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Abstract. - OBJECTIVE: Non-alcoholic fat-
ty liver disorders (NAFLD), particularly non-al-
coholic steatohepatitis (NASH), have emerged
as a leading cause of liver transplantation
and mortality. However, the pathophysiology
of NASH remains unknown. Oxidative stress,
apoptosis, and necroptosis pathways are heav-
ily linked to NASH. Therefore, the current study
aimed to investigate the underlying mecha-
nism for Pentoxifylline’s (PTX) activity in NASH
management, either alone or in combination
with Kaempferol (KP).

MATERIALS AND METHODS: A total of 32
male C57BL/6J mice were divided into four
groups: the mice in the control group were fed a
standard chow diet and given a vehicle; the mice
in NASH group were maintained on NASH proto-
col for 25 days; the mice in the PTX group were
kept on NASH protocol for 25 days and given
PTX (100 mg/kg), and PTX+KP mice group were
given NASH protocol along with KP (50 mg/kg)
and PTX (100 mg/kg) simultaneously.

RESULTS: The LDL-C, total cholesterol, tri-
glycerides, glutathione peroxidase (GPx), super-
oxide dismutase (SOD), malondialdehyde (MDA),
glucose, insulin, and HOMA-IR levels were con-
siderably decreased in the PTX and PTX+KP
treated groups. AMP-activated protein kinase
(AMPK) Gene expression of the liver was sig-
nificantly increased in the other treated groups,
but peroxisome proliferator-activated receptor
(PPAR), phosphorylated mixed lineage kinase-
like protein (pMLKL), and sterol regulatory ele-
ment binding protein 1 (SREBP1) were reduced
significantly. Caspase-8 and receptor-interact-
ing serine/threonine protein kinase (RIPK3) pro-
tein expression were significantly decreased in
the PTX and PTX+KP groups compared to NASH

group and nuclear factor kappa B (NF-kB), inter-
leukin-6 (IL-6), and tumor necrosis factor alpha
(TNF-a) immunohistochemistry expression.

CONCLUSIONS: Our current study suggests
that PTX and its combination with KP have
a significant ameliorative effect against NASH
via novel mechanisms involving the regulation
of apoptosis and necroptosis, as well as de-
creased oxidative stress, lipogenesis, proin-
flammatory cytokines, and modulation of histo-
pathological manifestation.
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Introduction

Non-alcoholic fatty liver disorder (NAFLD) is
a complex disorder, with clinical signs becoming
serious only when the condition progresses to
non-alcoholic steatohepatitis (NASH), when liver
damage, inflammation, and fibrosis are overlaid
on the initial steatosis'. NASH develops and
progresses due to inflammatory processes, sup-
porting the condition’s progression toward more
severe disorders, including cirrhosis and hepato-
cellular cancer (HCC)?. Progressive steatohepati-
tis is brought on by the widespread apoptosis that
free fatty acids inflict on hepatocytes’.

Human NASH also exhibits necrosis and
necro-inflammation, indicating that different cell
death mechanisms may contribute to the disease’s
etiology’. Mixed lineage kinase domain-like
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(MLKL) and receptor-interacting serine/thre-
onine protein kinase (RIPK3) expression were
also important in human non-alcoholic steato-
hepatitis (NASH) situations. Necroptosis is a key
form of programmed cell death that is required
to regulate inflammation in many tissues such as
the skin and gastrointestinal tract. Furthermore,
necroptosis is triggered in alcoholic liver injury.
However, the significance of RIP3 in NASH is
still unknown’.

In NASH clinical trials, several new apop-
tosis inhibitors have been attempted, but no
meaningful protective effect has yet been
found. In a mice alcohol-induced liver injury
model, blocking caspase-8 reduces hepatic cell
death, implying a transition from apoptosis into
necroptosis®.

AMP-activated protein kinase (AMPK) is an
important energy sensor that controls metabolic
balance. Recent literature suggests that AMPK
activity is suppressed during metabolic diseases
such as obesity, diabetes, and NAFLD’. AMPK
suppression links lipid imbalance to inflam-
mation, liver damage, and fibrosis in NASHS.
However, pharmacological AMPK activation im-
proves NASH in both murine and simian mod-
els. Moreover, in hepatocytes exposed to high
glucose, AMPK increases Ser372 phosphoryla-
tion, inhibits sterol regulatory element-binding
proteins (SREBP-1c) breakage and nuclear trans-
location, and represses SREBP-Ic target gene
expression, decreasing the lipogenesis and lipid
buildup’.

Recently, several investigations'®!" have found
that oxidative stress is a significant factor in the
development from steatosis to steatohepatitis. Mi-
tochondria play a crucial role in FFA oxidation'.
However, mitochondria produce reactive oxygen
species (ROS), often in the form of hydrogen per-
oxide (H,0,), during the FFA oxidation process.
ROS also stimulates the generation of cytokines
such as tumor necrosis factor gamma (TNF-y),
transforming growth factor beta (TGF-B), and
interleukin-8 (IL-8), which all induce hepatocyte
death and hepatitis'.

