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Hangover due to alcohol consumption causes social and physical problems. There is a 
growing interest in edible insects worldwide. We have previously published a new technology 
to make hard mature silkworm, Bombyx mori, into edible form, steamed and freeze-dried 
mature silkworm larval powder (SMSP). In this study, AIN-76 or SMSP (0.1 and 1 g/kg rat 
body weight) containing diets in SD rats were pretreated for 2 weeks, and ethanol (3 g/kg rat 
body weight) was administered as an oral gavage and sacrificed after 3 hours. As a result, 
blood alcohol and aldehyde levels were significantly decreased in SMSP fed rats. In addition, 
liver injury markers, alanine aminotransferase (ALT) and alkaline phosphatase (ALP) were 
significantly decreased in SMSP group compared to ethanol group. TNF-a, an inflammatory 
cytokine, and malondialdehyde (MDA), an oxidative stress marker, also showed a dose-
dependent decrease in the group receiving SMSP. Conclusively, consumption of SMSP not 
only reduced hangover induced by ethanol, but also decreased liver damage, oxidative stress, 
and inflammatory response. 
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Introduction 

Worldwide, people consumed 6.2 liters of alcohol in average 
in 2010 (WHO, 2014). Alcohol consumption is highest in Europe 
and the Americas, as well as in other regions such as Asia, 
Australasia, and Africa (Shield et al., 2013). Drinking alcohol is 
associated with a number of health problems, including diabetes, 
psychosis, cardiovascular disease, cirrhosis, and cancer (Scoc-
cianti et al., 2014). Alcohol is a small molecule that spreads easily 
through the cell membrane, and many factors affect absorption 

and metabolism (Louvet and Mathurin, 2015). Alcohol 
dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) are 
known as the major enzymes in the alcohol metabolism pathway 
(Cequera and Garcia de Leon Mendez, 2014). ADH converts 
alcohol to acetaldehyde, and ALDH alters acetaldehyde to 
acetate (Park et al., 2012). Acetaldehyde, a metabolite of alcohol 
metabolism, can cause hangover symptoms. Acute alcohol 
consumption can cause hangover symptoms due to acetaldehyde, 
which is a major metabolite of alcohol metabolism (Jung et al., 
2016). Therefore, the development of new functional food that 
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with ad libitum access to water and a rodent chow diet (Haran 
2018s). After acclimatization, the SD rats were randomized into 
four groups (n = 10). Each group was fed an experimental diet: 
the AIN-76A (Normal, Alcohol group) or diets containing SMSP 
(0.1 and 1 g/kg). The experimental diets were administered for 2 
weeks in the form of pellets. Then, all groups except the normal 
group were orally administered alcohol and after 3 hours all 
groups were sacrificed. All animal experiments protocols were 
reviewed and approved by the Institutional Animal Care and Use 
Committee (IACUC) of animal center of the CHA University 
(reference number: IACUC 150021).

Blood and Tissue Samples 

After 3 hours of alcohol treatment, blood was drawn from the 
cardiac puncture under carbon dioxide anesthesia to sacrifice 
all rats. Blood samples were treated with heparin, and plasma 
samples obtained by centrifugation at 3,000 rpm for 15 min at 
4 °C. The liver was removed, rinsed with phosphate-buffered 
saline, frozen in liquid nitrogen and stored at -80 °C until used.

Biochemical Assays

Blood alcohol level was assayed using commercial kit (Cell 
Biolabs, INC. Cat No. STA-620). Place 10 µL of the diluted 
standards and blood samples in a 96-well plate. Add 90 µL of 
prepared reaction mixture to each well. Cover the plate wells to 
protect the reaction from light. Incubate at 37 °C for 30 minutes. 
Read absorbance in the 540 nm on a microplate reader. The 
aldehyde assay was also used in the commercial kit (Abcam, Cat 
No. ab112113). Place the aldehyde containing blood samples 
in to 96-well plate. Add 50 µL 2 X yellow reaction mixture into 
each well. Incubate the reaction mixture at room temperature for 
60 minutes, protected from light. Measure the plate at 405 nm on 
an absorbance plate reader. 

