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Lycopene is an important natural red pigment with strong singlet oxygen and peroxide

free radical quenching ability. Ethanol directly destroys the epithelial cells of gastric

mucosa, causing oxidative damage and inflammation. To evaluate the effect of lycopene

on the ethanol induced gastric injury, 112 adult male Kunming mice were randomly

divided into normal control, lycopene control, gastric injury control, omeprazole (20

mg/kg) positive control, and lycopene experimental groups (at doses of 10, 50, 100, and

150 mg/kg body weight) in this study. The general and pathological evaluation, gastric

secretion, as well as the levels of antioxidant and inflammatory factors were detected.

In lycopene experimental groups, the amount of gastric juice were lower than that in the

gastric injury control group; the levels of T-SOD, and the levels of MDA and inflammatory

factors (MMP-9 and MCP-1) decreased. However, general and pathological evaluation

of gastric tissues revealed that lycopene (especially at high doses) could aggravate acute

gastric mucosal injury induced by ethanol. Therefore, lycopene (especially at high doses)

aggravates acute gastric mucosal injury caused by ethanol, but this was not due to

oxidative stress or inflammatory factors. In lycopene control group, the levels of MTL,

T-SOD, and NO increased, but the levels of ALT and AST decreased, indicating that

lycopene has a protective effect on the stomach and liver when ethanol wasn’t taken. It

reminds us that, when alcohol is consumed in large quantities, consumption of lycopene

products should be carefully considered.
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INTRODUCTION

Acute gastric injury caused by ethanol is a common clinical disease, especially in males. The
integrity of the stomach is mostly maintained by pre-epithelial factors (mucus, bicarbonate,
and phospholipids), epithelial factors (prostaglandins, heat shock proteins, trefoil factor family
peptides, and enterotoxins), and post-epithelial factors (nitric oxide (NO) and prostacyclin) (1).
These defense mechanisms can protect the gastric mucosa from local damage and maintain its
structural and functional integrity (2). Ethanol directly destroys the integrity of the gastric mucosal
barrier, increases the permeability of the mucosa, and damages gastric acid cells, causing gastric
mucosal damage and bleeding (3, 4). When the gastric mucosa is damaged, pro-inflammatory
cytokines become unbalanced, and neutrophils deform and migrate to the damaged site, increasing
the concentration of reactive oxygen species (ROS) and other inflammatory mediators, leading
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to oxidative damage (5, 6). Therefore, oxidative stress plays
an important role in alcohol-induced gastric mucosal damage.
There is a variety of endogenous antioxidant enzymes in gastric
cells, such as superoxide dismutase (SOD) and catalase (CAT),
which canmaintain gastric homeostasis by scavenging ROS. SOD
catalyzes the disproportionation of O2− into H2O2 Furthermore,
CAT accelerates the decomposition of H2O2 into water and
oxygen (7). Therefore, endogenous antioxidant enzymes play an
important role in protecting the integrity of the gastric mucosa.

Lycopene is one kind of important pigment carotenoids. It is
a fat-soluble linear and highly unsaturated polyolefin compound
composed of 11 hydrocarbons-conjugated double bonds and 2
hydrocarbon/non-conjugated double bonds, it has anti-cancer,
anti-obesity, and improving immunity functions and it protects
the cardiovascular system (8–11). The ability of lycopene to
quench singlet oxygen is more than twice that of β-carotene and
100 times that of vitamin E (12). Boyacioglu et al. found that
lycopene had a protective effect against indomethacin-induced
gastric ulcer and oxidative stress in rats (13). Lycopene has the
strongest protective effect at an additive dose of 100 mg/kg. Jang
et al. found that lycopene inhibited Helicobacter pylori-induced
human gastric adenocarcinoma cell line AGS cells increases
in ROS, apoptosis, cell cycle distribution changes, double-
strand DNA breaks, ataxia-telangiectasia-mutated (ATM), and
ATM-Rad3-related DNA damage response (14). Therefore, it is
beneficial for the treatment of gastric diseases related to DNA
oxidative damage caused by Helicobacter pylori.

