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This study was designed to investigate whether extracts from Oxya chinensis sinuosa Mistshenk (an edi-
ble insect considered a grasshopper) could inhibit the activity of carbohydrate digestive enzymes and 
alleviate postprandial hyperglycemia in diabetic mice. Oxya chinensis sinuosa Mistshenk was extracted 
with 80% ethanol (OEE) or water (OWE) and then concentrated. The carbohydrate digestive enzyme- 
inhibiting activity of the resulting extracts was evaluated by examining α-glucosidase and α-amylase. 
The IC50 values of OEE against α-glucosidase and α-amylase were 0.229 mg/ml and 0.106 mg/ml, 
respectively. This result indicated that OEE has stronger inhibitory effects than OWE and positive 
control. The blood glucose levels of the diabetic control mice increased after one meal. However, when 
OEE (300 mg/kg) was added to starch, this increase in postprandial blood glucose levels was sig-
nificantly suppressed. The area under the curve also significantly decreased following the administration 
of OEE, which exhibited no cytotoxicity. These results indicate that OEE is more efficacious than OWE 
and may be used as a carbohydrate digestive enzyme inhibitor, delay carbohydrate digestion and glu-
cose absorption, and thus alleviate postprandial hyperglycemia caused by dietary carbohydrates. 
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Introduction

It has been estimated that the number of people with type 

2 diabetes will increase globally from 405·6 million in 2018 

to 510·8 million by 2030[9]. Diabetes mellitus is a chronic 

metabolic disease characterized by increased blood glucose 

levels, due to changes in insulin resistance and blood insulin 

levels. Chronic hyperglycemia causes abnormalities in lipid 

and protein metabolism, leading to various complications 

such as decreased kidney function, arteriosclerosis, decreased 

vision due to retinal hemorrhage, foot ulcers, and peripheral 

neuropathy [33].  

Fasting and postprandial hyperglycemia are the main fea-

tures of type 2 diabetes [12]. Clinical studies show that post-

prandial hyperglycemia is an independent and direct risk 

factor for cardiovascular disease in diabetic patients [17]. 

Therefore, its early identification and effective control is im-

portant for the treatment of diabetes and prevention of dia-

betes-related complications [8, 34]. One way to control post-

prandial blood glucose level is to slow glucose absorption 

in the intestine, by inhibiting the action of certain carbohy-

drate hydrolases (glycosidases), namely pancreatic α-amy-

lase and intestinal α-glucosidase [2]. With this aim, synthetic 

inhibitors of these enzymes, such as acarbose and voglibose, 

have been developed to control hyperglycemia [25]. However, 

treatment of diabetes with drugs over the long term is asso-

ciated with the manifestation of side effects. Efforts have 

been made, in recent years, to prevent excessive absorption 

of glucose and to treat diabetes by using functional foods 

that do not have any side effects [40].

Global interest in edible insects has also been increasing, 

and the market size of the global insect industry is expected 

to continue to grow. Oxya chinensis sinuosa Mishchenko (O. 

Mishchenko) has a long history of use as a medicine in several 

countries, and is traditionally used to treat diabetes, in-

flammation and liver disease [37]. O. Mishchenko is an edible 

insect belonging to the grasshopper family (Acrididae) and 

is widely distributed in Korea, Japan and China, where it 

is consumed as a nutritious insect, abundant in protein and 

unsaturated fatty acids such as linoleic (C18:2) and oleic 

acids (C18:1) [31]. Recent studies have reported that O. 

Mishchenko extract has various bioactivities, including an-

ti-oxidant, anti-inflammatory, anti-microbial and cellular pro-
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Table 1. IC50 values of O. Mishchenko extracts for α-glucosidase 

and α-amylase

Sample
IC50 (mg/ml)1)

α-glucosidase α-amylase

OEE

OWE

Acarbose

0.229±0.016c

0.283±0.015a

0.272±0.008b

0.106±0.014c

0.259±0.006a

0.226±0.009b

1)
IC50 value is the concentration of a sample required for 50% 

inhibition. Each value is expressed as the mean±SD of tripli-

cate experiments. Values with different superscript letters 

within a column are significantly different (p<0.05) based on 

Duncan’s multiple range tests. OEE: O. Mishchenko 80% etha-

nol extract; OWE: O. Mishchenko water extract; Acarbose: pos-

itive control.

tective effects [27, 38, 44].