Pentoxifylline (PTX) is a methylxanthine de-
rivative with strong hemorrhagic characteristics
frequently used to treat intermittent claudication.
Recent research in both humans and animals
suggest that PTX may cause several cellular
physiological changes, including c-AMP through
activation of phosphodiesterase-4 (PDE-4) and
TNF-a gene transcription, inhibition of nuclear
factor kappa B (NF-xB), modulation of cytokines

and chemokines production; all of which are rel-
evant to the mechanisms of NASH". Therefore,
the effectiveness of pentoxifylline therapy in
NASH has become a research hotspot.

Kaempferol is a naturally occurring flavonoid
in broccoli, tea, and other plants!®. Notably, this
molecule has several biological and pharmaco-
logical actions, including antioxidant and anti-in-
flammatory activity and the ability to limit tumor
growth. Kaempferol can protect normal liver
cells against cytotoxicity, ROS production, and
DNA damage caused by H,O,".

Overall, the current study aimed to investigate
the underlying mechanism for Pentoxifylline’s
(PTX) activity in NASH management, either
alone or in combination with Kaempferol (KP).

Materials and Methods

Chemicals and Drugs

Chemicals and pharmaceuticals were of ex-
cellent analytical grade and purchased from rep-
utable commercial sources. Kaempferol (KP)
was acquired from AdooQ Bioscience, (Irvine,
CA, USA). The liver X receptor (LXR) agonist
(T0901317) was purchased from AdooQ Biosci-
ence, (Irvine, CA, USA). PTX was a gift from
Sigma Pharmaceutical Company, (Naser City,
Cairo, Egypt). Carbon tetrachloride (CCl,) was
obtained from Biodiagnostic Co., (Dokki, Giza,
Egypt). Dimethyl sulfoxide (DMSO) purchased
from Sigma Aldrich, (St.Louis, MO, USA) was
used as a vehicle for the preparation of pentoxi-
fylline, LXR agonist (T0901317) and KP.

Animals

Thirty-two C57BL/6J mice aged eight-week-
old and weighing (25-34 gm) were provided from
Medical Experimental Research Center (MERC)
(First District, Mansoura, Egypt). Mice were
acclimatized for one week and provided with
normal food chow and tap water ad libitum at a
12-hour light/dark cycle and 25C".

NASH Induction

In brief, mice were fed a high-fat diet (20%
protein, 60% fat, and 20% carbohydrate equiv-
alent to 3.6 Kcal/g) which was purchased from
Research Diets Inc, (New Brunswick, New Ger-
sy, USA) (Table I). Then, mice were taken four
intraperitoneal (Ip) injections of 0.1 mL/kg/bw of
carbon tetrachloride CCl, to develop NASH on
14t 17%, 21, and 24" days from the beginning
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Table I. The ingredients of a normal high-fat diet (HFD)
and chow diet.

Class Normal High-fat
descriptiont chow diet diet
Protein 29% 21%
Carbohydrates 56% 20%
Fats 4.5% 61%
Calories 864 Kcal 4,041 Kcal

of experiment. Whereas liver X receptor (LXR)
agonist (T0901317) was administered five times
(Ip) on 20™ -24™ days at a dose of 2.5 mL/kg'.

Animal Groups
Mice were randomly assigned into four groups
according to treatments (n=8).

Control: mice received DMSO as a vehicle with a
normal chow diet.

NASH: mice received NASH protocol daily for
four weeks.

PTX: mice received PTX (100 mg/kg) daily via
oral gavage for four weeks parallel with the
NASH protocol.

PTX+KP: mice received an oral daily dose of
PTX (100 mg/kg) plus orally dose of KP (40
mg/kg) for four weeks parallel with the NASH
protocol.

All treatments were started on the 24" day
after the beginning of NASH protocol and lasted
for a month. Weights of the animals were record-
ed every week.

Collection of Samples

At the end of the experiment, animals were
starved overnight. Blood was taken from the
retro-orbital plexus. For biochemical analysis,
serum was isolated and kept at 20°C. Animals
were slaughtered, and their livers were harvested,
rinsed with normal saline, and sliced into little
pieces. One piece was fixed in 10% formalin for
histological examination, while the remaining
sections were stored at -80°C for Western blotting
and reverse transcription polymerase chain reac-
tion (RT-PCR) analysis.

Determination of Liver Function Indices
and Lipid Profile

Serum total cholesterol (TC), triglycerides
(TG),  high-density  lipoprotein-cholesterol
(HDL-C), low dentistry lipoprotein-cholesterol
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(LDL-C), alanine aminotransferase (ALT), and
aspartate transaminase (AST) were determined
using a FUJI DRI-CHEM 7000 automated chem-
istry analyzer (Fujifilm Corp, Minato, Tokyo,
Japan).

Determination of Blood
Glucose Homeostasis

For determination of glucose homeostasis,
fasting blood glucose, fasting insulin, and HO-
MA-IR were measured. The enzymatic colori-
metric technique reported by Trinder was used to
test fasting plasma glucose levels using kits from
Biovision Company, (Naser City, Cairo, Egypt)'.
Insulin level using a rat insulin enzyme-linked
immunosorbent assay (ELISA) kit provided by
Adooq Biosciences Inc Co., (Irvine, CA, USA)
according to the manufacturer’s procedure. HO-
MA-IR was calculated using the reported formu-
la according to Matthews et al'’.

