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Type 2 diabetes is a serious chronic metabolic disease, and the goal of diabetes treatment is to keep 
blood glucose at a normal level and prevent complications from diabetes. Hyperglycemia is a key 
pathologic feature of type 2 diabetes that mainly results from insulin resistance and pancreatic β-cell 
dysfunction. Chronic exposure of β-cells to elevated glucose concentrations induces glucotoxicity. In 
this study, we examined whether an 80% ethanol extract of Oxya chinensis sinuosa Mishchenko (OEE) 
protected INS-1 pancreatic β-cells against glucotoxicity-induced apoptosis and oxidative stress. Pre-
treatment with a high concentration of glucose (high glucose = 30 mM) induced glucotoxicity and 
apoptosis of INS-1 pancreatic β cells. Treatment with OEE significantly increased cell viability. Treat-
ment with 0.01-0.20 mg/ml OEE dose dependently decreased intracellular reactive oxygen species, lip-
id peroxidation, and nitric oxide levels and increased insulin secretion in high glucose-pretreated 
INS-1 β cells. OEE also significantly increased the activities of antioxidant enzymes in response to 
high-glucose-induced oxidative stress. Moreover, OEE treatment significantly reduced the expressions 
of pro-apoptotic proteins, including Bax, cytochrome C, caspase-3, and caspase-9, and increased an-
ti-apoptotic Bcl-2 expression. Apoptotic cells were identified using Annexin-V/propidium iodide stain-
ing, which revealed that treatment with OEE significantly reduced high-glucose-induced apoptosis. 
These findings implicate OEE as a valuable functional food in protecting pancreatic β-cells against 
glucotoxicity-induced apoptosis and oxidative stress. 
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Introduction

Dysfunction of pancreatic beta (β) cells is an important 

part of the pathogenesis of type 2 diabetes. The exact mecha-

nism of β cell destruction remains unknown. However, oxi-

dative stress induced by hyperglycemia is likely a major con-

tributor to the destruction of pancreatic β cells [30]. When 

the pancreatic β cells are continuously exposed to high con-

centrations of blood glucose, the expression of the insulin 

gene decreases, as do insulin synthesis and secretion. This 

results in a malfunction of the pancreatic β cells and irrever-

sible toxicity, which is termed glucotoxicity [28]. Therefore, 

protecting pancreatic β-cells from hyperglycemia is im-

portant to prevent the progression of diabetes.

Glucotoxicity causes the excess production of reactive 

oxygen species (ROS) through alternative metabolic path-

ways that induce oxidative stress in mitochondria [12]. 

Excess ROS causes lipid peroxidation of cell membranes and 

decreases insulin gene expression by altering the expression 

of specific genes in pancreatic β cells [26, 32].  In addition, 

pancreatic β cells are vulnerable to oxidative stress because 

of the relatively low expression of antioxidant enzymes, such 

as superoxide dismutase (SOD), catalase, and glutathione 

peroxidase (GSH-Px) [3, 34]. Therefore, increased oxidative 

stress and exposure to high blood glucose ultimately in-

creases apoptosis and adversely affects pancreatic β cells, 

which is evident as defective insulin secretion [8, 10, 14]. 

A fundamental medical treatment for diabetes does not yet 

exist. The best treatment method for diabetes currently is 

to protect pancreatic β cells and prevent diabetes complica-

tions by controlling blood glucose so it is maintained at a 

normal level [1, 22]. 

Oxya chinensis sinuosa Mishchenko (O. Mishchenko) is a 

grasshopper species belonging to the phylum Arthropoda 

(Order, 54 Orthoptera; Family, Acrididae; Subfamily, Oxyi-

nae). This species is well known as a “famine relief insect” 

and has recently been registered as a food product in the 
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Korean Food Standards Codex of the Ministry of Food & 

Drug Safety [16]. O. Mishchenko contains abundant quanti-

ties of protein, unsaturated fatty acids like linoleic acid (C18: 

2) and oleic acid (C18:1), micronutrients, and polyphenols. 

The value of O. Mishchenko in the treatment of various dis-

eases is unclear. However, anti-inflammatory, cellular pro-

tective, and antioxidant effects have been described [27, 37]. 

However, the ability of O. Mishchenko in ameliorating the 

effects on high glucose-induced apoptosis and oxidative 

stress in pancreatic β cells remains unclear. 

In this study, the potential protective effect of the 80% 

ethanol extract of O. Mishchenko (OEE) on glucotoxicity-in-

duced apoptosis and oxidative stress was investigated in 

INS-1 pancreatic β cells. The underlying mechanisms were 

also investigated.

