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Effect of autophagy-associated proteins on the
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Abstract. Arecoline can be used to treat diseases including
glaucoma and tapeworm infection, however, long-term
administration can cause severe adverse effects, including oral
submucosal fibrosis, oral cancer, hepatic injury and liver cancer.
Autophagy serves a role in these injuries. The present study
established a mouse model of arecoline-induced hepatic injury
and investigated the role of autophagy-associated proteins in
this injury. The results indicated that the expression levels of
the autophagy marker protein microtubule associated protein
1 light chain 3 B (MAPILC3B) and autophagy-promoting
protein beclin 1 were elevated in the injured hepatic cells,
while the expression levels of a well-known negative regu-
lator of autophagy, mammalian target of rapamycin (mTOR),
were reduced. Following treatment of the hepatic injury with
glutathione, the liver function improved and liver damage
was reduced effectively. Compared with the control group,
the expression levels of both MAPILC3B and beclin 1 were
significantly upregulated in the glutathione-treated mice, but
the expression of mTOR was significantly downregulated. It
may be concluded that in the process of protecting against
arecoline-induced hepatic injury, glutathione cooperates with
mTOR and beclin 1 to accelerate autophagy, maintaining
stable cell morphology and cellular functions.
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Introduction

Areca catechu is a species of palm widely cultivated in India,
Indonesia, Sri Lanka, the Philippines and other South and
Southeast Asian countries (1). A total of four alkaloids are
presented in the betel nut, including arecoline, arecaidine,
guavacoline and guavacine (2). Arecoline is the major alka-
loid, soluble in water or any concentration of ethanol (3). In
Southeast Asia, South Pacific Islands and the surrounding
areas, people chew the betel nut frequently for its comforting
and pleasant effects (4). Betel nut is the fourth most frequently
consumed recreational drug globally, after nicotine, ethanol
and caffeine. As acommon clinical drug, arecoline can be used
in the treatment of tapeworm infection due to its insecticidal
properties (5) and for protection of vascular endothelial cells
to prevent atherosclerosis (6). However, due to its cytotoxicity
and immunotoxicity, long-term administration of arecoline can
lead to cellular DNA damage and promotion of apoptosis (7).
Arecoline can cause submucosal fibrosis and oral cancer (8),
and promote apoptosis and damage of liver cells, leading to
hepatic cirrhosis and hepatic cancer (9-11). Several researchers
have reported that arecoline-induced liver injury involves not
only apoptosis but also autophagy (9,12,13), however, the exact
role of autophagy remains to be elucidated.

Autophagy is a highly conserved, self-protective behavior
of eukaryotic cells when subjected to adverse external stimuli,
including hypoxia, sudden pressure elevation and drug stimula-
tion (14,15). A variety of autophagy-related (ATG) proteins are
involved in the autophagy process, including the ATG12-ATGS5
conjugation and beclin 1 (16,17). Under different conditions,
the level of autophagy is strictly regulated by various signal
transduction pathways (18). Mammalian target of rapamycin
(mTOR), a factor involved in the regulation of autophagy,
serves a role of a ‘gatekeeper’ (19). Microtubule associated
protein 1 light chain 3 (MAPILC3), as a specific substrate
of autophagy, is essential for autophagosome formation and
is recognized as a marker of autophagic activity (20-22).
Therefore, the present study detected cellular autophagic
activity by measuring the content of MAPILC3B.

L-glutathione is commonly used in the clinical treatment
of liver disease and drug-induced hepatic injury, and serves a
role in the protection and repair of hepatocytes by scavenging
free radicals and superoxide ions (23). A previous study by
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the authors of the present study has found that MAP1LC3B
expression increased in the injured and L-glutathione treated
hepatic cells (24), however, the mechanism remains to be
elucidated. In the present study, the function and regulation of
autophagy were further investigated by detecting the expres-
sion of mTOR, beclin 1 and MAPILC3B, and the results
may provide an insight into the protection or treatment for
drug-induced liver damage.

