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Abstract :  

This study was carried out to elucidate the antidiabetic effects of hot aqueous Gryllus bimaculatus extract and 

some its complications in a streptozotocin (STZ)-induced diabetic type 2 mice. The insects were collected, 

sterilized with 70% alcohol, dried, ground, and sterilized with the autoclave at a temperature 121°C for 30 

minutes. Some chemical tests were done for the hot aqueous of this powder to determine the active compounds 

of this extract. Diabetes type 2 was induced in the 40 mice by injected them with STZ 50µg/kg body weight (ip) 

only one induce diabetes while 20 mice were left without injection. The STZ-induced diabetic mice were 

divided into 4 groups (n=10). The first group consumed highly concentrated of insect extract, while the second 

consumed low concentration of insect extract. However, the third group consumed Metformin (Glucophage), 

and the fourth left without treatment. these treatments were administered orally and daily. One group of healthy 

was consumed highly concentrated of insect extract while the other was left without. During the experiment, 

FBG and body weight of mice were measured weekly. At the end of experiments, mice were sacrifices after 28 

days and blood samples were collected to use in determine FBG, insulin, Urea, creatinin, GPT, ALP, TC, TG, 

and HDL levels. Then, the pancreases were collected in the 10% formalin to use in the histologic procedure. 

Administration of the insect extract significantly rescued representative diabetes marker and liver and kidney 

function markers in STZ-induced diabetic mice. Collectively, our results suggest that Gryllus bimaculatus 

contributes to the maintenance of liver, kidney and pancreatic β-cell function against a diabetic state through the 

regulations against apoptosis and anabolic metabolism as well as against the Insulin resistant. 
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Introduction:  

Diabetes Mellitus (DM 2), as a chronic disease, is a group of metabolic diseases with a 

hyperglycemia characteristic that occurs due to abnormalities in insulin secretion, insulin 

action, or both (1), and it's correlated to an insulin resistance-like diagnosis. Other organs 

have recently been identified as playing a key role in the pathogenesis of hyperglycemia in 

DM2, and it is now known that not only dysfunction of the pancreas, but also the liver, 

adipose tissue, gut, kidneys, and central nervous system may contribute to this hyperglycemic 

condition(2).  

Research indicates that there is relationship between DM and liver abnormalities. 

Hyperglycemia can destroy liver cells and increase morbidity and mortality among diabetics 

that may cause a number of liver abnormalities (3). On the other hand, fat accumulation in 

liver may cause resistance of insulin and lead to dysfunction in metabolism (4). The 

biochemical changes that commonly occur in DM are similar to liver disease, from the 

abnormal liver enzymes secretion to the development of cancer stem cells or even liver 

failure in the final stages (5). 

Hyperlipidemia (6) is another consequence of diabetes that occurs in tandem with 

hyperglycemia. It's indicated by elevated cholesterol, triglycerides, and phospholipids, as 



 
 

562 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 23, No. 3 (2022) 

http://www.veterinaria.org 

Article Received: 10 April 2022; Revised: 15 June 2022; Accepted:  25 June 2022; Publication: 31 August 2022 

well as alterations in lipoproteins (7). The increased frequency of atherosclerotic disease, 

which is a primary cause of premature death in diabetic patients, has piqued researchers' 

interest in studying plasma lipids in diabetes (8). 

Moreover, Diabetic nephropathy, ischemia damage from vascular disease and hypertension, 

and other renal disorders unrelated to diabetes can all be seen in persons with diabetes. 

According to certain research, half of all diabetics with severe kidney function impairment do 

not have albuminuria. These findings show that testing for albuminuria alone may not be 

enough to detect all diabetics with renal disease. To identify patients with kidney disorders 

other than diabetic nephropathy, measurements of urine albumin excretion must be used with 

estimates of kidney function and urinalyses (9). 

Because of these complications linked with the diabetes, the controlling of DM is a very 

urgent need in light of the available chemical treatments which has several drawbacks (10). 

Thus, modern medicine turned to alternative treatments, which included treatments from a 

plant or animal source (11). Insects like crickets are ranked fourth among the extremely 

nutritious functional food sources worldwide. When compared to beef (40%), pork(55%), and 

poultry (55%), cricket production efficiency is relatively high (80%). Furthermore, Insects 

are also becoming more acceptable as animal protein source (12). The cricket Gryllus 

bimaculatus, according to Ahn et al., (13), contains unsaturated fatty acids that can be 

utilized as a nutrition as well as a treatment for fever, diarrhea, kidney stones, and 

hypertension. Furthermore, investigations claim that the ethanol extract of Gryllus 

bimaculatus is not toxic to humans (14). As a result, this investigation was carried out to see 

if ingesting Gryllus bimaculatus powder might normalize the physiological parameters 

associated with diabetes and its complications in a STZ-induced rat model of T2D as an 

antidiabetic condition. 

 

Material and Method: 

The collected insects (Gryllus bimaculatus) were sent to the Natural History Research Center 

and Museum / University of Baghdad, for the purpose of diagnosis. Their type was confirmed 

as shown in the book numbered (276). These insects were washed with 70% alcohol and 

dried for 48 hours at room temperature. After sterilization and drying, the dried insect body 

was taken and ground by an electric mill into a powder, kept in a closed glass container, and 

sterilized in an autoclave at a temperature 121°C for 30 minutes and then the powder was 

kept until it was used. 

In a 1:1 ration, 10 ml of organic solvents mixture made up of hexane and ethyl acetate were 

added to 0.1 g of insect powder. The liquid had been filtered. The resulting filtrate was used 

to measure FTIR spectra using a Shimadzu FTIR-8400S FTIR spectrum analyzer and gas 

chromatography-mass (GC-mass) with a Shimadzu GCMS-QP2010 Ultra Gas 

chromatography–mass spectrometry (15). 

