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Gastric ulcer is a clinical symptom characterized by inflammation of the gastric mucosa. 
Stress and alcohol consumption have been identified as the major cause of gastric ulcer. 
However, the effects of silkworms on ethanol-induced gastric ulcer have not been studied 
yet. The mature silkworms that are difficult to eat have become easier to ingest due to recent 
technological development to make steaming and freeze-drying mature silkworm larval 
powder (SMSP). In this study, we investigated whether three silkworm varieties, Baekokjam, 
Golden-silk and Yeonnokjam could alleviate ethanol-induced gastric mucosal damage in 
vivo. Sprague-Dawley rats pretreated with 3 SMSPs (0.1 or 1 g/kg BW) or normal diet (AIN-
76A) were exposed to absolute ethanol (3 g/kg BW, 3 h) by oral gavage. Morphological 
examination included ulcer index as a measurement of hemorrhages and hematoxylin and 
eosin staining was performed to analyze the severity of gastric ulcer. Results of macroscopic 
examination suggested that all 3 SMSPs pretreatment significantly protected gastric mucosa 
against ethanol-induced damage. Microscopic observations demonstrated significant mucosal 
erosion and inflammation in ethanol-treated rats, which was abrogated in rats pretreated 
with 3 SMSPs. In addition, pretreatment with all 3 SMSPs showed significant decreases the 
expression of pro-inflammatory mediators, IL-6 and cyclooxygenase-2. Among SMSP from 3 
varieties of silkworm, preadministration of 1 g/kg Baekokjam SMSP showed the most effective 
protective effect against ethanol-induced gastric ulcer. These results suggest that Baekokjam 
SMSP can be a potential gastroprotective agent against ethanol-induced gastric ulcer.

© 2017 The Korean Society of Sericultural Sciences
Int. J. Indust. Entomol. 35(1), 14-21 (2017)

Introduction 

The gastric ulcer is a clinical manifestation of an inflammatory 
reaction on the surface of the gastric mucosa. Abdominal pain, 

nausea and stomach bloating are known as symptoms of gastric 
ulcers. Alcohol is one of the leading causes of inflammation in 
the gastric mucosa (Franke et al., 2005; Al Batran et al., 2013). 
Alcohol-induced gastric mucosal injury is associated with 
mucosal bleeding, cell death, inhibition of cell regeneration, and 
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were immediately smothered for 130 min at 100 °C with steam 
using an electric pressure-free cooking machine (KumSeong 
Ltd., Boocheon, Korea) followed by freeze-drying with a freeze-
drier (FDT-8612, Operon Ltd. Kimpo, Korea) for 24 h. Larvae 
were then grinded using a hammer mill (HM001, Korean 
Pulverizing Machinery Co. LTD., Incheon, Korea) and a disk 
mill (Disk Mill01, Korean Pulverizing Machinery Co. LTD). 
The lengths of particles of SMSP were shorter than 0.1 mm. The 
SMSP was stored at -50 °C and then used for formulating diet 
for rat.

 
Animals, diets and experimental design

Sprague-Dawley (SD) rats in the experiment were purchased 
from Orient bio (Seoul, Korea). All animals were housed in an 
experimental room at 12 hours of light/dark cycle at 24 °C with 
ad libitum access to water and a rodent chow diet. The animals 
were handled at accredited animal facilities in accordance with 
the Institutional Animal Care and Use Committee (IACUC) of 
the CHA University Animal Center (IACUC 150021). After 
acclimatization, six-week-old SD rats randomly divided into 
8 groups (n = 7). Each group was fed an experimental diet: 
the AIN-76A (normal and ethanol group) or diets containing 
Baekokjam SMSP (0.1 or 1 g/kg), Golden-silk SMSP (0.1 or 1 
g/kg), and Yeonnokjam SMSP (0.1 or 1 g/kg). The experimental 
diets were administered for 2 weeks in the form of pellets. Then, 
all groups except the normal group were treated ethanol by oral 
gavage and after 3 hours all rats were sacrificed. AIN-76A and 
SMSP containing AIN-76A diets were purchased from DBL 
(Umsung, Korea). Briefly, SMSP from 3 silkworm varieties were 
mixed with powdered AIN-76A, then this mixture were dried 
and prepared as a pellet chow by DBL (Umsung, Korea). Two 
different amounts of SMSP were added to AIN-76A; low dose 
(1 g/kg of AIN-76A for the treatment with 0.1 g/kg of rat body 
weight) and high dose (10 g/kg of AIN-76A for the treatment 
with 1 g/kg of rat body weight). Two different concentrations of 
diet were similarly formulated. All rats were sacrificed by taking 
blood via cardiac puncture under carbon monoxide anesthesia 
after treatment with ethanol for 3 hours. Blood samples were 
treated with heparin, and the plasma samples were obtained by 
centrifuging the blood at 3,000 rpm for 15 min at 4 °C. Stomachs 
were removed, and rinsed with phosphate-buffered saline. The 
stomachs were frozen in liquid nitrogen and stored at -80 °C 
until further use. 