Materials and methods

Chemicals and mice. Arecoline hydrobromide (98%)
and L-glutathione were purchased from J&K Scientific
Ltd. (Beijing, China). Mouse aspartate aminotransferase
enzyme-linked immunosorbent assay kit (AST ELISA kit;
cat. no. BPE20184) and mouse alanine aminotransferase
(ALT) ELISA kit (cat. no. BPE20168) were purchased from
Shanghai Lengton Bioscience Co., Ltd. (Shanghai, China).
The following reagents were used for immunohistochemistry
and western blotting: Rabbit anti-mTOR (cat. no. ab32028),
anti-beclin 1 (cat. no. ab55878), anti-MAPILC3B (cat.
no. ab63817) polyclonal antibodies purchased from Abcam
(Cambridge, UK); and anti-caspase-3 (cat. no. ab90437) poly-
clonal antibodies purchased from Abcam (Cambridge, UK)
for western blotting; and the PV-6000 immunohistochemical
detection kit (cat. no. K145213B) from OriGene Technologies,
Inc. (Beijing, China). A total of 80 Male ICR mice (age,
6-8 weeks; weight, 20+2 g) were provided by the Laboratory
Animal Center of Binzhou Medical University ( Yantai, China).
All animal experiments were performed in accordance with
the recommendations of the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health, the
animal use protocol was reviewed and approved by the Ethics
Committee of Binzhou Medical University (Yantai, China).

Animal treatments. All experimental mice were housed in
plastic cages in a pathogen-free environment, with controlled
temperature (23-25°C) and humidity (50-70% relative humidity),
with ad libitum access to food and water, and a 12-h light/dark
cycle. These animals were randomly divided into four groups,
with 20 mice in each group (n=20). Arecoline hydrobromide
was dissolved in physiological saline (0.9% NaCl). The control
group mice were given physiological saline gavage (4 ml/kg/day)
and the model group mice were given arecoline hydrobromide
(20 mg/kg/day). The low-dose glutathione group mice were
given a mixture of L-glutathione (1 mg/kg/day) and arecoline
hydrobromide (20 mg/kg/day), and high-dose glutathione group
mice were given a mixture of L-glutathione (2 mg/kg/day) and
arecoline hydrobromide (20 mg/kg/d). During the experiment,
physiological saline, arecoline hydrobromide or a mixture of
L-glutathione and arecoline hydrobromide were administered
to corresponding group of mice by gavage twice daily for 15 or
30 days. The dosage of arecoline hydrobromide was determined
according to a previous study (25).

Behavior and bodyweights of the experimental mice. During
the experiment, the behavior of mice was observed using
an open field test (26) and the mental states were detected
through mechanical stimulus method (27). The bodyweights
were recorded on days 15 and 30.
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Serum collection and liver function measurement.
Blood samples were collected from the orbit sinus after
ether anesthesia and spinal cord dislocation on days
15 or 30 (10 mice/group). During ether anesthesia, the respi-
ratory rate of mice was monitored by the biological signal
analytical system (BL-420F; Chengdu Techman Software Co.,
Ltd. Chengdu, China) and controlled within 90-120 beats/min.
Marker enzymes of liver function (ALT and AST) in the serum
were assessed with the respective ELISA kits following the
manufacturer's protocol in an automatic biochemical analyzer.

Liver morphology. The morphological alterations of the liver
were observed. Liver samples were dissected, partly placed in
liquid nitrogen immediately for western blotting, and partly in
10% formalin solution, fixed for 48 h at room temperature and
progressively dehydrated prior to embedding in paraffin. The
paraffin blocks were cut into 4-ym-thick sections, deparaf-
finized, rehydrated and stained with hematoxylin for 15 min
and eosin for 5 min at room temperature. Histological exami-
nation was performed under a light microscope (magnification,
x400; Olympus BX43; Olympus Corporation, Tokyo, Japan).

