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Comparative study on the impact on mouse livers of different amounts of Chinese
Baijiu, beer, and wine consumption
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Abstract

Due to chronic alcohol consumption, alcoholic liver disease (ALD) has become the second most common liver disease in the
world. The study was to explore the effects of consuming different amounts of various alcoholic beverages on the liver of mice.
Results showed wine contained far more polyphenols and organic acids than beer and Chinese Baijiu. When daily alcohol
consumption was low (less than 100 mL/60 kg/day), the liver and serum indicators of mice treated with alcohol, beer, Chinese
Baijiu, and wine were not significantly different from those in saline group. At 250 mL/60 kg/day, beer used significantly
damaged the liver and caused adverse changes in serum components, while wine did not cause changes in serum, indicating
that it may cause less damage due to the existence of a large number of polyphenols. When the daily consumption exceeded
500 mL/60 kg/day, all four alcoholic beverages significantly increased serum markers of hepatic injury and decreased serum total
antioxidant capacity and liver antioxidant enzyme levels, resulting in liver fat accumulation and serious pathological damage.
At this level, beer used caused the most damage and wine the least. This study explores the appropriate drinking amount of
different alcoholic beverages and provides a scientific reference for alcohol consumption.

Keywords: wine; beer; Chinese Baijiu; liver; moderate drinking.

Practical Application: It could provide a scientific reference for alcohol consumption.

1 Introduction

Alcohol has a vital role in dining culture in China and
around the world (Sun et al., 2019). The types and quantities
of alcohol consumption in China are constantly changing as
this culture develops (Yang et al., 2019). Chinese Baijiu, beer,
and wine are widely consumed by a large range of consumers,
have a high market share, and may dominate the Chinese
alcohol market for a long time. However, excessive ethyl alcohol
intake can negatively impact the human body, especially the
liver (Griswold et al., 2018), and long-term drinking can lead
to alcoholic liver disease (ALD) (Griswold et al., 2018). More
than 90% of alcohol is absorbed in the intestine, and most of
it is metabolized in the liver (Tian et al., 2020). Alcohol and
its metabolites, acetaldehydes, can directly disrupt intestinal
functioning and impair hepatic proteins and DNA, resulting in
hepatocyte injury (Tian et al., 2020). Ethyl alcohol initially causes
triglycerides to accumulate in hepatocytes, leading to hepatic
steatosis, which is clinically manifested as alcoholic fatty liver
(steatosis). Further deterioration leads to hepatitis and cirrhosis,
which may eventually lead to hepatocellular carcinoma (Bajaj,
2019; Zheng & Wang, 2020).

Of all alcoholic beverages, wine is an interesting and unique
product. Wine may be distinguished from the others by the
presence of grape-derived phenolic compounds (Deroover et al.,
2021; Miele, 2021; Zhang et al., 2022). Somani et al. (2015)
suggested that grape polyphenols (including anthocyanins,

flavonols, favan-3-ols, stilbene, and phenolic acids) could have
anti-inflammatory activities that regulate multiple molecular
targets and pathways. Yin et al. (2017) found that grape seed
procyanidin B2 could have a positive effect on hepatic lipid
metabolism disorders by reducing hepatic lipid synthesis in db/db
mice. Gerardi et al. (2020) showed that some grape polyphenols,
such as resveratrol or epigallocatechin gallate, could reduce
PPARY, thus inhibiting the differentiation and proliferation of
adipocytes. Meanwhile, a report on 219,279 Norwegians aged
30-67 found that drinking wine was significantly negatively
correlated with mortality from ALD (Tverdal et al., 2018).
Of course, these health benefits are based on moderate wine
drinking. Our team had previously confirmed through in
vitro gastrointestinal digestion that the bioaccessibility of most
polyphenols decreased as the amount consumed increased
(Sun et al., 2020). The World Health Organization (WHO) has
stated that excessive drinking is harmful and associated with a
range of negative social and health consequences.