The effect of lycopene on ethanol-induced acute gastric
mucosal damage has not been well studied. This study analyzed
the effect of lycopene on the acute gastric injury induced by
ethanol inmice through visual observation, pathological analysis,
and biochemical index detection, in order to provide a reference
for the use of lycopene in clinical and daily drinking.

MATERIALS AND METHODS

Reagents
Lycopene, Omeprazole (OME), 1×PBS (phosphate buffered
saline) were purchased from Beijing solarbio science and
technology Co., Ltd. (Beijing, China). Reagents such as absolute
ethanol, phenolphthalein, NaOH, NaCl and corn oil were
obtained from SinopharmChemical Reagent Co., Ltd. (Shanghai,
China). These chemical reagents were of analytical grade.
CAT detection kit (Cat. No. A007-2-1), NO detection kit
(Cat. No. A013-2-1), malondialdehyde (MDA) detection kit
(Cat. No. A003-1-2) and serum total superoxide dismutase (T-
SOD) detection kit (Cat. No. A001-1-2) were purchased from
Nanjing Jiancheng Bioengineering Institute (Nanjing, China)
(15), and the Enhanced BAC protein assay kit (Cat. No.
P0010S) was purchased from Beyotime Biotechnology (Shanghai,
China) (16). Enzyme-linked immunosorbent assay (ELISA) kits,
including mouse Alanine aminotransferase (ALT) ELISA kit
(Cat. No. ml063179-2), aspartate aminotransferase (AST) ELISA
kit (Cat. No. ml058659-2), Matrix metalloproteinase-9 (MMP-
9) ELISA kit (Cat. No. ml037717-2), monocyte chemotactic
factor-1 (MCP-1) ELISA kit (Cat. No. ml037840-2), and motilin
(MTL) ELISA kit (Cat. No. ml201829-2) were purchased

from Shanghai enzyme-linked biotechnology Co., Ltd. (Mlbio,
Shanghai, China) (17).

Animals
A total of 112 adult specific pathogen-free male Kunming
(KM) mice (6 weeks-old and weighing 27–32 g) were obtained
from Jinan Pengyue laboratory animal Brewing Co., Ltd. (Jinan,
China). These mice were suspended in a cage with wire mesh
bottom at 20–25◦C to prevent fecal eating, and allowed free
access to tap water and standard laboratory chow diet in an
animal room with 12 h/12 h light/dark illumination cycle.

Experimental Protocol and Establishment
of an Ethanol-Induced Gastric
Lesions Model
After a 1-week adaptation period to the environment, eight
groups of mice were assigned (n = 14 for each group). These
groups were arranged as follows: normal control group (NC),
lycopene control group (LYC), gastric injury control group
(IC), omeprazole control group (OMEC), and four lycopene
experimental groups. The lycopene experimental groups include
ultralow-dose group (LYC-UL), low-dose group (LYC-L),
medium-dose group (LYC-M), and high-dose group (LYC-H).
All mice were raised under standard control conditions, fasted
for 24 hours before ethanol gavage, and had free access to tap
water. In addition, all drugs were administered once daily for
4 days and which were given by gastric gavage. Lycopene was
suspended in corn oil and administered at four dose (10, 50, 100,
and 150 mg/kg body weight) (13). Omeprazole (20 mg/kg body
weight) was given only to the OMEC group. On the last day of
treatment, 6.67 ml/kg body weight of absolute ethanol (18) was
given to each mouse in IC, OMEC, LYC-UL, LYC-L, LYC-M,
and LYC-H groups after 1 hour of intragastric administration.
The NC and LYC groups were received double-distilled water in
specified volume.

Sample Collection
One hour after administration of absolute ethanol/double-
distilled water, the retro-orbital blood was collected. Then,
all mice were sacrificed. And their stomachs and livers were
immediately removed. The stomachs were opened along the
greater curvature and the contents were collected. After cleaned
with normal saline, the injury occurrence in gastric mucosal layer
was carefully observed. Each gastric tissue sample was cut into
two parts; one part was embedded in OCT compound (Tissue-
Tek) for frozen section and immunohistochemistry, another part
was frozen in liquid nitrogen. Serum, stomach, and liver of these
mice were stored at−80◦C for biochemical analysis.