About 90 mg of insect powder was dissolved in 250 ml of distilled water in volumetric flasks, 

as a hot solution, it was placed in the Shaker incubator at 50°C for 48 hours. This mixture 

was then filtered using Wattman 1 filter paper and centrifuged for 6 minutes at 4000 rpm. 
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The filtrate was divided into two parts, 150 ml was taken from the filtrate and placed in a 

glass vial without any dilution and served as high concentration, and the remaining 100 ml 

was diluted with 100 ml of hot distilled water and placed in another glass vial and served as 

low concentration (16). 

About 57 mg of metformin (Company Merck, Germany origin) was prepared by dissolving in 

10 ml of distilled water. 100µl from this concentration for mice that has average body weight 

25g is equivalent to 2000 mg for an adult human, which is the average dose for people with 

diabetes, where doses range from 1000 to 3000 mg per day (17). 

Sixty BALB/c mice were used in this study, from the Iraqi Center for Cancer Research / 

Mustansiriyah University and placed in the same place where the experiment was conducted 

under climate control conditions of the animal house with a temperature of 22-25, 60% 

humidity, a 12-h dark cycle, and free access to food and water. These mice aged about 8-9 

weeks and weighted ranges from 20 to 27 grams. Forty mice were randomly injected inter 

peritoneum (IP) with 100μl streptozocin (STZ) in final concentration 50µg/g body weight, 

according to (18), to induce diabetic disease while 20 mice were left without injection and 

served as healthy group. After that, food was prevented from mice for 12h. Then, the fasting 

blood glucose (FBG) level was measured in mice using “On Call Plus”ACON company USA 

origin. Mice that had FBG level more than 150 mg/dl served as diabetic mice. 

The diabetic mice were divided into 4 groups (n=10) depend on their treatment which 

administered orally and daily in the rate of (100µl): high dosage of insect extract (G.E.H) low 

dosage of insect extract (G.E.L), Metformin (G.M), and without treatment (G.C.STZ). The 

healthy group was also divided to two groups: one group was consumed high dosage of insect 

extract (G.C.E) and the other without (G.C). During the experiment, body weight of mice 

were calculate and FBG level were determined using “On Call Plus” ACON/ USA every 

week. In the end of experiment, the mice were scarified and blood was collected and 

centrifuged 3000 rpm for 5 min. The serum was collected and used to determine quantitative 

of (FBG) by Enzymatic method using kit from Biosystem company, insulin (INS) 

concentrations by ELISA Kit from cusabio company, urea and creatinine concentrations by 

enzymatic colorimetric method according to Linear chemical company kit, Alkaline 

phosphatase (ALP) using p-nitrophenyl phosphate (pNPP)as a phosphatase substrate by 

Abnova Company , (GPT) using Activity Assay by GenWay Biotech company, Total 

Cholesterol (TC) by biolabo, TG and HDL concentration by enzymatic colorimetric method 

using Linear chemical Reagents and instruments. The pancreases were also collected and put 

in 10% formalin and used in histology process according (19).  

Results are expressed as mean ± standard error and analyzed by one-way analysis of variance 

followed by Fisher's test for multiple comparisons, using Statview version 5.0. Differences 

were considered significant when p<0.05. 
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Results: 

Through the analysis of spectroscopy using the technique of gas chromatography–mass 

spectrometry and FTIR spectrum , there are more than 12 compounds in the organic extract 

of the Gryllus bimaculatus (Table 1 and Table 2).  

Oleic Acid (C18H34O2) occupy the largest percentage of the insect extract componnds with 

a value (42.92%) and Octadecanoic acid (C18H36O2) occupy the lowest value (9.78%) , 

while each of Linoelaidic acid (C18H32O2) and Myristic acid (C14H28O2) have a similar 

proportions value (23.88%; 23.42% respectively) (Figure 1). 

Table (1): GC-mass results of Gryllus bimaculatus extract 

Peak 

NO. 

Name Chemical 

Formula 

Molecular weight 

(g/mol) 

Area of  

Retention 

Area 

 (%) 

Retention 

time (min.) 

 

1 

Myristic acid 

n-Hexadecanoic acid  

 

(C14H28O2) 

 

228.38 

 

268033915 

 

23.42 

 

44.277 

 

2 

Linoelaidic acid 

9,12-Octadecadienoic acid 

(Z,Z)- 

 

(C18H32O2) 

 

280.45 

 

273361443 

 

23.88 

 

48.364 

 

3 

Oleic Acid 

9-Octadecenoic acid (Z)- 

9-Octadecenoic acid (E)- 

 

( C18H34O2) 

 

282.47 

 

491302317 

 

42.92 

 

48.518 

 

4 

 

Octadecanoic acid 

1-Heptadecanecarboxylic acid  

 

(C18H36O2) 

 

284.48 

 

111988419 

 

9.78 

 

48.975 

 

Figure (1): GC-mass results of Gryllus bimaculatus extract 
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FTIR spectrum analysis was used to detect the functional groups of the compounds and their 

bonds in order to be able to distinguish the type of compounds present in the insect extract. 

Functional groups can be associated with characteristic infrared absorption bands, which 

correspond to the fundamental vibrations of the functional groups (20), and as a result of 

electron vibrations between the bonds, and by the active groups, peaks appear in different 

places within the areas of measurement of the spectrum (Figure 2). 

