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Polydeoxyribonucleotide ameliorates alcoholic liver
Injury though suppressing phosphatidylinositol 3-kinase/
protein kinase B signaling pathway in mice
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Polydeoxyribonucleotide (PDRN), which is adenosine Az receptor ago-
nist, facilitates healing and inhibits inflammation and apoptosis. The ef-
fect of PDRN on alcoholic liver injury (ALI) was evaluated focusing on
the phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) signaling
pathway. The mice were given daily oral administration of 50% ethanol
at a dose of 4 g/kg during 8 weeks. After 4 weeks of alcohol intake,
200 pL of normal saline containing 8-mg/kg PDRN was intraperitoneally
administered 3 times a week for 4 weeks. To determine whether the
action of PDRN occurs through the adenosine Az receptor, 8-mg/kg
3,7-dimethyl-1-propargylxanthine (DMPX) with PDRN was treated. The
concentration of aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) was detected. For liver histopathological score, he-
matoxylin and eosin staining was conducted. Enzyme-linked immuno-

INTRODUCTION

The live is the main organ of metabolism. Alcohol abuse is a
frequent cause of chronic liver disease, cirrhosis, hepatocellular
carcinoma and is a leading cause of indication for liver transplan-
tation (Seitz et al., 2018). Alcoholic liver injury (ALI) is an acute
or chronic disease caused by excessive alcohol consumption. Causes
of ALI include inflammation, apoptosis, and fibrosis (Shojaie et al.,
2020). The action of apoptosis is to keep cells functioning normally
by eliminating harmful or severely damaged cells (Ko et al., 2020a;
Shojaie et al., 2020). However, excessive hepatocellular death has
the potential to cause liver dysfunction, causing to ALI (Wang et

assay was used to measure cyclic adenosine-3',5'-monophosphate
(cAMP) concentration. PI3K and Akt expression was determined using
Western blot analysis. In the results, PDRN treatment suppressed AST
and ALT level in serum and liver tissue, and improved damaged liver tis-
sue and decreased histological score. PDRN application inhibited the
expression of phosphorylated PI3K/Akt signaling pathway. The increas-
ing effect of PDRN on cAMP level ats as a mechanism for ALI treatment.
Co-treatment of DIMPX with PDRN did not reduce apoptosis, causing no
improvement in liver function. As a result of this experiment, PDRN has
the potential to be selected as a therapeutic agent for AL
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al., 2019; Zhang et al., 2020).

The signal transduction pathway phosphatidylinositol 3-kinase
(PI3K)/protein kinase B (Akt) regulates cell apoptosis, metabolism,
proliferation, and growth (Mayer and Arteaga, 2016; Zhang et al.,
2019). Increased apoptotic expression with enhancing PI3K/Akt
signaling activity reduces hepatic perfusion and eventually accel-
erates cirrhosis (Wang et al., 2019). In addition, inhibition of the
PI3K/Akt signaling pathway has been suggested to be effective in
the treatment of hepatic fibrosis and apoptosis (Son et al., 2013).
Thus, PI3K/Akt signaling activity is a major pathological process
leading to hepatic apoptosis, which also provides a target for the
treatment of alcoholic liver toxicity.
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G protein-coupled receptors expressing on immune cells, A,
Aza, Az, and As, mediate various actions of adenosine. Polydeoxy-
ribonucleotide (PDRN), an adenosine Aza receptor agonist, was
extracted from salmon sperm, and exerts an anti-inflammatory ef-
fect by suppressing the sectetion of pro-inflammatory cytokines
(Ko et al., 2021). Stimulation of A2a by PDRN decreases the pro-
duction of pro-inflammatory cytokines and suppresses apoptotic
cell death under various disease conditions (Hwang et al., 2021;
Ko et al., 2020a). PDRN facilitates healing and suppresses apop-
tosis, but the exact action of PDRN for alcoholic liver damage is
not clarified. In this study, effect of PDRN on alcohol-induced
ALI was evaluated focusing on the PI3K/Akt signaling pathway.

The concentration of aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) was detected. For liver histopatho-
logical score, hematoxylin and eosin (H&E) staining was conduct-
ed. Enzyme-linked immunoassay (ELISA) was used to measure
cyclic adenosine-3',5"-monophosphate (¢(AMP) concentration. PI3K
and Akt expression was determined using Western blot analysis.

