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Abstract. Red mulberry (Morus  alba) fruit is rich in 
anthocyanins, and mulberry leaves are used by silk worms 
to make silk protein. We determined that the water and 
ethanol extract of mulberry fruit and silk amino acids 
accelerated ethanol degradation and suppressed temporal 
cognitive dysfunction in acute alcohol administered rats. The 
mechanism was explored in rats with acute oral administration 
of silk protein and mulberry fruit extracts. Rats were given 
0.3  g of dextrin (control) and water extract (WMB) and 
ethanol extract of mulberry (EMB), silk protein hydrolysates 
(SKA), and a commercial product (positive‑control) based 
on body weight. After 30 min, rats were administered 3 g 
ethanol/kg body weight and serum ethanol and acetaldehyde 
levels were measured. After 3 h movements were measured 
with a video tracking system and at 5 h cognitive function 
was measured by Y maze test. WMB contain much higher 
rutin, luteolin and quercetins than EMB. In SKA rats, serum 
alcohol concentrations slowly increased until 60 min, but 
were markedly elevated until 120 min. However, WMB rats 
exhibited rapidly increased serum alcohol levels until 60 min 

and showed the lowest peak of serum alcohol levels, indicating 
the highest degradation of alcohol. The patterns of serum 
acetaldehyde levels were similar to those of serum ethanol levels 
but WMB was more effective for reducing serum acetaldehyde 
levels than serum ethanol levels. WMB was most effective for 
increasing mRNA expression of alcohol dehydrogenase and 
acetaldehyde dehydrogenase. WMB and SKA decreased lipid 
peroxides by increasing activities of SOD and GSH‑Px in the 
liver and they also reduced pro‑inflammatory cytokines such 
as tumor necrosis factor‑α and interleukin‑6. WMB and SKA 
exerted better anti‑oxidant effects than the positive‑control. 
WMB containing higher flavonoids reduced pro‑inflammatory 
cytokines better than SKA. In conclusions, both WMB and 
SKA might reduce acute alcohol‑induced hangover and liver 
and brain damage by lowering serum alcohol and acetaldehyde 
levels.

Introduction

Mild to moderate alcohol consumption has some beneficial 
physiological and psychological effects. However, consuming 
large amounts of alcohol and can cause acute alcohol‑induced 
stress referred to as a hangover, and chronic alcohol consump-
tion can lead to liver and multi‑organ damage. Ethanol is 
metabolized into acetaldehyde in the intestinal tract and liver, 
mainly by alcohol dehydrogenase (ADH), and is absorbed in 
the stomach and intestinal tract with the remaining ethanol 
oxidized to acetaldehyde in the liver (1). Acetate is used as 
energy source and may be converted fat and stored in the body. 
Minimal amounts of alcohol are removed as alcohol itself 
through sweat, urine, and breath.

During alcohol degradation, NADH, the reduced form 
of nicotinamide adenine dinucleotide (NAD+), is produced 
by ADH and acetaldehyde dehydrogenase (ALDH), which 
suppresses lipid metabolism in the liver and intracellular 
NAD+ levels are decreased (2). Acetaldehyde is very toxic to 
the hepatic cells and it induces hangover. In addition, unme-
tabolized alcohol by ADH is degraded by cytochrome P450 
in a process that forms oxygen radicals such as superoxides 
which in turn generate lipid peroxides (3,4). Increased oxida-
tive stress damages hepatic cells by inactivating enzymes that 
metabolize fats, facilitate lipoprotein production and disrupt 
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cell membranes. In addition, NAD+ is a coenzyme for sirtuin 
(SIRT), an NAD+‑dependent deacetylase, and the decrease 
in NAD+ levels suppresses SIRT activity (2). The decreased 
expression and activity of SIRT1 and SIRT3 causes the induc-
tion of enzymes related to lipogenic pathways, inflammatory 
response, and oxidative stress and decreases the enzymes 
related to fatty acid oxidation and fat mobilization (2). As a 
result, endogenous and exogenous fat cannot be incorpo-
rated into very low density lipoprotein in the liver and fat is 
trapped in the liver. Chronic alcohol consumption leads to 
alcohol‑induced hepatosteatosis and it also induces pancre-
atitis, neuropathy, liver cirrhosis, myocardial infarction and 
cancer (5).

Acute heavy drinking causes hangover symptoms such as 
headache, vomiting, dizziness, dehydration and muscle pain, 
mostly due to the acetaldehyde. Acetaldehyde easily crosses the 
blood brain barrier and it is changed into harmful compounds 
that reduce blood volume by increasing urination and increase 
oxidative stress  (6). Ethanol toxicity can be decreased by 
effectively decreasing serum ethanol and acetaldehyde 
concentrations after alcohol consumption. In addition, lipid 
peroxides and inflammatory cytokine concentrations need to 
be lowered to relieve ethanol toxicity (7,8). Therefore, alcohol 
needs to be quickly degraded into acetate and the generation 
of free radicals and pro‑inflammatory cytokines needs to be 
suppressed during alcohol degradation.