Table (2): FTIR spectroscopy results and the group and its frequencies for the insect extract Gryllus 

bimaculatus  

Type of Compound Function

al Group 

Wave number 

 (cm-1) 

Vibration Transmittance 

(%T) 

Hydroxyl Group O-H 3899.90-3283.67 Broad 69.04 – 63.71 

Aromatic Rings C-H 2853.77-3008.11 Strong 63.20 - 52.49  

Sulfhydryl group S-H 2338.12-2353.25 Medium 65.80 

Carbonyl group C=O 1512.67-1754.66 Broad 63.96 – 56.09 

Carboxylic acid COOH 1076.18-1319.64 Medium 60.05 – 62.44 

Carbonyl C-O 749.90 – 487.14 Medium 68.21 – 69.90 

 

Figure (2): FTIR spectroscopy results for the Gryllus bimaculatus 

It is well established that what distinguishes type 1 diabetes from type 2 is primarily a 

significant defect in the islets of Langerhans, especially the beta cells that produce insulin by 

an autoimmune attack on the β-cells and caused an insulin deficient state; although a small 

number of functioning β-cells may remain (21). In this study, the results of histological study 

shows that a very small number of islet cells of Langerhans were injured that could not cause 

type1 diabetes (figure 3), in addition to a significant increase in insulin hormone level of 
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STZ-induced compared to the control (figure 3A). Thus, these evidences could prove that the 

type of diabetes which was induced in the mice used in this study was type 2 not type 1. On 

the other hand, (figure 3C) shows that even this small defect in the cells of Langerhans was 

disappeared completely when the treatment with the insect extract was used compared to 

metformin.  

 
Figure (3): Histological sections of pancreas of all experimental groups (X40) (H & E). 

As well as in the case of insulin levels (nIU/ml), where its levels decreased very significantly 

in the mice treated with low or high dose of insect extract and metformin (8.1 ± 0.6, 9.1 ± 

0.9, and 7.9 ± 1.3 (nIU/ml), respectively), approaching its level in the negative control group 

(4.8 ± 1.1 nIU/ml) compared to diabetic mice without treatment (24.2 ± 3.6 nIU/ml) (figure 

4). 
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The changes in the FBG levels and body weight of all studied mice every week for 4 weeks 

were measured and then the relative changes of FBG and body weight were calculated by the 

following equation and shown in the table 3 and 4: 

Relative change % = [(mice value after 4weeks - mice value in the zero time) / mice value in 

the zero time] x 100 

 
Figure (4): Insulin levels in all groups at the end of experiment. *the significant difference 

between negative control group (C.G) v.s. other groups. #Significant difference between 

positive control group (C.STZ.G) v.s. other treated groups. 

In the zero time, the mice were not on their diet instead they were drinking 10% sucrose 

while in the next weeks; they were put on their diet 1day before the test. Thus the FBG levels 

were significantly higher (P<0.05) in the zero time of all mice groups compared to other 

weeks even though healthy control group without treatment (G.C) (95.4 ± 4.5mg/dl) and 

treated with high concentration of insect extract (G.C.E) (89.0 ± 6.2 mg/dl) although were 

much lower than diabetic mice groups without treatment (G.C.STZ) (170.2 ± 3.6 mg/dl), 

treated with metformin (G.M), high (G.E.H) and low concentrations of insect extract (G.E.L) 

(178.1 ± 4.4, 187.0 ± 7.6 mg/dl, and 196.2 ± 7.8 mg/dl, respectively). In all time points 

except in zero time, the significantly highest (P<0.05) FBG levels was in G.C.STZ group 

(186 ± 6.0, 182.7 ± 9.2, 180.5 ± 5.6, and 169.2 ± 6.4 mg/dl, respectively with time) compared 

to G.C (68.1 ± 4.3, 75.4 ± 5.0, 74.7 ± 5.0, and 75.4 ± 5.3 mg/dl, respectively with the time), 

and G.C.E (59.4 ± 4.7, 61 ± 5.0, 69.6 ± 5.8, and 70.0 ± 5.8 mg/dl, respectively with the time) 

and it was significantly lowest (P<0.05) in the G.E.L group (111.2 ± 9.0, 90.7 ± 4.4, 82.3 ± 

3.8, and 80.5 ± 5.2 mg/dl, respectively with the time). In the end of experiment, the closest 

value of FBG level to the healthy control group (75.4 ± 5.3 mg/dl) was in diabetic mice 

groups treated with high and low concentrations of insect extract (80.5 ± 5.2, 94.7 ± 4 mg/dl, 

respectively) compared to metformin (102.7 ± 7.2 mg/dl). Importantly, there was no 

significantly difference between FBG levels of healthy mice treated with high concentration 

of insect extract compared to healthy control group without any treatment. The relative 

change of FBG% in the untreated diabetic mice group was positively (+2.1%) which means 

FBG levels get higher with time while in the other groups; it was negatively which means 

FBG level get lower with time. The best relative change of FBG% was in the diabetic mice 
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treated with low concentration of insect extract which was -60% compared to -48% in G.E.H 

and -40% in G.M. (table 3).  