Materials and Methods 

Materials 

O. Mishchenko was collected from Mugapsan Mountain 

grasshopper farm (Gwangju, Gyeonggi-do, Korea) at late 

October, 2019, and pulverized using a grinder (Shinhan 

Science & Technology Co., Kyunggi, Korea). The sample was 

extracted three times with 10 volumes of 80% ethanol for 

12 hr at room temperature. The filtered sample was va-

porized by vacuum (BUCHI Co., Flawil, Switzerland) to ob-

tain OEE, which was stored in a deep freezer. RPMI 1640 

medium was purchased from Welgene (Gyeongsan, Gyeong-

sangbuk-do, Korea). Other chemicals, including fetal bovine 

serum (FBS), streptomycin, and penicillin were purchased 

from Sigma-Aldrich (St. Louis, MO, USA).  The rat/mouse 

insulin enzyme-linked immunosorbent assay (ELISA) kit 

was purchased from LINCO Research Inc. (St. Charles, MO, 

USA). EZ-SOD, EZ-Catalase, and EZ-Glutathione assay kits 

were purchased from DoGenBio (Seoul, Korea). Antibodies 

against Bcl-2, Bax, cytochrome c, Caspase-9, and Caspase-3 

were purchased from Santa Cruz Biotechnology (Santa Cruz, 

CA, USA).

Cell culture 

INS-1 pancreatic β cells were cultured in RPMI 1640 me-

dium (Welgene, Gyeongsan, Gyeongsangbuk-do, Korea) sup-

plemented with 10% FBS, streptomycin (100 μg/ml), pen-

icillin (100 units/ml), and 50 μM β-mercaptoethanol at 37℃ 

in a humidified atmosphere containing 5% CO2.

Cell viability assay 

Cell viability was assessed using a colorimetric 3-(4,5-di-

methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) 

assay. The assay measures the conversion of yellow MTT to 

purple formazan by mitochondrial enzymes in viable cells. 

Cells (2×104 per well) were pre-incubated with glucose (5.5 

or 30 mM) in the wells of a 96-well plate for 48 hr and then 

incubated with 0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. MTT solution (1 mg/ml, 100 μl) was added to 

each well prior to incubation for 4 hr at 37℃. One hundred 

microliters of dimethyl sulfoxide (Sigma-Aldrich) was added 

to dissolve the formazan crystals in the viable cells. The ab-

sorbance of each well was measured at 540 nm using a mi-

croplate reader.

Assay of intracellular ROS

Intracellular ROS levels were measured using a dichloro-

fluorescein assay. In the assays 2',7'-dichlorodihydro-

fluorescein diacetate (DCF-DA), a cell-permeable and non- 

fluorescent probe, is deacetylated and reacts quantitatively 

with intracellular radicals (mainly hydrogen peroxide, H2O2). 

DCF-DA is converted to a fluorescent product, DCF, which 

is retained within the cells. The assay was used to evaluate 

the generation of ROS under oxidative stress. Cells (2×104 

per well) were pre-incubated with 5.5 or 30 mM glucose in 

the wells of a 96-well plate for 48 hr before incubation with 

0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE for 48 hr. The 

cells were washed with phosphate-buffered saline (PBS) and 

incubated with 5 μM DCF-DA for 30 min at room temper-

ature. Finally, fluorescence was measured using a model 

LS-3B fluorescence plate reader (Perkin-Elmer, Waltham, 

MA, USA).

Assay of lipid peroxidation 

Lipid peroxidation was assessed by measuring the pro-

duction of thiobarbituric acid reactive substances (TBARS). 

Cells (2×104 per well) were pre-incubated with 5.5 or 30 mM 

glucose in the wells of a 96-well plate for 48 hr, before in-

cubation with 0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. Two hundred microliters of each sample was 

mixed with 400 μl of TBARS solution then heated at 95℃ 

for 20 min. The absorbance was measured at 532 nm. The 

TBARS concentration was determined using a standard 

curve constructed with serial dilutions of 1,1,3,3-tetraethox-

ypropane serial dilution standard curve. The TBARS values 

are expressed as equivalent nanomoles of malondialdehyde 
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(MDA).

Assay of nitric oxide (NO) 

Cells (2 × 104 per well) were pre-incubated with 5.5 or 30 

mM glucose in the wells of a 96-well plate for 48 hr, before 

incubation with 0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. NO levels in the supernatant were measured using 

the Griess reaction. Aliquots of cell culture media (50 μl) 

were mixed with an equal volume of Griess reagent (0.1% 

N-(1-naphthyl)-ethylenediamine and 1% sulfanilamide in 5% 

phosphoric acid) and incubated at room temperature for 10 

min. Absorbance was measured at 550 nm using a micro-

plate absorbance reader. A series of known concentrations 

of sodium nitrite were used as standards.