Gene Expression of PPAR, AMPK,
SREBP1, and pMLKL by Quantitative
Real-Time Reverse Transcriptase
Polymerase Chain Reaction (qRT-PCR)
Total RNA was isolated from homogenized
liver tissues according to the instructions of the
manufacturer using VWR Life Science Ribo-
Zol™ RNA Extraction Reagent from Thermo
Fisher Scientific. The RevertAidTM First Strand
cDNA Synthesis kit (Thermo Fisher Scientific,
Wilmington, MA, USA) was used to create the
cDNAs. The Real-Time PCR Detection System
was used to perform real-time PCR using the
Thermo Fisher Scientific Maxima SYBR Green
gPCR Master Mix and the appropriate primers
(Wilmington, MA, USA). The primer sets utilized
as follows: PPAR forward primer, 5-TGTGG-
GGATAAAGCATCAGGC-3’ and reverse prim-
er, 5-CCGGCAGTTAAGATCACACCTAT-3,
AMPK forward primer, 5-CTCAGTTCCTG-
GAGAAAGATGG-3’ and reverse primer, 5'-CT-
GCCGGTTGAGTATCTTCAC-3". SREBP1
forward primer, 5-GGAGCCATGGATTGCA-
CATT-3> and reverse primer, 5-GGCCCGG-
GAAGTCACTGT-3’. pMLKL forward primer,
5-CTGAGGGAACTGCTGGATAGAG-3* and
reverse primer, CGAGGAAACTGGAGCTGCT-
GAT. B-actin forward primer, 5-ACTATTG-
GCAACGAGCGGTT-3’ and reverse primer,
5'-CAGGATTCCATACCCAAGAAGGA-3". The
SYBR green values were quantified relative to
B-actin as a reference gene. The samples’ thresh-
old cycle (Ct) values were computed, and tran-
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script levels were determined using the 274
method®. The Primer 3 tool was used to cre-
ate these primers based on previously known
mouse sequences (available at: http:/www-ge-
nome.wi.mit.edu/cgi-bin/primer/primer3). We
utilize BLAST (available at: www.ncbi.nlm.nih.
gov/blast/Blast.cgi) to compare the primer and
template sequences to other known sequences to
check that they were unique.

Preparation of Liver Homogenate

The liver tissues were quickly removed and
washed in ice-cold sterile physiological saline
water (0.9%). After preparing a 10% homogenate
in 0.IM sodium phosphate buffer (pH 7.4) was
centrifuged at 3,000 rpm for 15 min at 4 C° using
a Beckman colter centrifuge from (Beckman col-
ter life sciences, Indianapolis, USA) (rotor radius:
20.4 cm). The supernatant was utilized for further
investigation?'.

Superoxide Dismutase Activity (SOD)

SOD activity was measured using a com-
mercial kit (Biodiagnostics Co., Dokki, Giza,
Egypt)*2. Liver homogenates were mixed with
Tris-HCI (pH 8.2) and pyrogallol (15 mM), and
the absorbance was measured at 420 nm for 3
min against a blank. SOD activity was measured
in mg/g tissue. One unit of SOD is defined as the
amount of enzyme that prevents 50% of pyrogal-
lol oxidation.

Determination of Malondialdehyde
(MDA)

Lipid peroxidation marker MDA from Biodiag-
nostics Co., (Dokki, Giza, Egypt) was measured
as a thiobarbituric acid reactive substances and
quantified as MDA equivalents using 1,1,3,3-tetra
methoxy propane as a reference. The data were
given in nmol/g tissue®.

Determination of Glutathione Peroxi-
dase (GPx)

The enzyme reaction of GPx included NA-
DPH, reduced glutathione, sodium azide, and
glutathione reductase, then the reaction was
started using H,O,, and the change in absor-
bance at 340 nm was measured using a DLAB
SP-UV1100 Spectrophotometer (MediLab Tech
Co., CA, USA) spectrophotometer. The activity
was expressed as units per gram of tissue. A
commercial kit was used to measure GPx activ-
ity indirectly from Biodiagnostic Co., (Dokki,
Giza, Egypt)*.

Histopathological Examination

The liver tissues were fixed and embedded in
paraffin using standard procedures. Three pum
thick paraffin slices of the liver were cut using
a microtome (Leica RM2135, Wetzlar, Germa-
ny). Sections were stained with hematoxylin and
eosin (H&E) to evaluate inflammation and he-
patocellular ballooning. A qualified pathologist,
who is blinded to the treatment, assessed the liver
sections. The stained slides were inspected using
a BZ-9000 BioRevo digital microscope (Keyence
Corp., Osaka, Japan), and the images were pro-
cessed with ImageJ. The NAFLD activity score
was calculated by analyzing the degree of liver
steatosis, inflammation, and ballooning of the
NASH score®.

IL-6, TNF-a, and NF-kB Immunohisto-
chemistry in Liver Tissue

Liver paraffin slides were deparaffinized and
rehydrated on positively charged glass slides
in absolute methanol. Endogenous peroxidase
is inactivated, and sections were incubated
in 0.3% H,O, for 30 min. Sections were in-
cubated in 5% skimmed milk for 30 min at
room temperature. Using a microwave, the
antigen was extracted for 15 min in a 10 mM
citrate buffer. Diluted TNF-a (1:100), 1L-6
(1:50), and NF-xB primary antibodies (Abcam,
Cambridge, Massachusetts, USA) were then
applied to the sections overnight at 4°C (1:150).
After washing with PBS, the slides were incu-
bated with the secondary antibodies (Abcam,
Cambridge, Massachusetts, USA) at room tem-
perature for 30 min. After applying 3-diamino-
benzidine for 2-4 min and rinsing in distilled
water, the brown color form was counterstained
with Mayer’s hematoxylin for 1 min at room
temperature. The positively stained area was
brown, unlike the negatively stained zone. Fi-
nally, the intensity of the colors was assessed
using the image analyzer “Image J Program”
(Abcam, Cambridge, MA, USA).