Determination of Total Acidity of
Gastric Juice
The contents of stomach were collected from stomach. Then,
these contents were placed for centrifugation at 3,000 rpm for
10min at 4◦C. The total volume of gastric juice and the total
acidity of gastric juice were detected (19). The total acidity of
gastric juice was evaluated by titration using a 10 mmol NaOH
solution and phenolphthalein as indicator.
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Gastroprotective Assessments
The removed gastric tissues were immediately rinsed with 4◦C
normal saline to wash away the blood. Then, the gastric mucosal
lesions were measured using a visual inspection. Image J image
processing software (NIH, USA) was used to select and measure
the total area of gastric mucosa as well as gastric injury area.
The gastric injury was manifested as an elongated band of
hemorrhagic lesions. Then, the gastric injury index (18) and
gastric inhibition rate (19) were calculated. Gastric injury index
= gastric injury area of each mouse/total gastric mucosal area of
each mouse × 100. Gastric injury inhibition rate (%) = (injury
index of IC group – injury index of treatment groups)/injury
index of the IC group.

Determination of NO, MDA, and T-SOD
Levels in Serum
Retro-orbital blood was collected and then centrifuged at 3,000
rpm for 10min to acquire the serum. The levels of NO were
detected using a NO detection kit. 10 ul serum was taken and
added to reagent I as well as reagent II. The mixture was
stirred for 15min, and centrifuged at 4◦C and 4,500 rpm for
10min to acquire the supernatant. The supernatant, blank (equal
amount of double-distilled water) and standard (20 umol/L
sodium nitrite), were taken and mixed with color developer.
Then, standing by 15min and the absorbance value at 550 nmwas
detected by microplate reader. The levels of MDA were detected
using a MDA detection kit and the absorbance value at 532 nm
was detected. The contents of MDA were calculated based on
the standard tetraethoxypropane. Superoxide dismutase (SOD)
has been shown to play an important role in the oxidative and
antioxidant balance of the organism. Therefore, the levels of T-
SOD were detected using a T-SOD detection kit (hydroxylamine
method) by the absorbance value at 550 nm.

Determination of MCP-1, MMP-9, and
Motilin Levels in Gastric Tissues
Gastric injured tissues were immersed in ice-cold phosphate
buffered saline (containing protease inhibitors) for
homogenization and further crushed by using a Scientz-
IID sonifier (Ningbo Scientz Biotechnology Co., China). Then,
these tissue mixtures were centrifuged at 4◦C and 4,500 rpm
for 10min, and the supernatant was collected as crude enzyme
of gastric tissues. Three kinds of ELISA kits, including MCP-1,
MMP-9, and Motilin were equilibrated at room-temperature
(about 25◦C) for 30min, and 50 µl of crude enzyme or standards
were added to the appropriate microtiter plate wells. Then,
100 µl of the horseradish peroxidase conjugated anti-MCP-1,
anti-MMP-9, and anti-motilin solutions were added to each
microplate well and incubated for an hour at 37◦C. After
washing five times with the assay buffer, 50 µl chromogenic
agents A and B were added to each microplate well, shaken
gently to mix, and kept in a dark place 15min at 37◦C. Then, the
reaction was terminated by adding 50 µl of the stop solution,
and the absorbance value at 450 nm wavelength was detected
within 15min. The standard curve was plotted according to the

standards and the levels of MCP-1, MMP-9, and motilin were
calculated separately.

Determination of CAT Activity in Liver
Tissues
Liver tissues were immersed in ice-cold phosphate buffered saline
(containing protease inhibitors) for homogenization and further
crushed. Then, thesemixtures were centrifuged at 4◦C, 4,500 rpm
for 10min, and the supernatants were collected as crude enzyme
solution of liver tissues (20). The total protein concentrations
of the crude enzyme solutions were detected using a BCA total
protein concentration detection kit. Then, the CAT activities of
liver tissues were detected using a CAT detection kit (ultraviolet
method). The substrates solutions with absorbances between 0.5
and 0.55 were prepared. Then, 5 ul of the diluted crude enzymes
were added to the cuvette, and 750 ul of the substrate solutions
were speedily flushed into colorimetric ware to measure the
absorbance value at 240 nm wavelength before and after 1min.
The CAT activities were calculated based on the total protein
concentrations of the sample.