MATERIALS AND METHODS

Animals

Male ICR mice weighing 30+ 2 g (10 weeks old), were obtained
from a commercial breeder (Orient Bio Co., Sungman, Korea). The
mice were classified into four groups (n=10 in each group): con-
trol group, ALI-induced group, ALI-induced and PDRN-treated
group, ALI-induced and PDRN with 3,7-dimethyl-1-propargylx-
anthine (DMPX)-treated group. The experimental process was
approved by the Institutional Animal Care and Use Committee of
Kyung Hee University (KHUASP[SE]-20-495).

Inducing ALI

Intragastric administration of ethanol was continued during
8 weeks to cause a more advanced stage of ALL. As mentioned
method (Buko et al., 2019), the mice were given daily oral ad-
ministration of 50% ethanol at a dose of 4 g/kg during 8 weeks.
After 4 weeks of alcohol intake, 200 pL of normal saline contain-
ing 8 mg/kg PDRN (Rejuvenex, PharmaResearch Products, Pan-
yo, Korea) was intraperitoneally administered 3 times a week for
4 weeks (12 times in total). PDRN concentration was selected as
the most effective according the previous studies (Ko et al., 20204a;
Ko et al., 2021). To determine whether the action of PDRN oc-
curs through the adenosine Az receptor, 8-mg/kg DMPX (Sigma-
Aldrich Co., St. Louis, MO, USA) with PDRN was treated.
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Blood sampling and tissue preparation

After 8 weeks of experiment, all mice were anesthetized by Zo-
letil 50 (10 mg/kg; Vibac Laboratories, Carros, France). Blood sam-
pling was done by heart puncture and serum was obtained by cen-
trifugation at 3,000 rpm for 20 min. Liver tissues were taken from
the left lobe and then fixed in 4% paraformaldehyde, dehydrated
by ethanol (70%, 80%, 90%, 95%, and 100%), incubated with
xylene, and then embedded in paraffin. Paraffin-embedded liver
tissues with 5-pm thickness were made using a microtome (The-
mo Fisher Scientific, Waltham, MA, USA). Slides with liver tissue
were dried overnight at 37°C on a hot plate.

H&E staining

H&E staining on the liver tissues was done to detect histological
changes as mentioned method (Ko et al., 2020a). The slides were
incubated into Mayer’s hematoxylin (DAKO, Glostrup, Denmark)
for 30 sec and then washed with tap water. The slides were incu-
bated with eosin (Sigma-Aldrich Co.) for 10 sec and washed with
water. The slides were air-dried at room temperature and then
dipped twice into 95% ethanol, twice into 100% ethanol, twice
into a solution of 50% ethanol and 50% xylene, and twice into
100% xylene. The histological score for tissues damage was deter-
mined as mentioned method (Chen et al., 2020). Images from
H&E staining slides were obtained using an Image-Pro plus com-
puter-assisted image analysis system (Media Cybernetics Inc.,
Silver Spring, MD, USA) and observed using an optical micro-
scope (Olympus, Tokyo, Japan). For histological score, <25% of
cells contain fat were +1, 26% to 50% were +2, 51% to 75%
were +3, >75% were +4. For calculation of inflammation and
necrosis, one lesion/lobular were +1, and two or more lesions/lob-

ular were +2.

Measurement of AST and ALT level

Serum AST and ALT level was measured by the AST and ALT
activity assay kits (AM 101-K, Asan Pharm Co., Seoul, Korea) as
mentioned method (Kim et al., 2021a). The Multiskan Go mi-
croplate reader (Thermo Fisher Scientific) was used with absor-
bance at 510 nm.

Measurement of cAMP concentrations

cAMP level in the serum and liver was determined by ELISA.
By manufacturer’s instructions, the cAMP assay was done by an
cAMP enzyme immunoassay kit (Abcam, Cambridge, UK) as
mentioned method (Ko et al., 2020a).
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Table 1. Primary and secondary antibodies in Western blot

Classification [tems Source Titer Company
Primary antibody p-Akt Anti-rabbit 1:2,000 Cell Signaling Technology, Danvers, MS, USA
B-actin, Akt, PI3K Anti-mouse 1:1,000 Santa Cruz Biotechnology, Santa Cruz, CA, USA
Secondary antibody HRP-conjugated IgG Mouse 1:2,000 Vector Laboratories, Burlingame, CA, USA
Rabbit

p, phosphorylation; Akt, protein kinase B; PI3K, phosphatidylinositol 3-kinase; HRP, horseradish peroxidase.