The mice were randomly distributed to the groups, so the mean of body weight was non-

significantly (P>0.05) differ among these groups. Normally, the body weights of the mice get 

higher with the time in all groups except in diabetic mice without treatment which was almost 

a same in all time points (23.8 ± 0.8, 22.5 ± 1.0, 23.7 ± 1.1, 23.7 ± 1.1, and 23.5 ± 0.8 mg/dl, 

respectively with the time). These differences were significant (P<0.05) only in 4 and 5 

weeks (27.2 ± 0.8 and 28.4 ± 0.6 mg/dl, respectively in G.C; 26.6 ± 0.5 and 27.4 ± 0.9 mg/dl, 

respectively in G.C.E; 24.9 ± 0.6 and 25.3 ± 0.6 mg/dl, respectively in G.M; 26.2 ± 0.5and 

26.5 ± 0.7 mg/dl, respectively in G.E.H; and 26.5 ± 0.6 and 27.0 ± 0.7 mg/dl, respectively in 

G.E.L) compared to zero-time (25.7 ± 0.9, 25.2 ± 0.4, 23.6 ± 0.8, 24.5 ± 0.9, and 24.2 ± 1.0 

mg/dl, respectively). The relative change of body weight% was only 3% in the diabetic mice 

without treatment while was high in the treated diabetics mice with metformin, high and low 

concentrations of insect extract (13.4, 10.7, and 12,6%, respectively) but it still significantly 

lower than it in the healthy control (16.1%) (Table 4). 

Table (3): FBG levels in all time point and Relative Change of FBG 

 

Groups 

FBG (mg/dl) 

Mean ± SE 

Relative 

Change 

of FBG% Zero-time  1-week 2-week 3-week 4-week 

G.C 95.4 ± 4.5Ca 68.1 ± 4.3Aa 75.4 ± 5.0Bb 74.7 ± 5.0Ba 75.4 ± 5.3Ba -19.3 c 

G.C.E 89.0 ± 6.2Da 59.4 ± 4.7Aa 61 ± 5.0Ba 69.6 ± 5.8Ca 70.0 ± 5.8Ca - 18.8 c 

G.C.STZ 170.2 ± 3.6Ab 186 ± 6.0Bd 182.7 ± 9.2Be 180.5 ± 5.6Bd 169.2 ± 6.4Ae 2.1 d 

G.M 178.1 ± 4.4Ab 96.1 ± 3.7Cb 98.3 ± 6.5Cc 93.3 ± 4.9Bc 102.7 ± 7.2Dd - 40.8 b 

G.E.H 187.0 ± 7.6Dc 118 ± 5.6Cc 105.5 ± 5.8Bd 97.5 ± 5.3Ac 94.7 ± 4.1Ac - 48.6 b 

G.E.L 196.2 ± 7.8Dd 111.2 ± 9.0Cc 90.7 ± 4.4Bc 82.3 ± 3.8Ab 80.5 ± 5.2Ab - 60.6 a 

The small letters explain the significant differences among mice groups. The large letters explain the significant 

differences among time points. Significant value is P<0.05 

 

Table (4): Body Weight and Relative Change in Weeks. 

 

 

Groups 

Body weight (g) 

Mean ± SE 

Relative 

Change of 

Body 

weight% 
Zero-time 1-week 2-week 3-week 4-week 

G.C 25.7 ± 0.9Aa 26.7 ± 0.9Ac 27.5 ± 0.6Bc 27.2 ± 0.8Bb 28.4 ± 0.6Bd 16.1 ± 1.9c 

G.C.E 25.2 ± 0.4Aa 25.8 ± 0.4Ab 26.4 ± 0.5Ac 26.6 ± 0.5Bb 27.4 ± 0.9Bc 10.1 ± 0.7b 

G.C.STZ 23.8 ± 0.8Ab 22.5 ± 1.0Aa 23.7 ± 1.1Aa 23.7 ± 1.1Aa 23.5 ± 0.8Aa 3.5 ± 0.7a 

G.M 23.6 ± 0.8Ab 23.3 ± 0.7Aa 24.1 ± 0.6Aa 24.9 ± 0.6Ba 25.3 ± 0.6Bb 13.4 ± 1.1b 

G.E.H 24.5 ± 0.9Aa 24.8 ± 0.7Ab 25.3 ± 0.6Ab 26.2 ± 0.5Bb 26.5 ± 0.7Bb 10.7 ± 1.4b 

G.E.L 24.2 ± 1.0Aa 24.8 ± 0.8Ab 25.8 ± 0.5Ab 26.5 ± 0.6Bb 27.0 ± 0.7Bc 12.6 ± 1.8b 

The small letters explain the significant differences among mice groups. The large letters explain the significant 

differences among time points. Significant value is P<0.05 
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The level of blood urea (mg/dL) and serum creatinine (mg/dL) were significantly increased 

(P<0.05) in G.C.STZ group (145.9 ± 11.8 and 2.5 ± 0.34 mg/dL, respectively) compared to 

other groups. Their levels in G.M group were also significantly increased (44.3 ± 2.4 and 

0.787 ± 0.03 mg/dL, respectively) in comparison with the control groups -G.C group (31.0 ± 

4.4 and 0.358 ± 0.06 mg/dL, respectively) and G.C.E group (32.6  ±  0.5 and 0.586  ±  0.06 

mg/dL, respectively)-, and other treatment groups (G.C.L and G.C.H) which have a 

comparable levels of blood urea to the G.C group (34.5 ± 1.0 and 30.9 ± 1.8 mg/dL, 

respectively) and significant higher serum  creatinine (0.519 ± 0.05 and 0.621  ± 0.04 mg/dL, 

respectively) compared to control groups (table 5). 

