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Triticum aestivum Ameliorates Hyperglycemic and Insulin Resistance in Albino Mice Fed a Fat Rich Diet
        

Abstract
This study aims to shows  that when fresh Triticum aestivum aqueous extract is administered, the hyperglycemic effect is reversed to normal which is caused due to FRD. FRD is prepared by  the mixture of Vanaspati ghee and coconut oil in the  2:3 ratio.  In this experiment albino mice were divided into 4 groups (A-D; each group having 10 mice). Group A was employed as control. Groups B-D were given 10 ml of FRD/kg body wt/day for 30 days. In addition to FRD, groups C and D received 20 and 50 ml of wheatgrass juice per kg of body weight per day, respectively for 30 days. As compare to control FRD increases the blood glucose level from 134.2 ± 1.93 to 154.2± 2.87 mg/dl  and decreases the insulin hormone level from 1.307 ±  0.094 to   0.406 ±  0.071 µU/ml. Both lower and higher doses of fresh juice of wheatgrass was  administrated which shows significant result on blood glucose and insulin hormone level. Lower dose of wheatgrass  decreases the glucose level to 135.6 ±  2.1mg/dl and increase the insulin hormone level to 0.85  ±  0.103 µU/ml.  Whereas the higher dose of wheatgrass significantly decreases the blood glucose level upto 126.3 ± 1.10 mg/dl  and increases the insulin  hormone level to 2.306 ±  0.063 µU/ml. Aqueous extract of T. aestivum  worked as a potent hypoglycemic agent.
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Introduction
Glucose is the most important carbohydrate fuel in the body.  It  is absorbed and enters the  bloodstream. But without insulin, it cannot enter the cells of the majority of the body's tissues. The hormone insulin is produced by the pancreas. The pancreas releases insulin when blood glucose levels increase. Insulin allows glucose to enter the cells by opening them. This gives the cells the fuel they need to function properly. The muscles and liver store extra glucose. In this way reduces blood glucose levels and keeps them from rising to dangerously high levels. The brain needs continuous supply of blood glucose to function properly. Cognitive functions like memory and thought are hindered without it. Glucose serves as a precursor for synthesizing other important molecules, such as glycogen (for storage), ribose (for DNA/RNA), and various glycolipids and glycoproteins. Glucose supplies the energy required for muscle contractions during physical exercise and helps all other organ systems to perform their fundamental functions.

Hyperglycemia (High blood glucose ) affects almost every organ of the body. Long-term high blood sugar turns toxic and damages blood vessels and neurons irreversibly. It increases the risk of atherosclerosis (narrowed arteries), heart attack, and stroke. It also damage nephron of the kidney which leads to kidney failure , damages the retina's blood vessels, which may result in cataracts, glaucoma, blurred vision, or permanent blindness.
Fat Rich Diet (FRD) which is prepared by  the mixture of Vanaspati ghee and coconut oil. Vanaspati ghee is a partially hydrogenated oil. It contain 30 to 40 % trans fatty acids (TFAs) which shows adverse effect and caused insulin resistance , obesity and endothelial inflammation and atherosclerosis (Micha et al., 2008). Coconut oil contain high amount of saturated fatty acids (90.84%) so that it resistance to oxidative  reactions (Yousefi et al., 2013).
Triticum aestivum (Wheatgrass)  is a type of herbal medication which is used to treat many illness. It is an incredible source of nutrition . It  contain  70%  of chlorophyll. It is also called green blood because there is similarity between human blood and chlorophyll both having tetra pyrrole ring. It  also help in detoxification of liver and bloodstream.  (padalia et al., 2010). It is low in calories but high in minerals, including calcium, iron, magnesium, phytonutrients, chlorophyll, vitamins C, E, K, and B, as well as antioxidants like glutathione (Kapil, 2012). It is rich in bioflavonoids including apigenin, quercitin, and luteolin as well as amino acids such aspartic acid, glutamic acid, arginine, alanine, and serine (Devi et al., 2019). 
This study shows that when fresh Triticum aestivum aqueous extract was  administered, the hyperglycemic effect is reversed to normal which is caused due to FRD.
Materials and Methods
Wheatgrass juice preparation

For this experiment, Triticum aestivum was grown in the University Department of Zoology's garden. The grass was chopped ½ inch above the ground after it reached a height of around 6 inches. Four layers of damp muslin fabric were used to extract the juice from 20 g of freshly selected grass that had been processed in a grinder with 10 ml of sterile water. The filtrate was administered as grass juice after being diluted with sterile water to a final volume 20 ml. Before being administered, the fresh extract was made every day.
Fat Rich Diet preparation
Vanaspati ghee and edible coconut oil were bought from the market and combined in a 2:3 v/v ratio (Shyamala et al., 2003). For 30 days, it was given at a dose of 10 ml/kg body weight along with a regular Chow diet.

Experimental design
The albino mice (Mus musculus) used in this investigation were 40–50 days old and weighted 20–40 gm. These animals were kept in polypropylene cages in optimum  lighting and temperature at the University Department of Zoology, Tilka Majhi Bhagalpur University, Bhagalpur, Bihar, India. The animals were split up into four groups, with 10 mice in each group. For 30 days, doses were administered. The control group was Group A. For 30 days, 10 ml of FRD/kg body wt/day was administered to groups B ,C and D. In addition to FRD, groups C and D received 20 and 50 ml of wheatgrass juice/kg body weight/day, respectively, for 30 days.




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 21.884 ;  all the data were  significant at **p <0.01.


Fig. 1:  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 72.776 ; all the data were  significant at * * p <0.01.


            Fig. 2:  The average level of  Insulin Hormone in the control and all treated groups.




Fig 3 : A histogram comparing the average levels of insulin hormone and blood glucose in the control  and all treated groups.