Western blotting

Western blot analysis was done as mentioned method (Kim et
al., 2021b; Ko et al., 2020b). The liver tissues were homogenized
on chilled radioimmunoprecipitation assay buffer (Cell Signaling
Technology, Danvers, MS, USA) with 1 mM phenylmethylsulfo-
nyl fluoride (Sigma-Aldrich Co.), and then centrifuged at 14,000
rpm for 30 min at 4°C. Protein contents were measured using a
p-drop reader (Thermo Fisher Scientific), and 30-pg protein was
separated on sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis gels and transferred to a nitrocellulose membrane. The
primary and secondary antibodies used are as shown in Table 1.
After the reaction, enhanced chemiluminescence detection kit
(Bio-Rad, Hercules, CA, USA) was used for blot membrane. Im-
age-Pro plus computer-assisted image analysis system (Media Cy-
bernetics Inc.) was used for detected bands. The control group was
set to 1.00.

Data analysis

For statistical analysis, IBM SPSS Statistics ver. 23.0 (IBM Co.,
Armonk, NY, USA) was used and one-way analysis of variance
followed by Duncan posttest was done. Data were presented as the
mean*standard error of the mean, and P <0.05 was determined
statistically significant.

RESULTS

Concentration of AST and ALT

The concentration of AST and ALT level in ALI is demonstrated
in Fig 1. The concentration of serum AST and ALT was increased
by alcohol application, whereas, PDRN treatment decreased AST
and ALT level. In order to understand the adenosine Axa receptor
involvement of PDRN effect, the reduction effect of PDRN on
AST and ALT disappeared when PDRN and DMPX were cotreated.

Histological score

The histological change of ALI is demonstrated in Fig. 2. Alco-
hol treatment caused damage to the liver parenchyma, resulting
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Fig. 1. Changes of aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT). Upper panel: Concentration of AST in serum. Lower panel: Con-
centration of ALT in serum. A, control group; B, alcoholic liver injury (ALI)-in-
duced group; C, ALl-induced and polydeoxyribonucleotide (PDRN)-treated
group; D, ALl-induced and PDRN with 3,7-dimethyl-1-propargylxanthine-treat-
ed group. *P<0.05 compared to the control group. *P<0.05 compared to the
ALl-induced group.

in infiltration of inflammatory cells, periportal nectosis, hepatic
edema, and hepatocellular degeneration. These changes led to ele-
vated histological score. PDRN application suppressed these chang-
es and reduced liver histological score. In order to understand the
adenosine Azx receptor involvement of PDRN effect, the suppress-
ing effect of PDRN on liver histological score disappeared when
PDRN and DMPX were cotreated.
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Fig. 2. Changes of histology and histological score. Upper panel: the sections
were stained with hematoxylin and eosin. The scale bar represents 150 pm.
Lower panel: histological score in each group. A, control group; B, alcoholic liv-
er injury (ALl}-induced group; C, ALl-induced and polydeoxyribonucleotide
(PDRN)-treated group; D, ALl-induced and PDRN with 3,7-dimethyl-1-propar-
gylxanthine-treated group. *P<0.05 compared to the control group. #P<0.05
compared to the AL-induced group.

cAMP concentration

The concentration of cAMP in the serum and liver tissue is
demonstrated in Fig. 3. PDRN application enhanced the concen-
tration of cCAMP level in the serum and liver tissue. In order to
understand the adenosine A receptor involvement of PDRN ef-
fect, the enhancing effect of PDRN on cAMP level disappeared
when PDRN and DMPX were cotreated.