People have used coffee, tea, ion drinks, vitamin B6, 
and pain killers and several hangover drinks to relieve 
the symptoms of ethanol toxicity. Several herbs have been 
scientifically evaluated for efficacy in accelerating alcohol 
degradation and decreasing oxidative stress and inflamma-
tion (9‑12). Pear juice, red ginseng, asparagine in bean sprouts, 
and Hovenia dulcis Thunb have been studied for improving 
alcohol metabolism and reducing hangover (9‑12). Leaves, 
bark and fruits of Morus alba L. have been reported to have 
hypoglycermic and hypocholesterolemic activities and silk 
protein that is made of cocoon also have anti‑diabetic effects. 
Mulberry fruits and silk protein are the family of Morus alba. 
Mulberry contains anthocyanins that are well‑known to have 
anti‑oxidant and anti‑inflammatory activities. Jiang et al (13) 
reported that purple potato containing anthocyanins increase 
cytochrome P450 2E1 (CYP2E1) activity, and thereby 
strengthens antioxidant defenses in alcohol‑induced liver 
damage. Anthocyanins from black rice also protect against 
alcohol‑induced liver damage in rats by improving lipid 
metabolism and the anti‑oxidant system (14). In addition, 
silk protein hydrolysates (SKA) have been shown to protect 
against liver damage induced by alcohol and carbon tetra-
chloride.  (15,16) Silk protein improved lipid metabolism 
and decreased gluconeogenesis while also potentiating the 
anti‑oxidant system (15,17). Thus, mulberry fruits and silk 
protein, a cocoon lysis product, may reduce hangover and 
protect against liver damage by alcohol. However, no studies 
have conducted to investigate whether either mulberry or 
silk protein modulates alcohol degradation and hangover in 
a short‑term study.

Here, we hypothesized that the water and ethanol extract 
of mulberry and silk amino acids, might accelerate ethanol 
degradation and suppress temporal cognitive dysfunction 
by potentiating the anti‑oxidant system in acute alcohol 

administered rats. The hypothesis was tested in acute 
alcohol‑administered rats supplemented with silk protein and 
mulberry fruit extracts.

Materials and methods

Water extract of mulberry and silk protein. Mulberry fruits 
(Buan, Chonbuk, Korea) were homogenized and the homog-
enates were extracted in 3‑fold volume of at 60˚C for 2 h. 
The extract was filtered and concentrated up to 50% using a 
low‑pressure rotary evaporator. The supernatant was separated 
by centrifugation at 8,000 x g for 30 min. and freeze‑dried to 
make a powder.

Dried silkworm (Bombys mori) cocoon hydrosylates were 
obtained from Worldway Co., Ltd. (Sejong, Korea) and stored 
for the further study. The silkworm cocoons were prepared 
by washing with 13‑15 volume of water and hydrolyzing with 
2N HCl at 100‑110˚C for 12 h. The hydrolysates were filtered 
and salt contents in the hydrolysates were lowered to less than 
0.3% at pH 5.5‑7.5. The acid hydrolysates were sterilized and 
concentrated to 20‑25 Brix in a low‑pressure evaporator and 
then dried by a spray dryer.

Animals and experimental design. All surgical and experi-
mental procedures were performed according to the guidelines 
and with the approval of the Animal Care and Use Review 
Committee at Hoseo University, Korea (2013‑05). Male 
Sprague Dawley rats aged of 7‑8 weeks were purchased from 
Daehan Biolink (Eum Sung, Korea) and they were housed in 
stainless steel cages in a controlled environment: Temperature 
(22±1˚C), humidity (55±4%), and a 12 h‑light/dark cycle. After 
a 1‑week acclimation in the animal facility, the 50 rats were 
divided into the following 5 treatment groups: Dextrin (control), 
water extract of mulberry (WMB), ethanol extract of mulberry 
(EMB), SKA, and a commercial hangover product: Condition, 
made from extracts of Hovenia dulcis Thunb fruits (CJ, Seoul, 
Korea; positive‑control). Assigned extracts were orally admin-
istered to each rat by dissolving 0.3 g dried extracts into 1 ml 
water, except for the positive‑control. WMB, EMB and SKA 
was equivalent to about 2.5 g a time as a human dosage. Since 
‘Condition’ need to provide 12 ml/kg body weight, the product 
was concentrated in vaccum evaporator by 12 folds and then 
gave 1 ml as a positive‑control group.