Antioxidant enzyme assay

Cells were pre-incubated with 5.5 or 30 mM glucose in 

10-mm dishes for 48 hr and then incubated with 0, 0.01, 0.05, 

0.1, 0.15, and 0.2 mg/ml OEE for 48 hr. Cells were washed 

with cold PBS, centrifuged, and the supernatant was dis-

carded. To assess SOD and catalase activities, the cell pellet 

was sonicated on ice in 1-2 ml cold PBS and 1 mM EDTA, 

and centrifuged at 10,000× g for 15 min at 4℃. The cell su-

pernatant was collected to assess SOD and catalase activities 

using EZ-SOD and EZ-catalase assay kits, respectively 

(DoGenBio). The reaction medium was composed of 171 mM 

potassium phosphate buffer, 4.28 mM sodium azide, 2.14 

mM EDTA, 6 mM reduced glutathione, 0.9 mM NADPH, 

and 2 U/ml glutathione reductase. The reaction at 22℃ (±1) 

was initiated with the addition of 0.72 mM H2O2. The ab-

sorbance of the samples was measured at 340 nm using a 

spectrophotometer. To assess glutathione content, each cell 

pellet was resuspended in 200-500 μl ice-cold 5% MPA and 

homogenized. Each suspension was transferred to a micro-

fuge tube and centrifuged at 12,000 rpm for 5 min at 4℃. 

The cell supernatant was collected and the glutathione con-

tent was determined using the EZ-Glutathione assay kit 

(DoGenBio).

Glucose-Stimulated Insulin Secretion (GSIS)

Cells (2×104 per well) were pre-incubated with 5.5 or 30 

mM glucose in the wells of a 96-well plate for 48 hr before 

incubation with 0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. The cell culture medium was carefully removed 

before washing the cells with PBS. Fresh medium containing 

3 mM glucose and 2% FBS was added. After 5 hr, cells were 

stimulated with Krebs–Ringer buffer (119 mM NaCl, 4.75 

mM KCl, 2.54 mM CaCl2, 1.2 mM MgSO4, 1.2 mM KH2PO4, 

5 mM NaHCO3, and 20 mM HEPES, pH 7.4) containing 5 

mM glucose for 60 min at 37℃. The insulin secreted into 

the collected fluid was determined using the rat/mouse in-

sulin ELISA kit (LINCO Research Inc.).

Western blot analysis 

Cells (2×104 per well) were pre-incubated with 5.5 or 30 

mM glucose in wells of a 96-well plate for 48 hr before in-

cubation with 0, 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. Cell lysates were prepared using ice-cold lysis buf-

fer containing 250 mM NaCl, 25 mM Tris–HCl (pH 7.5), 

1% (v/v) NP-40, 1 mM dithiothreitol, 1 mM phenylmethyl-

sulfonyl fluoride, and protease inhibitor cocktail (10 μg/ml 

aprotinin, 1 μg/ml leupeptin). Cell lysates were washed by 

centrifugation and the protein concentrations were de-

termined using a BCA protein assay kit (Bio-Rad, Hercules, 

CA, USA). The lysate containing 20 μg of protein was elec-

trophoresed in a 10% sodium dodecyl sulfate-polyacryl-

amide gel. The separated proteins were transferred to nitro-

cellulose membranes. The membranes were incubated sepa-

rately with antibodies against Bax, Bcl-2, cytochrome c, cas-

pase-9, caspase-3, or β- actin in Tris buffered saline Tween 

(TBST; 25 mM Tris–HCl, 137 mM NaCl, 0.1% Tween 20, 

pH 7.4) containing 5% skim milk for 2 hr. The membranes 

were then washed with TTBS and incubated with secondary 

antibodies. Signals from the secondary antibodies were de-

tected using the enhanced chemiluminescence (ECL) 

Western blotting detection kit (Bio-Rad) and images were 

captured using X-ray films. Relative protein expression was 

quantified by densitometric means using Multi Gauge v3.1 

(FujiFilm, Tokyo, Japan) and calculated according to the ref-

erence β-actin bands.

