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Introduction

Hepatic encephalopathy (HE) is a
serious neuropsychiatric syndrome
resulted from acute and chronic liver
diseases. Overt symptoms of HE include
personality changes, sleep disturbances,
ataxia, and asterixis as well as impairment
of learning ability and memory formation,
which may ultimately lead to coma and
death (Braissant et al., 2019; Jefferson et
al., 2020). Liver damage leads to the
increase in blood ammonia and as a result,
it disrupts the central nervous system and
increases oxidative stress and
neuroinflammation (Lu et al., 2020a).

Cholestasis causes accumulation of bile
acids in the liver which leads to
stimulatory effects on hepatocytes and
hepatic inflammation, oxidative stress,
fibrosis and hepatocyte death (Lin et al.,
2017). Bile duct ligation (BDL) is a
classical model that leads to biliary
cirrhosis in animal models. Morphological
changes of cirrhosis in this model were
comparable to those observed in human
biliary cirrhosis. According to the
International ~ Society = for  Hepatic
Encephalopathy and Nitrogen Metabolism
(ISHEN, the BDL model leads to
cholestatic liver diseases or chronic liver
failure (CLF), resulting in the HE
manifestations (Butterworth et al., 2009).
HE following cholestasis in the BDL
model in rats causes cognitive disorder,
memory impairments, anxiety-like
behaviors and exploratory behaviors
(Esfahani and Zarrindast, 2021).

Adenosine  monophosphate-activated
kinase (AMPK), which is a heterotrimeric
serine/threonine kinase, is one of the key
factors in  protecting intracellular
homoeostasis and it can be activated by
increased intracellular AMP levels (Hardie
et al., 2012; Heidrich et al., 2010). AMPK
activates catabolic pathways that produce
ATP. It not only plays a vital role in
response to diverse metabolic stresses such
as hypoxia, oxidative stress and
inflammation, but also has a more
important role than most types of stresses

in maintaining intracellular homoeostasis
(Hardie et al., 2012; Heidrich et al., 2010).
AMPK in the hippocampus is activated by
cyclosporine A and a ketogenic diet.
Cyclosporine A activates the downstream
kinases involved in the lipid metabolism
and phosphorylation of acetyl-CoA
carboxylase (ACC) which is induced by
the ketogenic diet. The AMPK/ACC
pathway may be new target for treating
neurodegenerative  diseases, such as
Parkinson’s, Alzheimer’s and stroke (Jeon
et al., 2009; Park et al., 2011). AMPK
promotes neurogenesis in the hippocampus
by improving mitochondrial metabolism,
thus reducing depression and anxiety-like
behaviors and improving memory and
learning (Finley, 2018; Sun et al., 2020).
Compound C
(6-[4-(2-piperidin-1-yl-ethoxy)-phenyl]
3-pyridin-4-yl-pyrazolo[1,5-a] pyrimidine)
or dorsomorphin is a small molecule that
interferes  with  AMPK  metabolic
regulation and is used as an AMPK
inhibitor  (Chuang et al, 2021).
Dorsomorphin causes memory impairment
following the AMPK inhibition (Rashtiani
et al., 2021b).

Gallic acid (3, 4, 5-trihydroxybenzoic
acid, GA) is a natural polyphenol with
antioxidant and anti-inflammatory
properties (Eslamifar et al., 2021). GA
activates AMPK pathways through
increasing antioxidant capacity, and
increasing mitochondrial mass and fatty
acid metabolism, which can be effective in
ameliorating  inflammatory  diseases,
metabolic syndromes and atherosclerosis
(Doan et al., 2015; Tanaka et al., 2020).

Due to the complexity of the factors that
play a role in the HE development,
nowadays, drug therapies and therapies
combined with diets appropriate for
individuals, especially diets rich in
antioxidants, can have better results.
Therefore, the goal of this study is to
explore how GA with its antioxidant
properties can activate AMPK. Whether it
can reduce memory disorders and anxiety-
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like behaviors in HE due to BDL in an
animal model or not.

Materials and Methods
Chemicals

All the chemicals used in the study
were of analytical grade. GA (CAS
Number: 149-91-7) and dorsomorphin
(CAS  Number:  66405-64-3)  were
purchased from Sigma Chemical of
Taufkirchen, Germany.

Experimental procedures
Animals and treatment plan

Fifty-six male Wistar rats weighing
220-250 g were purchased from
Neuroscience Research Center, Kerman
University of Medical Sciences, Kerman,
Iran. They were allowed to acclimate to
the laboratory conditions for one week
before beginning the experiment. The
animals were housed in Plexiglas boxes
with sawdust bedding in a 12:12-hour
day/night cycle, at 22+1°C. All the
experimental stages were approved by
Institutional Animal Ethics Committee,
Kerman University of Medical Sciences,
Kerman, Iran (ethical number:
IR.KMU.REC.1399.470). The rats were
randomly divided into eight groups (n=7)
as follows:

Sham: Rats underwent laparotomy
without BDL surgery.

BDL.: Rats underwent BDL surgery.

BDL+GA 20 mg/kg: Rats underwent
BDL surgery and received GA (Abdel-
Moneim et al., 2017)

BDL+GA 30 mg/kg: Rats underwent
BDL surgery and received GA (Mansouri
etal., 2013).

Sham+CC: Rats underwent laparotomy
and received dorsomorphin or compound
C (CC).

BDL+CC: Rats underwent BDL
surgery and received dorsomorphin.