Western Blotting of
Caspase 8 and RIPK3

Liver tissues were lysed and then put on ice for
30 min at -80°C. The lysates were centrifuged at
4°C for 30 min at 15,000 rpm/min. The conven-
tional western technique was followed. The poly-
vinylidene fluoride membranes were treated with
primary antibodies such as anti-caspase eight and
anti-RIPK3 (Santa Cruz Biotechnology inc., Dal-
las, Texas, USA). The next day, the B-actin mono-
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clonal antibody (Santa Cruz Biotechnology inc.,
Dallas, Texas, USA) was added and incubated
for 1 hour. The appropriate secondary antibody
was applied to each membrane (horseradish per-
oxidase-conjugated goat anti-rabbit IgG). Image
J software was used to assess the density of the
protein of the interest band, which was then nor-
malized to the B-actin protein band*.

Statistical Analysis

One-way ANOVA was used to examine the da-
ta, followed by the Dunnett Multiple Comparison
Test. Means = SD was used to depict the values.
GraphPad Prism software version 5 was used for
statistical analysis (San Diego, CA, USA). The
differences were judged significant when the es-
timated p-value was lower than 0.05.

Results

Effect of Treatment on Body Weight, Liver to
the Weight of the Body, and Liver Weight

The mean body weight of all groups during
the 8 weeks of the experiment is shown in
Table II. Compared to the control group, the
NASH group’s final body weight increased by
20% (p>0.001). Compared to NASH group, the
PTX and PTX+KP groups reduced the ultimate
weight of the body by 10% and 13%, respectively
(p>0.001).

The NASH group has 222% (p>0.001) in-
crease in liver weight compared to control
group. Compared to the NASH group, the PTX
and PTX+KP groups showed a significant re-
duction in the weight of the liver by 41.3% and
48.2% (p>0.001), respectively, compared to the
untreated NASH group.

Surprisingly, when compared to the NASH
group, the PTX and PTX+KP treated groups
had a substantial drop in the Liver/BW ratio of
33.16% and 39.35% (p>0.001), respectively. The
percent change in the weight of the PTX and
PTX+KP treated groups was considerably lower
than in the NASH group, by 63.7% and 82.1%
(p>0.001), respectively.

Effect of Treatment on
Glucose Homeostasis

Plasma glucose and insulin levels are illustrat-
ed in Figures 1A and B. The untreated NASH
group had 90.5% and 74% (p>0.001) higher glu-
cose and insulin levels than the control group.
In comparison to the NASH group, the PTX and
PTX+KP groups showed a substantial reduc-
tion in fasting plasma glucose of 6.5% and 17%
(p>0.001), respectively.

PTX and PTX+KP successfully decreased the
elevated insulin levels caused by the NASH diet
to 10.1% and 15.2% (p>0.001), lower than the
group NASH, respectively. In comparison to the
group of NASH, the HOMA-IR values in the
PTX and PTX+KP groups were lower by 20.6%
and 29.9%, respectively (p>0.001). Figure 1C de-
picts the change in the HOMA-IR score across all
groups investigated (p>0.001).

Effect of Treatment on Lipid Profile

Compared to the normal control group, the
untreated NASH group had remarkable increas-
es in plasma TC, TG, and LDL-C of 191.3%,
413.1%, and 332.5%, respectively. Furthermore,
the NASH group’s HDL-C levels were 41% lower
than the control group (»>0.001).

When compared to the NASH group, plasma
TGs were lowered by 68.5% and 70% (p>0.001)

Table II. Effect of treatment on body weight, liver weight, and percent of weight change.

Test of

Measure Control NASH PTX PTX+KP significance
Liver weight 0.9+0.01 3+0.01° 1.7 £ 0.12b¢ 1.5+ 0.1 p<0.001
Final body weight 30+ 1.1 36+ 10 32.1 + 1 31.3 £ 0.5%¢ p <0.001
Liver/BW 0.028 £ 0.008 0.081 £ 0.002* 0.054 +£0.002®®  0.049 £0.002®*  p<0.001
Percent of weight change 2.61,-9.7, 7.1 19.5, 13.3, 29.8¢ 6.7,0, 13.3%® 3.3,-1.5, 6.7 p<0.001

Except for % of weight change, which is shown as median (min, max), other measurements are expressed as mean+ (SD) (n=8).
= significance vs. Control group, °= significance compared NASH group, = significance vs. Pentoxifylline group. Control group:
normal chow diet-fed mice for four weeks; NASH group: mice received high fat diet-fed, CCL4 (0.1 mg/kg) four times (day 20-
24) and T0903156 (2.5 mg/kg) five times only for four weeks, PTX: Mice received Pentoxifylline (100 mg/kg); PTX+KP group:
(NASH+PTX+KP). The treatments were given orally every day for four weeks, in conjunction with the NASH diet.
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Figure 1. A, Fasting plasma glucose level in mice groups. B, Plasma insulin level in mice groups. C, HOMA-IR in mice groups.
Data are represented as a mean + SD (n=8/group), and significance was set at p<0.05. a: significant vs. control group, b: significant
vs. NASH group, c: significant vs. PTX group. NASH: nonalcoholic steatohepatitis, PTX: Pentoxifylline, KP: Kaempferol.

in the PTX and PTX+KP groups, respectively.
PTX and PTX+KP treatment groups showed
32.2% and 36.3% lower levels of TC, respective-
ly, than the NASH control group (p>0.001).