For determining the effect of mulberry extracts and silk 
hydrolysates on alcohol degradation in the body, the assigned 
extracts were orally given to the rats in each group and after 
30 min the rats were administered 3 g ethanol/kg bw by oral 
gavage. The amount of ethanol to be provided was equiva-
lent to 25‑30 g ethanol for human. The rats were allowed no 
additional water or food and blood samples were taken from 
tail vein at 0.5, 1, 3, and 5 h. After the final blood collec-
tion, the rats were provided food and water ad libitum. At 
3 days later, the rats were subjected to the same experiment 
of alcohol administration following extract administration. 
Blood samples collected during the alcohol experiment were 
allowed to sit for 20 min on ice to coagulate and were then 
centrifuged at 1,500 x g for 20 min and serum was sepa-
rated. Serum ethanol and acetaldehyde concentrations were 
measured by colorimetric methods using ethanol (BioVision, 
Milpitas, CA, USA) and aldehyde (Abcam, Cambridge, MA, 
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USA) quantification kits according to the manufacturer's 
instructions.

Movement and Y maze tests. Alcohol consumption affects 
the brain and elevated serum ethanol levels induce lethargy 
and reduced movement. Movement was monitored by a video 
tracking system (Ethovision system; Noldus, Wageningen, 
Netherlands) for 10 min at 3 h after ethanol administration and 
moving distance and velocity of movement were measured. In 
addition, ethanol affects spontaneous alternation performance 
which was assessed by using a Y maze test at 5 h after orally 
administering ethanol (18). As a rat remembers the previous 
location, the rat's pathway rotates through the Y maze. A rat 
was placed into one of the arm compartments (usually arm A 
for consistency) in the Y maze and for 10 min, and was allowed 
to freely explore the Y maze. The arm entry was scored when 
the rat remained in an arm of the Y‑maze. An alternation is 
defined as an entry into all three arms in consecutive order. 
The sequence of arm entries was recorded. The percentage 
alternations was calculated as the following formula: (Total 
alternation number/Total number of entries‑2)  x100. The 
Y maze arms was cleaned with 70% ethanol between each 
trial.

Biochemical assays. After collecting 5 h blood, rats were 
sacrificed under anesthesia with ketamine and xylazine (100 
and 10 mg/kg bw, respectively) since serum ethanol levels 
had almost returned to the baseline and any damage by 
ethanol was completed. Blood was intraperitoneally taken 
from each rat and liver was dissected. Serum was separated 
after centrifugation of the blood. The serum levels of alanine 
aminotransferase (ALT), aspartate aminotransferase (AST) 
and γ‑glutamyl transpeptidase (γ‑GPT), markers for liver 
damage, were measured by colorimetric methods using kits 
obtained from Asan Pharmaceutical company (Seoul, Korea). 
Livers and brains were collected and stored at ‑70˚C for further 
study.

Antioxidant status. Lipid peroxide levels in the liver and brain 
were measured using a thiobarbituric acid reactive substance 
(TBARS) assay kit (Cayman Chemical, Ann Arbor, Michigan, 
USA). Triglyceride (TG) contents were also measured in the 
liver and brain using a TG kit (Asan Pharmaceutical, Seoul, 
Korea). Tumor necrosis factor‑α (TNF‑α) levels in the DMEM 
media were measured using ELISA kits (R & D Systems, 
Minneapolis, MN and Amersham Biosciences, Piscataway, 
NJ, USA respectively). The activities of anti‑oxidant enzymes 
such as Cu/Zn superoxide dismutase (SOD) and glutathione 
(GSH)‑peroxidase were measured from the lysates of the liver 
tissues by using colorimetry kits (Cayman Chemical, Ann 
Arbor, Michigan, USA and Biovision, Milpitas, CA, USA), 
respectively. One unit of each enzyme activity was defined 
as 50% inhibition of each enzyme reaction and the enzyme 
activity was normalized by mg protein in the lysate.

Reverse transcriptase‑quantitative polymerase chain 
reaction. The liver tissues from five randomly selected mice 
from each group were collected at the end of the experimental 
period. Total RNA was isolated from the skin tissues and 
cells with a monophasic solution of phenol and guanidine 

isothiocyanate (Trizol reagent, Invitrogen, Rockville, MD, 
USA). The cDNA was synthesized with a mixture of equal 
amounts of total RNA, superscript III reverse transcriptase 
and high fidelity Taq DNA polymerase for polymerase chain 
reaction (PCR). The expressions of the genes of interest were 
measured from the mixture of cDNA, primers of the genes of 
interest and sybergreen mix using a realtime PCR machine 
(BioRad Laboratories, Hercules, CA, USA). The primers for 
TNF‑α, ADH, aldehyde dehydrogenase and β‑actin were 
given in previous studies (19,20). The gene expression levels in 
each sample were quantitated using the comparative cycle of 
threshold (Cq) method (21).