cell migration (C.L. Cheng, 2000; Rahim et al., 2014). There 
are many compounds currently used in the treatment of gastric 
ulcers, but the protective effect against gastric ulcer is still 
controversial.

Silkworm has been cultivated since ancient times and 
traditionally used silk from cocoons as fiber (Cho et al., 2016a). 
Recently, silkworms are emerging as candidates with various 
health improvement effects (Ji et al., 2016a). Silkworms have 
been studied to prevent Parkinson’s disease (Tabunoki et al, 
2013) as well as hyperlipidemia and hyperglycemia (Kim et 
al., 2008). When the larvae of the silkworms are cultured after 
3 days of the 5th instar, the hypoglycemic effect is reduced and 
the expanded silk glands of mature silkworm are filled with 
silk fibers (Ryu et al., 1997), which are difficult to ingest if not 
properly processed. Recently, we developed a new technique to 
make mature silkworm larvae edible by steaming them 130 min 
at 100 °C before being freeze-dried and ground (Ji et al., 2015). 
The nutritional components of steamed and freeze-dried mature 
silkworm larval powder (SMSP) has been reported to contain 
useful proteins, high amounts of amino acids and essential 
minerals as well as omega-3 fatty acids (Ji et al., 2016a). 

Many silkworm varieties have been established in National 
Institute of Agricultural Science (NIAS), which have different 
nutrient compositions, sizes and colors of cocoons (Kang et al., 
2007; Ryu et al., 2013) according to the varieties of silkworm 
(Ji et al., 2016b). However, there is no report to address and 
compare the effect of several kinds of SMSP on the ethanol-
induced gastric ulcer in vivo model. In this study, we investigated 
and compared the gastroprotective effects of SMSP from 3 
varieties, Baekokjam, Golden-silk and Yeonnokjam silkworm, 
against ethanol-induced gastric mucosal injury and ulceration. 

Materials and Methods

Steamed and freeze-dried mature silkworm 
larval powder (SMSP) production 

Three silkworm varieties used in the present study as follows; 
Baekokjam (Lee et al., 1984), Golden-silk (Kang et al., 2007), 
Yeonnokjam (Kang et al., 2007). Silkworm larvae (Bombyx 
mori) were reared with mulberry leaves at the National Institute 
of Agricultural Science. SMSP was made as previously published 
(Ji et al., 2015). Briefly, live mature larvae of the 3 cocoon strains 
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were as follows: interleukin (IL)-6: sense 5′-CTT CCA GCC 
AGT TGC CTT CT-3′, antisense 5′-GAG AGC ATT GGA AGT 
TGG GG-3′ and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH), sense 5′-GGT GCT GAG TAT GTC GTG GA-3′, 
antisense 5′-TTC AGC TCT GGG ATG ACC TT-3′.

Western blot analysis 

This assay was performed as previously described (Park et al., 
2014). Briefly, the stomach was homogenized with ice-cold cell 
lysis buffer (Cell Signaling Technology, Danvers, MA, USA) 
containing 1 mM phenylmethylsulfonyl fluoride (PMSF, Sigma 
Aldrich, St. Louis, MO, USA). After 20 min of incubation, 
samples were centrifuged at 10,000 × g for 10 min. Supernatants 
were then collected. Proteins in lysates were separated by SDS-
PAGE and transferred to polyvinylidene fluoride membranes, 
which were incubated with cyclooxygenase-2 (COX-2, 
Thermo Fisher Scientific Inc., MA, USA) and β-actin (Santa 
Cruz Biotechnology Inc., TX, USA), washed, incubated with 
peroxidase-conjugated secondary antibodies, rewashed, and then 
visualized using an enhanced chemiluminescence system (GE 
Healthcare, Buckinghamshire, UK).