BDL+GA 20 mg/kg+CC: Rats
underwent BDL surgery and received GA
and dorsomorphin.

BDL+GA 30 mg/kg+CC: Rats
underwent BDL surgery and received GA
and dorsomorphin.

GA was administered once by gavage
for four weeks the day after BDL surgery.
Other groups received normal saline by
gavage on the daily basis for 4 weeks.

Dorsomorphin (6.2 1Q) was
administered through bilateral
intraventriclar (i.c.v) injection for four
weeks for all the receiving groups (Zarei et
al., 2019). Other groups received normal
saline through bilateral intraventriclar
(i.c.v) injection on the daily basis for 4
weeks.

Dorsomorphin was dissolved in 5%
DMSO in normal saline and GA was
dissolved in normal saline.

Rat brain in stereotaxic coordinates

The animals were anesthetized by
intraperitoneal  (i.p.) injection of a
combination of ketamine (87.5 mg/kg) and
xylazine (12 mg/kg). After shaving their
scalp by clippers, the rats were placed in
the stereotaxic instrument and an incision
was made on the mid line of the scalp. The
cannulas were inserted into the ventricle
for i.c.v injection (coordinates: +1.3 mm
lateral to the midline, 0.8 mm posterior to
the bregma and 3.4 mm ventral to the
surface of the skull). Then, a small hole
was drilled by a micro dental drill in the
skull. Cannulas were bilaterally fixed to
the parietal skull by two small screws and
dental acrylic cement (Zarei et al., 2019).

BDL surgery

Each rat was anesthetized by ketamine
(87.5 mg/kg) and xylazine (12 mg/kg, i.
p.).
After shaving the hair and disinfecting the
site, an incision was made in the midline
of the abdomen and the liver was retracted
gently to identify the common bile duct.
The common bile duct was carefully
separated and double ligated with a 4-0
silk suture and cut between these two
ligatures. Then, the surgical incision was
sutured in two layers. In the sham group,
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abdominal incision was performed, but the
common bile duct was not ligated. All the
rats were kept and monitored for four
weeks after BDL surgery (Golshani et al.,
2019).

Novel object recognition test

The novel object recognition (NOR)
test is used to assess recognition memory
and learning in the animal models of
neurological disorders. All the animals
were habituated to a plastic cage (57x57x
40 cm) for 10 min. The next day (the
training phase), each animal was allowed
to freely explore two similar objects. The
objects were identical both in height and
mass, but different in appearance. A
training session was offered in an identical
location inside the box for 5 min. Memory
retention was measured throughout the
testing session, 15 min after the education
session. In the testing phase, to prevent the
animals from being naturally attracted to a
place in the box, the object position was
changed randomly. The animals were
allowed to explore the box for 3 min.

NOR performance was determined by
the discrimination index (DI). DI in the
training phase indicates the exploration
time for one of the familiar objects (T
famitiar) t0 the total time. DI in the testing
phase indicates the exploration time for the
novel object (T nover) to the total time. The
total time is the exploration time of both
objects in the training and testing phases
(Ttotar) (Joushi et al., 2021).

DI training phase — T familiar/ Ttotal
DI test phase — T novet/ Ttotal

Open field test

The open field test is a well-known
protocol used to determine exploratory
behavior, general locomotor activity and
anxiety in animals such as rats, mice and
rabbits.

In the present study, the rats were
located in a large square chamber (80x80x
50 cm) made of Plexiglas. Each animal
was slowly placed in the center of the
arena. It was allowed to move freely for 5

min in the arena. The digital video camera
in the room recorded all the behaviors of
the rat and the obtained information was
analyzed by Ethovision software. This test
examined parameters such as total distance
moved (TDM, in cm), time duration of
movement (M, in sec), cumulative
duration in the center zone (CDCZ, in sec),
cumulative duration in the peripheral zone
(CDPZ, in sec) and numbers of rearing (R)
and grooming (G) (Safa et al., 2020).

Morris water maze test

The Morris water maze (MWM) is a
test that is extensively used to investigate
spatial memory and learning in animal
models. In this test, the rats were placed in
a round black pool of water, 160 cm in
diameter and 80 cm in height. The pool
was filled with water to the depth of 40 cm
at the room temperature (26°C) and was
divided into equal quarters; the starting
points of the quarters were called N, S, E
and W. A platform with the diameter of 10
cm was placed in the pool in such a way
that could not be seen by the animals. The
experiment was performed in a dimly lit
room with varied and tortuous images
attached to different parts of the wall
around the maze. All the experimental
groups were tested during the lighting time
between 9:00 am and 7:00 pm. All the
testing stages were registered by the Smart
video tracking system and the rats could be
followed on the screen of a computer.
Each animal completed three blocks of
training that were separated by a period of
30 min resting. Each block consisted of
four trials with 60-sec intervals. In each
trial, the animals were placed in the water
pool randomly from each of the four
quadrants of the maze. During the
acquisition, the platform's location
remained constant and the rats were
allowed to search the pool and find the
platform for 60 sec. If an animal could not
find the platform in 60 sec, it was guided
toward the platform by the experimenter.
The velocity, time spent to find the
platform and distance moved were
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calculated and analyzed. Spatial memory
was tested 24 hr after the final training
test. In this test, the platform was removed
and the animal was allowed to swim in the
pool for 60 sec. The time spent and the
distance moved in the target quadrant were
analyzed as memory indices (Rajizadeh et
al., 2019).