Similarly, the PTX and PTX+KP groups sig-
nificantly lowered LDL-C levels by 12.9% and
21.5%, respectively, compared to the NASH
group (p>0.001). PTX and PTX+KP therapy
enhanced plasma HDL-C levels by 17.3% and
27.2%, respectively, when relevant to the NASH
group (p>0.001) (Figure 2A).

Effect of Treatment on Liver Enzymes

The PTX and PTX+KP groups lowered plas-
ma ALT by 89.3% and 89.9%, respectively, com-
pared to the NASH group. Furthermore, AST
levels in the PTX and PTX+KP treated groups
were lowered by 84.9% and 86.7%, respectively,
when compared to the NASH group (p>0.001)
(Figure 2B).

Effect of Treatment on AMPK, PPAR-y,
SREBP-1, pMLKL

As shown in Figure 3 PTX and PTX+KP de-
creased PPAR-y expression in the liver by 45.9%
and 74.6% (p>0.001), respectively compared to
NASH group. In comparison to NASH group,
SREBP1 gene expression in PTX and PTX+KP
groups was suppressed by 33.2% and 69.4%,
respectively (p>0.001). Similarly, PTX and
PTX+KP treatment reduced pMLKL expression
by 24.1% and 29.4%, respectively (p>0.001) in
comparison to NASH group. PTX and PTX+KP
up-regulated AMPK gene expression by 221%
and 105.2%, respectively, as compared to un-
treated NASH group (p>0.001).

Effect of Treatment on the
Expression of RIPK3 and Caspase 8
Proteins in Liver Tissue

When compared to the NASH group, PTX
and PTX+KP groups had reduced RIPK3
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Figure 2. A, Plasma lipid profile in mice groups; B, serum liver enzymes ALT and AST levels in mice groups. Data are
represented as a mean + SD (n=8/group), significance was set at p<0.05. a: significant vs. control group, b: significant vs. NASH
group, c: significant vs. PTX group. NASH: nonalcoholic steatohepatitis, PTX: Pentoxifylline, KP: Kaempferol.

expression by 25.4% and 47%, respective-
ly (p>0.001) (Figure 4A and 4B). Further-
more, PTX and PTX+KP treatment decreased
caspase-8 protein expression by 42.3% and

72%, respectively, compared to the NASH
group (p>0.001). Combined KP+PTX therapy
normalizes RIPK3 and caspase 8 expressions
in treated NASH group.
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Figure 3. A, PPAR-y subunit gene expression (relative copy number “RCN”) in liver tissue of mice groups. B, AMPK gene
expression (RCN) in liver tissue of mice groups. C, SREBPI1 gene expression (RCN) in liver tissue of mice groups. D, pMLKL
gene expression (RCN) in liver tissue of mice groups. Data are represented as a mean + SD (n=8/group), significance was set
at p<0.001. a: significant vs. control group, b: significant vs. NASH group, c: significant vs. PTX group. NASH: nonalcoholic
steatohepatitis, PTX: Pentoxifylline, KP: Kaempferol.
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Figure 4. A, Caspase 8 protein expression in liver tissue of mice groups. B, RIBK3 protein expression in liver tissue of
mice groups after treatment. C, Western blot analysis showing protein expression of RIPK, caspase 8 and B-actin in different
experimental groups. Data are represented as a mean + SD (n=8/group), significance was set at p<0.05. a: significant vs.
control group, b: significant vs. NASH group, c: significant vs. PTX group. NASH: nonalcoholic steatohepatitis, PTX:

Pentoxifylline, KP: Kaempferol.

Effect of Treatment on SOD, GPx and
MDA in Liver Tissue

SOD activity was increased by 74.2% and
138.6% (p>0.05) in NASH treated groups with
PTX and PTX+KP, respectively as compared
to untreated NASH group (Figure 5A). PTX
and PTX+KP treatment resulted in a substantial
reduction in GPx activity by 24.5% and 40%
(p>0.05), respectively compared to NASH group
(Figure 5B). Treatment with PTX alone or in
combination with KP, on the other hand, resulted
in substantial decreases in MDA levels by 28.5%
and 43.6% (p>0.05), respectively, compared to
NASH group (Figure 5C).

Effect of Treatment on
Liver Histopathology

Herein, the novel NASH model induced in
mice showed bridging fibrosis, liver steato-
sis, macrovesicular, and hepatocytes ballooning
with congestion and inflammation of the lobules
(Figure 6). Furthermore, as seen in NASH group,
liver steatosis had a higher lesion score (Figure 6
A-a, B-b). However, PTX and PTX+KP treated
NASH groups showed reduction in liver lesion
scores by 81% (p»>0.001) and by 86% (p>0.001),

respectively compared with untreated NASH
group (Figure 6 C-D).