However, to our knowledge, none of the previous studies 

have investigated the use of O. Mishchenko extract in the 

treatment of postprandial hyperglycemia, in vitro or in vivo. 

This study investigated its effect on α-glucosidase and α- 

amylase in vitro and verified the same in a diabetic animal 

model. 

Materials and Methods 

Preparation of O. Mishchenko extract

A sample of O. Mishchenko was collected from Gangwon, 

Korea and washed with water to remove foreign substances. 

Wings and legs were carefully removed, lyophilized, and 

pulverized into a powder form using a grinder (Shinhan 

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

extracted three-times with 10x volume of either 80% ethanol 

or water, for 12 hr at room temperature. The filtered samples 

were vaporized by vacuum (BUCHI Co., Flawil, Switzer-

land) to obtain O. Mishchenko ethanol (OEE) and water 

(OWE) extracts, and were stored in a deep freezer.

Measurement of cytotoxicity

Cell viability in response to the extracts was analyzed us-

ing 3T3-L1 cells (Korean Cell Line Bank, Seoul, Korea) and 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT, Sigma-Aldrich Chemical Co., St. Louis, Missouri, 

USA). 3T3-L1 cells were seeded in 96 well plates at a density 

of 1×104 cells/well and preincubated at 37℃ under an at-

mosphere containing 5% CO2 for 24 hr. After 24 hr, the cells 

were treated independently with various concentrations of 

OEE and OWE (0.00, 0.02, 0.10, 020, 0.30, 0.50 and 1.00 

mg/ml) for 24 hr. Following treatment, a filtered MTT sol-

ution (100 μl) was added to each well and incubated for an 

additional 4 hr at 37℃. Formazan was carefully aspirated 

and DMSO (100 μl) was added to each well. The absorbance 

of the DMSO solution was assayed at 540 nm on a micro-

plate reader (Model 680, Bio-Rad Laboratories Inc., Hercules, 

CA, USA).

Inhibition of α-glucosidase by O. Mishchenko extract 

in vitro 

The inhibition of α-glucosidase activity was analyzed by 

a chromogenic process using yeast enzymes [43]. Simply, 

yeast α-glucosidase (100 U; Sigma-Aldrich Chemical Co.) 

was dissolved in a 100 mM phosphate buffer (pH 7.0) con-

taining 0.2 g/l sodium azide. A 5 mM solution of p-nitro-

phenyl-α-D-glucopyranoside (≥99%; Sigma-Aldrich Chemical 

Co.) was dissolved in the same PBS (pH 7.0) to obtain the 

substrate solution. Then, the α-glucosidase (50 μl) and OEE 

or OWE (10 μl), dissolved in dimethyl sulfoxide (DMSO; Bio 

Basic Inc., Markham, Ontario, Canada), were blended in a 

microtiter plate, and the absorbance was recorded at 405 nm 

using a microplate reader at 0 min. The mixture was then 

incubated for 5 min and the substrate solution (50 μl) was 

added and incubated at room temperature for another 5 min, 

before the increase in absorbance was measured. The in-

hibitory activities of OEE and OWE at various concen-

trations were indicated as absorbance changes, relative to 

those in the vehicle control (%). The IC50 values (i.e., the 

concentrations of OEE and OWE resulting in 50% inhibition 

of the maximum activity) were calculated.

Inhibition of α-amylase by O. Mishchenko extract 

in vitro 

Inhibition of α-amylase was assayed using the same meth-

od specified above, using α-amylase from porcine pancreas 

(100 U; Sigma-Aldrich Chemical Co..) and p-nitrophenyl-α- 

D-maltopentoglycoside (≥99%; Sigma-Aldrich Chemical 

Co.). 

In vivo experiments

Four-week-old male ICR mice were purchased from 

Orient Inc. (Seoul, Korea) and acclimatized for 2 weeks be-

fore being randomly assigned into the experimental groups. 