Statistical analysis

In this study, SPSS 23 software was
used to analyze the data. After testing the
normality of data using Shapiro-Wilk test,
they were analyzed using analysis of
variance (ANOVA) or nonparametric tests.
In the open field test, velocity and distance
traveled were compared using one-way
ANOVA. Other parameters were analyzed
by nonparametric tests (Kruskal-Wallis
test) and the data are expressed as median
(min-max). The discrimination index in the
training and testing in NOR test was
analyzed by one-way ANOVA. In
acquisition trail in the MWM test, the
parameters were analyzed using two-way
ANOVA and Tukey post hoc test for
making comparison between the two
groups. In probe trail in the MWM test, the
parameters were analyzed using one-way
ANOVA. The data are expressed as
meanzstandard error of the mean (SEM).
p-values equal to or lower than 0.05 were
considered significant.

Results
Effect of GA on NOR in BDL rats
One-way ANOVA did not show a
significant difference among the groups in
terms of the discrimination index in the
training phase [F (7,48) =2.19, p=0.06]
(Figure 1A).
In this study, analyzing the discrimination
index in the testing phase using one-way
ANOVA revealed significant differences
among the groups [F (7, 47) =5.56,
p<0.0001]. Analysis by Tukey’s post-hoc
test showed that DI was significantly
decreased in the BDL group compared
with the sham group (p=0.001). The

BDL+GA 20 mg/kg group demonstrated
no significant difference from the BDL
group in the discrimination index in the
testing phase (p=0.052). The BDL+GA 30
mg/kg group was not significantly
different from the BDL group in the
discrimination index in the testing phase
(p=0.071).
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Figure 1. Short-term memory performance in the
novel object test after BDL and four weeks of GA
and dorsomorphin intake. The discrimination index
in the training and testing phases was analyzed by
one-way ANOVA. a shows a significant difference
from the BDL group. b shows a significant
difference from the sham group. ¢ shows a
significant difference from the BDL+GA 20 mg/kg
group. d shows a significant difference from the
BDL+GA 30 mg/kg group. e shows a significant
difference from the BDL+CC group. f shows a
significant difference from the sham+CC group.
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In this study, analysis by Tukey’s post-
hoc test showed that DI was significantly
decreased in the BDL+CC group
compared with the sham+CC group
(p=0.029). The BDL+GA 20 mg/kg+CC
group showed a significant increase in the
discrimination index in the testing phase
compared with the BDL+CC group
(p=0.032). The BDL+GA 30 mg/kg+CC
group had a significant increase in the
discrimination index in the testing phase
compared with the BDL+CC group
(p=0.045) (Figure 1B).

Effect of GA on open field test in BDL
rats

Kruskal-Wallis ~ test showed a
significant difference among the groups in
the time spent in the center zone by the
rats [H (7) =34.71 (p<0.0001). The BDL
group showed a significant decrease
compared with the sham group (p=0.001).
The BDL+GA 20 mg/kg group did not
show a significant difference from the
BDL group in the center zone (p=0.26).
The BDL+GA 30 mg/kg group had a
significant increase compared with the
BDL group in the center zone (p=0.022).
The BDL+CC group did not demonstrate a
significant difference from the sham+CC
group in the center zone (p=0.34). The
BDL+GA 20 mg/kg+CC group showed a
significant increase in the center zone
compared with the BDL+CC group
(p=0.001) and the BDL+GA 30 mg/kg
+CC group had no significant difference
from the BDL+CC group in the center
zone (p=0.29). Moreover, the BDL+GA 20
mg/kg+CC group showed a significant
increase from the BDL+GA 20 mg/kg in
the center zone (p=0.001) (Figure 2A).

Kruskal-Wallis test did not show a
significant difference among the groups in
the duration spent in the peripheral zone
by the rats [H(7) =13.06, (p=0.071)].
However, a significant difference was
observed between the BDL and sham

groups in duration spent in the peripheral
zone (p=0.001) (Figure 2B).

One-way ANOVA showed a significant
difference among the groups in the
distance traveled by animals [F (7, 48) =
2.34, (p=0.04)]. The BDL group showed
no significant difference from the sham
group in the distance traveled by animals
(p=0.98). The BDL+CC group was not
significantly different from the sham+CC
group in the distance traveled by animals
(p=0.48) (Figure 2C).

In this study, one-way ANOVA did not
show statistically significant difference
among the groups in terms of the
movement velocity of the rats [F (7, 50) =
1.20, (p=0.32)] (Figure 2D).

In the present study, Kruskal-Wallis
test showed a statistically significant
difference among the groups in the rearing
behaviors [H (7) =17.68, (p=0.014). The
BDL group showed a significant decrease
in the rearing behaviors compared with the
sham group (p=0.002). The BDL+ GA 30
mg/kg group had a significant increase in
the rearing behaviors compared with the
BDL group (p=0.026). The sham+CC
group showed a significant decrease in the
rearing behaviors compared with the sham
group (p=0.03) (Figure 2E).
Kruskal-Wallis test showed no significant
difference among the groups in the
grooming behavior [H(7) =9.11, (p=0.25)]
(Figure 2F).