Serum biochemical parameters of hepatic injury

Hepatic injury was evaluated biochemically by measuring 
the activities of alanine aminotransferase (ALT/GPT), aspartate 
aminotransferase (AST/GOT) and alkaline phosphatase (ALP) in 
serum using Hitachi automatic analyzer 7600-210 (Hitachi high-
technologies corporation, Tokyo, Japan ) 

can smoothly and effectively control alcohol metabolism can 
control diseases caused by alcohol consumption (Sung et al., 
2012).

Silkworm, Bombyx mori, a major species in the sericulture, 
has long been used. Silkworms have traditionally been used 
only to produce fabrics using silk (Cho et al., 2016). The 
silkworms were difficult to eat due to the large silk gland, but 
it was easier to eat because of the technique of processing the 
mature silkworm larvae recently discovered (Ji et al., 2015). 
In addition, steamed and freeze-dried mature silkworm larval 
powder (SMSP) contains high amounts of amino acids, vitamins 
and essential minerals (Ji et al., 2016a). Recently silkworms 
have been used to produce foods with various health improving 
effects (Ji et al., 2016b). The silkworm excrement powder has 
been reported to inhibit alcoholic hepatotoxicity in rats (Kim et 
al., 2008). Silkworm pupae powder ingestion has reported that 
fat metabolism was increased in rats (Ryu, 2014). Moreover, 
the silkworm has been studied to have the effect of decreasing 
hyperlipidemia and hyperglycemia in rats (Kim et al., 2008). In 
the present study, we investigated the protective effect of SMSP 
in ethanol-treated rats.

Materials and Methods

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

Silkworm (also known as Baekokjam (Lee et al., 1984)) 
was used in the present study. SMSP was made as previously 
published (Ji et al., 2015). Briefly, the live larvae of the Bombyx 
mori fed with mulberry leaves were freeze-dried for 24 hours 
after being steamed using a cooking machine (KumSeong 
Ltd., Boocheon, Korea) without electric pressure. Larvae were 
then grinded by hammer mill (HM001, Korean Pulverizing 
Machinery Co. LTD., Incheon, Korea) and a disk mill (Disk 
Mill01, Korean Pulverizing Machinery Co. LTD).

Animal and Diets 

The Sprague-Dawley (SD) rats in the experiment were 
purchased from Orient bio (Seoul, Korea). SD rats were housed 
in individual cages on a 12 h light/dark cycle in a temperature 
controlled (24 °C) environment during a week of acclimatization, 
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and acetaldehyde is metabolized to acetate by ALDH (Guo and 
Ren, 2010). In this study, the rats fed the SMSP diet for 2 weeks 
were treated with ethanol to induce hangover, and the levels of 
blood alcohol and aldehyde was measured as well as liver injury 
markers, inflammatory cytokine TNF-α and oxidative stress 
marker MDA. 

To investigate the protective effect of SMSP, we used 
ethanol-treated rat model. Single dose of 3 g/kg ethanol was 
intragastrically injected into 6-week old SD rat after pretreatment 
with diet containing SMSP for two weeks. Blood alcohol 
concentration in 1 g/kg SMSP group (5.99 ± 2.88 mM, P < 0.01) 
was significantly lower compared to the ethanol-treated group 
(10.34 ± 0.94 mM) (Fig. 1A). Blood aldehyde concentration 
in 1 g/kg SMSP group (2.24 ± 0.09 µM, P < 0.001) was also 
significantly lower compared to the ethanol-treated group (3.03 ± 
0.11 µM) (Fig. 1B). These results suggest that SMSP can prevent 
alcohol-induced hangover by lowering blood concentrations of 
alcohol and aldehyde.