The animals were housed in individual cages with free ac-

cess to water, in a room with a 12:12 hr light/dark cycle, 

temperature of 24±1℃, and humidity of 55±5%. The mice 
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Fig. 1. Effect of O.Mishchenko extracts on cytotoxicity in 3T3-L1 

cells. 3T3-L1 cells were treated with various concen-

trations (0.02, 0.10, 0.20, 0.30, 0.50, and 1.00 mg/ml) of 

OEE and OWE for 20 hr, and cytotoxic effects were 

measured by the MTT assay. Each value is expressed 

as the mean ± SD of triplicate experiments. NS: not sig-

nificant. OEE: O. Mishchenko 80% ethanol extract; OWE: 

O. Mishchenko water extract; Acarbose: positive control. 

were fed a pelleted feed (5L79; Orient, Inc., Seoul, Korea). 

After an adaptation period, diabetes was induced as de-

scribed below. All procedures involving in the handling and 

care of mice complied with the current international laws 

and policies (National Institutes of Health Guide for the Care 

and Use of Laboratory Animals), and were approved by the 

Animal Ethics Committee of the University (PNU-2019-2468). 

Induction of experimental diabetes in a mouse model

Diabetes was induced by an intraperitoneal injection of 

streptozotocin (STZ; 60 mg/kg, Sigma-Aldrich Chemical 

Co.) dissolved in citrate buffer (0.1 M, pH 4.5). The fasting 

blood glucose level was checked at 7 days post injection to 

confirm the induction of diabetes, using blood from the tail 

vein with a glucose meter (Roche Diagnostics GmbH, Mann-

heim, Germany) and glucose strips. Mice with fasting blood 

glucose level above 250 mg/dl were regarded as being dia-

betic.  

Measurement of blood glucose levels

The mean blood glucose level in each group (normal mice 

and diabetic mice) was similar, and each group was divided 

into four sub-groups of seven mice. A total of 8 groups were 

used and the following were orally administered after over-

night fasting: 1) control: soluble starch (2 g/kg of body 

weight [BW]), 2) OEE: soluble starch with OEE (300 mg/kg 

of BW), 3) OWE: soluble starch with OWE (300 mg/kg of 

BW), 4) acarbose: soluble starch with acarbose (100 mg/kg 

of BW). Blood samples were collected from the tail vein at 

0, 15, 30, 60, and 120 min, and blood glucose was checked 

using the blood glucose meter. Areas under the concen-

tration-time curves (AUCs) were identified using the tra-

pezoidal rule. 

Statistical analysis

Data are represented as the mean ± standard deviation 

(SD). Statistical analysis was conducted using SAS software 

ver. 9.1 (SAS Institute, Inc., Cary, NC, USA). The t-test was 

utilized to compare the control and sample groups. Dissimi-

larity between groups was assessed by one-way analysis of 

variance, followed by Duncan’s post-hoc multiple range 

tests. A p-value < 0.05 was regarded as being significant.

Results 

Cytotoxic effect of O. Mishchenko

The viability of 3T3-L1 cells treated with various concen-

trations of OEE and OWE, as described above, was eval-

uated using the MTT assay.  OEE and OWE did not affects 

cell viability till a concentration of 1.00 mg/ml, the highest 

used in this study (Fig. 1). 

Inhibition of α-glucosidase by O. Mishchenko extracts 

in vitro 

Alpha-glucosidase converts the carbohydrates degraded 

by α-amylase into glucose [8]. Inhibition of this enzyme is 

thought to prevent the rapid rise of blood glucose after 

meals by delaying glycolysis and absorption. Therefore, the 

inhibitory activity of OEE and OWE on α-glucosidase (EC 

3.2.1.20) was measured. The inhibitory activity of OEE was 

found be dose-dependent in nature, i.e., 20.53, 33.47, 37.84, 

46.87, and 57.42% at 0.02, 0.05, 0.10, 0.20, and 0.30 mg/ml, 

respectively (Fig. 2.), same was the case with OWE, and the 

levels of inhibition were 19.04, 28.63, 36.99, 42.11, and 51.52% 

at concentrations of 0.02, 0.05, 0.10, 0.20, and 0.30 mg/ml, 

respectively. In particular, OEE showed significantly higher 

α-glucosidase inhibitory activity than OWE. IC50 values for 

OEE with respect to α-glucosidase activity were 0.229 mg/ 

ml, and the same was 0.283 mg/ml for OWE. Acarbose, a 

commercial hypoglycemic pharmaceutical product, inhibited 

enzyme activity by 52.45% at a concentration of 0.30 mg/ml. 