Table (5): Kidney Function in serum in all groups at the end of experiment  

Groups B.ur (mg/dL) S.Cr(mg/dL) 

G.C 31.0  ±  4.4a 0.358  ±  0.06a 

G.M 44.3   ±  2.4b 0.787   ±  0.03c 

G.E.H 30.9  ± 1.8a 0.621  ± 0.04b 

G.E.L 34.5  ±  1.0a 0.519  ±  0.05b 

G.C.E 32.6  ±  0.5a 0.586  ±  0.06b 

G.C.STZ 145.9 ±   11.8c 2.5   ±  0.34d 

The small letters explain the significant differences among mice groups 

Significant value is P<0.05 

The level of alkaline phosphatase (ALP) (U/L) and Glutamate pyruvate transaminase 

(GPT) (U/L) significant increase in G.C.STZ group (383.5 ± 43.1 and 138.5 ± 16.0 U/L, 

respectively) compared to other groups. Their levels were also significant increase in G.M 

group (128.5 ± 13.5 and 50.2 ± 9.2 U/L, respectively) in comparison with the control groups; 

G.C group (39.5 ± 7.9 and 29.1 ± 5.1 U/L, respectively) and G.C.E group (57.3 ± 8.6 and 

34.7 ± 7.2 U/L, respectively); and other treatment groups. On the other hand, their levels 

were significantly decreased in the mice groups treated with insect extract; G.E.H group (73.0 

± 9.7 and 42.4 ± 2.8 U/L, respectively) and G.E.L group (53.8 ± 7.4 and 37.0 ± 5.9 U/L, 

respectively) (table 6). 

Table (6): Liver Function in serum in all groups at the end of experiment 

Groups ALP(U/L) GPT (U/L) 

G.C 39.5 ±  7.9a 29.1  ±  5.1a 

G.M 128.5  ±  13.5d 50.2  ±  9.2c 

G.E.H 73.0  ± 9.7c 42.4  ± 2.8b 

G.E.L 53.8  ±  7.4b 37.0  ±  5.9b 

G.C.E 57.3  ±  8.6b 34.7  ±  7.2b 

G.C.STZ 383.5  ±   43.1e 138.5  ±   16.0d 

The small letters explain the significant differences among mice groups 

Significant value is P<0.05 
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Triglyceride level (TG) (mg/dl), and cholesterol (mg/dl), increased significantly in G.C.STZ 

group (282.2 ± 19.4 and 600.4 ± 62.9 mg/dl, respectively) compared with control groups -

G.C group (133.9 ± 22.4 and 116.7 ± 17.5 mg/dl, respectively) and G.C.E group (129.5 ± 

22.6 and 150.2 ± 9.6 mg/dl, respectively)- and treatment groups. In the treatment groups these 

levels were significantly decrease compared to the control groups; G.C.H group (172.5 ± 9.6 

and 204.4 ± 7.9 mg/dl, respectively) and G.C.L group (145.9 ± 11.8 and 178.7 ± 15.1 mg/dl, 

respectively); except in G.M group, TG and levels were also increased similar to what is in 

G.C.STZ (292.5 ± 21.4 mg/dl) while cholesterol level was decrease (217.8 ± 8.7 mg/dl) 

compared to control groups. On the other hand, HDL level (mg/dl) decrease in G.C.STZ 

group (40.7 ± 6.2 mg/dl) compared with control groups; G.C group (88.6 ± 2.7 mg/dl) and 

G.C.E group (81.8 ± 4.9 mg/dl); and treatment groups. In the treatment groups, HDL level 

significant increase. Its level in the G.E.H and G.E.L groups were comparable to its level in 

the control groups (77.9 ± 4.4 and 78.7 ± 3.4 mg/dl, respectively) while its level decrease in 

the G.M group (61.7  ±  2.6 mg/dl) compared with other treatment groups (Table 7). 

 Table (7): Lipid profile in serum all groups at the end of experiment  

Discussion: 

Previous investigations have shown that T2DM is characterized by progressive β cell 

destruction as a result of chronic IR and the loss of cell mass and function (22). The apoptosis 

of β cells in all diabetes patients is the major mechanism driving the loss in β cell mass in 

people with T2DM (23). In patients with T2DM, pancreatic β cells are try to secrete 

sufficient quantities of insulin to compensate for the reduced insulin sensitivity which could 

cause hyperinsulinaemia, but the secreted insulin quantities are still insufficient, which is due 

to insulin secretion failure and a significant decrease in the number of functioning β cells 

(24). Compensatory hyperinsulinemia develops initially, but the first phase of insulin 

secretion is lost early in the disorder which leads to alteration in insulin-to-glucagon ratio in 

favor of glucagon, thus leading to increased hepatic glucose production and hyperglycemia 

(25). Similar histological effects were reported in the current study, which supports these 

findings in Figure (7-B) which shows  apoptosis of acini in the pancreas of diabetes mice 

group, and similar physiological effects in figure (3) which shows that the insulin 

significantly increase in the diabetes mice group.  

Karl et al., (26) found that as metformin administration was observed to aid in the restoration 

of normal β cell mass and the reduction of acini apoptosis. Metformin's antidiabetic effects 

Groups TG( mg/dl) Ch ( mg/dl) HDL( mg/dl) 

G.C 133.9  ±  22.4a 116.7  ±  17.5a 88.6  ±  2.7b 

G.M 292.5  ±  21.4c 217.8  ±  8.7c 61.7  ±  2.6c 

G.E.H        172.5  ±  9.6b 204.4  ± 7.9c 77.9  ± 4.4b 

G.E.L 145.9  ±  11.8a 178.7  ±  15.1b 78.7  ±  3.4b 

G.C.E 129.5  ±  22.6a 150.2  ±  9.6b 81.8  ±  4.9b 

G.C.STZ 282.2  ±   19.4c 600.4  ±   62.9d 40.7  ±   6.2a 

The small letters explain the significant differences among mice groups 

Significant value is P<0.05 
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may be due to a decrease in hepatic gluconeogenesis, regeneration of hepatocytes, decreased 

glucose absorption, and increased insulin sensitivity, as a result of an increase in glucose 

uptake and utilization (26). As a result, insulin concentrations may be normalized. This 

evidence could explain our results after treated with metformin which shows decrease in the 

number of apoptotic acini and decrease in insulin concentrations (Figure (7-C) and figure 3). 

