport across cell membranes.                                                                                                     
Additionally, polyphenols such as flavones and hydroxycinnamic acids stimulate glucokinase activity, thereby inhibiting adipogenesis and gluconeogenesis in various animal models (Sun et al., 2020).                T. aestivum increases the activity of hexokinase while decreasing the activities of fructose 1,6-bisphosphatase and glucose-6-phosphatase. Hexokinase is a key enzyme in glucose catabolism, as it phosphorylates glucose and converts it into glucose-6-phosphate. In diabetic rats treated with wheatgrass, hepatic hexokinase activity was elevated. The increased activity of hexokinase helps enhance glycolysis and glucose utilization for energy production. Wheatgrass treatment has been shown to reduce blood glucose levels from 151.5 ± 6.5 to 128 ± 5.9 mg/dl over 30 days (Mohan et al., 2013).
Phytochemical analysis of wheatgrass has shown the presence of tannins, flavonoids, saponins, and sterols. These compounds have been proven to support pancreatic beta-cell health and help prevent diabetes (Chika et al., 2010). Additionally, sterols have been shown to reduce blood sugar in experimental animal models (Suba et al., 2004). (GK et al., 2017) investigated the antidiabetic effects of aqueous wheatgrass extract in alloxan-induced diabetic rats. The extract, harvested on the 10th day, reduced blood glucose levels at doses of 165.1 mg and 300 mg per kilogram of body weight. Similar results were observed in streptozotocin-induced diabetic mice, which were given 200 and 400 mg/kg of wheatgrass extract harvested on the 9th day for 60 days.
Wheatgrass also protects against oxidative stress and may therefore be useful in managing diabetes (Adhikary et al., 2021). (Gupta et al., 2025) demonstrated that wheatgrass exhibits antidiabetic activities, including α-amylase inhibition, α-glucosidase inhibition, and Dipeptidyl peptidase (IV) inhibitory activity. They identified 40 bioactive secondary metabolites, highlighting the therapeutic potential of wheatgrass in controlling diabetes and oxidative stress.
(Benali et al., 2024) reported that wheatgrass contains various polyphenols, flavonoids, triterpenes, stilbenes, and sterols. Compounds such as cyranoside, cosmosiin, p-coumaric acid, dihydrokaempferol, quercetin, luteolin, and apigenin were found to have strong antioxidant and antidiabetic properties. Quinic acid was also identified, exhibiting antioxidant, antidiabetic, and antimicrobial activities. Additionally, wheatgrass treatment significantly increased lactate dehydrogenase (LDH) activity in diabetic rats. LDH is an important enzyme in anaerobic glycolysis that catalyzes the conversion of pyruvate to lactate, which can then be used for glucose production via gluconeogenesis (Pozzilli et al., 2003).
.
4 Conclusion
The present study investigated albino mice fed a fat-rich diet consisting of coconut oil and vanaspati ghee, which are high in saturated and trans fats. This diet led to increased blood glucose levels and decreased insulin secretion.Wheatgrass which is a nutritional powerhouse, was found to reduce blood glucose levels and increase insulin secretion. Higher doses of T. aestivum were more effective than lower doses in producing these effects. wheatgrass contains various polyphenols, flavonoids, triterpenes, stilbenes, sterols, tannins, flavonoids and saponins which  support pancreatic beta-cell and increases the secretion of insulin that maintain blood glucose level. The aqueous extract of T. aestivum has significant hypoglycemic and hyperinsulinemic effects.
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