Immunohistochemistry. After deparaffinization and rehydra-
tion in a descending alcohol series, each section was incubated
with 0.01 mol/I citrate buffer (pH 6.0) in a microwave at 98°C
for 10 min for antigen retrieval. Endogenous peroxidase was
blocked with 3% H,0O, for 20 min at room temperature. Each
sample was pretreated with normal goat serum (OriGene
Technologies, Inc.) for 30 min at room temperature to block
nonspecific binding and incubated with rabbit anti-mTOR
(diluted 1:800), rabbit anti-beclin 1 (diluted 1:120) or rabbit
anti-MAPILC3B (diluted 1:60) antibodies overnight at 4°C.
Human colon carcinoma tissue obtained from a 50-year-old
male patient (Collected in January 2017 from the Pathology
Department, of Binzhou Medical University Hospital,
Binzhou, China) was used as the positive control. The
participant provided written informed consent. An ethical
approval for the use of human samples was obtained from
the Ethics Committee of the Binzhou Medical University.
For the negative control, the primary antibody was replaced
with phosphate-buffered saline. A biotinylated goat anti-rabbit
immunoglobulin G antibody (cat. no. ZB-2305; OriGene
Technologies, Inc.; 1:400) was used as the secondary antibody
and incubated with each section at 37°C for 15 min. These
sections were subsequently exposed to streptavidin-horse-
radish peroxidase conjugate (Beijing Bioneeds, Technologies
Co Ltd. Beijing, China; cat. no. CJ30H; 1:500) at 37°C for
10 min. The peroxidase reactivity was visualized by the appli-
cation of 3,3'-diaminobenzidine solution for 5 min at room
temperature. These sections were counterstained with hema-
toxylin for 10 min and mounted. Two sections were selected
from the right and left liver lobes separately in each mouse,
and five non-repeating fields of view were observed for each
section. The percentage of positive immunoreactivity cell area
for mTOR, beclin 1 or MAP1LC3B and the reactive intensity
were determined using a light microscope at a magnification
of x400 (Olympus BX43; Olympus Corporation). The propor-
tions of liver tissues that stained positively in the cytoplasm
and/or cytomembrane were scored according the following
criteria: i) 0, <1% cell staining; ii) 1, staining in 1-10% cells;
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iii) 2, staining in 11-50% cells; and iv) 3, staining in >50%
cells. The intensity of staining was also recorded as: i) 0, nega-
tive (no staining); ii) 1, weak (faint yellow); iii) 2, moderate
(yellow); and iv) 3, strong (brown) (28). The total score was
the product of the proportion and strength of staining, ranging
from O to 9. The total score <3 was recorded as negative (-)
and >3 was recorded as positive (+). The positive expression
rate was calculated.

Western blotting. The proteins of liver samples were prepared
with radioimmunoprecipitation assay lysis buffer and phenyl-
methanesulfonyl fluoride (Beyotime Institute of Biotechnology,
Shanghai, China). Protein concentration was detected with a
BCA Protein Assay kit (Beyotime Institute of Biotechnology)
with a loading mass of 20 ug/well. The samples were separated
by 12% SDS-PAGE and transferred to polyvinylidene fluoride
membranes. Membranes were blocked with 5% nonfat milk in
PBST buffer (PBS +0.1% Tween 20) for 2 h at room tempera-
ture, then incubated with primary antibodies overnight at 4°C
and secondary antibodies (Beijing ZhongShan Golden Bridge
Biotechnology Co., Ltd Beijing, China; 1:5,000) at 37°C for
0.5 h. The following primary antibodies were used: mTOR
(1:1,000), beclinl (1:1,000), MAPILC3B (1:1,000), caspase-3
(1:1,000) and GAPDH (cat. no. SC-32233; 1:10,000; Santa Cruz
Biotechnology, Inc., Dallas, TX, USA). Protein bands were
visualized by Enhanced Chemiluminescence kit (Beyotime
Institute of Biotechnology). Integral optical density (IOD)
value measured with Image-Pro Plus (version 6.0; Media
Cybernetics, Inc., Rockville, MD, USA) was used to calculate
the relative expression of the target protein (ratio) using the
following equation: Ratio=IOD target protein/IOD GAPDH.

Statistical analysis. All experiments were repeated three
times independently. Data were analyzed using SPSS 19.0
software (IBM Corp., Armonk, NY, USA) and presented as
the mean + standard deviation. Multigroup comparisons were
carried out by one-way analysis of variance with Tukey's
post hoc test. P<0.05 was considered to indicate a statistically
significant difference.