PI3K/Akt signaling expression

The effect of PDRN on PI3K/Akt signaling expression was
studied by Western blot (Fig. 4). Alcohol treatment enhanced
PI3K expression and phosphorylation of Akt expression in liver
tissue, suggesting PI3K/Akt pathway activation. However, PDRN
treacment reduced PI3K expression and phosphorylation of Akt.
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Fig. 3. Changes of cyclic adenosine-3',5-monophosphate (CAMP) expression.
Upper panel: concentration of cAMP in serum. Lower panel: concentration of
cAMP in serum. A, control group; B, alcoholic liver injury (ALI-induced group; C,
ALl-induced and polydeoxyribonucleotide (PDRN-treated group; D, ALl-induced
and PDRN with 3,7-dimethyl-1-propargylxanthine-treated group. * Represents
P<0.05 compared to the control group. “Represents P<0.05 compared to the
ALl-induced group.

In order to understand the adenosine A.a receptor involvement of
PDRN effect, the suppressing effect of PDRN on PI3K expression
and phosphorylation of Akt disappeared when PDRN and DMPX
were cotreated.

DISCUSSION

Prolonged drinking causes varying degrees of liver damages and
increases the risk of developing alcoholic hepatitis or mote serious
ALI (Kim et al., 2008). The need for the development of effective
drugs to reduce the damage caused by ALI has emerged. This
study evaluated the effect of PDRN against ALL

Elevated serum AST and ALT level is well known to suggest
alcoholic liver damage (Chen et al., 2020; Hyder et al., 2013). ALT
is rarely found in normal serum samples, whereas it is present in
cytoplasmic mitochondria and hepatocytes (Hyder et al., 2013).
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Fig. 4. Changes of phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt) signaling pathway expression. Left panel: the relative ratio of phosphorylated Akt (p-Akt)
to Akt in liver tissue. Right panel: the relative PI3K in liver tissue. A, control group; B, alcoholic liver injury (ALI)-induced group; C, ALI-induced and polydeoxyribonucle-
otide (PDRN)-treated group; D, ALl-induced and PDRN with 3,7-dimethyl-1-propargylxanthine-treated group. *P<0.05 compared to the control group. *P<0.05 com-

pared to the ALl-induced group.

In the current result, oral administration of alcohol with § weeks
significantly increased serums AST and ALT levels, showing AL
This study demonstrated that chronic alcohol abuse disrupted liver
parenchyma, infiltration of inflammatory cells, periportal necrosis,
hepatic edema, and hepatocellular degeneration. These changes
caused an increase in histological score. This conclusion is similar
to previous studies showing alcohol-induced histological damage
to the liver (Chen et al., 2021; Luo et al., 2021).

Apoptotic cell death pathway has been implicated in the patho-
genesis of ALI to important extent (Shojaie et al., 2020). Liver
damage is induced by excessive apoptosis, and ALI treatment also
causes mitigation of apoptosis. PI3K/Akt signaling pathway caus-
es cell activation, which is associated with other pathways that
regulate biological processes related to apoptotic cell death in liver
(Chen et al., 2018; Sun et al., 2018). In particular, Akt is a surviv-
al kinase and is targeted and regulated by PI3K (Sun et al., 2018).
Excessive alcohol intake enhanced phosphorylation of PI3K/Akt
signaling in rodent (McCullough et al., 2016). In the present re-
sults, ALT activated Akt by enhancing PI3K expression.

cAMP reduces Akt kinase activity and inhibits Akt phosphory-
lation, and then modulates apoptosis (Jiang et al., 2021; Wahlang
et al., 2018). Adenosine Axa receptor stimulation increases cAMP
level and this increased cAMP level inhibits apoptotic cell death
by secreting anti-apoptosis proteins, which in turn play a major
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role in the regulation of apoptosis (Ahsan and Mehal, 2014; Ko et
al., 2020a). In the current study, PDRN treatment suppressed AST
and ALT levels in serum and liver tissue, and improved damaged
liver tissue and decreased histological score. PDRN inhibited
PI3K/Akt activation, and the enhancing effect of PDRN on cAMP
level acted as a therapeutic mechanism for ALL

As a result of this experiment, PDRN treatment improved liver
function by increasing cAMP concentration in liver tissue and in-
hibiting apoptosis in ALI mice. In contrast, when the adenosine
Aox receptor antagonist DMPX and the adenosine Asa receptor
agonist PDRN were administered at the same time, the improve-
ment of the liver function of PDRN disappeared. Thus, it could
be suggested that PDRN has the potential to be selected as a ther-
apeutic agent for ALL
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