Effect of Treatment on
Immunohistochemistry of IL-6, TNF-a,
and NF-kB in Liver Tissue

When compared to NASH group, mice treated
with PTX or the co-treatment with PTX and KP
showed a substantial decrease in TNF-a expres-
sion by 48.3% and 78% (p>0.001), respectively
(Figure 7). Similarly, when compared to untreat-
ed NASH group, the expression of NF-xB was
reduced by 46.1% and 69.2% (p>0.05) in PTX
and PTX+KP treated groups, respectively (Figure
8). Furthermore, treated mice groups with PTX
and PTX+KP showed a substantial reduction in
IL-6 expression of 49.9% and 78.5% (p>0.001),
respectively in comparison to the NASH group
(Figure 9).

Discussion
Researchers are continually looking for help-

ful treatments, despite the unknown underly-
ing molecular pathway that causes NASH. Some
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Figure 5. A, Superoxide dismutase levels in mice groups; B, glutathione peroxidase levels in mice groups. C, Malonaldehyde levels
in mice groups. Data are presented as a mean + SD (n=8/group), significance was set at p<0.05. a: significant vs. control group, b:
significant vs. NASH group, c: significant vs. PTX group. NASH: nonalcoholic steatohepatitis, PTxPentoxifylline, KP: Kaempferol.

PTX

Figure 6. Microscopic pictures of H&E-stained liver sections. A-a show normal hepatocytes arranged in radiating plates
around a central vein (CV) with normal sinusoids in control group. B-b, Liver sections from NASH group show marked
perivascular inflammation (thick arrows), congested central vein (red arrow), micro- (arrowheads) to few macro-vesicular
(thin black arrow) steatosis in hepatocytes and fibrosis (black asterisk). C-¢, Liver sections from the treated groups show
mildly congested blood vessels (red arrow), very mild portal fibrosis (thick black arrow), prominent hydropic degeneration
in hepatocytes (thin black arrow) in the PTX group. D-d, Liver sections from PTX+KP show few perivascular leukocytic
cells infiltration (thick arrows), mild hydropic degeneration (long black arrow) and scattered macrovesicular steatosis in
hepatocytes (short black arrow) in KP+PTX group. Low magnification x100 bar 100, high magnification x400 bar 50. E,
Statistical analysis of histopathological lesional scores in H&E-stained hepatic sections showing significantly higher scores in
NASH group when compared with control group. Significant reduction of hepatic lesional scores is seen in the treated group
with PTX+KP when compared with NASH group. **Mean significant when p<0.01 and ***mean significant when p <0.001
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Figure 7. Microscopic pictures of immunostained liver sections against TNF-a (Low magnification x100 bar 100, high
magnification x400 bar 50) showing: (A, a) control group showed negative staining. B, b, NASH group showed marked
positive brown expression against TNF-a in hepatocytes (black arrows) (C, ¢) PTX group showed decreased positive
brown expression in hepatocytes (black arrows) in treated groups with a single drug, (D, d) PTX+KP group showed much
more decreased of positive brown expression in hepatocytes (black arrows) in treated groups with drug combinations.
IHC counterstained with Mayer’s hematoxylin. E, Statistical analysis of positive IHC expression scores of TNF-o with the
Kruskal-Wallis method (found to be non-parametric data) followed by Dunn’s test showed a significant increase in NASH
compared to the control group. Significant reductions of positive [HC expression scores of IL-6 in treated groups with drug
combinations to be the lowest in treated group with PTX+KP. Small alphabetical letters mean significant when p<0.05. Data
are presented as mean £ SD, p<0.001, n = 8. a: significant vs. control group, b: significant vs. NASH group, c: significant

vs. PTX group.

studies”” have found that natural flavonoids can
treat and prevent liver diseases. Our work aimed
to look at the effects of PTX on a liver-induced
NASH model alone and in combination with KP,
as well as the different mechanisms, which in-
cluded oxidative stress necroptosis and apoptosis
pathways?.

Several diets and drug-induced animal models
have been used because of their morphologic
and histopathologic similarities to human NASH.
Fat buildup in hepatocytes is important in the
development of NASH. Herein, the triple combi-
nation of dietary and chemical inducers produced
human-like NASH model in mice in four weeks.
The liver X receptor agonist (T0901317) stimu-
lates liver de novo lipogenesis when administered
orally according to Owada et al'®. In addition, the
high fructose (HF) diet increases fatty acid intake
and increases the development hepatic steatosis
necroptosis, apoptosis, and cirrhosis. Therefore,
we aimed to analyze the protective effects of PTX

alone and in combination with KP on the liver in
NASH-induced mice model and the underlying
mechanisms.

Kaempferol has been reported® to decrease fat
in the body by decreasing lipogenesis, boosting
lipolysis, and limiting the growth of preadipo-
cytes. In comparison to NASH group, PTX and
KP+PTX therapy significantly decreased final
body weight and liver weights, a finding that
was more in the PTX+KP group. These findings
agreed with those reported in previous studies®.

Herein, the histological findings demonstrated
that PTX may benefit hepatic steatosis. Moreover,
when PTX combined with KP we discovered that
co-therapy had more influence on normalizing
the body and liver weights. This is due to the
combined activities of the two drugs, which work
through different mechanisms.