 

Flow cytometry assessment of apoptosis

Death by apoptosis was quantified in 5.5 mM and 30 mM 

glucose-treated cells in the absence or presence of OEE using 

Annexin-V/propidium iodide (PI) staining. One hundred 

microliters of a cell suspension was incubated with 5 μl 

Annexin-V and 5 μl PI. This mixture was kept in the dark 

for 15 min in an ice bath. Four hundred microliters of bind-

ing buffer was added to the cell suspension and flow cy-

tometry analysis was immediately performed using a 

FACSCalibur device and Cell Quest software (Becton 

Dickinson, San Jose, CA, USA). Apoptotic cells were ex-
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Fig. 1. Effect of OEE on cell viability in INS-1 β cells treated 

with a high concentration of glucose. INS-1 β cells (2×104 

per well) were pre-incubated in 96-well plates with 5.5 

or 30 mM glucose for 48 hr. The cells were then in-

cubated with 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml OEE 

for 48 hr. The 5.5 mM and 30 mM concentrations of glu-

cose represents normal and high glucose levels, respec-

tively . Each value is expressed as the mean ± SD (n= 

3). 
a–fValues are significantly different at p<0.05, as ana-

lyzed by Duncan’s multiple-range test.

pressed as a percentage of the total number of cells.

Statistical analyses

Each experiment was performed in triplicate. Results are 

expressed as the mean ± standard deviation (SD). Statistical 

analysis was performed using SPSS version 26.0 (IBM Corp., 

Armonk, NY, USA). Treatment groups were compared by 

one-way analysis of variance (ANOVA) followed by a post 

hoc Duncan’s multiple-range test. A p-value < 0.05 was con-

sidered statistically significant.

Results

Effect of OEE on cell viability

The effect of OEE on the viability of INS-1 pancreatic β 

cells was investigated using the MTT assay (Fig. 1). When 

pancreatic β cells were exposed to 30 mM glucose, cell via-

bility was significantly reduced to 34.73% compared to cells 

treated with 5.5 mM glucose. However, treatment with 0.01, 

0.05, 0.10, 0.15, and 0.20 mg/ml OEE significantly increased 

the viability rates to 39.68, 41.49, 45.12, 50.11 and 67.57%, 

respectively. These results indicated that OEE protects pan-

creatic β cells against cell damage induced by high glucose. 

Effect of OEE on intracellular ROS

In pancreatic β cells treated with 30 mM high glucose, 

the level of intracellular ROS was significantly increased by 

197.81% compared with cells treated with 5.5 mM normal 

glucose (Fig. 2A). However, following treatment with OEE, 

ROS levels decreased in a dose-dependent manner. Treat-

ment with 0.01, 0.05, 0.10, 0.15, and 0.20 mg/ml OEE sig-

nificantly reduced high glucose-induced ROS production 

(194.85, 175.99, 163.34, 148.01, and 141.06%, respectively). 

Thus, OEE significantly reduced intracellular ROS exces-

sively produced in response to high glucose levels in pancre-

atic β cells.

Effect of OEE on generation of TBARS

The effect of OEE on lipid peroxidation was investigated 

by measuring the lipid peroxidation product TBARS (Fig. 

2B). The level of TBARS in cells treated with 5.5 mM glucose 

was measured as 0.13 nmol MDA. The TBARS level in cells 

treated with 30 mM glucose was significantly increased to 

0.27 nmol MDA. However, treatment with 0.01, 0.05, 0.10, 

0.15, and 0.20 mg/ml OEE significantly reduced high glu-

cose-induced TBARS generation (0.22, 0.21, 0.19, 0.17, and 

0.16 nmol MDA, respectively). The findings indicated that 

OEE significantly inhibited TBARS formation, indicating the 

inhibition of lipid peroxidation.

Effect of OEE on NO level 

Treatment of INS-1 pancreatic β cells with 30 mM glucose 

significantly increased NO levels to 183.11% compared with 

control cells treated with 5.5 mM glucose (Fig. 2C). However, 

cells pretreated with OEE before exposure to 30 mM glucose 

displayed decreased levels of NO in an OEE dose-dependent 

manner. The NO production induced by the high glucose 

concentration in the 0.01, 0.05, 0.10, 0.15, and 0.20 mg/ml 

OEE pretreated cells was 174.67, 161.40, 130.04, 111.96, and 

108.32%, respectively. Thus, OEE progressively inhibited NO 

production caused by high glucose.

Effect of OEE on SOD, catalase, and GSH-Px activ-

ities

Oxidative stress is caused by glucotoxicity and can be alle-

viated by antioxidant enzymes [34]. In this study, the effect 

of OEE on SOD, catalase, and GSH-Px activities was exam-

ined. As shown in Table 1, the activities of antioxidant en-

zymes, including SOD, catalase, and GSH-Px, were signifi-

cantly reduced in INS-1 pancreatic β-cells exposed to 30 mM 

glucose compared with 5.5 mM glucose. However, treatment 

with OEE in INS-1 β-cells exposed to 30 mM glucose sig-

nificantly increased the activities of SOD, catalase, and GSH- 
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C Fig. 2. Effects of OEE on intracellular levels of ROS, TBARS, and 