Statistical analysis. Statistical analysis was performed using 
SAS software and all results were expressed as mean ± standard 
deviation. The variables related to the metabolic changes 
were compared among control, WMB, EMB, SKA, and 
positive‑control by one‑way analysis of variance (ANOVA) in 
cell‑based and animal studies. Multiple comparisons among 
the groups were conducted by Tukey's test at P<0.05.

Results

Bioactive components of various extracts of mulberry 
and SKA. WMB and EMB contained various polyphenols 
such as hydroxybenzoic acid, genestic acid, rutin, luteolin, 
cinamic acid and cyanidin‑3‑glycosides (Table I). They also 
had 4‑aminobutanoic acid (GABA). WMB contained higher 
amounts of the bioactive compounds, especially flavonoids 
and anthocyanins than EMB (Table I). SKA contained most 
amino acids, but was especially rich in glycine and alanine 
(Table II).

Serum ethanol and acetaldehyde concentrations after 
ethanol administration. Since ethanol drinking is a repeated 
behaviour in real life and the repetition itself affects ethanol 
metabolism, the effects of mulberry extracts and silk protein 
were examined twice, at three days apart. Rats were orally 
administered ethanol after the assigned extracts were orally 
administered. Serum ethanol concentration increased until 
120 min after ethanol administration, and then they began 
declining (Figs. 1 and 2). Serum acetaldehyde concentrations 
also increased until 120 min and they decreased after 120 min 
(Figs. 1B, 2B). Rats given WMB and EMB experienced much 
lower increases in serum alcohol concentrations after 30 min 
than the control group until 120 min. Serum alcohol concen-
trations also decreased in WMB and EMB treated rats more 
rapidly than in the control group after 120 min (Figs. 1A, 2A). 
WMB lowered serum alcohol levels as much as the positive 
control group in the 1st trial (Fig. 1A) but WMB reduced 
serum alcohol levels more than the positive‑control in the 2nd 
trial (Fig. 2A). SKA markedly delayed the increase in serum 
alcohol levels especially for the first 60 min but the decrease of 
serum alcohol levels was not accelerated after 120 min. This 
indicated that SKA might slow alcohol absorption and that 
alcohol was not degraded as quickly as with WMB. AUCs of 
serum ethanol levels were much greater in the control group 
than EMB and SKA, as much as the positive‑control in both 
trials and the AUSs were much smaller in WMB than the 
positive‑control. AUC of serum acetaldehyde levels were lower 
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in the descending order of control, EMB, positive‑control, 
SKA, and WMB and serum acetaldehyde was decreased the 
most in WMB (Figs. 1C, 2C). Thus, WMB and SKA reduced 
serum ethanol concentration as much as the positive‑control 
and WMB decreased serum acetaldehyde more than the 
positive‑control.

Effects of extracts on movement and short‑memory after 
administering alcohol. At 2 h after alcohol administration, 
all rats exhibited the maximum decrease in mean movement 
velocity, but WMB increased the mean velocity as much as 
the positive‑control. SKA also improved the mean velocity. At 
5 h, frequencies of the right turns were lower in the control 
group than the positive‑control during Y maze test and WMB 

increased the frequencies of the right turn to more than the 
positive‑control (Fig. 3). SKA increased the frequencies to as 
much as the positive‑control during the Y maze test (Fig. 3). 
These results indicated that alcohol administration decreased 
the early‑time movement and short‑term memory and WMB 
and SKA suppressed the decrease in movement and short‑term 
memory.

Liver toxicity. Alcohol challenge increased serum levels of 
ALT and AST, indicators of liver toxicity, in the rats having 
the two alcohol challenges (Table  III). WMB, EMB and 
SKA lowered serum AST and ALT to less than the control 
group. Moreover, SKA decreased the levels as much as the 
positive‑control and WMB reduced the levels more than the 
positive‑control (Table III). The activity of γ‑GPT was also 
increased in the control group more than in the positive‑control 
group, but WMB decreased γ‑GPT activity more than the 

Table II. Contents of amino acids in silk protein hydrolysate.

Amino acids	 Contents (%)

Aspartate	 0.48
Serine	 2.75
Glutamate	 0.44
Glycine	 8.40
Histamine	 0.05
Cysteine	 0.25
Threonine	 0.05
Valine	 0.71
Methionine	 0.03
Lysine	 0.07
Arginine	 0.06
Tyrosine	 0.28
Alanine	 7.09
Proline	 0.23
Isoleucine	 0.18
Leucine	 0.19
Phenylalanine	 0.02
Tryptophan	 0

Figure 1. Serum ethanol and acetaldehyde concentrations after ethanol ad-
ministration with mulberry extracts and SKA: 1st trial. (A) Changes in se-
rum ethanol concentrations; (B)  Changes in acetaldehyde concentrations; 
(C) Area under the curve of serum ethanol and acetaldehyde concentrations. 
Control, administered 0.3 g dextrin in 1 ml water (n=10); WMB, 0.3 g water 
extract of mulberry in 1 ml water (n=10), EMB, 0.3 g ethanol extract of mul-
berry (n=10); SKA, 0.3 g silk protein hydrolysates (n=10). *P<0.05, **P<0.01, 
***P<0.001 vs. control group.