Results

Alterations in bodyweights and serum markers of liver func-
tion in the experimental mice. In the model group, the mice
exhibited hair loss, thinning and increased irritability. The
activity of mice was decreased (data not shown), and weight
losses were significantly more severe in the model mice
compared with the control group (P<0.05; Fig 1). Glutathione
administration groups exhibited minor alterations in behavior
or bodyweight, especially in the high-dose glutathione group,
when compared with control and model groups. The serum
levels of ALT and AST were measured on days 15 and 30 of
the experiment. Serum levels of ALT and AST in the model
group significantly increased compared with the control
group and high-dose glutathione group (all P<0.05). On day
15, there was no significant difference in serum levels of ALT
and AST between the model group and the low-dose group,
whereas the serum levels in the low-dose glutathione group
were significantly lower compared with the model group on
day 30 (P<0.05; Fig. 1).
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Liver morphology of the mice. In the control group, it was
observed that the liver capsule was smooth, the sections were
gray and red, and the texture was uniform and soft. Under the
microscope, the structures of the hepatic lobule and portal
area were clear, without obvious signs of the presence of
fibrous tissue; the liver cells were aligned and the cytoplasm
was eosinophilic uniformly. In the model group, the livers
were clearly congested, swollen and rough. Hepatocellular
edema, a large number of hepatocytes undergoing hepatic
steatosis and mild necrosis could be observed on day 15 in
the model group. On day 30 in model group, the liver cells
exhibited severe edema and multifocal dotted necrosis; fibrosis
and hyperplasia were visible around the portal vein, with
inflammatory cell infiltration. In the low-dose glutathione
group, cell morphology was similar to that of the model group,
with occasional hepatic cell degeneration. In the high-dose
glutathione group, the livers exhibited slight congestion, mild
hepatocyte edema, slight dotted necrosis and no significant
fatty degeneration, however, obvious hepatic cell degeneration
was observed (Fig. 2).

Expression of autophagy-associated proteins mTOR, beclin 1
and MAPILC3B in mouse livers. High levels of mTOR expres-
sion were observed in the cytoplasm in the control group,
however these levels were reduced in the model group. On
day 15 of the experiment, mMTOR expression was significantly
lower in the glutathione treatment groups compared with the
control group and model group (both P<0.05), especially in
the high-dose glutathione group. On day 30, compared with
the control group, mTOR expression decreased significantly
in all other groups (including the model group and glutathione
treatment groups; all P<0.05; Fig. 3). The trend of beclin 1
expression was different compared with that of mTOR expres-
sion. On day 15 of the experiment, expression levels of beclin
1 increased significantly in the glutathione treatment groups
compared with the control group and model group (both
P<0.05). On day 30, beclin 1 expression was significantly
higher in all groups compared with the control group (all
P<0.05; Fig. 4). The expression of MAPILC3B was similar
to that of beclin 1. On day 15, the expression of MAP1LC3B
in all drug-administrated groups was significantly higher than
the control group (P<0.05) and MAP1LC3B expression in the
high-dose glutathione group was also higher than the model
and low-dose glutathione group. On day 30, MAPILC3B
expression in all drug-administrated groups was higher than
the control group and glutathione-administrated groups were
also higher when compared with the model groups (all P<0.05;
Fig. 5). The results of western blotting indicated that mTOR
expression decreased obviously in all groups compared with
the control group. The expression of beclinl increased in both
glutathione treatment groups compared with the control group,
which was consistent with the results for MAP1LC3B and
caspase-3 expression (all P<0.05; Fig. 6).

Discussion

Hepatic injury caused by the long-term administration of partic-
ular drugs, including acetaminophen, amoxicillin-clavulanate
and antiepileptic drugs are common clinical phenome-
nons (29,30). The degree of hepatocyte damage depends on the
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Figure 1. Alterations in mouse bodyweights and serum ALT and AST levels (U/l). The bodyweight in the model group was significantly lower compared with
other groups on day 15 and 30 after administration. Serum ALT and AST levels significantly increased in the model and low-dose glutathione groups compared
with control and high-dose glutathione groups respectively. "P<0.05. Data are presented as the mean standard deviation. ALT, alanine aminotransferase; AST,
aspartate aminotransferase.