Determination of ALT and AST Levels in
Liver Tissues
And from the liver tissues were measured with ELISA kits.
Two kinds of ELISA kits (ALT and AST) were equilibrated at
room-temperature for 30min, and 50 µl of crude enzyme or
standards were added to the appropriate microtiter plate wells.
Then, 100 µl of the horseradish peroxidase conjugated anti-ALT
and anti-AST solutions were added to each microplate well and
incubated for an hour. After washing, chromogenic reaction, and
termination reaction, the absorbance value at 450 nm wavelength
was detected. The standard curve was plotted according to
the standards and the levels of ALT and AST were calculated
separately. All procedures were performed according to the
manual recommended by the manufacturer.

Histopathological Evaluation
Gastric tissue specimens from the mice which were
sectioned at a thickness about 3–4 µm and then stained
with hematoxylin and eosin. These samples were examined
pathologically in upright fluorescence microscope (ni-u;
Nikon Co., Tokyo, Japan). According to the method of
Amirshahrokhi (21), we assessed each tissue section for
gastric mucosal epithelial injury score: epithelial cell loss
(score: 0–3), hemorrhagic damage (score: 0–4), Gastric
mucosal epithelial cell loss (score: 0–3), epithelial mucosal
edema (score: 0–4), and the presence of inflammatory
cells (score: 0–4), yielding a maximum total score of 14.
Subsequently, these pathological frozen sections were assessed
by two experienced histopathologists who were blinded to
the treatment.

Statistic Analysis
All data were expressed as mean ± standard deviation
(SD). Statistical analysis was performed using SPSS 26.0
statistical software (SPSS Inc., Chicago, IL, USA). The
statistical significance of any difference in each parameter
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FIGURE 1 | Effect of lycopene on the ethanol-induced gastric lesions in mice. (A) Macroscopic appearance of gastric mucosa. NC, normal control; LYC, lycopene

control group, 100 mg/kg bw of lycopene; IC, injury control group; OMEC, omeprazole control group, 20 mg/kg bw of omeprazole; LYC-UL, ultralow-dose group, 10

mg/kg bw of lycopene; LYC-L, lycopene low-dose group, 50 mg/kg bw of lycopene; LYC-M, lycopene medium-dose group, 100 mg/kg bw of lycopene; LYC-H,

lycopene high dose group, 150 mg/kg bw of lycopene. NC and LYC groups were perfused with distilled water; IC, OMEC, LYC-UL, LYC-L, LYC-M, and LYC-H groups

were perfused with 6.67 ml/kg absolute ethanol. (B) Gross lesion area. (C) Lesion index. (D) Lesion inhibition rate. Different letters (a–c) indicate significant differences

(P < 0.05) between different groups.

among the groups was evaluated by one-way analysis of
variance (ANOVA) (S-N-K method). P < 0.05 was considered
statistically significant.

RESULTS

The Effect of Lycopene on
Ethanol-Induced Gastric Injury
General Evaluation of Gastric Tissues
Oxidative stress is the main manifestation of absolute ethanol-
induced gastric mucosal injury in mice, and lycopene has
a protective effect on oxidative stress. In this study, mice
were administered absolute ethanol gavage and treated with
different doses of lycopene. Through general observation of
the gastric mucosa, we found that there were no lesions in
the NC and LYC groups, but lesions in IC, OMEC, and
lycopene experimental groups (Figure 1A). Among them, the
IC group and the LYC-H group had the most severe bands,
with extensive bleeding and collapse. Moreover, the gastric
mucosal injury area (Figure 1B, Supplementary Figure 1) and
injury index (Figure 1C) of the LYC-H group were increased
by 25% and 66%, respectively (P < 0.05), compared with the
IC group. The injury inhibition rate (Figure 1D) of the OMEC
group was approximately 75%, while the inhibition rates of the
LYC-UL, LYC-L, and LYC-H groups were −2, −8, and −68%,
respectively. These results suggest that lycopene aggravates
gastric mucosal injury caused by absolute ethanol, especially at
high doses.