Thus, at the same concentration (0.30 mg/ml), OEE showed 

markedly higher inhibitory activities than acarbose. 
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Fig. 2. Effect of O. Mishchenko extracts on α-glucosidase inhibi-

tory activities. Each value is expressed as the mean ± 

SD of triplicate experiments. Values with different su-

perscript letters are significantly different (p<0.05) based 

on Duncan’s multiple range tests. The concentration of 

acarbose, used as a positive control, was 0.30 mg/ml. 

OEE: O. Mishchenko 80% ethanol extract; OWE: O. 

Mishchenko water extract; Acarbose: positive control. 

Fig. 3. Effect of O. Mishchenko extracts on α-amylase inhibitory 

activities. Each value is expressed as the mean ± SD of 

triplicate experiments. Values with different superscript 

letters are significantly different (p<0.05) based on 

Duncan’s multiple range tests. The concentration of acar-

bose, used as a positive control, was 0.30 mg/ml. OEE: 

O. Mishchenko 80% ethanol extract; OWE: O. Mishchenko 

water extract; Acarbose: positive control. 

Inhibition of α-amylase by O. Mishchenko extracts 

in vitro

The inhibitory activities of OEE and OWE against α-amy-

lase are shown in Fig. 3. OEE inhibited α-amylase by 20.69, 

35.37, 49.03, 63.42, and 65.98% at concentrations of 0.02, 0.05, 

0.10, 0.20, and 0.30 mg/ml, respectively. The inhibitory effect 

of OWE against α-amylase was also concentration-depend-

ent, and the levels of inhibition were 16.55, 22.99, 40.54, 45.37 

and 53.11% at concentrations of 0.02, 0.05, 0.10, 0.20, and 

0.30 mg/ml, respectively. OEE inhibited α-amylase more ef-

fectively than OWE. The inhibitory effect of OEE against α- 

amylase was markedly higher than that of acarbose at the 

same concentration (0.30 mg/ml). The IC50 value of OEE 

against α-amylase was 0.106 mg/ml, and that of OWE and 

acarbose was 0.259 and 0.226 mg/ml, respectively, indicat-

ing that OEE had significantly higher inhibitory activity than 

acarbose.

Effect of O. Mishchenko extract on blood glucose 

levels in vivo 

OWE (300 mg/kg body weight, BW), OEE (300 mg/kg 

BW), and acarbose (100 mg/kg BW) were orally adminis-

tered to mice, with soluble starch (2 g/kg BW), to confirm 

the inhibitory effect of the O. Mishchenko extracts on the lev-

els of postprandial blood glucose. After administration of 

the extracts, blood was collected from the tail vein of normal 

mice and STZ-induced diabetic mice at 0, 15, 30, 60, and 

120 min, and the change in postprandial blood glucose levels 

was measured. In normal mice, blood glucose levels in-

creased to 242.33 mg/dl at 30 min administration of starch 

(Fig. 4A). Normal mice administered starch with OEE 

(155.00, 179.40, 188.80, and 127.40 mg/ml at 15, 30, 60, and 

120 min, respectively) or OWE (172.00, 192.50, 190.83, and 

139.67 mg/ml at 15, 30, 60, and 120 min, respectively) 

showed significantly decreased levels of blood glucose. In 

diabetic mice, the blood glucose level in the control group, 

administered with only soluble starch, increased to 406.50, 

431.50, and 473.50 mg/ml after 15, 30, and 60 min, re-

spectively dropping to 460.00 mg/ml after 120 min (Fig. 4B). 

The results with OEE and soluble starch were 327.00, 361.00, 

358.67, and 291.00 mg/ml after 15, 30, 60, and 120 min, 

respectively. When OWE was administered with starch, 

postprandial hyperglycemia also decreased (374.50, 381.00, 

397.00, and 365.00 mg/ml after 15, 30, 60, and 120 min, re-

spectively), but this was not as pronounced as that observed 

with OEE. Peak postprandial blood glucose was also sig-

nificantly lower in the normal (non-diabetic) group, follow-

ing starch and OEE administration, than in those adminis-

tered starch alone. The AUC of the diabetic group treated 

with OEE (663.58±78.62 mg/ml) was significantly lower than 

that of the diabetic control group (880.68±53.77 mg/ml) 



1058 생명과학회지 2020, Vol. 30. No. 12

  A. normal mice  B. diabetic mice

Fig. 4. Blood glucose levels after administration of O.Mishchenko extracts to streptozotocin-induced diabetic mice and normal mice. 

