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Abstract 

Mushrooms (a macrofungus) have high dietary values and are used in cooking for ages. 

Some of them are also reported to have medicinal properties. Volvariella volvacea (V. 

Volacea) is an edible mushroom cultivated in East and South East Asia. This provides  

good nutrition is extremely suitable in human diet. The present work was planned to 

determine the antidiabetic potential of V. volvacea by exploring the glucose tolerance test 

and other vital serum profiles in normal as well as STZ-induced diabetic rats. The 

mushroom was subjected to hydroalcoholic extraction; the extract was divided into two 

equal portions. One part was dried by lyophilisation (LE) and second part was dried in hot 

air oven (ODE). The LE and ODE of V. volvacea was studied for antidiabetic activity. The 

extracts, in a dose dependent manner could significantly decrease the serum glucose level 

of diabetic rats. The results show that LE of V. volvacea exhibited more antidiabetic activity 

than ODE. The above result advocate that more study is required to proceed for developing 

a formulation of this mushroom to utilise its nutraceutical and medicinal properties. 
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1 Introduction 

Diabetes particularly type-II diabetes usually develops due to increased oxidative stress[1], 

which is produced due to imbalance between production and scavenging of free radicals . The 

free radicals are produced due to radiation, enzymatic metabolism of drugs, mitochondrial 

respiration, or exogenous chemicals. These free radicals injure nucleic acids, proteins and 

lipids [2]. To overcome this, nutraceuticals and other dietary substances having antioxidant 

activity are used. From centuries mushrooms are known for their edible as well as medicinal 

properties. The mushrooms were first used by the Egyptians and Chinese, and Hippocrates in 

400 B.C. showed their medicinal value [3]. Till date about 14000 mushrooms have been 

identified [4], but only 2000 mushrooms are used for edible purpose or as medicinal 

mushrooms. Edible mushrooms are highly nutritious [5]. They are rich in proteins, vitamins, 
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minerals, and fibres and they do not contain cholesterol [6]. Many studies have reported 

mushrooms contain an enormous amount of secondary metabolites having antioxidant 

activity. 

 
V. volvacea is an edible mushroom species that has high amount of polypeptides, terpenes 

and steroids [7]. It also contains phenolic phytoconstituents namely tannins, phenolic acids, 

and flavonoids. Presences of these compounds contribute to high antioxidant capability [8]. 

Ames et al. (1993) reported that antioxidant action of V. volvacea safeguards against the risks 

of chronic angiogenic ailments for instance cardiovascular diseases, cancer, inflammation as 

well as arthritis [9]. Ram kumar et al. (2012) also has shown the presence of appreciable levels 

of antioxidants. They have also mentioned the presence of glutathione peroxidase, superoxide 

dismutase, glutathione-S-transferase catalase, peroxidase, and glutathione reductase in dried 

mushroom and even in mycelial mats [10]. 

 
2 Materials and methods 

2.1 Collection and identification of mushroom 

The spawn of V. volvacea was acquired from Mushroom Research Centre, Department of 

Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh, India. It was 

then cultivated in Institutional Columbia Mushroom Centre, under the expert guidance of 

scientist from Indira Gandhi Krishi Vishwavidyalaya, Raipur and Chhattisgarh Council of 

Science and Technology, Raipur, Chhattisgarh, India. 

 
2.2 Preparation of mushroom sample 

Both the mushrooms were washed to remove dirt and adhering materials. They were 

subjected to sun drying to dry the increase in moisture due to washing. Thereafter they were 

dried under shade till free from moisture. Mushroom species were ground separately to get 

coarse powder. Thereafter they were stored separately in labelled air tight container for 

further use. 

 
2.3 Extraction procedure 

The prepared sample of mushroom was extracted with different solvent as shown in above 

figure (Figure no. 1). 