Pathological Evaluation of Gastric Tissues
The results of pathological analysis of gastric tissue slices are
shown in Figure 2A. No histological changes were observed in
the gastric specimens of the NC and LYC groups. After treatment
with absolute ethanol, the IC and lycopene experimental
groups (especially the LYC-H group) showed local necrosis
and shedding of gastric mucosal epithelial cells, in which the
gastric pit structure also disappeared (black arrow). The lycopene
experimental groups (LYC-UL, LYC-L, LYC-M, LYC-H) showed
mild oedema in the gastric mucosal layer or enlarged gaps
between some of the fundus glands (red arrows). The animal
histopathological score results also showed that the absolute
ethanol group and the lycopene experimental group had higher
scores than others, which meant that the degree of gastric injury
was higher than others (Figure 2B). The pathology score of the
LYC-H group was about 1.55-fold that of IC group, 1.42-fold
that of LYC-M, 1.31-fold that of LYC-L, and 1.55-fold that of
LYC-UL. Thus, absolute ethanol can cause severe gastric mucosal
damage. At lycopene experimental groups and especially at 150
mg/kg lycopene, the pathological changes in mouse gastric tissue
integrity of the mucosal epithelium, and destruction of the
glandular structure caused by absolute ethanol are more obvious.

The increase in gastric juice volume and total acidity has been
shown to aggravate acute gastric ulcers in mice (22); therefore, we
measured the gastric juice volume and total acidity. As shown in
Figure 3, the gastric juice volume and total acidity of the NC and
LYC groups were lower than those of the other groups, and there
was no significant difference between these two groups. After
gastric gavage with absolute ethanol, the gastric juice volume and
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FIGURE 2 | Histological morphology (A) and total pathological scores (B) of gastric mucosa in mice (magnification 100×). NC, normal control; LYC, lycopene control

group; IC, injury control group; OMEC, omeprazole control group; LYC-UL, ultralow-dose group; LYC-L, lycopene low-dose group; LYC-M, lycopene medium-dose

group; LYC-H, lycopene high dose group. NC and LYC groups were perfused with distilled water; IC, OMEC, LYC-UL, LYC-L, LYC-M, and LYC-H groups were

perfused with 6.67 ml/kg absolute ethanol. Different letters (a–c) indicate significant differences (P < 0.05) between different groups.
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total acidity of the mice in the IC group increased significantly.
After gastric gavage with omeprazole and different doses of
lycopene (10, 50, 100, and 150 mg/kg), the amount of gastric
juice secretion in mice was significantly lower than that in IC
group, which decreased by 58, 44, 45, 45, and 37%, respectively,
compared with the IC group (Figure 3A). At 100 and 150 mg/kg
lycopene, the total acidity was not significantly different from
that of the IC group, but it was significantly higher than that in
the OMEC group (Figure 3B). Compared with the IC group, the
total acidity level of OMEC, LYC-UL, and LYC-L groups were
significantly decreased by 68%, 64%, and 55%, respectively (P <

0.05). Therefore, low-dose lycopene reduced the total acidity of
gastric juice; however, its effect was less than that of omeprazole.
Although high-dose lycopene could reduce the volume of gastric
juice, it did not reduce the total acidity of gastric juice.

The Effect of Lycopene on the Levels of
MDA, NO, and T-SOD in Serum
MDA, NO, and SOD are often used to evaluate the antioxidant
levels in gastric injury models. Therefore, we tested these three
factors in the serum (Figure 4). After absolute ethanol gavage,
MDA levels in the IC group were significantly higher than
those in the NC and lycopene experimental groups (Figure 4A).
The levels of MDA in the OMEC, LYC-UL, LYC-L, LYC-M,
and LYC-H groups were 0.64-, 0.80-, 0.77-, 0.56-, and 0.89-
fold of those in the IC group, respectively. And there was
no significant difference among NC, LYC, OMEC, and LYC-M
groups. By detecting the level of NO in the serum, we found
that without ethanol treatment, the level of NO in the LYC
group was 1.60-fold of those in the NC group (Figure 4B).
After ethanol treatment, high dose of lycopene significantly
increased the level of NO. In addition, the level of T-SOD in
the serum of mice from the lycopene treatment groups were
significantly increased, regardless of whether absolute ethanol
was added (Figure 4C). Without ethanol treatment, the level of
T-SOD in the LYC group was significantly higher than that in
the NC group, which was approximately 2.37-fold that of the
NC group. After ethanol treatment, the levels of T-SOD in the
LYC-UL, LYC-L, LYC-M, and LYC-H groups were 1.25-, 1.36-,
1.41-, and 1.31-fold that of the IC group, respectively. Therefore,
regardless of whether treated with ethanol, after supplementation
with lycopene, the NO and T-SOD levels in the serum of mice
increased significantly. However, the MDA level in lycopene
experimental groups were significantly lower than that in the IC
group after ethanol treatment.