Control (distilled water), OEE (300 mg/kg), OWE (300 mg/kg), or acarbose (100 mg/kg) were orally co-administered with 

starch (2 g/kg). Each value is expressed as the mean ± SD of seven mice per group. Values with different superscript letters 

are significantly different (p<0.05) based on Duncan’s multiple range tests. OEE: O. Mishchenko 80% ethanol extract; OWE: 

O. Mishchenko water extract; Acarbose: positive control. 

Table 2. Areas under the concentration–time curves (AUCs) 

of postprandial glucose responses in normal and 

streptozotocin-induced diabetic mice

Group1) AUC (mg ･ hr/dl)

Normal mice Diabetic mice

Control

OEE

OWE

Acarbose

400.04±39.25a

323.42±43.87c

340.56±51.76b

287.81±56.39d

880.68±53.77a

663.58±78.62c

749.43±51.52b

602.25±53.11c

1)
OEE (300 mg/kg), OWE (300 mg/kg), acarbose (100 mg/kg), 

and distilled water (control) were orally co-administered with 

starch (2 g/kg). Each value is expressed as the mean±SD of 

seven mice. Values with different superscript letters within a 

column are significantly different (p<0.05) based on Duncan’s 

multiple range tests. OEE: O. Mishchenko 80% ethanol extract; 

OWE: O. Mishchenko water extract; Acarbose: positive control.

(Table 2). The acarbose (oral hypoglycemic agent used as 

a positive control) and OEE groups showed similar patterns 

for blood glucose levels and AUCs. 

Discussion 

Diabetes is a metabolic disease characterized by hypergly-

cemia. Chronic hyperglycemia causes complications such as 

macrovascular and microvascular issues, diabetic neuro-

pathy, and kidney disease [6, 20, 28]. The treatment of dia-

betes is generally a combination of medication, diet and 

exercise. The goal of treatment is to maintain ideal blood 

glucose, to prevent or delay diabetic complications [18, 35]. 

It is critical to maintain the postprandial and fasting blood 

glucose levels as close as possible to the normal levels [6]. 

It has been reported that postprandial hyperglycemia re-

duces insulin sensitivity, impairs pancreatic function, and re-

duces insulin secretion, thereby exacerbating the diabetic 

condition and causing macrovascular and microvascular 

complications [20]. In general, starch ingested via the diet 

is digested into small sugars by α-amylase, and then into 

glucose by α-glucosidase on the brush border of the mucosa 

in the small intestine, which leads to an increase in blood 

glucose after absorption. In this respect, inhibition of carbo-

hydrate hydrolases can play an important role in controlling 

blood glucose and provide effective anti-diabetic control by 

targeting postprandial hyperglycemia [45].

Alpha-glucosidase is an enzyme that breaks down carbo-

hydrates in the diet and converts them into glucose, and 

α-glucosidase inhibitors slow down the increase in post- 

prandial blood glucose by delaying carbohydrate digestion 

and absorption [15, 16]. Long-term use of α-glucosidase in-

hibitors may cause side effects such as bloating, vomiting 

and diarrhea in some patients, which may limit their use. 

Therefore, research is under way to search for hypoglycemic 

agents from among natural products that have few side ef-

fects [23].

As natural products, edible insects have been used to treat 

various diseases. Oxya chinensis sinuosa Mishchenko) has 

long been used, orally, as a medicine, particularly in Korea. 
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In recent years, it has been recognized as a non-polluting, 

nutritional foodstuff, and its supply has increased annually. 

O. Mishchenko contains abundant amounts of energy, pro-

tein, unsaturated fatty acids, trace nutrients—such as zinc, 

phosphorus, and calcium—and pigments, such as chlor-

ophyll, carotenoids, and polyphenols [30]. It has been used 

in traditional anti-diabetic medicines [13]. Nevertheless, 

there is no experimental data demonstrating a relationship 

between the suppression of glucose absorption in the intes-

tine, postprandial blood glucose levels and O. Mishchenko. 