Effect of GA on the MWM test in BDL
rats

The data on the distance moved are
shown in Figure 3A. Two-way ANOVA
demonstrated a significant difference
among the groups in terms of the distance
moved [F (14, 128) =2.03, p=0.02]. The
distance moved in block 1 was
significantly decreased in the BDL+GA 30
mg/kg group compared with the BDL
group (p=0.006).
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Figure 2. Measurement of general locomotor activity and evaluation of the anxiety level by the open field test
after BDL and four weeks of GA and dorsomorphin intake. Data were analyzed by the Kruskal-Wallis test or
one-way ANOVA with Tukey’s post-hoc test. The values are presented as mean+SEM a shows a significant
difference from the BDL group. b shows a significant difference from the sham group. ¢ shows a significant
difference from the BDL+GA 20 mg/kg group. d shows a significant difference from the BDL+GA 30 mg/kg
group. e shows a significant difference from the BDL+CC group. f shows a significant difference from the
sham+CC group.
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In block 2, a significant difference was
observed in the distance moved by the
BDL group compared with the sham group
(p<0.0001), the BDL+GA 30 mg/kg group
compared with the BDL group (p<0.0001),
the BDL+CC group compared with the
sham+CC group (p=0.013) and the BDL+
GA 30 mg/kg +CC group compared with
the BDL+CC group (p=0.034). The
distance moved in block 3 was
significantly different in the BDL group
compared with the sham group (p=0.001)
and the BDL+CC group compared with
the sham+CC group (p=0.001) (Figure
3A).

In Figure 3B, the duration of finding the
platform by the rats in different groups is
shown. No interaction of group x training
blocks was found in the groups [F (14,128)
= 1.449, (p=0.14)] (Figure 3B).

Two-way ANOVA did not show a
significant difference among the groups in
percent time of target quadrant [F (14,
129) =1.376, p=0.17] (Figure 3C).

In the probe trail, one-way ANOVA
presented a significant difference in the
percent distance moved of target quadrant
between the groups [F (7, 51) =47.36,
p<0.0001]. In the BDL group, a significant
decrease in the percent distance moved of
target quadrant was observed compared
with the sham group (p<0.0001). In the
BDL+GA 30 mg/kg group, a significant
increase in the percent distance moved of
target quadrant was observed compared
with the BDL group (p<0.0001). In the
sham+CC group, a significant increase in
the percent distance moved of target
quadrant was observed compared with the
sham group (p<0.0001). The BDL+CC
group had a significant decrease in the
percent distance moved of target quadrant
compared with the sham+CC group
(p<0.0001) and the BDL+GA 20 mg/kg
+CC group showed a significant increase
in the percent distance moved of target
quadrant compared with the BDL+CC
group (p=0.001). The BDL+ GA 30 mg/kg
+CC group showed a significant decrease
in the percent distance moved of target

quadrant compared with the BDL+GA 30
mg/kg group (p<0.0001) (Figure 3D).

In the probe trail, the percentage of time in
the target quarter was significantly
different among the groups [F (7, 47)
=8.80, p<0.0001]. In the sham+CC group,
a significant increase was observed
compared with the BDL+CC group
(p<0.0001). The BDL+GA 30 mg/kg
group had a significant increase compared
with the BDL+GA 30 mg/kg+CC group
(p=0.013) (Figure 3E).

Discussion

In general, in our study, the results of
the NOR test and the MVM test
parameters showed that the BDL group
had cognitive and memory impairments.
Also, the groups receiving dorsomorphin
demonstrated more cognitive impairment
than the groups that did not receive
dorsomorphin. Results of open field test
parameters demonstrated an increase in
anxiety-like behaviors in BDL groups and
dorsomorphin-receiving groups. The BDL
and dorsomorphin-receiving groups, which
also received GA, demonstrated improved
memory function and reduced anxiety-like
behaviors. HE is a reversible neurological
complication that occurs in both acute and
chronic forms. This disease is caused by
increased inflammation and oxidative
stress in the brain and is associated with
clinical symptoms such as dysfunction of
the nervous system, sensory disorders,
mental disorders, and memory and
learning problems as well as poor
concentration (Jiang et al., 2019b). AMPK
regenerates cellular energy sources during
the metabolic damage. The beneficial
effects of AMPK activation on
preservation of neurons and reduction of
apoptosis of these cells in hepatic
encephalopathy using cannabinoid and
sestrin2 compounds have been
demonstrated in previous studies (Dagon
etal., 2007; Hu et al., 2018).
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In general, the results of this study
showed that BDL-induced encephalopathy
affects the short-term memory of these
animals in the form of failure to
discriminate the novel object (NOR test).
This finding was in line with the results of
another study in this regard (Dhanda et al.,
2018). In this investigation, it was found
that dorsomorphin can affect cognitive
skills and memory by inhibiting AMPK in
the hippocampus, which has also been
reported in previous works (Jiang et al.,
2019a; Rashtiani et al., 2021a). In our
study, GA at the doses of 20 and 30 mg/kg
improved memory  and learning
performance, and reduced anxiety-like
behaviors compared with the HE groups.
This improvement was seen even in the
dorsomorphin groups. In the metabolic
syndrome, GA administration at the dose
of 20 mg/kg for 60 days reduced
hippocampal  neurodegeneration  and
synaptic flexibility, resulting in improved
nerve cell function and positive effects on
short- and long-term memory (Diaz et al.,
2020). In arsenic-induced memory and
anxiety disorders, GA administration for
four weeks at the doses of 50 and 100
mg/kg was able to improve memory and
behavioral disorders (Samad et al., 2019).
GA has been shown to be effective in
neuronal plasticity and activating AMPK
due to its antioxidant activities (Diaz et al.,
2020; Doan et al., 2015).