Interestingly, our results showed that using the insect extracts in both concentrations (high 

and low) as a treatment decrease in the apoptosis of beta cells and normalized the insulin 

level (Figure (7-D&E) and figure 3). As a result, the decrease in beta cell death in the group 

that received insect extract treatments could be indicative of pancreatic islet regeneration. In 

addition, when compared to the metformin group, insect extract had a higher effect on 

pancreatic histology and insulin levels. This result may relate to the antioxidant effect of 

insect extract which were found in our chemical results. In agreement with this study, Park et 

al.,2020 (27) who studies the effect of the same insect extract on the rat-induced diabetes 

type 1 found a clear recovery in the STZ-induced diabetes group, implying that Gryllus 

bimaculatus powder preserved pancreatic ß - cell function and maintained pancreatic 

structure. However, he used an insulin tolerance test to determine insulin sensitivity in the 

presence of Gryllus bimaculatus powder and concluded that treatment with the Gryllus 

bimaculatus powder improved insulin sensitivity in the STZ-induced diabetes model and had 

a beneficial effect against insulin resistance.  

Diabetes is becoming more common, and its consequences are becoming a critical 

public health concern. Furthermore, there are few treatment options for diabetic nephropathy 

are limited, which is becoming a global epidemic. Traditional herbal medicine and its 

principal components have been widely explored as complementary and alternative medicine 

in order to find safe and effective medications for the treatment and prevention of diabetic 

nephropathy (28).  The current researchers focused into how insect extract protects STZ-

induced diabetic mice from having impaired kidney function. Our research found that STZ-

induced diabetic mice had considerably higher serum Creatinine and blood urea levels, 

indicating that these mice had exhibited severe kidney injury. Chronic inflammation and 

oxidative stress are related to the advancement of renal disease and hyperglycemia, according 

to Forbes et al. (29). The formation of reactive oxygen species (ROS) clogs kidney cells 

under hyperglycemic situations (30). As a result of the excessive creation of ROS, the 

antioxidant defenses in the kidney are depleted, resulting in the oxidation of DNA, lipids, and 

proteins. Furthermore, hyperglycemia impairs anti-oxidative processes by glycating 

scavenging enzymes including SOD and catalase (31). According to our findings, the 

treatment of insect extract or metformin dramatically lowered blood glucose levels in STZ-

induced diabetic mice. Interestingly, as previously demonstrated our insect extract contains 

several antioxidant groups and may reduce ROS production.  

T2D has been associated to nonalcoholic fatty liver disease (NAFLD), liver cirrhosis, 

and hepatocellular carcinoma, among other liver disorders (32) As a result, people with T2D 

are more likely to have abnormal liver function tests than healthy people who aren't diabetic 

(33). Because hepatic glucose production accounts for 79% of endogenous glucose synthesis 

in the fasting state (34) and is responsible for metabolizing the equivalent of (60–65 %) of the 

oral glucose load, the liver plays a role in glycemic homeostasis (35). ALP and GPT are 
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significant common markers representing basic liver function status, and their variations can 

reflect the extent of hepatocytic damage as a series of signs (36). The levels of ALP and GPT 

in diabetic mice were higher in this study, which was consistent with Shrestha et al., (37) 

who found a statistically significant increase in GPT levels in diabetic patients compared to 

control groups, and Shaheen et al., (38) who found an elevated level of ALP in diabetic 

subjects. Since the formation of free radicals and a corresponding decrease in cell antioxidant 

capacity are the primary processes for diabetes complications (39), which can impact a 

variety of organs, including the liver, one of the most important organs (40). According to our 

data, diabetic mice treated with insect extract and metformin had considerably lower liver 

enzyme levels than diabetic mice that were not treated. When hepatic enzymes have high 

serum activity, they promote liver cell destruction, as seen in diabetic mice. The preventive 

impact of the insect extract, possibly via its antioxidant effect in reversing liver damage 

caused by diabetes, may be responsible for the lower levels of liver enzymes revealed in this 

study.  

Hyperlipidemia is a well-known complication of diabetes mellitus (41) that coexists 

with hyperglycemia and is characterized by elevated cholesterol, triglycerides, and 

phospholipids, as well as alterations in lipoproteins (7). The well-known greater incidence of 

atherosclerotic disease, which is a significant cause of premature death in diabetic patients, 

has sparked interest in studying plasma lipids in diabetes (8). In the present study, serum 

triglycerides and cholesterol were significantly elevated while HDL cholesterol was 

significantly decreased in STZ-diabetic mice. Interestingly, the results further indicated that 

all these lipid and lipoprotein abnormalities were normalized by insect extract in diabetic 

mice compared to many other chemical treatment such as insulin did not return lipid levels to 

normal (42). Other research has found that glycated HDL clearance is hastened from the 

circulation, in contrast to glycated LDL, which has a lower catabolic rate.  The accelerated 

clearance of HDL was seen even with mild glycation and was suggested as a contributing 

cause of low plasma levels of HDL in diabetic patients and therefore works as another factor 

underlying increased risk of atherosclerotic disease in diabetic patients (43). In the present 

study, elevated cholesterol, triglycerides and decreased HDL cholesterol concentrations in 

diabetic mice appear to be markedly altered favorably by insect extract supplementation 

could be partly due to the control of hyperglycemia on one hand and due to the containing of 

this extract on the other hand.  