Thus, this study aimed to investigate whether supplementa-

tion by O. Mishchenko inhibits α-glucosidase. We investigated 

the effect of OEE and OWE on the activity of α-glucosidase. 

The results showed that both OEE and OWE inhibited α- 

glucosidase, in particular OEE showed higher inhibitory ac-

tivity than acarbose, a commercial inhibitor of α-glucosidase. 

O. Mishchenko has a higher content of unsaturated fatty 

acids, chlorophyll, carotenoids, and polyphenols than other 

edible insects. In the case of freeze-dried samples, poly-

phenols, such as flavonoids, terpenoids, and phenolic acids 

are present at 14.06-17.61 mg/100 g [30, 31]. Polyphenols 

are known to exhibit physiological activities, such as anti-

oxidant, anti-obesity, anti-inflammatory, and anti-diabetic ef-

fects, and play an important role in the inhibition of glyco-

sidase enzymes [1, 22]. Phenolic acids are generally classified 

into two major groups, i.e., benzoic acids containing 7 carbon 

atoms and cinnamic acids containing 9 carbon atoms. 

Cinnamic acid and its derivatives are a major group of mole-

cules that are ubiquitously distributed in fruits, vegetables, 

and edible insects [3, 5, 11]; they have been investigated for 

their potential as inhibitors of carbohydrate hydrolases. 

Studies have reported that the hydroxyl groups of cinnamic 

acid can play an important role in the inhibition of enzymes 

such as pancreatic α-amylase. Inhibition of α-amylase is 

largely due to the presence of hydroxyl groups at the para- 

and meta-positions of the cinnamic acid molecule [3, 4, 36]. 

Buszewska-Forajra [11] detected cinnamic acid derivatives 

as components of grasshoppers, using gas chromatog-

raphy-tandem mass spectrometry (GC-MS/MS). Cinnamic 

acid and its derivatives are one of the most abundant groups 

of compounds found in grasshoppers, and may contribute, 

at least in part, to the inhibition of α-glucosidase and α-amy-

lase in vitro. In addition, when extracting ethanol, it is ex-

pected that the carbohydrate digestive enzyme inhibitory ac-

tivity of the ethanol extract rich in polyphenol content would 

be higher than that of the water extract because polyphenols 

are more polar than water [5, 26]. Some studies have shown 

that the anti-inflammatory, apoptosis-protective effects, and 

antioxidant activities of the ethanol extract of O. Mistshenk 

were more potent than those of the water extract, which was 

consistent with our results [38, 44].

In patients with type 2 diabetes, blood glucose increases 

rapidly after eating, and if higher levels of blood glucose 

persist, various diabetic complications occur [42]. There are 

two major factors that control diabetes, one is blood glucose 

regulation through insulin secretion, and the other is de-

layed digestion and absorption of carbohydrates resulting 

in suppression of the rapid increase in blood glucose after 

eating [32]. In this study, the focus was on the latter, and 

it is an important factor in controlling diabetes, which regu-

lates fasting blood glucose and postprandial blood glucose 

levels. In particular, it is more important to control blood 

glucose levels after eating than to control fasting blood glu-

cose [7]. In this study, to verify the results of the in vitro 

test, we used an animal model in which hyperglycemia was 

induced with STZ to confirm the ability of the extracts to 

control postprandial blood glucose levels.

The hypoglycemic effect of OEE was greater than that of 

OWE, after starch loading in the animal model. OEE sig-

nificantly reduced postprandial hyperglycemia when ad-

ministered to diabetic mice. These results suggest that the 

OEE supplementation slows postprandial hyperglycemia by 

delaying the absorption of starch. Acarbose is an oral hyper-

glycemic agent that lowers blood glucose levels after meals, 

and significantly reduces the AUC value [23]. OEE also sig-

nificantly reduced the AUC value in our study, in addition 

to reducing the maximum blood glucose level. Our results 

indicate that OEE alleviates postprandial hyperglycemia by 

delaying the absorption of dietary carbohydrates, due to the 

inhibitory activity of OEE on carbohydrate digestive en-

zymes. 