In China, people are more comfortable choosing the type
and amount of drinking according to their own preferences and
habits when drinking at home, but in social situations, Chinese
people are more likely to be affected by social factors such as
drinking occasions, local culture, and atmosphere. The Chinese
culture has many concepts such as “drink and enjoy yourself”,
“no wine, no banquet’, and “wine is the essence of grain, the
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The impact on mouse livers of alcoholic beverage consumption

more you drink, the younger you are”, which affects people’s
choice and consumption of alcoholic beverage (He et al., 2016;
Im et al,, 2021; Yoon et al., 2015). Because of this, drinking
becomes the most important part of the social event, which
often leads to overdrinking and even shock or death (He et al.,
2016; Im et al., 2021). At present, there have been many reports
on the relationship between alcohol consumption and ALD,
but the relationship between different alcoholic beverage types
or the amount consumed and ALD is unclear. In this study, we
established an mice model of chronic hepatic injury similar to the
mechanism of human ALD and compared the effects of drinking
different amounts of Chinese Baijiu, beer, and wine on the liver
of mice under the same alcohol intake. We explored the effects
of different alcoholic beverages and drinking amounts on the
liver to provide consumers with more scientific and reasonable
drinking methods.

2 Materials and methods
2.1 Chemicals

All standard substances including resveratrol, rutin, catechin,
etc. (purity HPLC 98%) were purchased from from Merck
(Darmstadt, Germany). The diagnostic kits specific for aspartate
aminotransferase (AST), alanine aminotransferase (ALT), total
bilirubin (TBIL), alkaline phosphatase (ALP), total cholesterol
(TC), triacylglycerols (TG), the total antioxidant capacity
(T-AOC) Kkit, catalase (CAT), glutathione (GSH), superoxide
dismutase (SOD), and lipid peroxidation [expressed as nmol of
malondialdehyde equivalents (MDAeq)] were obtained from the
Jiancheng Institute of Biotechnology (Nanjing, Jiangsu, China).
Haematoxylin and eosin (H&E) were purchased from the Shanghai
Lanji Technological Development Co. Ltd. (Shanghai, China).
All of the other chemicals and reagents used in the experiments
were of analytical grade.

2.2 Intragastric fluid

The actual intragastric fluid was based on the daily intragastric
dose of 100 mL/60 kg/day, 250 mL/60 kg/day, 500 mL/60 kg/
day, and 750 mL/60 kg/day of wine (14% vol), and the other
3 alcoholic beverages were prepared according to the principle
of the same ethyl alcohol intake (Table S1).

Determination of phenolics contents of intragastric fluid

Analysis of the phenolic composition of intragastric fluid
was conducted using a Waters Alliance HPLC 2695 (Waters,
Milford, USA) equipped with a photodiode array detector
2996 (Waters, Milford, USA). Separation was performed using
a Capcell Pak C18 column (250 mm X 4.6 mm, 5 um) (Shiseido,
Osaka, Japan) with the column temperature was 28 °C and the
detection wavelength was 280 nm. The injection volume was
10 uL, and the peak area external standard method was used.
The flow rate was 0.5 mL/min. The mobile phase consisted of
solvent A [V(water): V(acetonitrile) = 19:1, containing 0.3%
acetic acid], and solvent B [V(acetonitrile): V(water) = 9:1,
containing 0.2% acetic acid], using the following gradient elution
program for separation: 0-16 min, 12-14% (B); 16-18 min, 14%
(B); 18-30 min, 14-16% (B); 30-36 min, 16-20% (B); 36-46 min,

20-24% (B); 46-56 min, 24-30% (B); 56-66 min, 30-50% (B);
66-70 min, 50% (B); 70-80 min, 50-12% (B); and 80-85 min,
12% (B). The alcoholic beverage sample was filtered by 0.45 pm
organic system membrane and tested.

Determination of organic acids of intragastric fluid

Analysis of the organic acid composition of intragastric fluid
was conducted using a Waters Alliance HPLC 2695 (Waters,
Milford, USA) equipped with a photodiode array detector
2996 (Waters, Milford, USA). Separation was performed using
a Capcell Pak C18 column (250 mm X 4.6 mm, 5 pm) (Shiseido,
Osaka, Japan) with the column temperature was 45 °C and the
detection wavelength was 210 nm. The injection volume was 10 pL,
and the peak area external standard method was used. The flow
rate was 0.5 mL/min. The mobile phase consisted of solvent A
(0.02 mol/L K,HPO,, adjusted pH to 2.3 by H,PO, solution),
and solvent B (methanol), using the following isocratic elution
program for separation (Equation 1):

v(4): V(B) = 99: 1 )

2.3 Animals and experimental design

A total of 200 male ICR mice (weight 33 + 2 g) were obtained
from the Beijing Vital River Laboratory Animal Technology
Co., Ltd. [license number of the experimental animals: SCXK
(SCXK (Beijing) 2012-0001)]. They were allowed free access
to tap water and rodent chow. The animals were housed under
standard conditions with a 12/12 h light/dark cycle at 25 2 °C
and a humidity level of 55 + 5%. All of the experimental animals
were treated in accordance with the guidelines of the Chinese
Council for Animal Care. After all the mice had adapted to the
environment, the experiment was started.