Alcohol consists of three forms: methyl alcohol (methanol), 
isopropyl alcohol, and ethyl alcohol (ethanol). Methyl alcohol 
and isopropyl alcohol are prohibited to ingest because of their 
toxicity. However, ethanol, alcohol as commonly called, is 
known as a component of beer, wine, and liquor (Guo and 
Ren, 2010). Alcohol has become an addictive drug worldwide 
(Park et al., 2013). Although proper drinking is not harmful 
(Elkind et al., 2006), abuse of alcohol causes serious medical, 
social, and economic problems (Guo and Ren, 2010). Hangover 
is characterized by physical and mental discomfort caused 
by alcohol. Physically, symptoms such as headache, fatigue, 

ELISA 

For the measurement of TNF-α in serum and malondialdehyde 
(MDA) in tissues, we used the commercial Quantikine ELISA kit 
(R&D Systmes, MN) and specific spectrophotometric assay for 
MDA (Oxis International Inc, CA) as following manufacturer's 
instruction, respectively.

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

SMSP decreases blood concentrations of 
alcohol and aldehyde in ethanol-treated rats 

Alcohol is a small molecule, it can pass through biological 
membranes and spread to all tissue of the body (Cederbaum, 
2012; Louvet and Mathurin, 2015). About 10% of the absorbed 
alcohol is removed by kidneys, lungs and sweat, but the 
absorption and metabolism of the remaining alcohol is influenced 
by personal factors such as age, body weight, race, gender, and 
health status (Louvet and Mathurin, 2015). Most of the ethanol 
is metabolized by the ADH enzyme to produce acetaldehyde, 

Fig. 1. SMSP alleviated ethanol-induced alcoholic hangover in rats. The concentrations of (A) blood alcohol and (B) blood aldehyde were 
significantly increased by ethanol administration, whereas the pretreatment with SMSP decreased the amounts of blood alcohol and blood 
aldehyde in ethanol-treated rats. Data shown as mean ± SD (n = 10). Statistical significance with the controls was analyzed by one-way 
ANOVA. ***, P <0.001 (vs Normal group); #, P < 0.05, ##, P < 0.01, ###, P < 0.001 (vs Ethanol group).
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SMSP protects liver damage, inflammation and 
oxidative stress in ethanol-treated rats

To determine the ethanol-induced liver damage, the levels of 
indicators in the serum, ALT, AST and ALP were measured by 
the colorimetric method. The activity of ALT (65.43 ± 4.20 IU/
L, P < 0.001) was significantly induced in ethanol-treated rats, 
which was significantly suppressed by pretreatment with 1 g/
kg SMSP-fed group (54.20 ± 5.40 IU/L, P < 0.01) (Fig. 2A). In 
addition, the activity of ALP (448.25 ± 16.22 IU/L, P < 0.01) 
was also significantly induced in ethanol-treated rats, which was 
significantly suppressed by pretreatment with 1 g/kg SMSP-fed 
group (343.25 ± 29.33 IU/L, P < 0.001) (Fig. 2C). However, 
the activity of AST showed no significant difference in SMSP-
treated group (Fig. 2B). To investigate whether SMSP protects 
against ethanol-induced injury, the representative inflammatory 
cytokine TNF-α and MDA, the marker for oxidative stress were 

flushing, muscle aches and thirst appear, and mental symptoms 
such as mood disorder, depression, anxiety, and dizziness appear. 
A hangover usually starts several hours after drinking and can 
last for hours (Swift and Davidson, 1998). Acetaldehyde, the 
major metabolite of alcohol, is known to be the main cause of 
hangover and is a key generator of free radicals and a known 
carcinogen, and causes alcoholism. Moreover, acetaldehyde 
causes mitochondrial dysfunction, damages acetaldehyde 
metabolism, accumulates acetaldehyde and causes a vicious 
cycle (Goedde et al., 1989; Swift and Davidson, 1998; Guo 
and Ren, 2010). Therefore, it is very important to reduce 
the concentration of acetaldehyde in the blood (Sung et al., 
2012). In this study, the plasma concentrations of alcohol and 
acetaldehyde were measured. SMSP significantly reduced 
plasma concentration of alcohol and acetaldehyde in the alcohol-
induced hangover model, suggesting that SMSP is the mediator 
of hangover relief.