Figure 2. Morphology of the mouse livers. (A1) Gross observation revealed that the normal control liver capsule was smooth and the sections were grey and
red, and uniformly soft. (A2) The liver of the model group was clearly congested, swollen and brittle. (A3) The liver of the low-dose glutathione group was
light yellow and moderately swollen. (A4) The liver of the high-dose glutathione group was slightly congested. (B1) Histological examination of the liver
revealed that hepatic cells were aligned and cytoplasm was uniformly eosinophilic in the control group. (B2) Severe edema with multifocal dotted necrosis
and inflammatory cell infiltration in the model group (black arrow indicates inflammatory cell infiltration). (B3) Edema with dotted necrosis in the low-dose
glutathione group (black arrow indicates dotted necrosis). (B4) Mild edema with a slight dotted necrosis and no obvious fatty degeneration in the high-dose
glutathione group (black arrow indicates slight dotted necrosis). (Original magnification, x400).
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Figure 3. Expression of mTOR determined by immunohistochemistry. (A) Control group. (B) Model group. (C) Low-dose glutathione group. (D) High-dose
glutathione group. The positive expression of mTOR was localized to the cytoplasm (original magnification, x400; black arrows indicate positive staining).
(E) On day 15 of the experiment, mTOR expression was significantly lower in the glutathione-treated groups compared with the control group ('P<0.05) and
model group). On day 30, mTOR expression was significantly lower in all groups compared with the control group.’P<0.05 vs. Control group; *P<0.05. vs.
model group. mTOR, mammalian target of rapamycin.
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Figure 4. Expression of beclin 1 determined by immunohistochemistry. (A) Beclin 1 expression was weak in normal control liver cells. (B) Model group.
(C) Low-dose glutathione group. (D) high-dose glutathione group (Original magnification, x400; black arrows indicate positive staining). Beclin 1 expression
was strong in all drug-treated groups. (E) On day 15, beclin 1 expression was significantly higher in glutathione-administrated groups than control group and
model group. On day 30, beclin 1 expression increased in all drug-administrated groups compared with control group. ‘P<0.05 vs. Control group; *P<0.05. vs.

model group.
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Figure 5. Expression of MAP1LC3B determined by immunohistochemistry. (A) Control group. (B) Model group. (C) Low-dose glutathione group. (D) High-dose
glutathione group. The expression of MAP1LC3B localized to the cytomembrane and/or the cytoplasm (original magnification, x400; black arrows indicate
positive staining). (E) On day 15, the expression of MAPILC3B in all drug-administrated groups was significantly higher than control group and MAPILC3B
expression in high-dose glutathione group was also higher than model group and low-dose glutathione group. On day 30, MAPILC3B expression in all
drug-administrated groups was higher than control group, and in glutathione-administrated groups was also higher than model groups (*P<0.05) "P<0.05
vs. Control group; 2P<0.05. vs. model group; “P<0.05 vs. low-dose glutathione group. MAP1LC3B, protein microtubule associated protein 1 light chain 3 B.

accumulation of toxicity and the protection afforded by phys-
ical or exogenous factors (31,32). Among these cell protection
mechanisms, autophagy is currently widely investigated (13).
Under normal physiological conditions, the autophagy level
of cells is low, designated as ‘basic autophagy’, which primarily
maintains the stable state of cells (15). However, autophagy
is induced by pathological factors, including starvation, isch-
emia/hypoxia and injury (15,33). To maintain homeostasis and
ensure cell survival, energy is generated by the degradation of
damaged organelles and protein aggregates (15,33,34). Several
studies have demonstrated that autophagy may serve dual
roles in alcoholic liver disease, hepatic ischemia/reperfusion
injury and bile duct ligation or carbon tetrachloride cirrhosis
models (35-37). As a cellular self-protective mechanism,
autophagy significantly increases in hepatic injury caused by

various factors, including drug use, alcohol consumption and
chronic hepatitis B and C (38,39). Furthermore, autophagy
may attenuate fibrosis and reduce hepatic injury by inhib-
iting inflammatory reaction and decreasing oxidative stress
response (40). Therefore, autophagy may be a new therapeutic
target for liver injury and fibrosis (40). However, reports on
autophagy in the context of arecoline-induced hepatic injury
are scarce.