The 200 male ICR mice were randomly divided into 5 groups:
saline group (SG), alcohol group (AG), wine group (WG), beer
group (BG) and Chinese Baijiu group (CBG). Each group were
divided into four teams according to the gavage dose, a total
of 20 teams, 10 mice in each team. The gavage was calculated
according to the daily drinking amount equivalent to 60 kg
body weight to simulate a human’s (Table S2). After 90 days of
continuous intragastric administration, all of the animals were
sacrificed to collect blood and livers. The livers were immediately
removed and washed using ice-cold physiological saline. The blood
samples were centrifuged, the serum was stored at 4 °C until
use, and the isolated livers were stored at -80 °C until analysis.

2.4 Determination of serum and liver indicators

The liver and spleen indices were calculated by the following
equations: liver index = liver weight/body weight x 100% and
spleen index = spleen weight/body weight x 100%. AST, ALT,
TC, TG, ALP, TBIL, SOD, and T-AOC were evaluated using Kits.
Liver samples were prepared by homogenization in sterile PBS,
centrifuged at 3000 x g 4 °C for 15 min, and the supernatant
was taken. CAT, GSH, SOD, and MDA were measured strictly in
accordance with the kit instructions. Liver sections were prepared
for H&E staining and Oil red (OR) staining (Do et al., 2021), and
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the percentage of the oil red area was calculated. The flowchart
of the experimental design was as Figure SI.

2.5 Statistical analysis

The experimental results were expressed as the mean standard
deviation (SD). A one-way analysis of variance (ANOVA) and
Duncan’s multiple range test was conducted to determine the
significance using DPS software (version 7.05). SPSS 26.0 (IBM,
Armonk, NY, USA) was used to perform principal component
analysis (PCA). The statistical significance for all tests was set
at p < 0.05.

3 Results

3.1 Analysis of the phenolic compounds and organic acids in
the intragastric fluids

Phenolics are considered as the most contributing factor
with biological activities in food, including phenolic acids,
stilbenes, flavonols, flavanols, and anthocyanins derivatives. These
health-promoting phenolics have antioxidant, anticancer and
anti-inflammatory and other advantages for human (Zhang et al.,
2021). Furthermore, organic acids are also recognized as important
nutraceuticals (Robles et al., 2019). Through the analysis of the
composition of the intragastric fluids, it was found that in wine,
epicatechin (243.20 £ 12.93 mg/L), rutin (175.66 + 2.06 mg/L)
and ethyl 4-hydroxybenzoate (173.97 + 11.42 mg/L) were the
highest phenols; shikimic acid (1332.34 + 11.65 mg/L) and malic
acid (1320.56 + 21.87 mg/L) were the most abundant organic
acids (Table 1). What’s more, although wine, beer and Chinese
Baijiu all contained some bioactive substances, both the type
and content of wine were much higher than those of other two
alcoholic beverages, indicating that drinking wine could obtain
more beneficial ingredients under the same intake.

3.2 Effects of different alcoholic beverages on serum enzyme
indicators of mice

The duration of intragastric administration was 90 days.
Initial lavage with a total of 200 mice and there were 190 mice
at the end of intragastric administration.

AST and ALT

In the synthesis and catabolism of amino acids, the two
hepatocyte enzymes, AST and ALT, play an important role
and are the most sensitive indicators of hepatocyte damage in
hepatic injury. The results of AST and ALT activities are shown
in Figure 1.