 
2.3.1 Extraction with Petroleum ether 

Powdered drug was macerated with petroleum ether for seven days. This solution was kept  

on orbital shaker for six hours every day to enhance extraction. The resulting petroleum ether 

extract was filtered, and the extract was dried in water bath. Marc obtained was dried and 

then it was kept for extraction with other solvents. The petroleum ether extracts of both the 

mushrooms was kept for further experimental work in refrigerator. 
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2.3.2 Extraction with hydroalcoholic solvent 

The marc was further extracted with hydroalcoholic solution (70:30). For this the mark was 

immersed in the solution and was macerated for 7 days and during this time it was kept on 

orbital shaker to enhance the extraction process. Thereafter it was filtered and the marc was 

discarded [11]. 

 
2.3.3 Drying of hydroalcoholic extract 

The hydroalcoholic extract was divided into two equal parts. One part was subjected to 

lyophilisation at -20ºC.The second portion was dried in tray dryer at 50ºC constant 

temperature and weighed periodically till a constant weight was observed. The lyophilized 

extract (LE) and the dried extract (ODE) were stored in refrigerator in air tight container for 

additional experimental work. 

 
2.4 In vivo study 

The streptozotocin- nicotnamide induced diabetic rats model was used to assess the 

antidiabetic potential of LE and ODE of V. volvacea. Male Wistar rats weighing ranged from 

150 to 230 gm were used for the study. Seven groups were made and each group contained 

six rats. Each group was kept separately in polyacrylic cages (38 x 23 x 10 cm). The rats were 

maintained under standard laboratory conditions (temperature 25  2oC) with dark/  light 

cycle (14 /10 h). They were given with standard dry pellet diet and water ad libitum. The rats 

were allowed to get accustomed to laboratory conditions for 10 days before beginning the 

experiment. All testing were approved by the institutional ethical committee and experiments 

were done as per its guidelines. 

 
2.4.1 Initiation of non-insulin dependent diabetes mellitus (NIDDM) 

The rats were fasted for overnight. A single dose of streptozotocin was administered 

intraperitonally to induce NIDDM, at a dose of 60 mg/kg. This was done 15 minutes after 

nicotinamide administration (120 mg/kg i.p.). Nicotinamide was dissolved in normal saline 

and STZ was dissolved in citrate buffer at a pH of 4.5. The glucose level in plasma was 

measured after 72 hours and then on 7th day. The level of glucose measurement confirmed 

initiation of hyperglycemia. The entry value of fasting plasma glucose level was >126mg/dl 

for diagnosis of diabetes. Only those that showed permanent NIIDM were used for the study 
[12, 13]. 

 
2.4.2 Experimental design 

The animals were separated into seven groups. The group size was six (n = 6). 

Group I- The non diabetic normal control 

Group II – The Diabetic control 

Group III- In this group rats were given standard drug Glibenclamide (0.5 mg/kg) 

Group IV- In this group rats were given LE (200 mg/kg); 

Group V- In this group rats were given LE (400 mg/kg); and 

Group VI- In this group rats were given ODE (200 mg/kg); and 
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Group VII - In this group rats were given ODE (400 mg/kg) for 28 days. 

On 0, 7th, 14th and 28th days of administering the extract, the fasting glucose levels were 

determined. During the experimental tenure, weight of rats was measured every day and 

mean change was calculated. 

 
2.4.3 Estimation of insulin level 

After 28th days of treatment of LE and ODE blood samples were withdrawn to determine 

insulin levels. Serum insulin was calculated using a GLAZYME INSULIN-EIA TEST. 

 
2.4.4 Estimation of biochemical parameters 

The rats were sacrificed by cervical dislocation on 28th day for determining various 

biochemical parameters. The glucose oxidase method was used for the determination of total 

cholesterol, triglycerides (TGL), high-density lipoprotein (HDL) and low-density lipoprotein 

(LDL). Triglycerides and cholesterol kit (Minias Globe Diagnostic kit) was used for the 

analysis of sample by using semi auto-analyzer. 

The serum samples from all the groups were also subjected for the study of aspartate 

aminotransferase (AST), serum alkaline phosphatase (ALP), serum alanine aminotransferase 

(ALT), lactate dehydrogenase (LDH), urea and creatinine levels with kits purchased from 

Crest Biosystems (India) [14,15]. 