Statistical analysis 

Results are expressed as the mean ± standard deviation. The 
statistical significance was analyzed by one-way analysis of 
variance (ANOVA). Statistical significance was accepted at P < 
0.05.

Results and Discussion

Comparison of SMSPs from 3 silkworm varieties 
on ethanol-induced gastric ulcer in rats 

Gastrointestinal mucosal damage induced by ethanol has 
been studied by several investigators (Liu et al., 2012; Salga et 
al., 2012; Golbabapour et al., 2013). Administration of ethanol 
causes local disturbances of gastric mucosa wall and induces 
changes in vascular architecture (Hajrezaie et al., 2015) as well 
as various pathological changes characterized by hemorrhagic 
damage, mucosal defects, extensive submucosal edema, and 
damage to the epithelial cell of stomach tissues (Guslandi, 1987; 

Evaluation of gross lesions on the gastric 
mucosa 

After removing the stomach, it was cut open with scissors 
along the greater curvature and photographed using a camera 
attached to a dissecting microscope. Total area (mm

2
) of mucosal 

erosive lesion was measured using Photoshop CS4 Extended 
(Adobe, San Jose, CA, USA) software. The percentage of ulcer 
inhibition by 3 SMSPs was calculated by the following formula: 
% protection of ulceration = ((%Uarea ethanol group–%Uarea 
SMSP treated)/%Uarea ethanol group) × 100 

Gastric histopathological assessment 

For histopathological assessment, fixed stomach portions 
were embedded in paraffin blocks, followed by cutting 4 μm 
sections and mounting them on glass slides for hematoxylin-
eosin (H&E) staining. The glandular mucosae of corpus and 
antrum were examined histologically. The mean pathological 
index was calculated following the method of Szabo et al (Szabo 
et al., 1985). Briefly, the pathological changes including intensity 
of ulceration and inflammatory cells infiltration were observed. 
Scoring was done by the corresponding author, who was blinded 
as to the treatment groups. 

RNA isolation and RT-PCR 

The gastric messenger RNA (mRNA) was isolated with 
RiboEX (GeneAll, Seoul, Korea). The stomach tissues in 
RiboEX were incubated for 10 minutes at 4 °C. Furthermore, 
100 μL of chloroform was added and gently mixed. After 
incubation for 10 minutes on ice, samples were centrifuged 
at 12,000 rpm for 15 minutes. Supernatants were mixed with 
500 μL of isopropanol and incubated at 4 °C for 15 minutes. 
After centrifuging at 12,000 rpm for 10 minutes, pellets were 
washed with 70% (v/v) ethanol. After allowing the ethanol 
to completely evaporate, pellets were dissolved in 100 μL 
of diethylenepyrocarbonate-treated water (Invitrogen Life 
Technologies, Carlsbad, CA, USA). Complementary DNA 
was prepared using reverse transcriptase originating from 
Murine Moloney leukemia virus (Promega), according to the 
manufacturer's instructions. Polymerase chain reaction was 
performed for 30 cycles at 94 °C for 20 seconds, 58 °C for 30 
seconds, and 72 °C for 45 seconds. Oligonucleotide primers 
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Golden-silk or Yeonnokjam varieties of SMSP were pretreated 
with a diet for two weeks, followed by a single dose of 3 g/kg 
ethanol in SD rats. Administration of absolute ethanol for 3 h 
by oral gavage resulted in the development of significant gastric 
damages accompanied with active gastric bleedings in ethanol 
group (Fig. 1A). Intragastric administration of ethanol triggered 
severe gastritis with high lesion area scores indicating several 
linear hemorrhagic ulcers and multifocal erosions compared 
to the vehicle-treated group (Fig. 1B). Ethanol-induced gastric 
injury was remarkably reduced in 3 SMSPs-fed rats compared to 
the normal diet-fed rats (Fig. 1). The percentage of gastric ulcer 
lesion area in ethanol-treated group (21.43 ± 6.63%, P < 0.001) 
was significantly higher than that of 1 g/kg Baekokjam SMSP-

Laine and Weinstein, 1988; Tarnawski et al., 1988; Park et al., 
2008; Rahim et al., 2014; Hajrezaie et al., 2015). In addition, 
exposure of ethanol provokes immobilization of blood flow 
and blockage of gastric microvessels (Park et al., 2008; Li et 
al., 2013). Although the mechanism of ethanol-induced gastric 
ulcer in detail has not yet been elucidated, the systemic and 
gastric manifestations of alcoholism are thought to be due to 
pro-inflammatory response through alterations of cytokines and 
enzymes. In this study, we compared the protective effect of 3 
SMSPs on ethanol-induced gastric ulceration and inflammation 
in vivo.