By analyzing the serum AST levels (Figure 1A), it was found
that when the daily intragastric dose was low (100 mL/60 kg/day
and 250 mL/60 kg/day), there were no significant differences in
AST values among the teams (p > 0.05), which was not enough to
cause damage to the liver. The AST value of WG at 250 mL/60 kg/
day was significantly lower than SG and other groups (p < 0.05).
When the dose continued to increase (500 mL/60 kg/day and
750 mL/60 kg/day), the AST values of the 4 alcoholic beverages
were significantly higher than SGs. However, the AST values
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of the WGs were significantly lower than the other alcoholic
beverage groups, and there was no significant difference in AST
level between AGs and CBGs, but it was significantly lower
than BGs, indicating that at high doses, the degree of hepatic
injury was ranked as follows: wine < ethyl alcohol and Chinese
Baijiu < beer.

ALT levels are shown in Figure 1B. Different from AST, firstly,
the ALT value of WG at 100 mL/60 kg/day was significantly higher
than SG (p < 0.05), and when the dose was 250 mL/60 kg/day,
there was no significant difference in ALT value of each group
(p>0.05). Secondly, when the dose increased to 750 mL/60 kg/day,
there was no significant difference in ALT between AG and BG.

TBIL and ALP

TBIL and ALP are also sensitive indicators of liver and
biliary tract diseases. When the liver is damaged or diseased,
the serum TBIL and ALP increase (Figure 1C-1D). When the
daily intragastric dose was 100 mL/60 kg/day, there were no
significant differences in TBIL and ALP levels among SGs and
the others (p > 0.05). At 250 mL/60 kg/day, the levels of TBIL
and ALP in WG were not significantly different from those in
SGs, and there was no significant difference among AG, BG, and
CBG, but they were all significantly higher than SG in TBIL (p <
0.05). When the dose continued to increase (500 mL/60 kg/day
and 750 mL/60 kg/day), there was no significant difference in the
TBIL values of the four alcoholic beverages and SGs, but WGs
were significantly lower than other alcoholic beverage groups.

The trend of the ALP value was slightly different. When
the dose was 500 mL/60 kg/day, the ALP value of WG and SG
had no significant difference, and AG and CBG also had no
significant difference, but it was significantly higher than that of
SG and significantly lower than that of BG, indicating that beer
was the most harmful to the liver. When the dose was increased
to 750 mL/60 kg/day, the ALP value of WG was significantly
higher than SG but lower than the other three kinds of alcoholic
beverages, indicating that drinking wine causes less damage to
the liver at this dose.

3.3 Effects of different alcoholic beverages lipid indicators of
mice

As shown in Figure 2A-2B, there were no significant
differences in TC and TG values among the 4 alcoholic beverage
groups and SG (p > 0.05) at low doses (100 mL/60 kg/day and
250 mL/60 kg/day), indicating that drinking various alcoholic
beverages at this dose was not enough to affect the liver. When
the intragastric dose continued to increase to 500 mL/60 kg/day,
the TC value of BG was significantly higher than that of SG and
AG, and the TG values of BG and CBG were significantly higher
than SG (p < 0.05). When the dose was 750 mL/60 kg/day, the
TC values of the 4 alcoholic beverage groups were significantly
higher than SG, only WG had no significant difference in the
TG value with SG.
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the other groups (p < 0.05), indicating that drinking wine at this
dose could enhance the antioxidant capacity of serum to a certain

3.4 Effects of different alcoholic beverages on T-AOC of mice

serum

extent. When the dose continued to increase (500 mL/60 kg/day),
there was no significant difference in T-AOC among AG, WG,

and SG (p > 0.05), while BG and CBG were significantly lower
than SG (p < 0.05). At 750 mL/60 kg/day, the T-AOC values

Analysis of the T-AOC levels (Figure 2C) found that when
the intragastric dose increased to 250 mL/60 kg/day, the T-AOC

value of WG was increased, which was significantly higher than
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of the 4 alcoholic beverages were significantly lower than SG,  increasing the liver index and spleen index (Figure 3A-3B). There
and the value of wine was significantly higher than the other ~ was no significant difference in liver index between all the groups
3 alcoholic beverages. The T-AOC value of AG was significantly ~ at 250 mL/60 kg/day or 500 mL/60 kg/day (p > 0.05), and there
higher than BG but was not significantly different from CBG,  wasno significant difference in spleen index between all the groups
while the value of CBG and BG had no significant difference. ~  at 100 mL/60 kg/day and 250 mL/60 kg/day (p > 0.05). When the
dose was low (100 mL/60 kg/day) or high (750 mL/60 kg/day),
the liver index of the 4 alcoholic beverages was significantly
higher than that of the SG (p < 0.05). At 500 mL/60 kg/day,
the spleen index of BG or CBG was significantly higher than
Liver index and spleen index that of the SG. At 750 mL/60 kg/day, the spleen indexes of the
4 alcoholic beverages were all significantly higher than SG, but
Liver index and spleen index are vital indicators ofhepaticinjury.  the spleen index of WG was significantly lower than that of the
When the liver is damaged, the liver and spleen swell significantly,  other three (p < 0.05).