Table I. Contents of phytochemicals in mulberry extracts using 
water and ethanol.

	 Water extract	 Ethanol extract
Component	 (n=3)	 (n=3)

Quercetin	 0.18±0.08	 0a

Hydroxybenzoic acid	 3.66±0.18	 4.22±0.21
Genestic acid	 0.10±0.0	 0.23±0.05a

Rutin	 8.6±0.00	 0.25±0.04b

GABA	 0.0018±0.0	 0.008±0.0a

Luteolin	 0.01±0.0	 0
Cinnamic acid	 0.41±0.06	 0a

Cyanidin‑3‑glucoside	 6.45±0.03	 5.94±0.09a

Values represented mean  ±  standard deviation. aP<0.05 vs. water 
extract group; bP<0.01 vs. water extract group.
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positive‑control. The liver toxicity is associated with the 
increased levels of alcohol and acetaldehyde and oxidative 
stress levels in the blood circulation and intracellular cells.

Serum and cellular levels of ethanol and acetaldehyde 
is reported to be regulated by the gene expression levels of 
ADH, ALDH and CYP2E1. WMB and EMB increased gene 
expression of ADH and ALDH and WMB increased it the 
most (Fig. 4). SKA also increased the expression of ADH but it 
did not elevate ALDH very much in comparison to the control 
(Fig.  4). Thus, SKA itself may not improve acetaldehyde 
induced cytotoxicity and hangover symptoms. The expression 
of CYP2E1, a member of the cytochrome P450 mixed‑function 
oxidase system, which is involved in xenobiotics metabolism, 
was elevated by WMB, EMB and SKA, compared to the 
control and WMB increased its expression the most (Fig. 4). 
Thus, WMB and SKA may reduce liver toxicity by reducing 
blood and cellular ethanol and acetaldehyde concentrations.

Accumulation of lipid peroxides and TG. TBARS values, 
representing amounts of lipid peroxides, were lower the liver 
and brain of WMB administered rats in comparison to the 
control. WMB, EMB, SKA decreased TBARS values induced 
by alcohol in comparison to the control and WMB (50 µg/ml) 
and SKA decreased the TBARS values the most in the liver 
and brain (Fig. 5A). The treatments of WMB extracts and 
SKA also lowered the contents of lipid peroxides induced by 
acetaldehydes and WMB and EMB decreased them the most 
in the liver (Fig. 5A).

Alcohol and acetaldehyde increased TG deposition in the 
liver and brain cells. WMB decreased TG accumulation the 
most following both ethanol and acetaldehyde exposure and 
EMB and SKA decreased it but the decrease was not as much 
as WMB (Fig. 5B).

Activities of anti‑oxidant enzymes and expression of 
pro‑inflammatory cytokines in the liver. The activities of 
anti‑oxidant enzymes, such as SOD and GSH‑Px, were also 
associated with prevention of cytotoxicity by alcohol and acet-
aldehyde. All treatments increased the activities of Cu/Zn SOD 
and GSH‑Px in comparison to the control (Table III). The 
increase of their activities were similar among the treatment 
groups (Table  III). The mRNA expression of TNF‑α and 
IL‑6 was lower in the descending order of the control, SKA, 
positive‑control, EMB and WMB and WMB decreased their 
expressions the most (Fig. 5C).

Discussion

Alcohol consumption increases serum alcohol and acetalde-
hyde concentrations, which induces oxidative stress and release 
of proinflammatory cytokines thereby damaging some tissues, 
especially liver and brain (6,22). Most studies have examined 
therapeutic strategies for alleviating alcohol‑induced hepatic 
steatosis and gastritis caused by long‑term alcohol consump-
tion (22,23). However, liver damage from short‑term alcohol 
consumption should also be reduced to prevent alcohol‑induced 
hepatic steatosis. People have different capacities for alcohol 
and acetaldehyde degradation and different rates of natural 
recovery from the damage due to various factors such as 

Figure 2. Serum ethanol and acetaldehyde concentrations after ethanol adminis-
tration with mulberry extracts or silk protein hydrolysates: 2nd trial. (A) Changes 
in serum ethanol concentrations; (B) Changes in acetaldehyde concentrations; 
(C)  Area under the curve of serum ethanol and acetaldehyde concentrations. 
Control, administered 0.3 g dextrin in 1 ml water (n=10); WMB, 0.3 g water 
extract of mulberry in 1 ml water (n=10), EMB, 0.3 g ethanol extract of mulberry 
(n=10); SKA, 0.3 g silk protein hydrolysates (n=10). *P<0.05, **P<0.01, ***P<0.001 
vs. control group. †P<0.05, ††P<0.01 vs. positive‑control group.