 
2.4.5 Statistical analysis 

The results are expressed as mean ± SEM of six independent experiments. Statistical 

significance between the groups was evaluated first by one-way analysis of variance 

(ANOVA) and then by Dunet’s test. A P < 0.05 value was considered as statistically 

significant. 

 
3 Results and Discussions 

Antidiabetic activity of V. volvacea 

3.1 Effect of LE and ODE of V. volvacea on hyperglycemia 

The effect of LE and ODE of V. volvacea and glibenclamide on serum glucose levels in 

different groups of rats is presented in Table 1. The blood glucose level of diabetic rat 

significantly increased compared to normal rats. The rats treated with LE and ODE at two 

different doses (200 mg/kg and 400 mg/kg) to STZ-induced diabetic rats exhibited significant 

reduction of blood glucose level. The maximum decrease in blood glucose in rats was 

observed on 28th day. The blood glucose level of LE at the dose 200 mg/kg and 400 mg/kg 

group was found to be 99.18±3.57 mg/dl and 73.65±5.92 mg/dl, respectively at the end of 

study. While ODE treated rats at the dose of 200 mg/kg and 400 mg/kg exhibited 

105.32±3.47 mg/dl and 89.71±2.61 mg/dl blood glucose level, respectively. 

 
3.2 Effect of LE and ODE of V. volvacea on lipid profile 

The LE and ODE of V. volvacea (200 mg/kg and 400 mg/kg) considerably decreased the 

levels of cholesterol, triglycerides and LDL in diabetic rats in comparison to the diabetic 
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control group (Table 2). Consequently, the HDL significantly increased in groups treated 

with extracts and standard in comparison to diabetic control group. 

 
3.3 Effect of LE and ODE of V. volvacea on body weight 

The body weight of rats of diabetic control group decreased drastically on induction of 

diabetes. The extract and glibenclamide treated rats were found to gain body weight in 

comparison to diabetic control group as shown in Table 3. 

 
3.4 Effect of LE and ODE of V. volvacea on serum insulin levels 

The decrease in serum insulin level indicates hyperglycemia in rats. The STZ-induced 

diabetic rats exhibited maximum decrease in serum insulin levels on 28th day. The 

administrations of LE, ODE and Glibenclamide to diabetic rats for 28th day resulted in 

significant increase in serum insulin levels. (Table 4) 

 
3.5 Effect of LE and ODE of V. volvacea on liver and renal serum biomarkers 

The increased level of AST, ALT, ALP, LDH, urea and Creatinine in serum of diabetic rats 

indicates abnormal function of liver and kidney. The AST, ALT, ALP, LDH, urea and 

Creatinine in serum were increased significantly in diabetic control group compared to 

normal control group. Consequently, administration of LE, ODE and Glibenclamide to 

diabetic rats resulted in significant decrease in biochemical parameters, representing 

improvement in liver and kidney function. (Table 5) 

Studies for anti-diabetic activity of V. volvacea showed that blood glucose level of LE at dose 

of 200 mg/kg and 400 mg/kg group was found to be 99.18±3.57 mg/dl and 73.65±5.92 mg/dl, 

respectively at the end of study. While ODE treated rats at the dose of 200 mg/kg and 400 

mg/kg exhibited 105.32±3.47 mg/dl and 89.71±2.61 mg/dl blood glucose level, respectively. 

The levels of cholesterol, triglycerides and LDL in diabetic rats were significantly lowered in 

LE and ODE of V. volvacea (200 mg/kg and 400 mg/kg) treated group compared to diabetic 

control group. In diabetic control group body weight significantly deceased. When compared 

to diabetic control group, extract and glibenclamide treated rats were found to gain body 

weight. Serum insulin levels of rats were decreases in STZ-induced diabetic rats on 28th day 

where as significant increase in serum insulin level was observed on administrations of LE, 

ODE and Glibenclamide to diabetic rats. The abnormal function of liver and kidney was 

determined by increased level of AST, ALT, ALP, LDH, urea and creatinine in serum. 