Fig. 2. SMSP decreased ethanol-induced liver injury in rats. The serum levels of ALT (A), AST (B) and ALP (C) were significantly increased 
by ethanol administration, whereas the pretreatment with SMSP decreased the enzyme activities of ALT and ALP in rats with ethanol-treated 
rats. Data shown as mean ± SD (n = 10). Statistical significance with the controls was analyzed by one-way ANOVA. *, P < 0.05, ***, P 
<0.001 (vs Normal group); ##, P < 0.01, ###, P < 0.001 (vs Ethanol group).
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also used as a food source in many countries (Pereira et al., 
2003). The SMSP contains a large amount of crude proteins, 
and includes essential minerals such as calcium, potassium, 
magnesium, phosphorus, and sulfur. It also contains a large 
amount of unsaturated fatty acids as well as fatty acids such as 
palmitic acid, oleic acid, and linolenic acid. In addition, SMSP 
contains amino acids that are helpful for health, especially 
aspartic acids, serine, glycine, alanine, and tyrosine (Ji et 
al., 2015; Ji et al., 2016a). In this experiment, the hangover 
resolution effect of SMSP is presumed to have affected the 
metabolism of proteins, amino acids, minerals, fatty acids, and 
unsaturated fatty acids contained in SMSP. In summary, the 
present study suggests that SMSP effectively improves alcohol-
induced hangover as well as inflammation and liver damage 
induced by ethanol administration. 
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analyzed. As expected, the levels of TNF-α and MDA induced 
by ethanol treatment were significantly reduced in a dose- 
dependent manner in SMSP group (Fig. 3). 

Inflammation is a physiological reaction caused by infection or 
tissue damage (Medzhitov, 2008). Innate immune cells such as 
macrophages, stimulate neutrophils to accumulate at the injury 
site, as well as release inflammatory cytokines and chemokines. 
Neutrophils induce reactive oxygen species and antimicrobial 
peptides to be released, and they work to eliminate foreign 
substances (Baumann and Gauldie, 1994; Gao et al., 2008; Wang 
et al., 2010). In macrophages, alcohol causes direct oxidative 
stress and induces the production of inflammatory cytokines. 
In particular, TNF-α increases the incidence of alcoholic liver 
disease and induces apoptosis (Mandrekar and Szabo, 2009). 
The TNF-α induces not only in chronic alcoholics but also in 
alcohol consumption models (McClain and Cohen, 1989; Kho-
ruts et al., 1991). In this experiment, we analyzed inflammatory 
cytokine and liver damage markers by acute administration 
of alcohol at 3 g/kg to rats pretreated with SMSP for 2 weeks. 
TNF-α, an inflammatory cytokine, was significantly increased 
in the alcohol-treated rat group compared to the normal group, 
and decreased in the SMSP pretreated group in a dose-dependent 
manner. In the liver injury marker AST, there was no effect of 
SMSP, but ALT and ALP showed a significant decrease in the 
pretreated group of SMSP compared to the alcohol group. These 
results suggest that SMSP may not only prevent inflammation 
but also protect liver damage.

Insects are rich in fats, proteins, vitamins, minerals, and fiber, 
so they have been used for poultry, aquaculture feed, and human 
foods (van Huis, 2013). The mulberry silkworm, Bombyx mori, 

Fig. 3. SMSP pretreatment prevent ethanol-induced inflammation and oxidative stress in rats. The levels of TNF-α (A) and MDA (B) were 
significantly increased by ethanol administration, whereas the pretreatment with SMSP decreased the levels of TNF-α and MDA in ethanol-
treated rats. The Data shown as mean ± SD (n = 10). Statistical significance with the controls was analyzed by one-way ANOVA. *, P < 0.05, 
**, P < 0.01 (vs Normal group); #, P < 0.05, ##, P < 0.01, ###, P < 0.001 (vs Ethanol group).
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