The Effect of Lycopene on the Levels of
MTL, MCP-1, and MMP-9 in
Gastric Tissues
MTL can regulate gastrointestinal motility and appetite, which
also play an important role in regulating the digestion and
absorption of nutrients (23). In our study, the concentration
of MTL in the IC group was reduced to 0.21-fold that of
the NC group, indicating that absolute ethanol inhibits the
secretion of motilin (Figure 5A). At the same time, lycopene
significantly increased MTL secretion. The concentration of

motilin in the LYC group was 1.51-fold that of the NC group,
and the concentrations of MTL in the LYC-UL, LYC-L, LYC-
M, and LYC-H groups were 3.48-, 4.49-, 3.16-, and 7.16-fold
that of IC group, respectively. In addition, we tested the levels
of the inflammatory factors MMP-9 and MCP-1. As shown in
Figure 5B, the levels of MMP-9 in the IC group was increased
to 1.35-fold that of the NC group. But, the MMP-9 in LYC-UL,
LYC-L, LYC-H, and LYC-M groups were significantly reduced to
0.52-, 0.62-, 018-, and 0.33-fold that of the IC group, respectively.
In addition, the level of MCP-1 in IC group was increased
to 1.65-fold that of the NC group (Figure 5C). But the MCP-
1 in lycopene experimental groups were significantly lower
than that in IC group, suggesting lower levels of inflammatory
stimulating factors.

The Effect of Lycopene on the Levels of
CAT, ALT, and AST in Liver Tissues
In addition, we also tested the levels of the antioxidant enzymes
CAT and aminotransferases ALT and AST in liver tissues
(Figure 6). Without ethanol treatment, the CAT level in the LYC
group was only 0.23-fold that of the NC group. After ethanol
treatment, there was no significance between LYC-H and IC
groups, but the CAT level in lycopene experimental groups
were all higher than LYC group (Figure 6A). The levels of ALT
and AST in LYC-M group were significantly reduced to 0.83-
and 0.82-fold that of the IC group, respectively (Figures 6B,C).
Without ethanol treatment, the levels of ALT and AST in the
LYC group were reduced to 0.60- and 0.54-fold of the NC
group, respectively. Therefore, the CAT, ALT, and AST levels in
the LYC group were all lower than that in NC group without
ethanol treatment.

DISCUSSION

With the continuous increase in risk factors in daily life,
gastrointestinal problems have become a global problem. Ethanol
is widely considered to be the main risk factor for gastric
mucosal damage (24). Lycopene can scavenge free radicals,
inhibit acid secretion, and strengthen the gastric mucosal barrier.
In particular, lycopene exists in an all-trans configuration under
natural conditions, and in this form it is one of the most effective
singlet oxygen quenchers in natural carotenoids (24). Thus, does
lycopene have a protective effect against gastric mucosal damage
caused by ethanol? In this study, an alcohol-induced gastric
mucosal injury mouse model was used to investigate the effect
of lycopene on gastric mucosal injury. Our results showed that,
compared with the normal control, the gastric injury model mice
had an obvious pathological phenotype, which manifested as
acute gastric mucosal injury. However, the mucosal damage in
the lycopene experimental groups, especially the LYC-H group,
was more severe than that in the IC group (Figures 1, 2).