Arecoline is a commonly used Chinese medicine extracted
from the betel nut with numerous properties, including parasite
expulsion and antiatherosclerotic properties (5,6). However,
due to its cytotoxicity and immunotoxicity, long-term use
of arecoline can damage cellular DNA and promote cell
apoptosis (7). Long-term chewing of the betel nut can lead to
oral submucosal fibrosis and oral cancer (4). Several studies
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Figure 6. Expression of mTOR, beclin 1, MAPILC3B and caspase-3 determined by western blotting. The results indicated that mTOR expression decreased
in all drug-treated groups compared with the control. The expression of beclinl, MAPILC3B and caspase-3 increased in all drug-treated groups compared
with the respective control groups. "P<0.05 vs. Control group. mTOR, mammalian target of rapamycin; MAPI1LC3B, protein microtubule associated protein

1 light chain 3 B.

have shown that the long-term administration of arecoline
accelerates apoptosis, degeneration and necrosis of hepatic
cells, leading to liver cirrhosis and liver cancer (9-11). The
betel nut has been identified as a first-class carcinogen by
the International Agency for Research on Cancer (41,42). In
the present study, intragastric administration of arecoline
resulted in alterations in mice behavior and bodyweight,
increased levels of AST and ALT, and induction of histological
hepatocyte edema and spotty necrosis, and these alterations
aggravated with the progress of administration. The above
results demonstrated that the excessive use of arecoline may
damage liver cells. Thangjam and Kondaiah (43) reported that
arecoline-induced cytotoxicity could promote the generation
of reactive oxygen species (ROS) and activate inflammatory
cells in stress. Furthermore, in the presence of ROS, areco-
line may inhibit adenosine monophosphate-activated protein
kinase (AMPK) phosphorylation and induce autophagy (44).
However, the exact associations between ROS, AMPK and
autophagy in arecoline-induced hepatic injury remain unclear,
and further investigation is required.

In clinical practice, L-glutathione is commonly used
to protect undamaged liver cells and repair damaged cells
by scavenging free radicals and superoxide ions (23). In the
present study, L-glutathione was used to treat the hepatic
injury induced by arecoline. Compared with the model group,
the behavior and serum levels of AST and ALT altered only
marginally in the low-dose glutathione group. In the high
dose glutathione group, the serum levels of AST and ALT
were restored to normal, and histological examinations indi-
cated cell regeneration with minimal necrosis, suggesting

that glutathione could protect liver function and promote the
regeneration of hepatocytes.

MAPILC3 is required for autophagosome formation and the
level of MAP1LC3 is proportional to the number of autophagic
vacuoles presentincells,and,therefore,the autophagicactivity can
be assessed by measuring the expression of MAPILC3 (20-22).
The phosphoinositide 3-kinase (PI3K)/protein kinase B
(PKB)/mTOR signaling pathway is involved in the inhibition
of autophagy (45). Under nutrient-rich conditions, the mTOR
signal is activated and autophagy is inhibited (19). In the case
of nutrient deficiency, mTOR is suppressed, and autophagy is
activated by the negative feedback of the PI3K/PKB/mTOR
signaling pathway (46). The PI3K-VPS34/beclin 1 pathway is
involved in the positive regulation of autophagy (47). Beclin 1,
as a ‘platform’ for molecular reactions, promotes the localiza-
tion of autophagy-associated proteins to the phagosome and
regulates the formation and maturation of autophagosome by
binding with VPS34 (48). Cursio et al (49) investigated the
role of autophagy in hepatic ischemia/reperfusion injury. The
authors found that hypoxia and nutrient deficiency activated
autophagy, which reduced the extent of hepatic reperfusion
injury and restored the function of the damaged mitochon-
dria (49). In another study, the researchers found that knock
out of autophagy-associated protein cysteine protease ATG4B
aggravated hepatic damage in mice due to increased sensitivity
to ischemia/reperfusion injury (50). Studies on the association
between autophagy and alcoholic and foodborne liver damage
have suggested that autophagy protects liver cells by selectively
removing harmful substances and repairing damaged mito-
chondria (51,52). Betsuyaku ef al (51) reported that, to maintain
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immune homeostasis, the levels of both apoptosis and autophagy
were increased in rats with acute ethanol-induced damage to
the thymus. Regarding the association between autophagy and
drug-induced liver damage, Ni et al (52) reported that the exces-
sive application of acetaminophen could cause mitochondrial
damage and liver cells necrosis. Inhibition of autophagy by
chloroquine could aggravate the necrosis of liver cells, whereas
induction of autophagy with rapamycin could reduce or even
reverse liver damage (53). However, a previous study indicated
that ATG5-defective mice exhibited high tolerance to acet-
aminophen and increased resistance to pathological stimuli by
reducing autophagy (54).