NO in INS-1 β cells treated with a high concentration of 

glucose. INS-1 β cells (2×104 per well) were pre-incubated 

in 96-well plates with 5.5 or 30 mM glucose for 48 hr, and 

then incubated with 0.01, 0.05, 0.1, 0.15, and 0.2 mg/ml 

OEE for 48 hr. The 5.5 mM and 30 mM concentrations of 

glucose represent normal and high glucose levels, 

respectively. (A) The effect of OEE on intracellular levels 

of ROS. (B) the effect of OEE on intracellular levels of 

TBARS. (C) The effect of OEE on intracellular levels of NO 

in high glucose-treated INS-1 cells. Each value is expressed 

as the mean ± SD (n=3). 
a–fValues are significantly different 

at p<0.05, as analyzed by Duncan’s multiple-range test. 

Table 1. Effects of OEE antioxidant enzymes in high glucose-treated INS-1 cells 

  5.5 mM glucose
30 mM glucose + OEE (mg/ml)

0 0.1 0.2

SOD (U/ml)

Catalase (U/ml)

GSH-Px (U/ml)

28.15±1.12a

 3.89±0.06a

 2.62±0.03a

13.19±0.68d

 1.24±0.03d

 1.12±0.03d

15.4±0.47c

1.83±0.05c

1.74±0.10c

26.58±1.06b

 3.41±0.07b

 2.30±0.09b

GSH contents (μM)  6.29±0.04a  1.98±0.11e 2.87±0.12d  4.68±0.06c

INS-1 cells (2×104 per well) were pre-incubated in 96-well plates with 5.5 or 30 mM glucose for 48 hr, and then incubated with 

0.1 and 0.2 mg/ml OEE for 48 hr. The 5.5 mM and 30 mM concentrations of glucose represent normal and high glucose levels, 

respectively. Each value is expressed as the mean ± SD (n=3). 
a-dValues are significantly different at p<0.05, as analyzed by 

Duncan's multiple-range test.

Px in a dose-dependent manner. After treatment with 0.20 

mg/ml OEE, SOD and catalase and GSH-Px activities were 

significantly increased to 26.58 U/ml, 3.41 U/ml, and 2.30 

U/ml, respectively. Furthermore, total GSH content was sig-

nificantly reduced to 1.98 mg/ml following treatment with 

30 mM glucose. In contrast, 0.20 mg/ml OEE treatment sig-

nificantly increased GSH content to 4.68 mg/ml.

Effect of OEE on apoptosis-related protein expression

To investigate whether OEE could alter the expression of 

genes associated with high glucose-induced apoptosis. 

Protein levels of Bax, Bcl-2, cytochrome C, caspase-9, and 

caspase-3 were measured by Western blotting. As shown in 

Fig. 3, the phosphorylation levels of Bax, cytochrome c, cas-

pase-9, and caspase-3 were significantly increased in pancre-

atic β-cells treated with high glucose. In contrast, expression 

of the anti-apoptotic protein Bcl-2 was significantly de-

creased. Treatment with 0.1 and 0.2 mg/ml OEE signifi-

cantly decreased the levels of Bax, cytochrome c, caspase-9 

and caspase-3, and significantly increased levels of Bcl-2. 

These results indicated that treatment with OEE decreases 

pro-apoptotic protein expression and increases anti-apop-
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Fig. 3. Effects of OEE on Bax, Bcl-2, cytochrome C, caspase-9, and caspase-3 protein expression in high glucose-treated INS-1 β

cells. INS-1 β cells were pre-incubated in 96-well plates with 5.5 or 30 mM glucose for 48 hr, followed by 0.1 and 0.2 

mg/ml OEE for 48 hr. The 5.5 mM and 30 mM concentrations of glucose represents normal and high glucose levels, 

respectively. Equal amounts of cell lysates were electrophoresed and analyzed for Bax, Bcl-2, cytochrome C, caspase 9, and 

caspase 3 protein using Western blots. β-actin was used as an internal control. (A) Bax, Bcl-2, cytochrome C, caspase-9, 

and caspase-3 protein expression. (B) expression levels of Bax, Bcl-2, cytochrome C, caspase-9, and caspase-3. Each value 

is expressed as the mean ± SD (n=3). 
a–dValues are significantly different at p<0.05, as analyzed by Duncan’s multiple-range 

test.

totic protein expression in cells damaged by exposure to 

high glucose.

Cell apoptosis 

After treatment with OEE, the apoptosis rate in INS-1 

pancreatic β-cells was assessed by flow cytometry using an-

nexin-V/PI staining. The early and late stages of apoptosis 

are shown in Fig. 4 at the bottom and top of the right quad-

rant, respectively. Under high glucose conditions (30 mM), 

the level of apoptosis was significantly increased compared 

with that in cells treated with normal glucose (5.5 mM). 