General motor activity was determined
by the total distance moved by the rats and
the level of anxiety was assessed using the
time spent in the center (Cho et al., 2020).
Rearing behavior indicates good motor
activity and low stress in the animal, and
grooming behavior shows stress and
anxiety (Rojas-Carvajal and Brenes, 2020;
Sturman et al, 2018). The findings
revealed that HE decreased rearing
behavior and increased grooming behavior
(Hajipour et al., 2021). Our study also
showed that HE and inhibition of AMPK
increased anxiety-like behaviors. Similar
to the results of the present study, evidence
shows that GA is involved in alleviating

anxiety-like behavior and increasing motor
activity (Salehi et al.,, 2018). GA may
reduce anxiety-like behaviors and improve
motor activity by activating AMPK.

The impairment of spatial memory and
learning a well as cognitive disorders can
be considered diagnostic factors for HE
(Dhanda et al., 2018). In this study, during
the acquisition, the memory and learning
levels of the rats with encephalopathy and
inhibited AMPK were reduced, and the
distance moved and time spent on finding
the platform were increased. The longer it
takes to find the platform, the lower the
learning and memory would be.

In general, the sham rats spent more
time than the other rats in the target
quadrant searching for the platform. On
the other hand, the rats with
encephalopathy, in which AMPK was
inactivated, had shorter duration in the
target quadrant, indicating short-term
memory impairment in the rats. Rats
usually spend more time on finding the
platform in the first test. But, after several
tests, those with good memory find the
platform in less time and with the shortest
distance moved. Rats with HE that had
inactivated AMPK spent more time on
finding the platform and had a lower
percentage of presence in the target
quarter, indicating that their memory and
learning  were  impaired due to
hippocampal damage (Lu et al., 2020b). In
this study, spatial memory impairment was
seen in BDL rats and the rats receiving
dorsomorphin (except for the sham+CC
group), and was indicated by the evident
increase in time spent on the average
latency and decrease in the percent of time
spent on the target quadrant in probe trail.
The present findings were compatible with
those of other studies (Aghaei et al., 2017;
Li et al., 2017). In this study, GA produced
positive signals for improving memory and
learning. It may improve learning and
enhance memory by reducing apoptosis
and inflammation in the liver cells and by
activating  AMPK in the liver and
hippocampus (Tanaka et al., 2020).
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According to the present results,
administration of dorsomorphin to HE rats
led to cognitive deficit, and learning and
memory weakness as well as higher levels
of anxiety. However, the sham group that
received dorsomorphin showed none of
these complications and, in some cases,
performed better than the other groups. It
was demonstrated that dorsomorphin
reduced memory and learning in rats/mice
by inactivating AMPK, but co-
administering ghrelin was effective in
improving memory and learning (Zahiri et
al., 2019). In a diabetic model, adiponectin
improved memory by activating AMPK
(Rashtiani et al., 2021a). In vitro studies
showed that the effect of dorsomorphin as
an AMPK inhibitor was dependent on its
concentration. Low concentration of
dorsomorphin did not reduce the amount
of AMPK, but its high concentration, even
when combined with lipopolysaccharide
(an activator of AMPK), decreased the
amount of AMPK (Labuzek et al., 2010).
Oxidative stress caused an increase in
AMPK which resulted in the reduction of
stress, apoptosis and cellular damage
(Kosuru et al., 2018). In the present study,
dorsomorphin as an inhibitor of AMPK
might have exerted its effects in the BDL
groups due to oxidative stress, cellular
damage and decreased intracellular ATP;
however, in the sham group which
received a similar dose of dorsomorphin,
AMPK was not inhibited and, as a result,
memory loss and cognitive impairment
were not observed. In order to prevent
cognitive impairment, it is necessary to
increase the induction of the AMPK
pathway (Huang et al., 2019; Labuzek et
al., 2010). In this study, GA with its
antioxidant properties reduced the effect of
dorsomorphin, thus increasing the activity
of AMPK; Dby increasing the ATP of
neurons, memory impairments and
anxiety-like behaviors were reduced in the
BDL rat model.

In this study, there was evidence that
HE impaired learning, memory and spatial
memory in male rats. Moreover, it led to

increased anxiety and movement disorders.
However, dorsomorphin caused cognitive
disorders and anxiety-like behaviors in
BDL-induced groups. GA was effective in
improving cognitive and memory disorders
as well as anxiety-like behaviors probably
due to activating AMPK. Further studies
focusing on inflammatory cytokines,
oxidative stress and AMPK activation
pathways are needed.

Acknowledgment

The authors greatly appreciate the
financial support from Kerman University
of Medical Sciences.

Conflicts of interest
The authors have declared that there is
no conflict of interest.

References

Abdel-Moneim A, Yousef Al, Abd EI-Twab
SM, Reheim ESA, Ashour MB. 2017.
Gallic acid and p-coumaric acid attenuate
type 2 diabetes-induced neurodegeneration
in rats. Metab. Brain Dis, 32: 1279-1286.

Aghaei |, Saravi SSS, Ravandi SG, Nozari M,
Roudbari A, Dalili A, Shabani M, Dehpour
AR. 2017. Evaluation of prepulse inhibition
and memory impairments at early stage of
cirrhosis may be considered as a diagnostic
index for minimal hepatic encephalopathy.
Physiol Behav, 173: 87-94.