3.5 Effects of different alcoholic beverages on liver indicators
of mice
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Figure 3. The liver indices (A) and spleen indices (B) of mice; CAT (C), GSH (D), SOD (E), and MDA (F) levels in mouse livers (there were five
groups SG, AG, WG, BG and CBG, each group was given 100, 250, 500, 750 mL/60 kg/day gavage respectively).
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CAT, GSH, SOD, and MDA

As shown in Figure 3C-3F, when the intragastric dose was
<250 mL/60 kg/day, there was no significant difference in GSH,
CAT, SOD, and MDA levels among the four ethyl alcoholic
beverages and SG ( p> 0.05), indicating that low-dose ethyl alcohol
consumption would not significantly affect liver antioxidant levels.
At 500 mL/60 kg/day, the CAT value of WG was not significantly
different from that of SG, while the values of AG, BG, and CBG
were significantly reduced (p < 0.05). The GSH values of the
four alcoholic beverages were significantly lower than SG, but
the reduction in GSH value caused by wine was significantly
less than that of the other three alcoholic beverages. As for
SOD values, the four alcoholic beverages were not significantly
different from SG, but wine was significantly higher than the
other three. There were no significant differences in MDA level
between AGs, BGs, CBGs, and SGs. On the contrary, wine could
reduce MDA level at 500 mL/60 kg/day. When the intragastric
dose continued to rise to 750 mL/60 kg/day, there was still no
significant difference in the CAT value and SOD value between
WG and SG, while the values of other groups were significantly
lower than SG, and the decrease caused by beer was the most
significant. The four types of alcoholic beverages all caused a
significant decrease in GSH content, but the GSH value of WG
was significantly higher than the other three. Only WG had no
significant difference in MDA content with SG. There was no
significant difference in the MDA content between AG and CBG.
BG had the most significant effect on increasing MDA levels.

3.6 Histopathological observation of mouse liver
H&E staining

H&E staining is one of the most commonly used staining
methods for Histopathological observation (Muiioz-Espin &
Serrano, 2014). The mice livers were cut into sections for H&E
staining observation (Figure 4).

The structures of the hepatocyte cord in all SGs were clear,
lymphocytes were visible, and no obvious hepatocyte degeneration
was found (Figure 4A1-4A4). At 100 mL/60 kg/day, every
group was similar to SG, the cells were arranged tightly and
neatly, and there was no obvious necrosis or inflammatory cell
infiltration (Figure 4B1-4E1). However, when the intragastric
dose increased, the tissue lesions in the AGs, CBGs, and BGs
were all aggravated. Taking 750 mL/60 kg/day as an example.
In CBGs (Figure 4D4), the structure of hepatic cords was still
clear, most hepatocytes were swollen, cytoplasm was loose, and
fat vacuoles of different sizes could be seen in the hepatocytes,
showing watery degeneration and steatosis, as shown by the
black arrows. Megakaryocytes were seen in the tissue, as shown
by the red arrow. Lymphocytes were seen in the hepatic sinuses,
as indicated by the yellow arrow. In BGs (Figure 4E4), there was
extensive hepatocyte edema around the interlobular vein of the
liver, and the inner layer of the vein was dropped, as indicated
by the black arrow. A large number of hepatocytes were swollen,
and there were vacuoles of different sizes, as shown by the red
arrow; mild dilatation and congestion could be found in the
hepatic sinuses, as shown by the yellow arrow. In contrast, WG
had relatively mild lesions. At 750 mL/60 kg/day (Figure 4C4),
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the arrangement of hepatocyte cords was slightly disordered,
and Kupffer cells were seen in the liver sinusoids, as shown by
the black arrow. A small number of red blood cells could be
seen in the portal area, as shown by the red arrow; fat vacuoles
of varying sizes could be seen in some hepatocytes, as shown
by the yellow arrow; binuclear hepatocytes could be seen in the
tissue, as shown by the blue arrow.