However, treatment with 0.1 and 0.2 mg/ml OEE reduced 

the rates of apoptosis in cells pretreated with 30 mM glucose. 

When INS-1 pancreatic β-cells were treated with 30 mM glu-

cose alone, the rate of apoptosis was 57.48%. However, the 

rate of apoptosis decreased to 31.05% following treatment 

with 0.2 mg/ml OEE. These findings demonstrated that OEE 

protected INS-1 pancreatic β cells from apoptosis induced 

by exposure to high glucose.

Effect of OEE on insulin secretion

Insulin secretion was significantly decreased as a result 

of treatment with 30 mM glucose versus 5.5 mM glucose 

in INS-1 pancreatic β cells (Fig. 5). Treatment of INS-1 pan-

creatic β cells with 0.01, 0.05, 0.10, 0.15, and 0.20 mg/ml 

OEE increased the level of insulin secretion to 7.20, 9.85, 

11.86, 14.36, and 16.00 ng/hr, respectively. Thus, OEE in-

creased insulin secretion in high glucose-pretreated INS-1 

pancreatic β cells.

Discussion

In type 2 diabetes, chronic hyperglycemia causes pancre-

atic β cell failure, leading to impaired insulin secretion [21]. 
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Fig. 4. Identification of the apoptotic stage of INS-1 β cells with different treatments using Annexin-V/PI staining. (A) Apoptotic 

cell death was determined by flow cytometry enumeration of INS-1 β cells stained with Annexin-V-fluorescein iso-

thiocyanate/PI. Cells were pre-incubated with glucose and then incubated in the presence or absence of 0.1 and 0.2 mg/ml 

OEE. The right lower and upper quadrants show the numbers of early and late apoptotic cells, respectively. (B) Mean rates 

of apoptosis. 
a–dValues are significantly different at p<0.05, as analyzed Duncan’s multiple-range test.

Fig. 5. Effect of OEE on insulin secretion in high glucose-treated 

INS-1 β cells. INS-1 β cells (2×104 per well) were pre-in-

cubated in 96-well plates with 5.5 or 30 mM glucose for 

48 hr, and then incubated with 0.01, 0.05, 0.1, 0.15, and 

0.2 mg/ml OEE for 48 hr. Thereafter, the cells were 

stimulated with Krebs–Ringer buffer containing 5 mM 

glucose for 60 min. The 5.5 mM and 30 mM concen-

trations of glucose represent normal and high glucose 

levels, respectively. Each value is expressed as the mean 

± SD (n=3). 
a–eValues are significantly different at p< 

0.05, as analyzed by Duncan’s multiple-range test. 

This is associated with hyperglycemia-induced ROS pro-

duction [31]. Hyperglycemia can induce excessive formation 

of ROS that eventually leads to oxidative stress. This dam-

ages β cells that subsequently produce relatively low levels 

of antioxidant enzymes like catalase and GSH-Px. The oxida-

tive stress caused by high levels of glucose should be alle-

viated to lessen or prevent pathological damage of β cells 

[11]. O. Mishchenko is an edible grasshopper, which con-

tains abundant amounts of protein, unsaturated fatty acids, 

trace nutrients, and pigments that include chlorophyll, car-

otenoids, and polyphenols [17]. O. Mishchenko has been 

used in traditional anti-diabetic medicines [37]. Therefore, 

we examined the effect of O. Mishchenko in protecting pan-

creatic β-cells against oxidative stress and apoptosis induced 

by elevated concentrations of glucose. 

Recently, there has been some focus on the toxic effects 

of fluctuating high glucose on pancreatic β-cell functions 

and survival [4]. Presently, OEE on cell viability in INS-1 

pancreatic β cells was first examined using the MTT assay. 

Exposure of β-cells to high glucose levels significantly de-

creased cell viability, but OEE treatment recovered their via-

bility rate. This result demonstrated that OEE protected 

INS-1 pancreatic β cells against high glucose-induced cyto-

toxicity .

β cells exposed to high concentrations of glucose concen-

trations increase their production of ROS due to the over-
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production of electron donors by the tricarboxylic acid cycle. 

This leads to increased oxidative stress [31]. Excessive cel-

lular levels of ROS can interact with nearby cellular compo-

nents that include proteins, DNA, lipids, and cellular organs 

like mitochondria. These interactions cause wide-ranging 

damage [34]. In this study, treatment of INS-1 β cells with 

a high concentration of glucose (30 mM) resulted in the sig-

nificant increase of intracellular ROS levels. Pretreatment of 

cells with OEE inhibited the production of ROS.  The dam-

age to cellular components by excess ROS particularly in-

cludes RNA, potentially leading to gene expression changes 

[19]. Therefore, our results revealed that OEE could prevent 

high glucose-induced pancreatic β cell damage through the 

reduction of ROS generation. 