After the completion of the experiments in all different groups of albino mice. The average blood glucose level in the control group was found 134.2 ± 1.93 mg/dl. After the treatment with FRD in group B the blood glucose level significantly increases to 154.2 ± 2.87 mg/dl . 
The average insulin hormone level in the control group was found 1.307 ±  0.094 µU/ml. The insulin level decreases  in the group B which   treated only with FRD was 0.406 ±  0.071 µU/ml.  This finding is consistent with others reports on the effect of high fat diet on blood glucose and insulin hormone level.
A high-fat diet may lower the activity of the intracellular enzymes involved in the synthesis of fatty acids and the intracellular ability to use glucose. Consequently, the response of glucose metabolism to insulin may be limited (Lavau et al., 1979).                                                 
(Capito et al., 1992) found that when mice were fed a high-fat diet, the oxidation of glucose in pancreatic cells slowed down, which in turn slowed down the release of insulin.  
According to (Van et al., 1986) saturated fatty acids may lower insulin's affinity in peripheral tissue. A high fat diet lowers GLUT2 and glucokinase mRNA content in pancreatic beta-cells, which slows down the rate at which glucose enters pancreatic cells and as a result, slows down  insulin secretion.  High fat diet will surely lower peripheral tissue glucose metabolism. It will not cause  hyperinsulinemia. By decreasing the affinity of insulin in peripheral tissue and changing the activity of lipoprotein lipase (LPL), insulin resistance lowers the rate of VLDL metabolism in that tissue.
If we compare with group B the blood glucose level is decreases in   group C and D which is treated with fresh juice of T. aestivum along with FRD. At the lower dose T. aestivum in group C the blood glucose  level was 135.6 ±  2.1 mg/dl. At the higher dose of T. aestivum in group D there is a significant decrease of blood glucose level was 126.3 ± 1.10 mg/dl.  T. aestivum components help in the regeneration of pancreatic beta cell and enhance the secretion of insulin hormone which maintain the blood glucose  level.



At the lower dose of T. aestivum treated along  with FRD in group C  the insulin level slightly increases to 0.85  ±  0.103 µU/ml. But at the higher dose of           T. aestivum treated along with FRD in  group D significantly increases to 2.306 ±  0.063 µU/ml.
T. aestivum may have increased the sensitivity and activity of peripheral tissues to insulin. By either improving glucose absorption and metabolism or reducing gluconeogenesis by liver cells, insulin frequently lowers blood glucose levels (Saravanan et al., 2012). The liver stores glucose as glycogen. The pancreatic beta cells produce the hormone insulin, which stimulates glycogen synthase and inhibits glycogen phosphorylase to increase intracellular glycogen deposition (Grover et al., 2000).

T. aestivum dramatically increased hepatic glycogen stores, most likely as a result of increased insulin secretion reactivating glycogen synthase.
It decrease  the pancreatic cells deterioration. This may be because T. aestivum contains strong antioxidants such as vitamin C, vitamin E, beta-carotene, ferulic acid, vanillic acid, and other flavonoids. By reducing oxidative stress on the pancreas, these antioxidants may have improved insulin output and function and prevented organ damage (Aydos et al., 2011).

According to (How et al., 2011) T. aestivum contains vitamin C, which improves non-oxidative glucose metabolism and stimulates insulin action. 
According to (Boushey et al., 2001), magnesium is a cofactor in several enzymatic systems that involve the oxidation of glucose and controls the movement of glucose across membrane.

Vitamin K1 (Phylloquinone) and Vitamin K2 (Menaquinones) supplements improve the insulin sensitivity and glucose metabolism which help in reduction of glucose levels ( Manna et al., 2016).  Vitamin B1 (thiamine), which increases the activity of the Krebs cycle and functions as a cofactor for transketolase (Tk), pyruvate dehydrogenase, and alpha ketoglutarate dehydrogenase complexes, are essential for intracellular glucose metabolism.



T. aestivum contain biotin which stimulates the production of chemicals like insulin that regulate blood sugar while suppressing the synthesis of enzymes that cause the liver to produce glucose (Anand et al., 2020). Polyphenols such flavones and hydroxycinnamic acids stimulated glucokinase activity, which inhibited adipogenesis and gluconeogenesis in a many   animal models (Sun et al., 2020).

T. aestivum increases the activity of hexokinases while decreasing the activities of fructose 1,6-bisphosphatase and glucose-6-phosphatase. While glucose-6-phosphatase is a crucial enzyme in the final stage of gluconeogenesis and glycogenolysis, where it catalyzes the hydrolysis of glucose-6 phosphate to glucose,  hexokinase is an important enzyme in glycolysis that converts glucose to glucose 6-phosphatate (Laakso et al., 1995).

In peripheral fat, insulin triggers the action of lipolytic hormones, which hydrolyze triglycerides and stop free fatty acid mobilization (Briones et al., 1984). An increased serum phospholipid level results from the liver conversion of free fatty acids into phospholipids and cholesterol, which are then delivered into the bloodstream.

The phytochemical analysis of wheatgrass showed the presence of tannins, flavonoids, saponins, and sterols. Their ability to heal the pancreatic 𝛽-cell and prevent diabetes has already been proven. (Chika et al., 2010)

Conclusion
In the current study, we found that albino mice fed a fat-rich diet consisting of coconut oil and vanaspati ghee, which are heavy in saturated and trans fats, had increase blood glucose level and decreases insulin hormone  secretion.                       T. aestivum which is powerhouse of nutritions which decreases the blood glucose level and increases the insulin hormone secretion. When compared to lower doses, higher doses of T. aestivum are more effective. Aqueous extract worked as a potent hypoglycemic agent.
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