Increasing evidence shows that alcohol-induced gastric
mucosal damage is closely related to an increase in ROS levels
(25). In organisms, SOD can protect the host against ROS-
induced lipid peroxidation (26). This study found that, regardless
of whether it was induced by ethanol, after supplementation
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FIGURE 3 | Volume and total acidity of gastric juice. (A) Volume of gastric juice. (B) Total acidity of gastric juice. NC, normal control; LYC, lycopene control group; IC,

injury control group; OMEC, omeprazole control group; LYC-UL, ultralow-dose group; LYC-L, lycopene low-dose group; LYC-M, lycopene medium-dose group;

LYC-H, lycopene high dose group. NC and LYC groups were perfused with distilled water; IC, OMEC, LYC-UL, LYC-L, LYC-M, and LYC-H groups were perfused with

6.67 ml/kg absolute ethanol. Different letters (a–c) indicate significant differences (P < 0.05) between different groups.
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FIGURE 4 | Effect of lycopene on antioxidant factors of serum. NC, normal control group; LYC, lycopene control group; IC, injury control group; OMEC, omeprazole

control group; LYC-UL, ultralow-dose group; LYC-L, lycopene low-dose group; LYC-M, lycopene medium-dose group; LYC-H, lycopene high dose group. (A)

Malonaldehyde (MDA). (B) Nitric oxide (NO). (C) Total superoxide disumutase (T-SOD). Values are means standard deviation of 14 mice and triplicate measurements.

Different letters indicate significant differences (P < 0.05) between different groups.
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FIGURE 5 | Effect of lycopene on MTL, MMP-9, and MCP-1 levels of gastric tissues. NC, normal control group; LYC, lycopene control group; IC, injury control group;

OMEC, omeprazole control group; LYC-UL, ultralow-dose group; LYC-L, lycopene low-dose group; LYC-M, lycopene medium-dose group; LYC-H, lycopene high

dose group. (A) Motilin (MTL). (B) Matrix metalloproteinase-9 (MMP-9). (C) Monocyte chemoattractant protein-1 (MCP-1). Values are means standard deviation of 14

mice and triplicate measurements. Different letters indicate significant differences (P < 0.05) between different groups.
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FIGURE 6 | Effect of lycopene on CAT, ALT, and AST of liver tissues. NC, normal control group; LYC, lycopene control group; IC, injury control group; OMEC,

omeprazole control group; LYC-UL, ultralow-dose group; LYC-L, lycopene low-dose group; LYC-M, lycopene medium-dose group; LYC-H, lycopene high dose group.

(A) Catalase (CAT). (B) Alanine aminotransferase (ALT). (C) Aspartate aminotransferase (AST). Values are means standard deviation of 14 mice and triplicate

measurements. Different letters indicate significant differences (P < 0.05) between different groups.
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with lycopene, the T-SOD level in the serum of mice increased
significantly. It was shown that lycopene can improve the
antioxidant capacity of mice. Moreover, in liver tissues, the
level of CAT with absolute ethanol treatment in the lycopene
experimental group was significantly higher than that without
ethanol treatment (LYC group). In addition, NO and MDA
are often used to evaluate antioxidant levels in gastric injury
models. The levels of NO are closely related to the attack
and defense mechanism of the gastric mucosa (27), which can
cause the dilation of submucosal arterioles and increase mucosal
blood flow in order to buffer the acid entering the lamina
propria (28). We found that certain dose of lycopene promoted
NO production regardless of ethanol treatment (especially in
LYC-H group) (Figure 4), suggesting that lycopene improves
the antioxidant capacity of mice and promotes blood flow
to counteract the effects of gastric acid. In this study, the
amount of gastric juice in the lycopene experimental group was
lower than that in the IC group, but the total acidity of the
gastric juice in LYC-M and LYC-H groups did not decrease
(especially in LYC-H group) (Figure 3). Müller et al. reported
that lycopene may increase blood flow and reduce inflammation
(29). We hypothesized that lycopene protects against gastric acid
by increasing NO levels and increasing blood flow, but does
not reduce the amount of gastric acid secreted. In addition,
malondialdehyde is one of the end-products of lipid peroxidation
and is often used as an indicator to evaluate lipid peroxidation
in the gastric mucosa (30, 31). We found that the level of MDA
in lycopene experimental groups (especially moderate doses)
was significantly lower than that in the IC group after ethanol
treatment. This may be due to the antioxidant effect of lycopene
and the increase in the T-SOD concentration. Li et al. also found
that lycopene enhanced SOD activity and reduced MDA levels
in kainic acid-induced mice (32). Therefore, we hypothesized
that lycopene could reduce lipid peroxidation by increasing
antioxidant enzyme activity, and promote blood flow to resist the
effects of gastric acid by increasing the level of NO regardless of
ethanol treatment.