Braissant O, Rackayova V, Pierzchala K,
Grosse J, McLin VA, Cudalbu C. 2019.
Longitudinal neurometabolic changes in the
hippocampus of a rat model of chronic
hepatic encephalopathy. J Hepatol, 71: 505-
515.

Butterworth RF, Norenberg MD, Felipo V,
Ferenci P, Albrecht J. 2009. Experimental
models of hepatic encephalopathy: ISHEN
guidelines. Liver Int, 29: 783-788.

Cho I, Koo BN, Kam EH, Lee SK, Oh H, Kim
SY. 2020. Bile duct ligation of C57BL/6
mice as a model of hepatic encephalopathy.
Anesth Pain Med, 15: 19-27.

Chuang KC, Chen FW, Tsai MH, Shieh JJ.
2021. EGR-1 plays a protective role in
AMPK inhibitor compound C-induced
apoptosis  through ROS-induced ERK

AJP, Vol. 12, No. 4, Jul-Aug 2022 435


https://www.sciencedirect.com/science/article/abs/pii/S0031938417300252#!
https://www.sciencedirect.com/science/article/abs/pii/S0031938417300252#!
https://www.sciencedirect.com/science/article/abs/pii/S0031938417300252#!
https://www.sciencedirect.com/science/article/abs/pii/S0031938417300252#!
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Ferenci%2C+Peter
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Albrecht%2C+Jan

Jafaripour et al.

activation in skin cancer cells. Oncol Lett,
21: 1-11.

Dagon Y, Avraham Y, llan Y, Mechoulam R,
Berry EM. 2007. Cannabinoids ameliorate
cerebral dysfunction following liver failure
via AMP-activated protein kinase. FASEB
J, 21: 2431-2441.

Dhanda S, Gupta S, Halder A, Sunkaria A,
Sandhir R. 2018. Systemic inflammation
without gliosis mediates cognitive deficits
through impaired BDNF expression in bile
duct ligation  model of  hepatic
encephalopathy. Brain Behav Immun, 70:
214-232.

Diaz A, Mufioz-Arenas G, Caporal-Hernandez
K, Véazquez-Roque R, Lopez-Lopez G,
Kozina A, Espinosa B, Flores G, Trevifio
S, Guevara J. 2020. Gallic acid improves
recognition memory and  decreases
oxidative-inflammatory damage in the rat
hippocampus with metabolic syndrome.
Synapse, 75: €22186.

Doan KV, Ko CM, Kinyua AW, Yang DJ,
Choi YH, Oh IY, Nguyen NM, Ko A,
Choi Jae JW, Jeong Y, Jung MH, Cho
WG, Xu Sh, Park KS, Park WJ, Choi
SY, Kim HS, Moh SH, Kim KW. 2015.
Gallic acid regulates body weight and
glucose homeostasis through AMPK
activation. Endocrinology, 156: 157-168.

Esfahani DE, Zarrindast MR. 2021.
Cholestasis and behavioral disorders.
Gastroenterol Hepatol Bed Bench, 14: 95-
107.

Eslamifar Z, Moridnia A, Sabbagh S,
Ghaffaripour R, Jafaripour L, Behzadifard
M. 2021. Ameliorative effects of gallic acid
on cisplatin-induced nephrotoxicity in rat
variations of biochemistry, histopathology,
and gene expression. Biomed Res Int,
2021: 1-11.

Finley J. 2018. Facilitation of hippocampal
long-term potentiation and reactivation of
latent HIV-1 via AMPK activation:
common mechanism of action linking
learning, memory, and the potential
eradication of HIV-1. Med Hypotheses,
116: 61-73.

Golshani M, Basiri M, Shabani M, Aghaei I,
Asadi-Shekaari M. 2019. Effects of
erythropoietin on bile duct ligation-induced
neuro-inflammation in male rats. AIMS
Neurosci, 6: 43-53.

Hajipour S, Farbood Y, Dianat M, Rashno M,
Khorsandi LS, Sarkaki A. 2021.

Thymogquinone improves behavioral and
biochemical deficits in hepatic
encephalopathy induced by thioacetamide
in rats. Neurosci Lett, 745: 135617.

Hardie DG, Ross FA, Hawley SA. 2012.
AMPK: a nutrient and energy sensor that
maintains energy homeostasis. Nat Rev
Mol Cell Biol, 13: 251-262.

Heidrich F, Schotola H, Popov AF, Sohns
C, Schuenemann J, Friedrich M, Coskun
KO, von Lewinski D, Hinz J, Bauer M,
Mokashi  SA, Sossalla S, Schmitto JD.
2010. AMPK-activated protein kinase and
its role in energy metabolism of the heart.
Curr Cardiol Rev, 6: 337-342.

Hu YB, Ye XT, Zhou QQ, Fu RQ. 2018.
Sestrin 2 attenuates rat hepatic stellate cell
(HSC) activation and liver fibrosis via an
mTOR/AMPK-dependent mechanism. Cell
Physiol Biochem, 51: 2111-2122.

Huang J, Liu W, Doycheva DM, Gamdzyk M,
Lu W, Tang JH, Zhang J. 2019. Ghrelin
attenuates oxidative stress and neuronal
apoptosis via GHSR-1a/AMPK/Sirt1/PGC-
1o/UCP2 pathway in a rat model of
neonatal HIE. Free Radic Biol Med, 141:
322-337.

