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SUMMARY: The therapeutic effect of a granulocyte-colony stimulating factor (G-CSF) biosimilar drug, zarzio, on non-alcoholic
fatty liver disease (NAFLD) in a rat model was investigated in this study. Thirty-two rats were randomly divided into four groups.
Groups I and II were fed a standard laboratory diet, whereas groups III and IV were fed a high fat diet (HFD) for 14 weeks. After 12
weeks of feeding, groups I and III were administered normal saline, and groups II and IV were intraperitoneally administered zarzio (200
mg/kg/day) for two consecutive weeks. Hematoxylin-eosin (H&E) staining was used to assess hepatic and pancreatic morphology in all
groups , oil red O (ORO) staining for lipid accumulation, Masson’s staining for fibrosis, and immunohistochemistry assay for hepatic
protein expression of insulin receptor substrate 1 (IRS1), nuclear factor erythroid 2-related factor 2 (Nrf2), tumour necrosis factor alpha
(TNF-α) and pancreatic caspase-3. The NAFLD rats (group III) developed hepatic steatosis with increased lipid accumulation, perisinusoidal
fibrosis, upregulated IRS1, TNF-α (all P<0.05) without a significant increase in Nrf2 protein expression compared with normal control.
In comparison, model rats treated with zarzio (group IV) showed significant rejuvenation of the hepatic architecture, reduction of fat
accumulation, and fibrosis. This was accompanied by the upregulation of Nrf2, downregulation of IRS1 and TNF-α protein expression
(all P<0.05). No correlation was detected between NAFLD and non-alcoholic fatty pancreas disease (NAFPD). However, the pancreatic
β-cells in group III showed increased caspase-3 expression, which was decreased (P<0.05) in group IV. In conclusion, zarzio ameliorates
NAFLD by improving the antioxidant capacity of liver cells, reducing hepatic IRS1, TNF-α protein expression and pancreatic β-cells
apoptosis, suggesting that zarzio could be used as a potential therapy for NAFLD.

KEY WORDS: Non-alcoholic fatty liver disease; Zarzio; Granulocyte colony stimulating factor; Nuclear factor erythroid
2-related factor 2; Tumour necrosis factor alpha; Insulin receptor substrates.

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is
characterized by the accumulation of lipids in hepatocytes
(hepatic steatosis) without excessive intake of alcohol (Spiers
et al., 2022). With an estimated incidence of 25%, NAFLD
is currently the most prominent chronic liver disease
worldwide, and its incidence continues to rise (Younossi et
al., 2018). NAFLD comprises a wide range of liver lesions,
that range from simple hepatic steatosis to hepatic steatosis
accompanied by chronic inflammation (non-alcoholic
steatohepatitis, NASH), which can ultimately lead over time
to hepatic fibrosis, cirrhosis, and even hepatocellular
carcinoma (Calzadilla Bertot & Adams, 2016).

The development and progression of NAFLD is
closely linked to obesity, insulin resistance (IR), and type-2
diabetes mellitus (T2DM) (Younossi, 2019). Moreover,
genetic predispositions that influence hepatic fat metabolism,
dietary fructose levels, and a lack of physical activity have
also been shown to be contributory factors (Juanola et al.,
2021). The pathogenesis of NAFLD was initially described
by the two-hit hypothesis (Day & James, 1998), although a
multiple-hit hypothesis has also been proposed (Polyzos et
al., 2009). The first hit involves lipid accumulation in the
form of triglycerides, and a concomitant increase in insulin
resistance resulting in simple liver steatosis. This is followed
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by multiple events, such as oxidative stress (OS),
mitochondrial abnormalities, and the production of
inflammatory cytokines, which contribute to NAFLD
progression (Polyzos et al., 2009). However, precise
mechanisms underlying the complex pathogenesis of
NAFLD remain unclear.