OR staining

Further liver sections were made for OR staining observation
(Figure 5 and Table 2). The darker the tissue color, the greater
the OR staining area percentage, indicating more lipids.

100 mL/60kg/day 250 mL/60kg/day 500 mL/60kg/day 750 mL/60kg/day

A3

Saline

Alcohol

Wine

Beer

Chinese
Baijiu

Figure 4. The H&E staining of mouse livers with 200 times magnification
(there were five groups SG, AG, WG, BG and CBG, each group was
given 100, 250, 500, 750 mL/60 kg/day gavage respectively).

100 mL/60kg/day 250 mL/60kg/day 500 mL/60kg/day 750 mL/60kg/day
R T A3 A4
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Figure 5. The OR staining of mouse livers with 200 times magnification
(there were five groups SG, AG, WG, BG and CBG, each group was
given 100, 250, 500, 750 mL/60 kg/day gavage respectively).



The impact on mouse livers of alcoholic beverage consumption

As can be seen in Table 2, when the intragastric dose was
100 mL/60 kg/day, the OR staining area of the 4 alcoholic
beverage groups increased significantly, and all of them were
dose-dependent, and the increase was relatively gentle after
250 mL/60 kg/day. Among them, the area increase caused by
wine was the smallest, proving that wine polyphenols could
protect the damage of liver lipid metabolism function to a certain
extent, while the other three kinds of alcoholic beverages showed
similar results in this study.

3.7 PCA for hepatic injury parameters of mice

PCA, which uses the idea of dimension reduction to remove
overlapping parts of numerous information and transform multiple
variables into a few unrelated comprehensive variables, has been
widely used in the comprehensive evaluation of food quality
(Wang et al., 2021). Overall, based on liver injury parameters,
including serum indicators (AST, ALT, TC, TG, ALP, TBIL,
SOD, T-AOC) and liver indicators (CAT, GSH, SOD, MDA,
Oil red area), PCA was performed for the treatment of different
alcoholic beverages and different drinking amounts (Figure 6).
The cumulative variance of the first 2 principal components was
over 88.502%, which could represent the overall information of
the samples. There was no cross area between the teams, and the
distinction was clear, indicating that the overall damage to the
liver of mice caused by different treatments was discrepant. SGs at
each intragastric dose and the other groups at 100 mL/60 kg/
day gavage were all located in the third quadrant, with close
distance and similar PCA scores, indicating that each alcoholic
beverage had less damage to the liver at this dose. Under the
same intragastric dose, compared with other alcoholic beverages,
the distribution of WG was closer to SG, indicating that wine
had protective effects on the liver. In addition, the mice in BG
with 750 mL/60 kg/day intragastric dose were significantly
separated from other groups, showing that 750 mL/60 kg/day
beer intragastric administration caused the most severe hepatic
injury in mice.

4 Discussion

After ingesting a large amount of ethyl alcohol, abundant
acetaldehyde will be produced, which disrupts the trichloroacetic
acid cycle and affects lipid metabolism (Ma et al., 2015). ALT and
AST are crucial aminotransferases in the liver. When hepatocytes
are under the pressure of ethyl alcohol, the inflammation of
hepatocytes leads to changes in cell membrane permeability,
swelling, and necrosis of hepatocytes, resulting in these two
transaminases entering the blood due to poor concentration and
increasing their content in serum (Tang et al., 2013). TBIL is a

Table 2. The oil red staining area in liver of mice.