To investigate the gastroprotective role of SMSPs, we used 
ethanol-induced gastric mucosal injury rat model. Baekokjam, 

Fig. 1. Pretreatment with 3 SMSPs decreased ethanol-induced gastric injury in rats. (A) Representative pictures of gross ulcer lesion area are 
shown; a, Normal; b, Ethanol (3 g/kg body weight, 3 h); c, Ethanol + Baekokjam SMSP (0.1 g/kg body weight); d, Ethanol + Baekokjam 
SMSP (1 g/kg body weight); e, Ethanol + Golden-silk SMSP (0.1 g/kg body weight); f, Ethanol + Golden-silk SMSP (1 g/kg body weight); 
g, Ethanol + Yeonnokjam SMSP (0.1 g/kg body weight); h, Ethanol + Yeonnokjam SMSP (1 g/kg body weight). (B) Total gross ulcer lesion 
area (mm

2
) was measured and quantified. Data shown as mean ± SD (n = 7). Statistical significance with the controls was analyzed by one-

way ANOVA. ***P < 0.001 (vs. normal group); ##P < 0.01 and ###P < 0.001 (vs. ethanol group).
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effectively inhibited by pretreatment with Baekokjam SMSP 
than Golden-silk or Yeonnokjam SMSP. 

The gastric mucosa protects the stomach tissues from multiple 
stimuli such as physical or mechanical stress. The exposure of 
ethanol causes gastric injury because ethanol easily induces 
epithelial detachment through the mucosal barrier (Kaunitz, 

fed group (5.07 ± 3.11%, P < 0.001), 1 g/kg Golden-silk SMSP-
fed group (8.14 ± 2.67%, P < 0.001), or 1 g/kg Yeonnokjam 
SMSP-fed group (10.14 ± 4.06%, P < 0.01). Among 3 varieties 
of silkworm, Baekokjam SMSP showed the best protective 
effect on gastric ulcer induced by ethanol treatment. As shown 
in Fig. 1, ethanol-mediated gastric ulcer lesion area was the most 

Fig. 2. Pretreatment with 3 SMSPs attenuated ethanol-induced gastric histopathologic injury in rats. (A) Histopathological sections of the 
stomach were stained with hematoxylin and eosin (magnification, × 100). Representative pictures are shown; a: Normal; b: Ethanol (3 g/kg 
body weight); c: Ethanol + Baekokjam SMSP (0.1 g/kg body weight); d: Ethanol + Baekokjam SMSP (1 g/kg body weight); e: Ethanol + 
Golden-silk SMSP (0.1 g/kg body weight); f: Ethanol + Golden-silk SMSP (1 g/kg body weight); g: Ethanol + Yeonnokjam SMSP (0.1 g/kg 
body weight); h: Ethanol + Yeonnokjam SMSP (1 g/kg body weight). Erosion (B), inflammation (C) and total pathological score (D) in each 
group were quantified from H&E-stained sections. Data are presented as mean ± SD of 7 animals. Statistical significance with the controls 
was analyzed by one-way ANOVA. *, P < 0.05 (vs. normal group); #, P < 0.05 (vs. ethanol group).
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SMSP showed the best inhibitory effect on IL-6 mRNA 
expression induced by ethanol treatment. 

COX-2 is a representative pro-inflammatory mediator in 
gastrointestinal damages, by which several drugs or strategy had 
been tried to prevent various gastrointestinal ulcers. To determine 
whether the preventive effect of 3 SMSPs on ethanol-induced 
gastric damage is caused by inhibiting the expression of COX-
2, we performed Western blot analysis (Fig. 3B). Treatment 
with ethanol resulted in a marked induction of the expression of 
COX-2 protein, indicating its involvement in ethanol-induced 
gastric damage. Pretreatment with 3 SMSPs showed significant 
inhibitory effects on the expression of COX-2 induced by ethanol 
administration (Fig. 3B). The expression of COX-2 protein in 
ethanol group (14.07 ± 2.03 fold of normal group, P < 0.01) was 
significantly induced by ethanol treatment, which was decreased 
by the preadministration of 1 g/kg Baekokjam SMSP-fed group 
(3.58 ± 1.24 fold of normal group, P < 0.01), 1 g/kg Golden-silk 
SMSP-fed group (7.40 ± 1.48 fold of normal group, P < 0.01), or 
1 g/kg Yeonnokjam SMSP-fed group (7.31 ± 2.19 fold of normal 
group, P < 0.01). As well as IL-6 mRNA expression, Baekokjam 
SMSP showed the better inhibitory effect on COX-2 expression 
induced by ethanol treatment than Golden-silk or Yeonnokjam 
SMSP. The anti-inflammatory effect of Baekokjam SMSP on 
diethylnitrosamine-induced hepatotoxicity and alcohol-induced 
hepatotoxicity has been reported (Cho et al., 2016b). However, 
the protective effect of SMSP on the gastric ulcer induced by 
ethanol has not been yet reported. These results suggest that 
Baekokjam SMSP can protect against ethanol-induced gastric 
injury through regulating the expression of pro-inflammatory 
cytokine and inflammation related enzyme. 