OS plays a fundamental role in NAFLD
development (Smirne et al., 2022). OS has been observed
in experimental models of NAFLD (Ore & Akinloye, 2019)
as well as in patients with NAFLD who demonstrated
increased formation of reactive oxygen species (ROS) and
decreased in the activity of antioxidant (Madan et al., 2006).
Nuclear factor erythroid 2-related factor 2 (Nrf2), a
cytoprotective transcription factor that plays a crucial role
in cellular defence against OS by activating the transcription
of antioxidant response elements (ARE) of antioxidant and
cytoprotective genes. (Solano-Urrusquieta et al., 2020). A
growing body of evidence indicates that the activation of
the Nrf2/ARE signalling pathway, which is disrupted in
NAFLD, can protect hepatocytes from oxidative stress and
halt the progression of NAFLD (Solano-Urrusquieta et al.,
2020; Zhou et al, 2022). As a result, the Nrf2/ARE
signalling pathway has been identified as a potential
therapeutic target approach for the treatment of NAFLD
(Zhou et al, 2022).

The activation of proinflammatory cytokines, such
as tumour necrosis factor alpha (TNF-α) in liver tissue has
been also linked to the development and progression of
NAFLD (Lu et al., 2022). An increased expression of TNF-α
has been associated with the development of NAFLD in
animal models (Ma et al., 2008; Wandrer et al., 2020) and
in NASH patients where its expression seems to correlate
with the severity of NASH (Paredes-Turrubiarte et al., 2016).
Furthermore, blocking TNF-α signalling through TNF-
receptor-1 was found to reduce liver steatosis, hepatocellular
injury, and fibrosis in NAFLD animal models, suggesting a
potential target of TNF-α signalling in NAFLD treatment
(Wandrer et al., 2020).

Similar to NAFLD, non-alcoholic fatty pancreas
disease (NAFPD), defined by pancreatic fat accumulation,
has been associated with obesity, IR and T2DM (Shah et
al., 2019). However, several studies have reported the
association between NAFLD and NAFPD (van Geenen et
al., 2010; Rugivarodom et al., 2022) but not in all (Heni et
al., 2010; Koyuncu Sokmen et al., 2021) and the link remains
controversial.

Granulocyte-colony stimulating factor (G-CSF) is a
hematopoietic growth factor that modulates neutrophil
development and formation from myeloid progenitors and

promotes neutrophil mobilization from the bone marrow into
the peripheral circulation (Hamilton & Achuthan, 2013).
Several studies have shown that G-CSF has therapeutic
effects against various liver diseases, including alcoholic
steatohepatitis (Spahr et al., 2008), and non-alcoholic hepatic
steatosis (Song et al., 2013; Song et al., 2015). The filgrastim
drug, zarzio, a biosimilar non-glycosylated recombinant
human G-CSF, is used to safeguard against against
neutropenia in patients receiving cytotoxic chemotherapy
for malignancy (Tharmarajah et al., 2014). In this study, the
potential effect of zarzio on the amelioration of NAFLD
induced by a high-fat diet (HFD) in rats was investigated.
Possible mechanisms underlying this beneficial effect were
also explored; specifically, zarzio’s effects on the expression
of the insulin resistance substrate 1 (IRS1) protein, TNF-α
proinflammatory cytokine, and anti-oxidative stress protein,
Nrf2. Furthermore, the correlation between NAFLD and
NAFPD was evaluated.

MATERIAL AND METHOD

Experimental animals: Male albino rats weighing 150–180
g were used in the present study. They were confined in
separate animal cages with ad libitum unrestricted access to
food and water under standard experimental settings (12 h
day/night cycle, 24±2 °C room temperature). Before
commencing the experiment, the animals were acclimatized
to their surroundings for one week. Animal handling and
procedures were performed according to the guidelines of
National Institutes of Health for the Care and Use of
Laboratory Animals (NIH publications, No.85-23, 1996) and
approved by Experimental Committee for Animal Research,
Department of Pharmacology and Toxicology, Faculty of
Medicine, Al-Azhar University.