On comparing the normal control group LDH, ALP. AST, ALT, urea and Creatinine in serum 

increased appreciably in diabetic control group. As a result, administration of Glibenclamide, 

LE and ODE to diabetic rats resulted in noteworthy decrease in biochemical parameters, 

show that there was improvement in liver and kidney function. 

 
4 Conclusion 

In present study V. volvacea, an edible mushroom of Chhattisgarh was selected. The findings 

of this study showed that Lyophilized extract (LE) of V. volvacea significantly reduced blood 

glucose level in diabetic rats when compared to diabetic control group. Similarly in 
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determination of lipid profile LE extract of V. volvacea showed significant result compared to 

diabetic control group. In body weight observation, both LE and ODE treated rats showed 

gain in body weight compared to diabetic control group. Increased insulin level was also 

found on 28th day in LE, ODE and Glibenclamide treated rats. In diabetic rats levels of LDH, 

AST, ALT, urea and creatinine were increased appreciably whereas diabetic rats treated with 

LE, ODE and Glibenclamide a noteworthy decrease in these parameters were observed which 

signifies proper functioning of liver and kidney. Above result show that V. volvacea has 

significant antidiabetic activity. Further isolation and characterization of phytochemicals 

responsible for antidiabetic activity has to be done for commercialization of the product. 
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Table 1: Effect of LE and ODE of V. volvacea on fasting plasma glucose level in rats 

Group 
Fasting plasma glucose concentration (mg/dl) 

Day 0 Day 7th Day 14th Day 28th 

Normal Control 79.35±3.62 75.24±4.59 77.14±5.67 79.21±3.48 

Diabetic control 

(Streptozotocin) 
135.28±4.15a 213.82±5.20a 253.42±4.28a 296.58±5.26 a 

Diabetic + Standard 

Glibenclamide (0.50 

mg/kg) 

 
140.63±4.57 

 
112.58±3.82* 

 
91.42±4.81* 

 
74.46±3.58* 

Diabetic + LE (200 

mg/kg) 
137.52±2.85 137.14±5.81* 119.62±4.38* 99.18±3.57* 

Diabetic + LE (400 

mg/kg) 
134.81±6.14 116.43±6.73* 95.35±2.93* 73.65±5.92* 

Diabetic + ODE (200 

mg/kg) 
136.54±3.69 149.32±2.54* 120.14±5.34* 105.32±3.47* 

Diabetic + ODE 

(400 mg/kg) 
140.17±4.19 132.59±3.86* 115.26±4.48* 89.71±2.61* 

 
Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at 

aP<0.05 when compared with normal control group, *P<0.05 when compared with diabetic 

control group 

 
Table 2: Determination of biochemical parameters after treatment with LE and ODE of V. 

volvacea 

 

 
Group 

Lipid Profile (mg/dl) 

Triglyceride 
Total 

Cholesterol 
HDL LDL 

Normal control 83.46±3.54 98.424.18 63.835.41 48.735.12 

Diabetic control 

(Streptozotocin) 
193.61±5.17a 181.754.76 a 25.473.47a 173.923.45 a 

Diabetic + 

Standard 

Glibenclamide 

(0.50 mg/kg) 

 

85.14±4.72* 

 
89.543.52* 

 
69.356.52* 

 
59.414.63* 

Diabetic + LE 

(200 mg/kg) 
95.63±6.25* 105.213.51* 56.912.54* 89.146.42* 

Diabetic + LE 

(400 mg/kg) 
84.31±2.58* 91.364.62* 68.416.83* 71.924.18* 

Diabetic + ODE 115.34±3.14* 135.826.38* 35.143.17 115.475.92* 
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(200 mg/kg)     

Diabetic  + 

ODE (400 

mg/kg) 

 
92.16±6.25 

 

112.674.92* 

 

58.374.32* 

 

86.294.18* 

Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at 

aP<0.05 when compared with normal control group, *P<0.05 when compared with diabetic 

control group 

 
Table 3: Effect of LE and ODE of V. volvacea on changes in body weight in rats 

Group 
Change in Body weight (gm) 