PTX is a phosphodiesterase inhibitor with a
wide variety of reported immunomodulatory, an-
tioxidant, and anti-inflammation effects. It is a
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Figure 8. Microscopic pictures of immunostained liver sections against NF-kB (Low magnification x100 bar 100, high
magnification x400 bar 50) showing: control group showed negative staining (A-a); NASH group showed marked positive
brown expression against NF-kB in hepatocytes (black arrows) (B-b); PTX group showed decreased positive brown
expression in hepatocytes (black arrows) in treated groups with a single drug (C-c¢); PTX+KP group showed much more
decreased of positive brown expression in hepatocytes (black arrows) in treated groups with drug combinations (D, d).
IHC counterstained with Mayer’s hematoxylin. E, Statistical analysis of positive IHC expression scores of NF-kB with the
Kruskal-Wallis’'method (found to be non-parametric data) followed by Dunn’s test showed a significant increase in NASH
compared to the control group. Significant reductions of positive IHC expression scores of IL-6 in treated groups with drug
combinations to be the lowest in treated group with PTX+KP. Small alphabetical letters mean significant when p<0.05. Data
are presented as mean + SD, p<0.001, n=8. a: significant vs. control group, b: significant vs. NASH group, c: significant vs.

PTX group.

common therapy for peripheral vascular disease.
In rat liver damage, the protective effect of PTX
was recently proven to preserve the liver function
including ALT and AST?'. These enzymes are
secreted into the bloodstream by injured hepato-
cytes and have been used as critical biomarkers to
assess the degree of hepatic injury*’. These data
supported our investigation that oral treatment
of PTX reduced serum elevations of ALT and
AST caused by NASH. Meanwhile, the histo-
pathological findings in the present study showed
decreased hepatocellular inflammation and ste-
atosis after treatment with PTX and PTX+KP*.
In the current investigation, insulin resistance
was much greater in the NASH group, as shown
by higher insulin resistance (HOMA-IR) values.
The current study discovered that giving PTX
to mice fed a NASH diet resulted in reduced
fasting glucose and insulin levels, which were
highly significant. PTX alone and PTX+KP may
boost insulin signal transduction in adipocytes
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by stimulating the expression of genes related to
increased glucose level and glucose transporter
type 4 translocation. Also, PTX improves glu-
cose management and HOMA-IR. An earlier
study** on the effects of PTX on glucose metab-
olism found that it decreases blood glucose via
increasing intracellular cAMP levels and insulin
production.

Kaempferol improves diabetes by inhibiting
the pathway of NF-kB activation. This may help
to lower the number of lesions in the liver, which
may help to improve insulin signaling problems
in diabetes patients according to Luo et al®.
Furthermore, previous research® discovered that
KP reduced inflammatory cytokine expression
and glucose-induced ROS generation. Moreover,
adding KP to PTX was thought to increase in-
sulin secretion and enhance peripheral glucose
consumption®’.

Regarding the lipid profile examined in this
study, PTX-treated mice had lower TGs, LDL-C,
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Figure 9. Microscopic pictures of immunostained liver sections against IL-6 (Low magnification x100 bar 100, high
magnification x400 bar 50) showing: control group showed negative staining (A-a); NASH group showed marked positive
brown expression against IL-6 in hepatocytes (black arrows) (B-b); PTX group showed decreased positive brown expression
in hepatocytes (black arrows) in treated groups with a single drug (C-c); PTX+KP group showed much more decreased of
positive brown expression in hepatocytes (black arrows) in treated groups with drug combinations (D-d). IHC counterstained
with Mayer’s hematoxylin. E, Statistical analysis of positive [HC expression scores of IL-6 with the Kruskal-Wallis’ method
(found to be non-parametric data) followed by Dunn’s test showed a significant increase in NASH compared to the control
group. Significant reductions of positive IHC expression scores of IL-6 in treated groups with drug combinations to be the
lowest in treated group with PTX+KP. Small alphabetical letters mean significant when p<0.05. Data are presented as mean +

SD, p<0.001, n=8. a: significant vs. control group, b: significant vs. NASH group, c: significant vs. PTX group.

and TC levels than the untreated NASH group,
these findings are consistent with the previous re-
search®®. The combined treatment of PTX d with
KP might reduce NASH-induced dyslipidemia.
This effect was consistent with prior results that
PTX may lower body weight by modifying liver
metabolites and lipid indices via modulation of
the critical metabolic pathways®.

AMPK regulates cellular energy balance by
controlling proliferation, metabolic reprogram-
ming, autophagy, apoptosis, and cell differen-
tiation. The kinase is triggered in response to
ATP-depleting stresses such as low glucose, hy-
poxia, ischemia, and heat shock. It also controls
cellular energy balance and metabolism of fatty
acids through the fatty acid synthesis pathway*.

SREBPs are transcription factors that control
the expression of genes involved in the biosyn-
thesis of cholesterol, fatty acid synthesis, tri-
glyceride synthesis, and phospholipid synthesis.
FAS and ACC, two genes involved in triglyceride

synthesis and accumulation, are regulated by
SREBP-1c. Consequently, activation of AMPK
reduces ACC and FAS production by downregu-
lating SREBP-1c*..