Experimental design and treatments

Thirty-two rats were assigned randomly to four
experimental groups (n=8) as described below:

Normal diet (ND) control group I:  Rats were fed a standard
laboratory rat diet for 14 weeks. After 12 weeks of feeding,
all rats were administered 0.1 ml normal saline (Fisher
Scientific, USA) intraperitoneally for 2 consecutive weeks.

ND+zarzio group II: Rats were fed a standard laboratory
rat diet for 14 weeks. After 12 weeks of feeding, all rats
were treated intraperitoneally with zarzio (Sandoz Egypt
Pharma S.A.E., Novartis company) (200 mg/kg/day) (Joo
et al., 2020) prepared in normal saline for 2 consecutive
weeks.
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HFD group III:  Rats were fed a high fat diet (HFD)
containing 87.7 % standard diet (w/w), 10 % pork fat (w/
w), 2 % cholesterol (w/w) and 0.3 % bile salt (w/w) (Pan et
al., 2006) for 14 weeks. After 12 weeks of feeding, all rats
were administered 0.1ml normal saline intraperitoneally for
2 consecutive weeks.

HFD+zarzio group IV:  Rats were fed an HFD for 14 weeks.
After 12 weeks of feeding, all rats were intraperitoneally
administered zarzio (200 mg/kg/day) for two consecutive
weeks.

Rats were anaesthetized twenty-four hours after the
last treatment with ether before being euthanized by cervical
dislocation, and fresh liver and pancreatic tissues were
collected from all experimental groups. Subsequently, tissue
samples were fixed in 10 % neutral buffered formalin at 4°C
for 24 h. Others were frozen in liquid nitrogen immediately
and kept at -80°C to be used for other experiments.

Hematoxylin-eosin (H&E) staining. Sections of 4 µm in
thickness were cut from liver and pancreatic tissue samples
and stained with hematoxylin and eosin using standard
procedure (Gamble, 2008).Stained sections were observed
for histological alterations under a light microscope (Lecia
DM500, Leica Biosystems).

Oil red O (ORO) staining. To detect lipid deposition in
tissues, ORO staining was used as described by Song et al.
(2015).Positively stained areas for ORO were analysed using
Image-Pro Plus (version 6.0; Media Cybernetics, USA). Ten
areas were randomly selected from individual sections and
examined at 200x magnification. Lipid deposition was
calculated as the ratio of the area of the ORO stained lipid
droplets to the total tissue area (Song et al., 2015)

Masson's trichrome staining. Liver sections from different
groups were stained using Masson's trichrome to detect liver
fibrosis, as described previously (Jones, 2008). For
quantifying of fibrosis, images of stained liver sections from
each experimental treatment were obtained using a BX51
Olympus optical microscope equipped with an Olympus
XC50 camera (Olympus Corporation, Japan). Image analysis
was carried out using NIH ImageJ software (version 1.48v,
MD, USA). Ten random selected fields in each section were
analysed at 200x magnification and the collagen fractions
(% area) were calculated by dividing the fibrotic areas within
each field by the total field area and expressed as fractions
of 100 % (Adebiyi et al., 2016).

Immunohistochemical assay. IRS1, caspase-3, TGF-α, and
Nrf2 protein expressions were evaluated by
immunohistochemistry using a horseradish peroxidase/