Postprandial hyperglycemia is an independent contrib-

utor to diabetes complications as well as being a feature of 

diabetes [19]. Various epidemiological studies have sug-

gested that postprandial hyperglycemia may be more closely 

correlated with cardiovascular morbidity and mortality than 

fasting hyperglycemia [10]. Pharmaceutical agents, espe-

cially acarbose, can reduce postprandial hyperglycemia by 

alleviating blood glucose levels after eating. However, these 

are usually associated with side effects, such as weight gain, 

abdominal discomfort, and diarrhea [14, 21]. Our results in-

dicate that O. Mishchenko can improve postprandial hyper-
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glycemia and help prevent the occurrence of diabetic 

complications.

Recently, there have been an increased number of studies 

investigating the anti-diabetic effects of edible insects. For 

example, an extract of Gryllus bimaculatus effectively in-

hibited the occurrence of diabetes by protecting pancreatic 

islet function, and significantly reduced blood glucose in a 

diabetic animal model [41]. In another example, the increase 

in plasma membrane GLUT4 expression upon administra-

tion of the mealworm extract has been known to promote 

the uptake of blood glucose into cells and relieved hyper-

glycemia in diabetic C57BL/Ksj-db/db mice [29]. In another 

study, Bombycis corpus normalized the blood glucose and se-

rum insulin levels in diabetic rats [24]. Silkworms also ex-

hibit therapeutic potential for reducing the plasma glucose 

levels in db/db mice, and show inhibitory activity against 

α-glycosidase [39]. 

In summary, in our study we were able to demonstrate 

that O. Mishchenko extract strongly inhibits the activities of 

α-glucosidase and α-amylase. Comparison of the two ex-

tracts shows that OEE has a stronger inhibitory effect than 

OWE in vitro. Administration of OEE or OWE with starch 

delayed the digestion of carbohydrates and absorption of 

glucose, resulting in alleviation of postprandial hyper-

glycemia in vivo. OEE co-administration alleviated post-

prandial blood glucose levels more than OWE alone in dia-

betic mice. Thus, OEE seems to be a better candidate than 

OWE as a potential functional food to decrease postprandial 

hyperglycemia. 
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록：당뇨 모델을 이용한 벼메뚜기(O. Mistshenk) 추출물의 식후 고 당 완화 효과

박재은․한지숙*

(부산대학교 식품영양학과)

벼메뚜기는 메뚜기과에 속하는 불완전 변태 곤충으로, 국내에서 오랫동안 식용으로 이용되어 왔다. 현재까지 

벼메뚜기의 항산화 및 항염증 효과 등의 기능들이 연구되었으나, 탄수화물 소화 효소나 식후 혈당 수치에 미치는 

영향에 관한 연구는 부족한 실정이다. 이에 본 연구는 벼메뚜기 에탄올 추출물(OEE)와 물 추출물(OWE)이 탄수화

물 소화 효소를 저해하고, streptozotocin (STZ)으로 유도된 당뇨병 마우스에서 식후 고혈당을 강하시키는 효과에 

대해 조사하였다. 그 결과 OEE에 의한 α-glucosidase와 α-amylase 저해 효과가 OWE 보다 더 효과적이었다. 당뇨

병 마우스에 전분(2 g/kg)을 투여한 후의 혈당 증가는 15, 30, 60, 120분에 각각 406.50, 431.50, 473.50 and 460.00  

mg/dl로 나타났고, 전분(2 g/kg)과 OEE 추출물(300 mg/kg)을 투여한 후 혈당 증가는 15, 30, 60, 120분에 각각 

327.00, 361.00, 358.67 and 291.00 mg/dl로 나타나, OEE 추출물 투여군이 대조군에 비해 식후 혈당 강하가 효과적

으로 나타남을 알 수 있었다. 이러한 결과는 벼메뚜기 추출물이 α-glucosidase와 α-amylas를 저해함으로써 식후 

고혈당을 완화시키고, 특히 벼메뚜기 에탄올 추출물(OEE)이 벼메뚜기 물 추출물(OWE) 보다 식후 고혈당을 완화

시키는데 더욱 효과가 있는 것으로 나타났다. 따라서 OEE가 탄수화물 소화 효소 저해 효과로 식후 고혈당을 완화

시키는 유용한 천연 기능성 식품이 될 것으로 사료된다. 
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