Freeze-dried O. Mishchenko was shown to contain 14.06 

- 17.61 mg or polyphenols per 100 g of sample [17, 15].  OEE 

contains polyphenolic compounds, such as pyroglutamic 

acid, oxalic acid, and cinnamic acid [2]. These polyphenolic 

compounds exhibit strong antioxidant activity and act as hy-

drogen or electron donating agents. They are considered one 

of the most important classes of natural antioxidants [36]. 

Thus, the ROS scavenging effect of OEE in β cells seems 

to be due to the polyphenolic constituents of OEE. 

ROS also cause lipid peroxidation and formation of re-

active lipid aldehyde. These contribute to the progressive 

deterioration of β-cell function in type 2 diabetes. Lipid per-

oxidation can lead to cell apoptosis and has been implicated 

in a number of pathophysiological conditions [13]. In this 

study, treatment with a high concentration of glucose-in-

duced lipid peroxidation in INS-1 β cells. Treatment with 

OEE effectively inhibited TBARS formation likely due to 

radical scavenging and anti-peroxidative activity of the 

extract. Polyphenol compounds in O. Mishchenko report-

edly suppress lipid peroxidation in a concentration-depend-

ent manner [9].  Cinnamic acid and its derivatives are among 

the most abundant groups of compounds found in grasshop-

pers. These compounds may at least partly contribute to the 

inhibition of TBARS formation [2]. The ethanol extract of 

Brachytrupes orientalis (Gryllidae), another common edible in-

sect species consumed by different tribes of North East India, 

reduces lipid peroxide in the liver [7]. Since ethanol is a po-

lar protic solvent, it extracts polar compounds better than 

other solvents, such as water extract. The polyphenol com-

pounds in the ethanol extract were reported to potently in-

hibit lipid peroxide. Therefore, the inhibitory effect of OEE 

on lipid peroxide seems likely to be due to the polyphenol 

compounds (pyroglutamic acid, oxalic acid, cinnamic acid, 

etc.) contained in the extract. 

Hyperglycemia rapidly increases NO production, which 

can affect the function of β-cells [6, 23]. In addition, hyper-

glycemia induces the production of superoxide (O-
2) in the 

presence of NO and forms peroxynitrite (ONOO-), a power-

ful oxidizing agent [25]. This response leads to β-cell death 

during the development of type 2 diabetes and impaired glu-

cose tolerance [20]. In this study, exposure to a high concen-

tration of glucose significantly elevated NO levels in INS-1 

pancreatic β-cells. However, OEE treatment significantly re-

duced NO production, suggesting that OEE may protect β- 

cells under hyperglycemic conditions.

Antioxidant enzymes, such as SOD, catalase, and GSH-Px, 

are important in removing toxic intermediates generated by 

oxidative stress caused by glycotoxicity in vivo. If hyper-

glycemia persists, it inhibits the activities of antioxidant en-

zymes due to impaired regulation of the antioxidant enzyme 

system [29, 33]. Presently, treatment of INS-1 pancreatic β 

cells with a high concentration of glucose reduced SOD, cat-

alase, and GSH-Px activities. Treatment with OEE signifi-

cantly restored these antioxidant enzyme activities. SOD 

protects cells from oxidative damage by converting O-
2 radi-

cals to H2O2 and oxygen. H2O2 induced by SOD is detoxified 

by catalase and eliminated by GSH-Px [20]. 

The use of extracts from natural edible insects to increase 

the activities of antioxidant enzymes has become a research 

interest. In one study, administering silkworm to rats re-

sulted in increased SOD and GSH-Px activities in liver tissue 

[24]. In another study, SOD and GSH-Px activities were also 

increased in rats given O. Mishchenko extract [18]. O. Mish-

chenko extract is rich in unsaturated fatty acids such as lino-

leic acid (C18:2) and oleic acid (C18:1). These unsaturated 

fatty acids prevent oxidative stress by increasing the activ-

ities of biological defense antioxidant enzymes, such as SOD 

and GSH-Px [18]. Therefore, the effects of OEE on increasing 

antioxidant enzyme activity noted above might be due to 

these components. 