From this experimental data, it is evident that Gryllus bimaculatus extract efficiently 

regulated blood glucose, insulin, and pancreatic histology in diabetic mice and very 

efficiently ameliorated kidney, liver and lipid abnormalities associated with diabetes in STZ-

diabetic mice by virtue of various essential antioxidant and antidiabetic compounds. The 

synergistic role played by these compounds is attributed to the protection of diabetic mice 

against these abnormalities.  

Reference: 

[1]. International Diabetes Federation (IDF)(2007). Diabetes Blue Circle Symbol 17 March2006. 

Archived from the original on 5 August. 



 
 

573 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 23, No. 3 (2022) 

http://www.veterinaria.org 

Article Received: 10 April 2022; Revised: 15 June 2022; Accepted:  25 June 2022; Publication: 31 August 2022 

[2]. DeFronzo R. (2009). From the triumvirate to the ominous octet: a new paradigm for the 

treatment of type 2 diabetes mellitus. Diabetes. 2009;58:773–95. 

[3]. Guven, A., Yavuz, O. and Cam, M. et al., (2006). Effects of melatonin on streptozotocin-

induced diabetic liver injury in rats. Acta histochemica, 108, 85-93. 

[4]. Mohamed, J., Nazratun, H. and Zariyabtey, A. et al., (2016). Mechanisms of Diabetes-

Induced Liver Damage: The role of oxidative stress and inflammation. Sultan Qaboos 

University medical journal, 16, e132-41. 

[5]. Lucchesi, A., Cassettari, L. and Spadella, C. (2015). Alloxan-induced diabetes causes 

morphological and ultrastructural changes in rat liver that resemble the natural history of 

chronic fatty liver disease in humans. Journal of diabetes research, 494578. 

[6]. Shew, W., Jeng, C. and Lee,w. et al., (2001). Simvastatin treatment in postprandial 

hypertriglyceridemia in type 2 diabetes mellitus patients with combined hyperlipidemia. 

Metab.;50:355–9. 

[7]. Bagdade, J., Helve, E. and Taskinen, M.(1991). Effect of continuous insulin infusion therapy 

lipoprotein surface and core lipid composition in IDDM. Metab. 1991;40:445–9.  

[8]. Betteridge. D.(1989). Diabetes, lipoprotein metabolism and atherosclerosis. Br Med Bull. 

1989;45:285–311.  

[9]. Yamagata, K., Iseki, K. and Nitta, K. et al.,  (2008). Chronic kidney disease perspectives in 

Japan and the importance of urinalysis screening. Clinical and experimental nephrology, 

12(1), 1-8. 

[10]. Abdulaziz, A., Alwin, R. and Braham, R. et al., (2016). Diabetes mellitus in Saudi Arabia: a 

review of the recent literature. Current diabetes reviews, 12(4), 359-368. 

[11]. Alves, R., Ierece, L. and Gindomar, G.(2007). "The role of animal-derived remedies as 

complementary medicine in Brazil." BioScience 57, no. 11: 949-955. 

[12]. Kouřimská, L., and Adámková, A. (2016). Nutritional and sensory quality of edible insects. 

NFS Journal, 4, 22–26.  

[13]. Caglar, M., & Selamoglu, Z. (2021). Epilithic diatom of the güvercinlik pond (arguvan/ 

malatya, turkey). Journal of Survey in Fisheries Sciences, 7(2), 219-230. 

doi:10.18331/SFS2021.7.2.19 

[14]. Ahn, M. , Bae, H. and Kim, I. et al., (2005). Genotoxic evaluation of the biocomponents of 

the cricket, Gryllus bimaculatus, using three mutagenicity tests. Journal of Toxicology and 

Environmental Health, Part A, 68(23–24), 2111–2118. 

[15]. Lee, S., Ahn, K. and Ryu, H. et al., (2016). Safety evaluation of cricket (Gryllus bimaculatus) 

extract in Sprague-Dawley rats. International Journal of Industrial Entomology, 32(1), 12–25. 

[16]. Obistioiu, D, Cristina, R. and Schmerold, I. et al.,(2014). Chemical characterization by GC–

MS and in vitro activity against Candida albicans of volatile fractions prepared from 

Artemisia dracunculus, Artemisia abrotanum, Artemisia absinthium and Artemisia vulgaris. 

Chem Cent J. 2014;8:6. 

[17]. Ali, E., Emad M. and Ashwaq, A. et al.,(2019). "Effect of Artemisia fruit extract on TNF-α 

and IL-6 levels in streptozotocin-induced diabetic mice." J contemp Med Sci 5: 51-58. 

[18]. Stepensky, D., Friedman, M. and Srour, W. et al.,(2001). Preclinical evaluation of 

pharmacokinetic-pharmacodynamic rationale for oral CR metformin formulation. J Control 

Release. 2001;71:107–15. 

[19]. Jouda, J., Eltayef, E. and Saeed, M. et al., (2020). Artemisia L. Fruit Extract Normalized 

Diabetic and Liver Function Parameters in Streptozotocin-Induced Diabetic Mice. Annals of 

Tropical Medicine and Public Health, 23, 134-139. 



 
 

574 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 23, No. 3 (2022) 

http://www.veterinaria.org 

Article Received: 10 April 2022; Revised: 15 June 2022; Accepted:  25 June 2022; Publication: 31 August 2022 

[20]. Kiernan, J.(2008). "Histological staining in one or two colours." Histological and 

Histochemical Methods. Theory and Practice : 141-174. 

[21]. Griffith, P. and Haseth, J. (1986). Fourier transform infrared spectroscopy. Wiley, New York. 

9: 63. 