diaminobenzidine(HRP/DAB) avidin biotin complex (ABC)
detection immunohistochemical IHC Kit (Abcam, UK) as
per the manufacturer's instructions. Antigen retrieval step
was was carried out by dipping tissue sections in 10 mM
citrate buffer (pH 6) and were incubated for 1 h in a 95°-
100°C water. For inhibiting endogenous peroxidase
activities, tissues were treated with a hydrogen peroxide
block reagent (Abcam, UK) at room temperature for 10 min.
To prevent non-specific binding, the kit protein block reagent
was employed for 10 min at room temperature.Tissue
sections were then incubated with primary antibody rabbit
polyclonal anti-IRS1(1:500, #GB111506, servicebio, China),
rabbit polyclonal anti-NRF2 (1:1000 #GB113808,
servicebio, China), rabbit polyclonal anti-TNF-α (1:400,
#GB11188, servicebio, China) and rabbit polyclonal anti-
Caspase-3 (1:500, #GB11532, servicebio, China) overnight
at 4 °C. The next day, sections were incubated with secondary
antibody at room temperature for 1 h, followed by
streptavidin-peroxidase enzyme conjugate for 10 min.
Finally, sections were incubated for 1–10 min with 3,3-
diaminobenzoic acid (DAB) substrateuntil a brown signal
was observed, then counterstained withhematoxylin and
checked under a light microscope. To quantify
immunostaining, ten random fields from each section were
examined and the percentage area staining for IRS1, Nrf2
and TNF-α was calculated using NIH ImageJ software.

Statistical analysis. Using SPSS software (version 17, IBM
Corp, Armonk, NY, USA), analysis of variance (ANOVA)
and Tukey's post-hoc multiple comparisons were conducted
to determine the statistical significance of the experimental
groups. All data are expressed as mean±standard error of
mean (mean±SEM). The statistical significance level was
deemed at P-value<0.05.

RESULTS

H&E and ORO staining. Using H&E and ORO-stained tissue
sections, changes in the histological structure and lipid content
of the rat liver and pancreas were analysed in all treatment
groups.

ND control group I:  Examination of H&E-stained liver
sections from the normal diet group I (Fig. 1A) showed
normal hepatic histology with neatly and tightly arranged
anastomosing plates of hepatocytes separated by sinusoids
emanating from the central vein. Hepatocytes were normal
in size and morphology, with large round vesicular nuclei
and uniform cytoplasm. Pancreatic sections revealed normal
exocrine and endocrine pancreatic components (Fig. 2A).
The exocrine portion is densely packed with pancreatic acini
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of various shapes and sizes and lined with large pyramidal
cells that have round, vesicular nuclei at their bases and
prominent nucleoli (Fig. 2A). Acinar cells cytoplasm
displayed apical acidophilia and basal basophilia, with some
binucleated acinar cells. The endocrine portion, represented
by the islets of Langerhans, was normal and appeared
rounded, pale-stained area dispersed among darkly stained
pancreatic acini (Fig. 2A). Each pancreatic islet is composed
of a cord of cells separated by blood vessels. Most pancreatic
beta cells were found in the central region of the islets, with
rounded and lighter nuclei. Alpha cells with oval, darkly
stained nuclei were located peripheral to the islets (Fig. 2A).
ORO-stained liver and pancreatic sections from this group
(Figs. 3A,E) showed very few lipid deposits.

Group II (ND+zarzio):  Histological structure and lipid
deposition in the liver (Figs. 1B and 3B) and pancreatic
sections (Figs. 2B and 3F) obtained from this group were
comparable to those of control group I.

Group III (HFD): Examination of H&E-stained liver
sections from this group (Figs. 1C,D insert) revealed a large
amount of vacuolar-like hepatic steatosis induced by
NAFLD, with an almost complete absence of intrahepatic

sinusoids. Hepatocytes appeared swollen and displayed
varying degrees of cytoplasmic vacuolation; some contained
multiple small fat vacuoles, some had a mixture of small
and large fat vacuoles, and others appeared ballooned with
single, large, fat vacuoles. H&E-stained pancreatic sections
(Fig. 2C) showed some degree of cytoplasmic vacuolation
of islet cells and a normal exocrine pancreas. ORO-stained
liver sections (Fig. 3C) showed more prominent lipid
accumulation in the liver, with a significant increase in the
percentage of lipid deposits (P>0.05), compared to group I
(Fig. 4). However, pancreatic sections (Fig. 3G) showed no
apparent increase in lipid deposition.