However, it can be seen from the macroscopic image
(Figure 1) and the tissue morphology image (Figure 2) that
supplementation with lycopene (especially at high doses) can
aggravate acute gastric mucosal injury induced by absolute
ethanol. Although lycopene has strong antioxidant activity, when
it is used long-term with alcohol, the effects of lycopene may be
more harmful than beneficial. For example, Leo et al. conducted
experiments on 14 baboons and found that after taking ethanol,
the levels of β-carotene in plasma and liver increased and the
levels of retinol decreased (33), indicating that ethanol interfered
with conversion of β-carotene to retinol. Conversion of alcohol
causes liver damage. That study also pointed out that a deficiency
or excess of vitamin A and carotenoids can have harmful effects.
Moreover, vitamin A and carotenoids have similar adverse effects
in terms of fibrosis, carcinogenesis, and possible embryotoxicity.
In a follow-up study, Leo et al. found that liver damage caused
by the simultaneous use of β-carotene and ethanol may be
related to the effect of ethanol on β-carotene metabolism, which
increases vitamin A and retinol, and related to liver toxicity
(34). Veeramachaneni et al. found that supplementation with

high doses of lycopene can significantly induce the expression
of CYP2E1 protein and TNF-α mRNA, and the incidence of
inflammatory lesions in the liver of ethanol-fed rat (35). This
indicates that there may be a negative synergy between long-term
alcohol intake and lycopene supplementation.

In addition, we detected some inflammatory cytokines,
including MMP-9 and MCP-1. In the process of alcohol-induced
gastric ulcers, the submucosa of the tissue can usually be
infiltrated by inflammatory cells. Inflammatory cells are the
main source of MMPs (36) and MCP-1 is closely related to
inflammation (21).We found that the levels ofMMP-9 andMCP-
1 did not increase, and no corresponding inflammatory cells
were found in the pathological sections. Therefore, acute gastric
mucosal injury caused by the simultaneous administration of
lycopene and absolute alcohol may have little relationship with
inflammatory factors.

ALT and AST are enzymes that catalyze the amino transfer
between amino acids and keto acids, which are mainly located
in liver tissue cells, and their abnormal elevations often indicate
liver cell damage and necrosis (37). In this study, we found
that acute intake of a large dose of absolute ethanol after
long-term administration of lycopene could aggravate gastric
mucosal damage in mice. However, the levels of ALT and AST
in LYC-UL, LYC-M, and LYC-H groups did not significantly
increase; that is, the damage to liver tissues was not significant
(Figure 6). Valerio et al. found that acute alcohol intake affects
the synthesis of glucose in the liver (38). Long-term alcoholism
causes an increase in liver-related enzymes, such as ALT, AST,
and gamma-glutamyl-transpeptidase. Therefore, it is possible
that we did not see an increase in the activity of ALT and
AST because too few doses of ethanol were administered and
due to the short duration of action. In addition, the activities
of ALT and AST in the LYC group were significantly lower
than those in the NC, OMEC, and IC groups. Knecht et al.
found that free radicals can be detected in the bile of a rat
alcoholic liver model (39). Lycopene scavenges free radicals.
Therefore, the decreased ALT and AST levels in the LYC
group in this study may have been an effect of lycopene.
Furthermore, lycopene significantly increased MTL secretion
regardless of ethanol treatment (Figure 5A), suggesting that
lycopene has a protective effect on the stomach and liver without
ethanol treatment.

CONCLUSIONS

The study found that lycopene (especially at high doses)
aggravates acute gastric mucosal damage caused by
absolute ethanol, but this was not due to oxidative stress
or inflammatory factors. Lycopene has a protective effect
on the stomach and liver without ethanol treatment,
which may be a result of its powerful antioxidant activity.
Therefore, when alcohol is consumed in large quantities,
consumption of lycopene products should be carefully
considered. The mechanism of the exacerbation of ethanol
induced acute gastric mucosal damage caused by lycopene
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is still unknown and this will be an important area of
future research.
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