metabolite of bile salts and exists in plasma. ALP mainly exists
in the sinusoidal side of hepatocytes. When liver inflammation,
necrosis, poisoning, and other damage occur, TBIL and ALP in
serum can significantly increase (Cha et al., 2013; Negréo et al.,
2006). In this study, low dose (< 250 mL/60 kg/day) treatment
did not increase the levels of ALT, AST, and ALP. Wine at the
dose of 250 mL/60 kg/day even significantly reduced AST levels
(p < 0.05). This may be due to the fact that at low doses, the
functional substances in wine, such as some acids and inorganic
salts, can improve the internal and external environment of
hepatocytes and reduce inflammatory symptoms, thus reducing
the loss and conversion between internal and external substances
of hepatocytes (Li et al., 2020). With the continuous increase
of intragastric dose, the levels of ALT, AST, and ALP in the
four alcoholic beverage groups were significantly higher than
those in SGs (p < 0.05), indicating that high-dose ethyl alcohol
intake significantly damages the liver. Wine caused the least liver
damage and beer the most. Functional substances in wine, such
as polyphenols, can buffer and protect the liver to a certain extent
(Deroover et al., 2021). Other salts also buffer and inhibit the
radical of cell membrane permeability caused by ethyl alcohol to
prevent excessive changes of hepatocytes (Gomulkievich et al.,
1980). However, when a large amount of beer is ingested,
the abundant bubbles in beer may cause the liver to expand
rapidly, thus changing the permeability of the cell membrane,
causing rapid changes in internal and external substances, and
aggravating the damage of hepatocytes. The results of TBIL were
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Figure 6. PCA score for liver injury parameters of 20 team mice (@: saline,
A:alcohol, »: wine, JK: beer, &: Chinese Baijiu. Red: 100 mL/60 kg/day;
orange: 250 mL/60 kg/day; green: 500 mL/60 kg/day; blue: 750 mL/60 kg/day).

Groups Area (%)
100 mL/60 kg/day 250 mL/60 kg/day 500 mL/60 kg/day 750 mL/60 kg/day
Saline 0.009 0.304 0.152 0.350
Alcohol 8.289 36.895 41.242 49.680
Wine 7.809 22.740 25.271 34.886
Beer 8.041 32.834 42.029 49.460
Chinese Baijiu 9.608 34.810 39.440 48.641
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slightly different. There was no significant difference between
WGs and the corresponding SGs at all doses, showing that test
conditions were insufficient to cause a significant increase in
TBIL. It indicated that wine could reduce the damage of alcohol
to hepatocytes.

Lipid metabolism occurs in the liver, and fat accumulation
is the earliest and most common response to excessive ethyl
alcohol intake (Namachivayam & Gopalakrishnan, 2021). When
the intragastric dose reached 750 mL/60 kg/day, ethyl alcohol
intake significantly increased TC and TG levels, but wine was
significantly lower than the other three alcoholic beverages
(p < 0.05). It may be that some substances in wine can reduce
the accumulation of lipids. For example, organic acids in wine,
such as tartaric acid and malic acid, can maintain the acid-base
balance in the body, help digestion, and reduce the energy
accumulation and lipid accumulation caused by ethyl alcohol to
maintain the role of triglyceride and total cholesterol. Beer was
the most likely cause of fatty liver among alcoholic beverages.
It is speculated that the possible reason is that beer promotes
the speed and amount of ethyl alcohol into the blood during
the drinking process, which causes excessive ethyl alcohol in
the blood and the formation of lipid droplets (Landmann et al.,
2017). However, the specific reason remains to be proved by
further experiments.

Oxidative stress is considered to be the key factor leading
to the onset of ALD (Reddy et al., 2014). GSH, CAT, and SOD
are three important antioxidant enzymes, which support
each other to form an antioxidant defense system, which can
effectively eliminate various harmful substances generated in the
body’s metabolism (Gao et al., 2014; Ma et al., 2015). MDA is
an important index of oxidative diseases in the body, and its
content is positively correlated with the severity of the disease
(Stewart & Bewley, 1980). The results showed that the four kinds
of alcoholic beverages did not significantly affect GSH, CAT,
and SOD when the dose was not higher than 250 mL/60 kg/day
(p > 0.05). However, when the drinking amount continued to
increase, only wine did not significantly reduce the content of
antioxidant enzymes, and the oxidative stress reflected by the
MDA value was the same as before. The T-AOC of WGs showed
good performance under all drinking amounts, indicating that
wine had a certain protective effect on liver antioxidant capacity.

High dose (750 mL/60 kg/day) ethyl alcohol exposure could
cause significant liver tissue lesions (Figure 5). Beer was the
most serious, and wine was the lightest, which was consistent
with the results of Kasdallah-Grissa et al. (2007). The results of
OR staining also showed that wine resulted in the slowest lipid
accumulation and the lowest amount of lipid in tissues. In addition,
when alcoholic beverage intake reached 750 mL/60 kg/day, all
treatments caused significant spleen enlargement, but wine had
the least degree (Figure 3A-3B).