Group IV (HFD+zarzio):  H&E-stained liver sections (Fig.
1E) revealed improved hepatic architecture with the
reappearance of intrahepatic sinusoids. Most hepatocytes were
arranged neatly with less marked vacuolar-like steatosis and
an absence of balloon degeneration compared with those in
group III. Lipid deposition and droplet size in the liver were
less prominent, as observed by ORO staining (Fig. 3D), and
there was a significant reduction (P>0.05) in the percentage
of lipid deposits compared to those of group III (Fig. 4). H&E
(Fig. 2D) and ORO staining (Fig. 3H) of the pancreatic sections
of this group were comparable to those of control group I.

Fig. 1. Photomicrographs of hematoxylin-eosin-stained liver sections from each experimental group. (A) Normal diet (ND) group I
shows normal hepatic arrangement with normal hepatocytes (black arrows), central vein (CV) and sinusoid (S). (B) Group II shows
similar histological features as group I. (C, D insert) High-fat diet (HFD) group III shows vacuolar-like hepatic steatosis and an almost
complete absence of intrahepatic sinusoids with some hepatocytes containing multiple small vacuoles (black arrows), some with a
mixture of small and large vacuoles (white arrows), and others with large, single vacuoles (arrowheads). (E) Group IV treated with zarzio
shows rejuvenated hepatic morphology with the reappearance of intrahepatic sinusoids (s), less marked vacuolar-like steatosis and
absence of balloon degeneration in hepatocytes. (scale bar=50 µm; insert scale bar=25 µm).

Fig. 2. Photomicrographs of hematoxylin-eosin-stained pancreatic sections from each experimental group. (A) Normal diet (ND) group
I shows normal exocrine pancreas and endocrine pancreatic islets (*).(B) Group II shows similar histological features as group I. (C) The
high-fat diet (HFD) group III shows some degree of cytoplasmic vacuolation (black arrows) of the islets and normal exocrine pancreas.
(D) Group IV revealed normal histological pancreatic features comparable to those of the ND control group I. P, pancreatic acini; S,
blood sinusoids; arrowhead, binucleated acinar cells; white arrow, islet beta-cells; thick black arrow, islet alpha-cells. (scale bar=50 µm).
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Fig. 3. Photomicrographs of oil red O staining in liver (A-D) and pancreatic (E-H) sections from each experimental group. Red vesicles indicate
lipid deposits. (A) Normal diet (ND) group I represents normal liver control. (B) Group II shows a similar staining pattern as the control group
I. (C) The high-fat diet (HFD) group III shows high lipid deposition. (D) Group IV HFD group treated with zarzio shows less lipid deposition
compared to group III. (E-H) Pancreatic sections from each experimental group show no changes in lipid accumulation. (scale bar=50 µm).

Fig. 4. Quantitative analysis of liver and pancreas sections stained
with oil red O (ORO) in all experimental groups. The mean percentage
of ORO-stained areas was calculated for ten randomly chosen fields
of each section (n=4). Data represent mean±SE. * indicates
significance versus normal diet (ND) control group I; ** indicates
significance versus high-fat diet (HFD) group III when P<0.05

Fig. 5. Photomicrographs of Masson’s trichrome staining in liver sections from each experimental group. (A) Normal diet (ND) group I
shows normal fine collagen distribution. (B) Group II shows similar staining pattern as control group I. (C and D insert) High-fat diet
(HFD) group III shows extension of blue-stained collagen fibres from the vicinity of the central vein invading spaces between the
hepatocytes (white arrows), indicative of pericellular and perisinusoidal fibrosis. (E) HFD Group IV treated with zarzio shows collagen
fibres distribution similar to the control group. (scale bar=50 µm; insert scale bar=25 µm).