Figure 3. Voluntary movement and short‑memory after ethanol administra-
tion. Voluntary movement and short‑memory were measured by locomo-
tive activity and Y‑maze, respectively. Control, administered 0.3 g dextrin 
in 1 ml water (n=10); WMB, 0.3 g water extract of mulberry in 1 ml wa-
ter (n=10), EMB, 0.3 g ethanol extract of mulberry (n=10); SKA, 0.3 g silk 
protein hydrolysates (n=10). *P<0.05, **P<0.01 vs. control group. †P<0.05 vs. 
positive‑control group.
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genetics and alcohol drinking habits (24). It is important to 
rapidly remove alcohol and acetaldehyde from the body to 
reduce the damage. The degradations of alcohol and acetal-
dehyde are regulated by the expressions of ADH and ALDH. 
Alcohol consumption itself increases the expression of the 
enzymes. Some herbs such as fruits of Hovenia dulcis Thunb. 
and soybean sprouts, are known to increase their expression 
and they are used in products to reduce hangover (11). Since 
alcohol induced hangover results in not only acute problems 
like headache and vomiting, but also hepatic steatosis and 
gastritis with repetition of alcohol consumption, Therefore, 
better interventions for alcohol induced hangover are needed.

Mulberry, the fruit of Morus alba, is rich in anthocyanins 
such as cyanidin‑5‑glycoside and flavonoids such as rutin, 
qurcetin, luteolin, cyanidin‑5‑glycoside; mulberry leaves are 
the preferred food of the silk worm (25,26). Flavonoids are 
reported to alleviate alcoholic steatosis (27)�������������� whereas anto-
cyanins reduce non‑alcoholic steatosis (28). Mulberry may 
improve alcoholic and non‑alcoholic steatosis. Mulberry fruits 
contained bioactive compounds that may improve alcohol 
metabolism by activating both ADH and ALDH. Serum 
alcohol concentrations are regulated by the absorption rates 
and degradation of ethanol into acetaldehyde. Since acetalde-
hyde is also toxic, its degradation to acetate is an important 
factor for reducing hangover. People with genetic variants that 

limit the activity of ALDH get severe flushing, sweating and 
illness from drinking even relatively small amounts of alcohol, 
which are similar to symptoms of hangover (29)����������������. Clearly, acet-
aldehyde has serious long and short‑term potential for toxic 
effects and induce hangovers. ADH linearly degrades ethanol 
below the saturated ethanol concentrations of ADH, but it has 
zero‑order kinetics at high ethanol concentration (30). Slow 
absorption reduces the alcohol overload of ADH. Meanwhile, 
silk protein including sericin decreases fat accumulation in the 
liver and blood and it also reduces serum glucose levels by 
suppressing glucose absorption in the intestines (31‑33). Thus, 
it is possible that mulberry fruits and silk protein may reduce 
serum ethanol levels by either suppressing ethanol absorption 
or increasing ethanol degradation.

Alcohol is known to be readily absorbed throughout the 
gastrointestinal tract, but the rate of absorption is affected by 
several factors such as fasting and fed states, foods eaten with 
alcohol, and the metabolism of alcohol in the gut. Solid meals 
reduce alcohol absorption more than liquid meals by delaying 
the gastric emptying. Furthermore, sucrose in alcoholic bever-
ages drinks lower peak and area under the curve of serum 
ethanol concentrations after consumption of alcohol (34). This 
is shown to be related to delayed gastric emptying (34). In the 
present study, all rats were fasted for 16 h and WMB, EMB, 
SKA and dextrin were orally provided as solutions. Thus, 

Figure 4. mRNA expression of genes involved in alcohol metabolism. Control, administered 0.3 g dextrin in 1 ml water; WMB, 0.3 g water extract of mulberry 
in 1 ml water, EMB, 0.3 g ethanol extract of mulberry; SKA, 0.3 g silk protein hydrolysates; ADH, alcohol dehydrogenase, ALDH, acetaldehyde dehydroge-
nase, CYP2E1, cytochrome P450 2E1. *P<0.05, **P<0.01, ***P<0.001 vs. control group. †P<0.05 vs. positive‑control group.

Table III. Enzyme activities related to liver toxicity and anti‑oxidative system.