Resveratrol is the main antioxidant in wine that inhibits the
accumulation of lipid peroxides in the liver and has antioxidant
effects. Kasdallah-Grissa et al. (2006) stated that resveratrol was
a good candidate to prevent ethanol-induced lipid peroxidation
in the liver and other organs and verified that resveratrol had the
physiological effects of reducing liver tissue damage and improving
antioxidant enzyme activities. Serrano et al. (2021) found that
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resveratrol supplementation increased the lipid oxidation capacity
of the liver and decreased lipid production capacity. In addition,
preclinical studies have shown that resveratrol supplementation
in adult animals has a variety of benefits on liver metabolism,
including prevention and mitigation of alcohol-induced liver
lipid accumulation (Ajmo et al., 2008). Resveratrol can also
act as an activator of PPARalpha, enhancing the cell’s ability to
convert and catabolize fatty acids while inhibiting the expression
oflipid-producing genes, including Srbfl (Serrano et al., 2021).
At the same time, the antioxidant activity of resveratrol has
been repeatedly confirmed (Miguel et al., 2021). Because it has
both hydrophilic and lipophilic properties, it may provide more
effective protection than common antioxidants (such as vitamin
C and vitamin E). Resveratrol cannot only improve the activity
of erythrocyte antioxidant enzymes, but can also inhibit the
peroxidation of low-density lipoprotein, liver microsomal, and
neuronal cells. It can protect cells even during ethanol intoxication
(Kasdallah-Grissa et al., 2007). The antioxidant mechanism of
resveratrol may be related to its ability to reduce the superoxide
and nitrite anions produced by neutrophils and macrophages,
capture peroxy free radicals and/or hydroxyl free radicals, and
reduce a-tocopherol radicals to regenerate endogenous tocopherol
(Banez et al., 2020; Kasdallah-Grissa et al., 2007; Miguel et al.,
2021). The hepatoprotective activity of resveratrol on fibrosis can
be explained by its ability to produce more IL-10 to promote the
polarization of M(LPS) to M(IL-4)-like macrophages (Yu et al.,
2019). Resveratrol can also protect the liver by interfering with
the TLR4/NF-«B signaling pathway, inhibiting the production
of tumor necrosis factor-a, inducible nitric oxide synthase, and
HMGBI (Lu et al.,, 2021; Stewart & Bewley, 1980).

However, because the content of resveratrol in wine was low,
the protection of wine on the liver in our study might not come
from a monomeric substance. Surely the overall polyphenols have
some effect, maybe a synergic one. Furthermore, because other
substances in wine have anti-inflammatory and antioxidant effects,
such as proanthocyanidins (PAs), are currently internationally
recognized as the most effective natural antioxidant for
scavenging free radicals in the human body (Wei et al., 2021).
Another example is tannins, which also have antioxidant effects
(Peng et al., 2022). These substances may all play a certain role
in protecting the human liver.

In this study, it was found that the liver damage of beer was
more serious than of wine and Chinese Baijiu. It should be noted
that in the specific consumption environment in China, most of
the beer consumed is not craft beer, including the beer used in
the intragastric fluid. Differences in brand and type, dilution of
nutraceuticals, large amounts of carbon dioxide bubbles, special
food matrix, and drinking patterns might all contribute to this
phenomenon. However, the specific mechanism remains unclear
and needs further study.

5 Conclusion

This study preliminarily explored the appropriate drinking
amount of different alcoholic beverages. In conclusion, when the
daily drinking amount reached 250 mL/60 kg/day, the four alcoholic
beverages caused hepatosplenomegaly and the accumulation
of lipids in the liver tissue but did not cause serious damage
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to the liver. At low doses (< 250 mL/60 kg/day), the protective
effect of functional substances (especially phenolics) in wine
on the liver could protect it from alcohol damage. When the
daily consumption continued to increase, all alcoholic beverages
could cause hepatic injury, but wine caused the least damage.
Chinese Baijiu and alcohol had the most similar damage to the
liver. The specific beer used might be more toxic due to lack of
nutrients and high levels of carbon dioxide, but the accurate
mechanism needed to be further studied.
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