Jefferson B, Ali M, Grant S, Frampton G,
Ploof M, Andry S, DeMorrow S, McMillin
M. 2020. Thrombospondin-1 exacerbates
acute  liver  failure and  hepatic
encephalopathy pathology in mice by
activating transforming growth factor BI.
Am J Pathol, 190: 347-357.

Jeon BT, Lee DH, Kim KH, Kim HJ, Kang
SS, Cho GJ, Choi WS, Roh GS. 2009.
Ketogenic diet attenuates kainic acid-
induced hippocampal cell death by
decreasing AMPK/ACC pathway activity
and HSP70. Neurosci Lett, 453: 49-53.

Jiang J, Chang X, Nie Y, Shen Y, Liang X,
Peng Y, Chang M. 2021. Peripheral
administration of a cell-penetrating MOTS-
c analogue enhances memory and
attenuates AB1-42 or LPS induced memory
impairment through inhibiting
neuroinflammation. ACS Chem. Neurosci,
12: 1506-1518.

Jiang W, Guo H, Su D, Xu H, Gu H, Hao K.
2019b. Ameliorative effect of Magnesium
Isoglycyrrhizinate on hepatic
encephalopathy by  Epirubicin.  Int
Immunopharmacol, 75: 105774.

Joushi S, Esmaeilpour K, Masoumi-Ardakani
Y, Esmaeili-Mahani S, Sheibani V. 2021.

AJP, Vol. 12, No. 4, Jul-Aug 2022 436


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=V%C3%A1zquez-Roque%2C+Rub%C3%A9n
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Lopez-Lopez%2C+Gustavo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kozina%2C+Anna
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Espinosa%2C+Blanca
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Flores%2C+Gonzalo
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Trevi%C3%B1o%2C+Samuel
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Guevara%2C+Jorge
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Sohns,+Christian
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Sohns,+Christian
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Schuenemann,+Julia
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Friedrich,+Martin
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Friedrich,+Martin
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=von+Lewinski,+Dirk
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Hinz,+Jose
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Bauer,+Martin
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Bauer,+Martin
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=A.+Mokashi,+Suyog
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=Sossalla,+Samuel
https://www.ingentaconnect.com/search;jsessionid=5hq9aao7k3mva.x-ic-live-03?option2=author&value2=D.+Schmitto,+Jan
https://www.sciencedirect.com/science/article/pii/S0891584919305040?casa_token=58pYH2pwSlkAAAAA:zxUqNYWXngKw94LkLM66icamWvCPSnp8kmEUjDj2DitTJTTZGgtpLTcw5a9IAI7DmJlYX3p-lt8#!
https://www.sciencedirect.com/science/article/pii/S0891584919305040?casa_token=58pYH2pwSlkAAAAA:zxUqNYWXngKw94LkLM66icamWvCPSnp8kmEUjDj2DitTJTTZGgtpLTcw5a9IAI7DmJlYX3p-lt8#!
https://www.sciencedirect.com/author/7404637888/jiping-tang
https://www.sciencedirect.com/science/article/pii/S0002944019308004#!
https://www.sciencedirect.com/science/article/pii/S0002944019308004#!
https://www.sciencedirect.com/science/article/pii/S0002944019308004#!
https://www.sciencedirect.com/science/article/pii/S0002944019308004#!
https://www.sciencedirect.com/science/article/pii/S0002944019308004#!
https://www.sciencedirect.com/science/article/pii/S0304394009001384?casa_token=ZNcRO_gBYgAAAAAA:U4wvbIVzVKx6wkGtaRZYirhwgEsRrVyIEc_7t0kPvgCO_NOriGvoBx5oBq_rW_By-Lr8ATlf9sA#!
https://www.sciencedirect.com/science/article/pii/S0304394009001384?casa_token=ZNcRO_gBYgAAAAAA:U4wvbIVzVKx6wkGtaRZYirhwgEsRrVyIEc_7t0kPvgCO_NOriGvoBx5oBq_rW_By-Lr8ATlf9sA#!
https://www.sciencedirect.com/science/article/pii/S0304394009001384?casa_token=ZNcRO_gBYgAAAAAA:U4wvbIVzVKx6wkGtaRZYirhwgEsRrVyIEc_7t0kPvgCO_NOriGvoBx5oBq_rW_By-Lr8ATlf9sA#!
https://www.sciencedirect.com/science/article/pii/S0304394009001384?casa_token=ZNcRO_gBYgAAAAAA:U4wvbIVzVKx6wkGtaRZYirhwgEsRrVyIEc_7t0kPvgCO_NOriGvoBx5oBq_rW_By-Lr8ATlf9sA#!
https://www.sciencedirect.com/science/article/pii/S0304394009001384?casa_token=ZNcRO_gBYgAAAAAA:U4wvbIVzVKx6wkGtaRZYirhwgEsRrVyIEc_7t0kPvgCO_NOriGvoBx5oBq_rW_By-Lr8ATlf9sA#!

The effect of GA on memory with BDL induced HE

Intranasal oxytocin administration
facilitates the induction of long-term
potentiation and promotes  cognitive
performance of maternally separated rats.
Psychoneuroendocrinology, 123: 105044,

Kosuru R, Cai Y, Kandula V, Yan D, Wang C,
Zheng H, Li Y, Irwin MG, Singh S, Xia Z.
2018. AMPK contributes to
cardioprotective effects of pterostilbene
against myocardial ischemia-reperfusion
injury in diabetic rats by suppressing
cardiac oxidative stress and apoptosis. Cell
Physiol Biochem, 46: 1381-1397.