In conclusion, SMSP has been reported to exhibit health 
beneficial effect because it contains functional materials 
such as high amounts of amino acids, silk proteins, omega-3 
unsaturated fatty acids, and essential minerals (Ji et al., 
2016a). In this study, we compared the protective effects 
of SMSP from 3 varieties of silkworm on gastric ulcer and 
inflammation induced by ethanol in vivo. Among three 
SMSPs used in this study, pretreatment of Baekokjam SMSP 
showed the best protective effect on hemorrhagic injury 
and inflammatory response caused by ethanol treatment. 
Therefore, Baekokjam SMSP could be anticipating remedy 
for the prevention of ethanol-induced gastric damages, for 
which more detailed mechanistic study will be followed. 

1998). Acute administration of ethanol has been reported to 
induce inflammation and necrosis of the gastric mucosa (Allen 
et al., 1988). Microscopically, the exposure to absolute ethanol 
for 3 h caused definite gastric mucosal ulcer lesions, while 
pretreatment with 3 SMSPs significantly prevented the incidence 
of gastric ulcer. Gastric tissues from the normal group displayed 
an intact architecture of the gastric wall in mucosa. In contrast, 
gastric ulcers and hemorrhagic necrosis of mucosa accompanied 
with inflammatory cell infiltration and focal hemorrhages were 
observed in ethanol-treated group (Fig. 2A). Administration of 
ethanol triggered a severe gastric damage with high scores of 
pathological lesion index of ulceration including inflammatory 
cell infiltration and erosion reflecting disruption of gastric 
mucosa with epithelial loss (Fig. 2B and C). Total pathological 
score including inflammation and erosion score was significantly 
increased in ethanol group (2.00 ± 1.38, P < 0.05), whereas 
remarkably suppressed by pretreatment with 1 g/kg Baekokjam 
SMSP-fed group (0.93 ± 0.53, P < 0.05). Although pretreatment 
with Golden-silk or Yeonnokjam SMSP decreased the total 
histopathological score induced by ethanol (1.21 ± 0.70 and 1.50 
± 0.58, respectively), it was not statistically significant. These 
results suggest that pretreatment with Baekokjam SMSP among 
3 varieties of SMSP may have protective effect on ethanol-
induced gastric ulcerogenesis.

Comparison of SMSPs from 3 silkworm varieties 
on pro-inflammatory mediators induced by 
ethanol administration 

Ethanol is generally known to stimulate the gastric epithelium 
to initiate inflammation via pro-inflammatory cytokines (Szabo 
et al., 1996). Thus, we next analyzed the representative pro-
inflammatory cytokine, IL-6 to examine the roles of 3 SMSPs 
on inflammatory response in ethanol-treated gastric tissues. 
The expression of IL-6 mRNA was highly elevated by ethanol 
administration, while this gene was down-regulated in 3 
SMSPs-fed groups in a dose-dependent manner (Fig. 3A). The 
expression of IL-6 mRNA in ethanol-treated group (9.94 ± 2.58 
fold of normal group, P < 0.05) was significantly higher than 
that of 1 g/kg Baekokjam SMSP-fed group (5.09 ± 2.14 fold of 
normal group, P < 0.05), 1 g/kg Golden-silk SMSP-fed group 
(6.99 ± 2.16 fold of normal group, not significant), or 1 g/kg 
Yeonnokjam SMSP-fed group (7.31 ± 2.19 fold of normal group, 
not significant). Among 3 varieties of silkworm, Baekokjam 
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