In the present study, expression levels of MAPILC3B and
beclin 1 were low in the control group, and mTOR was highly
expressed; MAP1LC3B expression indicated autophagy level in
these cells. In the model group on day 30, following adminis-
trated of arecoline, the expression of MAP1LC3B and beclin 1
in hepatocytes increased significantly compared with the control
group, and the expression of mTOR decreased. One study has
indicated that carboxylesterase, the main metabolic enzyme of
arecoline, is highly active in liver mitochondria (55). When the
accumulation of arecoline in the body exceeds the metabolic
capacity, it can damage mitochondria and activate autophagy
to ameliorate damage and ensure the survival of liver cells (32).
Increased expression of MAP1LC3B and beclin 1 can indicate
the increased autophagic activity (22). Jung et al (56) reported
that mTOR complex 1 localized near mitochondria and was
inhibited by oxidative stress and mitochondrial dysfunction.
Furthermore, the expression of mTOR primarily in necrotic
cells may imply that severely damaged cells cannot survive by
activating autophagy (57). Therefore, the authors of the present
study hypothesized that autophagy may be induced by an
interaction between mTOR and beclin 1 (PI3K-VPS34/beclin
1), and via the destruction of mitochondria (56). Previous
studies suggested that the phosphorylation levels of autophagy
regulatory genes were closely associated with autophagy
activity (58,59). Wang et al (58) indicated that PK B-mediated
phosphorylation of beclin 1 served a role in autophagy inhibi-
tion. The phosphorylation level of 4E-binding protein 1, the first
downstream substrate of mTOR, can directly reflect the acti-
vated state of mMTOR (59). Therefore, the following study should
evaluate the phosphorylation levels of autophagy-associated
proteins.

Furthermore,the present study demonstrated that the expres-
sion of caspase-3, a key executor of apoptosis, was upregulated
in the process of liver damage. Zhu et al (60) reported that beclin
1 was a substrate of caspase-3 and the cleavage of beclin 1 may
contribute to inactivation of autophagy leading to augmenta-
tion of apoptosis. Beclinl protein includes a bcl-2-homology-3
domain, which can combine with bcl-2/bcl-x1 and abrogate
anti-apoptotic effects (51,61). In the present study, administra-
tion of L-glutathione decreased the necrosis of hepatocytes.
Expression of MAP1LC3B in the high-dose glutathione group
increased significantly compared with the low-dose and model
groups. The expression of MAP1LC3B may be associated with
the concentration of glutathione. When mitochondria undergo
damage by arecoline, ROS accumulation may accelerate
apoptosis and lead to necrosis (32). However, L-glutathione,
a major component of the endogenous antioxidant defense
system, may accelerate autophagy to generate energy, decrease
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ROS production and reduce liver damage (62). In addition, the
reactive sulfur atoms of glutathione can protect hepatocytes by
binding to a variety of chemicals and metabolites, and increase
the membrane stability (63). However, the exact association
between L-glutathione, apoptosis and liver injury remains to
be further elucidated in the future.

In conclusion, L-glutathione can effectively protect
against the hepatic injury caused by arecoline. Autophagy
may be an important mechanism in the procession of hepatic
injury and autophagic activity may be promoted by targeting
autophagy-associated genes. The results of the present study
may thus aid the treatment of drug-induced liver injury.
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