Enzyme	 Control	 WMB	 EMB	 SKA	 Positive‑control

Serum AST (U/l)	 59.4±3.9a	 41.2±3.3c	 49.5±3.2b	 44.8±3.6c	 43.4±3.1c

Serum ALT (U/l)	 34.3±2.7a	 22.3±2.1c	 26.7±2.9b	 24.5±2.6b,c	 25.8±2.9b

Serum γ‑GPT (U/l)	 65.4±5.8a	 52.4±4.8c	 59.5±4.4b	 57.5±4.7b,c	 59.2±4.8b

Hepatic SOD (U/mg protein)	 50.5±5.4a	 33.5±3.8b	 35.7±4.6b,c	 34.6±4.7c	 39.5±4.5b

Hepatic GSH‑Px (U/mg protein)	 88.6±9.8a	 65.6±6.4c	 73.5±6.6b	 66.8±6.6c	 72.9±7.1b

Hepatic GSH (umol/g protein) 	 20.6±1.8c	 26.4±2.3a	 23.6±2.1b	 25.6±2.3a	 24.3±2.1a,b

Control, administered 0.3 g dextrin in 1 ml water (n=10); WMB, 0.3 g water extract of mulberry in 1 ml water (n=10), EMB, 0.3 g ethanol 
extract of mulberry (n=10); SKA, 0.3 g silk protein hydrolysates (n=10). AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
γ‑GPT, γ‑glutamyl transpeptidase; SOD, superoxide dismutase; GSH, glutathione; GSH‑Px, GSH peroxidase. a-cValues with different super-
scripts were significantly different among the groups by Tukey test at P<0.05.
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the differences in ethanol absorption are associated with the 
extracts provided, and not by other foods. SKA administered 
rats exhibited slowly increased serum alcohol levels until 
60 min but markedly elevated serum levels until 120 min. This 
indicated that SKA delayed the absorption of ethanol more than 
mulberry extracts but all extract delayed absorption compared 
to control. The delay of gastric emptying is important, not only 
to reduce peak serum ethanol levels but also area under the 
curve of serum ethanol levels since ADH linearly degrades 
ethanol concentration‑dependently at low levels. However, 
WMB quickly increased serum alcohol levels until 60 min 
but slowly increased the levels from 60 min. This indicated 
that SKA, but not WMB, also delayed alcohol absorption to 
decrease serum alcohol levels. The better ethanol metabolism 

by WMB might be associated with higher contents of flavo-
noids such as rutins, luteolin, and quercetin than that of EMB. 
No studies about ethanol metabolism have been undertaken 
SKA EMB, and WMB.

After alcohol drinking most ethanol goes to the liver and is 
degraded into acetaldehyde. Which is eventually broken down 
to acetate. Ethanol and acetaldehyde intoxicate the organs, 
mainly liver and brain (35). Increment of ADH expression is 
a major way to reduce serum ethanol levels (3,34). Previous 
studies have demonstrated that the expression levels of ADH 
and ALDH play a crucial role in determining the rates of 
lowering serum ethanol and acetaldehyde concentrations (3,36). 
The expressions of ADH and ALDH were increased from 0.5 
to 3 h in taraxerone treated rats in a dose and time‑dependent 
manner after alcohol challenge, which lowered serum ethanol 
and acetaldehyde levels remarkably more than in DMSO 
treated rats  (3). The present study also showed that WMB 
increased both ADH and ALDH expressions the most, and that 
the enzymatic activities corresponded to the rate of decrease 
of serum alcohol and acetaldehyde concentrations at 5 h after 
alcohol load. EMB and SKA also increased their expression 
more than the control but not as much as WMB.

The alcohol hangover symptoms such as headache, nausea, 
and dizziness are difficult to check in animal studies. However, 
some behaviour changes such as decreased movement and less 
right turns in the Y maze represent measurable alcohol hangover 
symptoms in rats (37). In addition, the decrease of serum ethanol 
and acetaldehyde levels is associated with alcohol hangover in 
human studies (9). The present study demonstrated that WMB 
and SKA decreased serum ethanol levels and increased move-
ment and number of right turns in the Y maze.