To put even more focus on AMPK, treatment
with PTX alone or in combination with KP,
stimulated AMPK while decreasing SERBP-1c
gene expression in the current study. These re-
sults were confirmed with previous research*
found that combining two medications greatly
increased AMPK gene expression compared to
each treatment alone.

Indeed, reduced AMPK activity in NASH may
stimulate NF-kB signaling®. PTX has previously
been found* to decrease the expression of the
NF-kB gene in several types of cells. It is worth
noting that PTX and KP may lower insulin resis-
tance by inhibiting NF-xB and increasing AMPK
expression, which explains why glucose and insu-
lin levels have decreased. Moreover, PTX therapy
reduced insulin resistance and stabilized plasma
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glucose and insulin levels. However, the combi-
nation therapy of KP+PTX resulted in an even
higher reduction.

In metabolic liver disease, apoptosis and
necroptosis are critical regulatory processes. As
a result, human NASH is one of the only human
illnesses in which necroptosis is initiated in vivo
without inhibiting apoptosis. Animals missing
RIPK3 were also protected in an alcoholic liver
disease model, adding to the growing evidence
that necroptosis is a critical metabolic process of
cell death in the liver®.

In the case of NASH in the current study,
both PTX alone and in combination-treated an-
imals showed a substantial reduction in RIPK3
expression targeting necroptosis, implying that
this could be a promising and targeted treatment
strategy. Similar to the previous work*, blocking
RIPK3 in NASH mice given a choline-deficient
diet (CD-D) enhanced adipocyte death and sys-
temic insulin resistance.

Proinflammatory cytokines, such as IL-1, IL-
6, and TNF-a are produced in greater quantities,
which characterize fatty liver disease; earlier
research*® has shown that TNF-a plays a vital
role in the evolution of NASH in people. TNF-a
and IL-6 have been linked to the development
of NAFLD. In the current study, the consider-
able decrease and restoration of proinflammatory
cytokines in the PTX and PTX+KP co-therapy
groups corroborated our findings*’.

ROS also causes the production of cytokines
that cause hepatocyte apoptosis, such as TNF-a,
TGF-B, and IL-8, suggesting that TNF-o and IL-6
may play a role in the development of NASH. The
considerable decrease and restoration of proin-
flammatory cytokines in the PTX and PTX+KP
co-therapy groups supported our findings®.

Some researchers®® used hepatocyte-specific
caspase-8 deletion mice to demonstrate that de-
leting this caspase reduced hepatocyte mortality,
proinflammatory cytokine production, and hepat-
ic infiltration in MCD-fed animals.

Caspase-8 is not only required for apoptosis to
occur but also acts as a crucial switch that guides
cell death to certain forms of cell death: caspase-8
activation promotes apoptosis, whereas inhibition
of caspase-8 tips the balance toward necroptosis®.
An increasing amount of data®® shows that en-
hanced phagocyte apoptosis is crucial in NASH-re-
lated liver inflammation and fibrogenesis.

Caspases can be activated by either the death
receptor-dependent or mitochondrial-dependent
pathways. Cells die only when anti-apoptotic
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signals, particularly NF-xB activity, are reduced.
Interestingly, our investigation found that PTX
alone and combined with KP significantly re-
duced caspase 8 expression®..

Furthermore, MLKL phosphorylation was as-
sumed to be one of the irreversible biochemical
pathways that result in necroptosis®*. P-MLKL
expression was significantly reduced in PTX and
PTX+KP-treated mice and co-treatment. This en-
hanced cellular export of p-MLKL suggests that
activated MLKL is self-limiting; hence, necro-
ptosis is limited™.

Energy homeostasis in hepatocytes is con-
trolled by mitochondrial FAO, electron transport,
ATP production, and ROS*. Mitochondrial dys-
function contributes to an imbalance of prooxi-
dant and antioxidant processes, resulting in lipid
accumulation and excessive ROS generation. The
latter induces the activation of inflammatory me-
diators and signaling pathways in NASH patients,
increasing inflammation, ROS generation, and
oxidative DNA damage®. ROS and lipid peroxi-
dation can deplete antioxidant enzymes, exposing
the liver to oxidative stress™.

MDA is a lipid peroxidation breakdown prod-
uct, and its existence represents the amount of ox-
ygen free radicals in tissues®®. SOD is a major mac-
romolecular antioxidant whose activity signifies a
tissue’s ability to scavenge oxygen free radicals. It
has been demonstrated that MDA increases while
SOD decreases gradually with age. In NAFLD
patients, mitochondrial dysfunction is crucial for
progressing from basic steatosis to NASH”".

Gpx is an enzyme family that forms mam-
mals’ major antioxidant defense mechanism. The
most prevalent GPx isoenzyme, 7 GPxl, is also
expressed in the liver®. Our results showed that
PTX and markedly in PTX+KP significantly de-
crease mice serum MDA levels and increase
serum SOD and GPx.

Conclusions

The current study proved that pentoxifylline,
alone or in association with Kaempferol, is ef-
fective and promising in treating and preventing
NASH by different mechanisms through down-
regulating caspase 8, pMLKL and RIPK3 which
stimulate apoptosis and necroptosis pathways.
Moreover, the reduction of cytokines like TNF-a,
IL-6, NF-kB and oxidative stress, as well as acting
through the decrease of lipogenesis genes such as
AMPK and SREBP-1 all alleviates NASH.
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