[22]. Oram, R., Jones, A. and Besser, R. et al., (2014).The majority of patients with long-duration 

type 1 diabetes are insulin microsecretors and have functioning beta cells. Diabetologia. 

2014;57:187–91. 

[23]. Stoffers, D.(2004).The development of beta-cell mass: Recent progress and potential role of 

GLP-1. Horm Metab Res 36: 811-821. 

[24]. Butler, A., Janson, J. and Bonnerw. et al., (2003). Beta cell deficit and increased beta cell 

apoptosis in humans with type 2 diabetes. Diabetes 52: 102-110. 

[25]. Kahn, S., Hull, R. and Utzschneider, K.(2006). Mechanisms linking obesity to insulin 

resistance and type 2 diabetes. Nature 444: 840-846. 

[26]. Nielsen, J., Galsgaard, E. and Moldrup, A. et al., (2001). Regulation of beta-cell mass by 

hormones and growth factors Diabetes. 50 Suppl 1:S25-9. 

[27]. Kral, J., Thung, S. and Biron, S. et al.,(2004).Effects of surgical treatment of the metabolic 

syndrome on liver fibrosis and cirrhosis. Surgery 135: 48-58. 

[28]. Park, S., Lee, G. and Lee, H.et al.,(2020).Glucose-lowering effect of Gryllus bimaculatus 

powder on streptozotocin-induced diabetes through the AKT/mTOR pathway. Food Sci Nutr. 

2020;8:402– 409. https ://doi.org/10.1002/fsn3.1323. 

[29]. Shao, Y., Xu, X. and Wang, K. et al.,(2017). Paeoniflorin attenuates incipient diabetic 

nephropathy in streptozotocin-induced mice by the suppression of the Toll-like receptor-2 

signaling pathway. Drug Des. Devel. Ther. 11, 3221–3233. 

[30]. Forbes, J., Coughlan, M. and Cooper, M.(2008). Oxidative stress as a major culprit in kidney 

disease in diabetes. Diabetes. 57, 1446–1454. 

[31]. King, G. and Loeken, M.(2004). Hyperglycemia-induced oxidative stress in diabetic 

complications. Histochem. Cell Biol. 2004, 122, 333–338.  

[32]. Giacco, F. and Brownlee, M.(2010). Oxidative stress and diabetic complications. Circulation 

research.107(9):1058- 1070. 

[33]. Ballestri, S., Zona, S. and Targher, G. et al.,(2016). Nonalcoholic fatty liver disease is 

associated with an almost twofold increased risk of incident type 2 diabetes and metabolic 

syndrome. Evidence from a systematic review and meta‐analysis. J Gastroenterol 

Hepatol.31(5):936‐944. 

[34]. Philip, R., Mathias, M. and Kumari, S. et al., (2014). Evalation of relationship between 

markers of liver function and the onset of type 2 diabetes. Nitte Univ J Health Sci.4(2):90. 

[35]. Ekberg, K., Landau, B. and Wajngot, A. et al.,(1999). Contributions by kidney and liver to 

glucose production in the postabsorptive state and after 60 h of fasting. Diabetes.48(2):292–

298. doi:10.2337/diabetes.48.2.292. 

[36]. Moore, M., Coate, K. and Winnick, J. et al.,(2012). Regulation of hepatic glucose uptake and 

storage in vivo. Adv Nutr.3(3):286–294. doi:10.3945/an.112.002089. 

[37]. De Silva, N., Borges, M. and Hingorani, A. et al.,(2019). Liver function and risk of type 2 

diabetes: bidirectional Mendelian randomization study. Diabetes.68(8):1681–1691.  

[38]. Shrestha R.(2017). http://www.sciencedomain.org/abstract/18188 Int J Biochem Res Rev. 

2017;16:1–8. 



 
 

575 

REDVET - Revista electrónica de Veterinaria - ISSN 1695-7504 

Vol 23, No. 3 (2022) 

http://www.veterinaria.org 

Article Received: 10 April 2022; Revised: 15 June 2022; Accepted:  25 June 2022; Publication: 31 August 2022 

[39]. Shaheen, A., Khattak, S. and Khattak, A. et al.,(2009). Serum alkaline phosphatase level in 

type ‐ 2 diabetes mellitus and its relation with periodontitis. KMUJ Khyber Med Univ 

J.1(2):51‐54. 

[40]. Ahmadieh, H. and Azar, S. (2014). Liver disease and diabetes: association, pathophysiology, 

and management. Diabetes research and clinical practice.104(1):53-62. 

[41]. Shew, W., Jeng, C. and Lee W. et al.,(2001). Simvastatin treatment in postprandial 

hypertriglyceridemia in type 2 diabetes mellitus patients with combined hyperlipidemia. 

Metab.50:355–9. 

[42]. Arora, P., Jain, B. and Kohli, G. et al., (2002). Dyslipidemia in type 2 diabetes mellitus. 

Indian Medical Gazette.pp. 258–60. 

[43]. Al-Khshali, M. S., & Al-Hilali, H. A. (2022). Influence of salinity acclimatization on energy, 

oxygen consumption rate and glucose levels for carassius auratus (goldfish). Journal of 

[44]. Hollenbek, C. ,Chen, Y. and  Greenfield, M. et al., (1986). Reduced plasma high density 

lipoprotein cholesterol concentrations need not increase when hyperglycemia is controlled 

with insulin in non-insulin dependent diabetes mellitus. J Clin Endocrinol Metab.62:605–8. 

[45]. Nikkila, E., Huttunen, J. and Ehnholin, C.(1977). Post-heparin plasma lipoprotein lipase: 

Relationship to plasma triglycerides metabolism. Diabetes.26:11–2. 