Before Induction After Induction After Treatment 

Normal control 192.15±2.54 194.26±3.47 189.37±2.63 

Diabetic control 

(Streptozotocin) 
189.32±3.14 173.82±2.65 145.67±1.72 

Diabetic + Standard 

Glibenclamide  (0.50 

mg/kg) 

 
181.68±2.69 

 
162.54±3.25 

 
175.92±2.43 

Diabetic + LE (200 

mg/kg) 
193.25±2.52 156.24±5.64 180.41±4.72 

Diabetic + LE (400 

mg/kg) 
203.65±4.62 173.62±2.51 196.17±2.68 

Diabetic + ODE (200 

mg/kg) 
192.47±2.39 162.92±3.19 185.24±4.27 

Diabetic + ODE (400 

mg/kg) 
199.35±1.89 152.69±2.47 188.53±5.92 

 
Values are expressed as mean ± SEM 

 
Table 4: Effect of LE and ODE of V. volvacea in insulin level of STZ induced diabetes in rats 

 
 

 

Treatment Group 
Insulin Level (Mean ±SEM) In mg/dl 

Initial Reading Final Reading 

Normal control 0.75±0.14 0.79±0.73 

Diabetic control (Streptozotocin) 0.83±0.25 0.25±0.54* 

Diabetic + Standard 

Glibenclamide (0.50 mg/kg) 
0.81±0.32 0.78±0.18* 

Diabetic + LE (200 mg/kg) 0.82±0.25 0.66±0.58* 

Diabetic + LE (400 mg/kg) 0.77±0.38 0.77±0.83* 

Diabetic + ODE (200 mg/kg) 0.81±0.82 0.70±0.42* 

Diabetic + ODE (400 mg/kg) 0.83±0.41 0.76±0.53* 
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Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at 

aP<0.05 when compared with normal control group, *P<0.05 when compared with diabetic 

control group 

 
Table 5: Effect of LE and ODE of V. volvacea on liver and renal serum biomarkers of 

diabetic rats 

Treatment 

Group 
AST (U/L) ALT (U/L) ALP (U/L) LDH (U/L) 

Urea 

(mg/dl) 

Creatinin 

e (mg/dl) 

Normal 

control 
98.26±3.51 53.68±4.27 148.42±3.72 

850.31±2.7 

9 

49.23±3.4 

5 

0.35±0.1 

4 

Diabetic 

control 

(Streptozotoc 

in) 

 
553.58±2.8 

2a 

 
365.72±3.5 

6 a 

 
614.37±2.4 

1 a 

 
1532.49±4. 

17 a 

 
123.58±2. 

48 a 

 
0.82±0.0 

5 a 

Diabetic  + 

Standard 

Glibenclamid 

e (0.50 

mg/kg) 

 

82.35±5.14 

* 

 

78.25±4.15 

* 

 

126.48±5.3 

7* 

 

828.19±3.6 

5* 

 

43.47±4.3 

1* 

 

0.46±0.0 

8* 

Diabetic  + 

LE (200 

mg/kg) 

125.42±2.7 

1* 

138.82±5.1 

7* 

185.49±4.8 

2* 

932.12±3.2 

8* 

77.28±4.5 

4* 

0.53±0.5 

8* 

Diabetic  + 

LE (400 

mg/kg) 

95.35±3.35 

* 

61.43±4.25 

* 

124.81±4.1 

7* 

852.63±5.3 

9* 

52.57±3.2 

8* 

0.45±0.4 

1* 

Diabetic  + 

ODE (200 

mg/kg) 

148.62±2.4 

7* 

175.28±5.4 

6* 

205.41±3.6 

3* 

971.43±4.1 

5* 

95.72±5.4 

3* 

0.59±0.3 

9 

Diabetic  + 

ODE (400 

mg/kg) 

118.75±5.3 

8* 

95.14±6.24 

* 

152.93±4.4 

9* 

884.54±2.6 

3* 

58.44±2.3 

8* 

0.50±0.5 

2* 

 
Values are expressed as mean ± SEM (Number of animals, n=6); significantly different at 

aP<0.05 when compared with normal control group, *P<0.05 when compared with diabetic 

control group 