ROS cause cellular oxidative stress and inflict serious 

damage to gene proteins, nucleic acids, and membrane 

lipids. They also control the processes involved in the ini-

tiation of apoptotic signaling and have critical pro-apoptotic 

roles. The mitochondrial apoptosis pathway is regulated by 

the Bcl‐2 family of proteins, including the pro-apoptotic 

protein Bax and the anti-apoptotic protein Bcl-2. Pro-apop-

totic proteins promote the release of cytochrome c, which 
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triggers caspase-9 activation. Anti-apoptotic proteins pre-

vent the release of cytochrome c [5]. In the present study, 

the treatment of INS-1 pancreatic β cells with a high concen-

tration of glucose triggered the activation of the mitochon-

drial apoptotic pathway. However, treatment with OEE sig-

nificantly reduced the level of Bax and increased the level 

of Bcl-2 expression. OEE also markedly reduced the activa-

tion of cytochrome c, caspase-9, and caspase-3. These find-

ings indicate that OEE protected INS-1 pancreatic β- cells 

from apoptosis induced by exposure to the high level of 

glucose. This effect might be explained by the increased ex-

pression of the anti-apoptotic Bcl-2 and decreased expression 

of the pro-apoptotic Bax, cytochrome c, and caspase-9.

Flow cytometry was performed to investigate the rate of 

apoptosis, using Annexin-V as a cell death marker [35]. After 

treatment with the high concentration of glucose, INS-1 pan-

creatic β-cells displayed an increased rate of apoptosis. The 

prevalence of apoptotic cells was markedly decreased in 

OEE treated samples. These results indicate that OEE can 

protect β-cells from apoptosis induced by hyperglycemia. 

Hyperglycemia-related damage to pancreatic β-cells can 

lead to reduced insulin secretion [11]. In this study, insulin 

secretion was also significantly decreased in cells treated 

with 30 mM glucose. However, treatment with OEE in high 

glucose-pretreated β cells significantly increased insulin 

secretion. These results suggest that OEE can protect pancre-

atic β cells and restore their capacity for insulin secretion. 

In conclusion, exposure of INS-1 pancreatic β cells to a 

high level of glucose increased the levels of ROS, lipid per-

oxides, and NO and decreased the activities of SOD, catalase, 

and GSH-Px. β cell apoptosis increased and the level of in-

sulin secretion decreased. However, OEE treatment pro-

tected pancreatic β-cells exposed to the high concentration 

of glucose by reducing oxidative stress and apoptosis, which 

significantly restored insulin secretion. OEE treatment sig-

nificantly decreased the levels of intracellular ROS, lipid per-

oxide, and NO, and increased cell viability and the activities 

of antioxidant enzymes. OEE also significantly enhanced an-

ti-apoptotic gene expression and significantly decreased the 

expression of pro-apoptotic genes. These results indicate the 

potential value of OEE as a nutraceutical material for the 

protection of pancreatic β-cells against high glucose-induced 

oxidative stress and apoptosis.  
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초록：INS-1 췌장 베타 세포에서 벼메뚜기(Oxya chinensis sinuosa Mistshenk) 추출물의 당독성 

개선 효과

박재은․한지숙*

(부산대학교 식품영양학과)

당뇨병은 만성대사성 질환으로 우리나라 국민의 사망요인 중 5위를 차지하고 있다. 제 2형 당뇨병에서 나타나

는 인슐린 분비 감소는 베타세포의 자가사멸에 의한 베타세포질량의 급격한 감소로 인한 것으로 보고되고 있으

며, 베타세포의 자가사멸을 촉진하는 요인으로 고혈당에 의한 당독성 및 활성산소종들의 증강에 의한 산화스트레

스 등이다. 벼메뚜기 추출물은 고농도 포도당 처리된 INS-1 췌장 베타 세포에서 세포 생존율을 증가시키고, 지질

과산화물, 세포 내 ROS 및 NO 수준을 감소시켰다. 세포사멸 관련 인자의 유전자 발현 결과 pro-세포자가사멸 

인자인 Bax, Cytochrome C, caspase-3 및 caspase-9의 단백질 발현을 유의적으로 감소시켰고, anti-세포자가사멸 

인자인 Bcl-2 발현을 증가시켰다. Annexin V/I propidium iodide 염색법을 통하여 벼메뚜기 추출물이 고농도 포

도당으로 유도된 세포 사멸을 감소시키고, INS-1 췌장 베타세포에서의 인슐린 분비능을 증가시키는 것으로 사료

된다. 그러므로 벼메뚜기 추출물이 고농도 포도당으로 손상된 INS-1 췌장 베타세포의 보호효과를 나타낸다. 본 

연구의 결과는 벼메뚜기 추출물이 당뇨병 치료에 도움을 주는 항당뇨 기능성 식품 소재 및 개발에 기여할 수 있음

을 시사한다. 
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