Acute ethanol exposure is reported to damage cells by 
increasing oxidative stress due to higher lipid peroxide produc-
tion and decreased hepatic GSH contents (22,38). The reactive 
oxygen species produced by ethanol can be suppressed by 
rapid metabolism of ethanol and removal of reactive oxygen 
species. Alcohol increases reactive oxygen species production, 
requiring a corresponding increase the activities of antioxidant 
enzymes such as SOD and GSH‑Px, but if the activities are not 
potentiated, the consequence is an increased burden of reac-
tive oxygen species. The present study showed that the rats 
in the control group had liver damage, as shown by increased 
serum ALT and AST levels and lipid peroxides. WMB, EMB 
and SKA ameliorated the indexes of liver damage. WMB rats 
showed the least liver damage in comparison to the control. 
WMB and SKA both lowered serum ethanol and acetalde-
hyde levels and increased the expressions ADH and ALDH. 
In addition, WMB and SKA increased the activities of SOD 
and GSH‑Px and GSH levels. GSH is an important antioxi-
dant substrate for GSH‑Px. Mulberry extracts and silk worm 
hydrolysates have also been reported to reduce oxidative stress 
by other investigators (16,31,39,40). Cyanidin‑3‑glucoside has 
been shown to be the main ingredient of mulberry responsible 
for lowering serum lipid levels and hepatic lipids (40). Thus, 
WMB and SKA prevented liver damage partly by increasing 
the activities of antioxidant enzymes.

Alcohol challenge mainly induces liver toxicity but it also 
damages brain tissues, which may be associated with hang-
over. Ethanol and acetaldehyde in the blood passes through 
the blood‑brain barrier and ethanol in the brain changes the 

Figure 5. Lipid peroxides, triglyceride contents and mRNA expressions of 
genes encoding pro‑inflammatory cytokines. (A) Lipid peroxides in the liver 
and brain; (B) Triglyceride contents in the liver and brain; (C) mRNA expres-
sions of tumor necrosis‑α (TNF‑α) and intereukin‑6 (IL‑6). Control, admin-
istered 0.3 g dextrin in 1 ml water (n=10); WMB, 0.3 g water extract of mul-
berry in 1 ml water (n=10), EMB, 0.3 g ethanol extract of mulberry (n=10); 
SKA, 0.3  g silk protein hydrolysates (n=10). *P<0.05, **P<0.01, ***P<0.001 
vs. control group. †P<0.05 vs. positive‑control group.
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mood by increasing the activity of endorphins and promoting 
neurotransmitter release (41,42). Acetaldehyde also promotes 
the release of dopamine and endogenous opioid peptide, which 
can act on the brain opiate receptors to impact motion, percep-
tion and excitement (43). However, alcohol and acetaldehyde 
also cause brain damage. The present study showed that 
alcohol challenge increased the levels of lipid peroxide and 
TG deposition, indicating that brain tissue had some damage. 
WMB and SKA lowered the lipid peroxide contents and TG 
accumulation compared to the control. Thus, although alcohol 
promotes the release of neurotransmitters that temporarily 
improve metabolism, it also induces brain damage.

This study has some limitation due to the use of an animal 
model which cannot fully mimic alcoholic toxicity in humans, 
but allows for some determinations not possible in humans. 
Acute alcoholic toxicity, is characterized by numerous symp-
toms and pathologies, including: Fatigue, head and muscle 
aches, nausea, dizziness, poor concentration, depression, 
anxiety and more. Factors that contribute to the symptoms 
include dehydration, electrolyte imbalance, gastrointestinal 
disturbances and inflammation (44). It was not possible to 
assess all of the symptoms and causative pathologies in this 
study. However, it is clear that decreasing blood concentrations 
of alcohol and acetaldehyde helps alleviate the toxicity and 
many of the alcohol‑induced symptoms and causative factors 
could be objectively evaluated that lead to alcohol toxicity. 
Finally, within‑subject comparisons cannot be conducted 
since two alcohol challenge trials were done in the animals 
in the same assigned groups. Further study is needed to find 
the efficacy of WMB and SKA in within‑subject comparison.

In conclusion, alcohol challenge increased lipid peroxides 
in the liver and brain and elevated serum AST and ALT levels. 
WMB and SKA decreased serum ethanol and acetaldehyde 
concentrations in comparison to the control and the decrease 
was as much as the positive‑control. WMB and SKA decreased 
lipid peroxides in the liver and brain tissues by increasing the 
mRNA expression of ADH and ALDH and promoted the 
activities of SOD and GSH‑Px. WMB and SKA also lowered 
the levels of TNF‑α and IL‑6. In addition, SKA slowed the 
absorption of ethanol after ethanol challenge WMB increased 
the degradation of ethanol and acetaldehyde mainly by rutin, 
quercetins luteolins. These results suggested that the combina-
tion of SKA and WMB (2.5 g/day in human equivalent) may 
improve acute alcohol‑induced liver and brain damage, which 
might reduce hangover symptoms in humans. Since SKA 
delayed the absorption of ethanol in the gastrointestinal tract 
and WMB accelerated ethanol metabolism, the mixture of 
SKA and WMB might have better efficacy to reduce serum 
ethanol levels and hangover after alcohol consumption than 
either alone. However, the best dosage of SKA and WMB 
combination needs to be determined and further study is 
required. We will conduct another study to explore the best 
dosage of SKA and WMB for reducing serum alcohol levels 
after alcohol challenge.
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