Labuzek K, Liber S, Gabryel B, Buldak L,
Okopien B. 2010. Ambivalent effects of
compound C  (dorsomorphin)  on
inflammatory response in LPS-stimulated
rat primary microglial cultures. Naunyn-
Schmiedeb Arch Pharmacol, 381: 41-57.

Li Y, Ji CX, Mei LH, Qiang JW, Ju S. 2017.
Oral administration of trace element
magnesium significantly improving the
cognition and locomotion in hepatic
encephalopathy rats. Sci Rep, 7: 1-9.

Lin SY, Wang YY, Chen WY, Liao S, Chou
ST, Yang CP, Chen CJ. 2017.
Hepatoprotective activities of rosmarinic
acid against extrahepatic cholestasis in rats.
Food Chem Toxicol, 108: 214-223.

Lu L, Wu C, Lu B-j, Xie D, Wang Z, Bahaji
Azami NL, An Y-T, Wang H-J, Ye G, Sun
M-Y. 2020a. BabaoDan cures hepatic
encephalopathy by decreasing ammonia
levels and alleviating inflammation in rats.
J Ethnopharmacol, 249: 112301.

Lu Z, Yang T, Wang L, Qiu Q, Zhao Y, Wu
A, Li T, Cheng W, Wang B, Li Y, Yang J,
Zhao M. 2020b. Comparison of different
protocols of Morris water maze in cognitive
impairment with heart failure. Brain Behav,
10: e015109.

Mansouri MT, Naghizadeh B, Ghorbanzadeh
B, Farbood Y, Sarkaki A, Bavarsad K.
2013. Gallic acid prevents memory deficits
and  oxidative stress induced by
intracerebroventricular injection of
streptozotocin in rats. Pharmacol Biochem
Behav, 111: 90-96.

Park HG, Yi H, Kim SH, Yu HS, Ahn YM,
Lee YH, Roh MS, Kim YS. 2011. The
effect of cyclosporine A on the
phosphorylation of the AMPK pathway in
the rat hippocampus. Prog
Neuropsychopharmacol Biol Psychiatry,
35: 1933-1937.

Rajizaden MA, Afarinesh MR, Zarif M,
Mirasadi A, Esmaeilpour K. 2019. Does
caffeine  therapy improve cognitive
impairments in valproic acid rat model of
autism? Toxin Rev, 40: 654-664.

Rashtiani S, Goudarzi 1, Jafari A, Rohampour
K . 2021a. Adenosine monophosphate
activated protein kinase (AMPK) is
essential for the memory improving effect
of adiponectin. Neurosci Lett, 749: 135741.

Rashtiani S, Goudarzi I, Jafari A, Rohampour
K. 2021b.  Adenosine monophosphate
activated protein kinase (AMPK) is
essential for the memory improving effect
of adiponectin. Neurosci Lett, 749: 135721.

Rojas-Carvajal M, Brenes JC. 2020. Acute
stress differentially affects grooming
subtypes and ultrasonic vocalisations in the
open-field and home-cage test in rats.
Behav Process, 176: 104140.

Safa H, Sharifinejad A, Ataollahi F,
Haghparast E, Esmaeilpour K. 2020.
Effects of intrahippocampal injection of
Leptin on seizure-induced  cognitive
impairment in male rats. Psychol Learn
Motiv, 70: 101612.

Salehi A, Rabiei Z, Setorki M. 2018. Effect of
gallic acid on chronic restraint stress-
induced anxiety and memory loss in male
BALB/c mice. Iran J Basic Med Sci, 21:
1232-1237.

Samad N, Jabeen S, Imran I, Zulfigar I, Bilal
K. 2019. Protective effect of gallic acid
against arsenic-induced
anxiety—/depression-like  behaviors and
memory impairment in male rats. Metab
Brain Dis, 34: 1091-1102.

Sturman O, Germain PL, Bohacek J. 2018.
Exploratory rearing: a context-and stress-
sensitive behavior recorded in the open-
field test. Stress, 21: 443-452.

Sun L, Ye R, Liang R, Xing F. 2020.
Treadmill running attenuates neonatal
hypoxia  induced adult  depressive
symptoms and promoted hippocampal
neural stem cell differentiation via
modulating AMPK-mediated mitochondrial
functions.  Biochem.  Biophys Res
Commun, 523: 514-521.

Tanaka M, Sato A, Kishimoto Y, Mabashi-
Asazuma H, Kondo K, lida K. 2020. Gallic
acid inhibits lipid accumulation via AMPK
pathway and suppresses apoptosis and
macrophage-mediated inflammation in
hepatocytes. Nutrients, 12: 1479.

AJP, Vol. 12, No. 4, Jul-Aug 2022 437


https://www.sciencedirect.com/author/7401922855/sulan-liao

Jafaripour et al.

Zahiri H, Rostampour M, Khakpour B, Zarei M, Mohammadi S, Jabbari S, Shahidi S.
Rohampour K. 2019. The effect of ghrelin 2019. Intracerebroventricular
and adenosine mono phosphate kinase microinjection of kaempferol on memory
(AMPK) on the passive avoidance memory retention of passive avoidance learning in
in male wistar rats. Neuropeptides, 73: 66- rats: involvement of cholinergic mechanism
70. (s). Int J Neurosci, 129: 1203-1212.

AJP, Vol. 12, No. 4, Jul-Aug 2022 438