Masson’s trichrome staining. Masson’s trichrome stained
liver sections from control group I, displayed a
normaldistribution ofblue-stained collagen fibres around
the central veins (Fig. 5A). Group II rats fed a normal diet
and treated with zarzio showed Masson’s trichrome staining
comparable to that of group I rats (Fig. 5B). However, the
HFD group III had pericellular and perisinusoidal fibrosis,
most pronounced in zone 3 near the central vein, with thick
collagen fibres extending from the vicinity of the central
vein invading spaces between the hepatocytes (Figs. 5C,D,
insert). HFD group IV treated with zarzio showed
significantly less pericellular and perisinusoidal fibrosis
than the untreated group III (Fig. 5E). Percentage analysis
of fibrosis in each group (Fig. 6) showed a pronounced
increase (P<0.05) in HFD group III compared to that in
normal group I. This increase in fibrosis was significantly
reduced in HFD group IV treated with zarzio.
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Immunohistochemical assay. To evaluate the treatment
effect of zarzio on the protein expression of hepatic IRS1,
TNF-α, Nrf2 and pancreatic caspase-3 in the NAFLD rat
model, IHC assays were carried out in all experimental
groups (Fig. 7). Rat livers of ND groups I and II showed
low numbers of IRS1 (Figs. 7A,B), TNF-α (Figs. 7E,F),
and Nrf2-positively (Figs. 7I,J) stained cells. As compared
to ND control group I, HD group III displayed a higher
number of IRS1 (Fig. 7C), TNF-a (Fig. 7G) and a moderate
number of Nrf2-positively (Fig. 7K) stained cells. However,
HD group IV treated with zarzio had a moderate number
of IRS1 (Fig. 7D), TNF-α (Fig. 7H) and a higher number
of Nrf2-positively (Fig. 7L) stained cells compared to group
III. A high number of pancreatic caspase-3-positively
stained cells was detected in HD group III (Fig. 8C)
compared to group I (Fig. 8A) and was restricted to
pancreatic islet beta cells (Fig. 8C). Group IV (Fig. 8D)
showed few pancreatic caspse-3-positively stained cells
compared to group III. Quantification of the
immunostaining expression revealed a significant increase
(P<0.05) in IRS1 (Fig. 7M) and TNF-α (Fig. 7N) and

Fig. 7. Photomicrographs of
immunohistochemically-stained
liver sections for IRS1,TNF-a and
Nrf2 protein expression in all
experimental groups showing
weak expression in the normal diet
(ND) groups I (7A,7E and 7I) and
II (7B,7F AND 7J), strong
expression for IRS1(7C), TNF-α
(7G)and weak expression for Nrf2
(7K)in the high-fat diet (HFD)
group III and moderate to weak
expression for IRS1 (7D), TNF-α
(7H)and strong expression for
Nrf2 (7L) in HFD group IV treated
with zarzio. 7M, 7N and 7O
represent quantitative analysis of
immunohistochemically - stained
liver sections for IRS1, TNF-α and
Nrf2 in all experimental groups.
The mean percentage of stained
area was calculated for ten
randomly chosen fields of each
section (n=4). Data represent
mean±SE. * indicates significance
versus ND control group I; **
indicates significance versus HFD
group II when P<0.05. (scale
bar=50 µm).

Fig. 6. Quantitative analysis of Masson’s trichrome-stained liver
sections in all experimental groups. The mean percentage of fibrotic
areas was calculated for ten randomly chosen fields of each section
(n=4). Data represent mean±SE. * indicates significance versus
normal diet (ND) control group I; ** indicates significance versus
high-fat diet (HFD) group II when P<0.05.
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decreased (P<0.05) Nrf2 (Fig. 7O) expression in HD group
III compared to control group I. The increase in IRS1, TNF-
α and decrease in Nrf2 expression observed in group III
was significantly reversed in group IV compared with that
in group III. Pancreatic caspase-3 expression was

significantly increased (P<0.05) in pancreatic islet beta cells
in group III compared to that in the control group I (Fig.
8E). However, group IV demonstrated a significant reduction
(P<0.05) in pancreatic caspase-3 expression compared to
group III (Fig. 8E).

DISCUSSION

Globally, the prevalence of NAFLD is increasing,
and it has become the leading cause of chronic liver disease,
consistent with the rising incidence of obesity (Younossi
et al., 2018). Currently, there are no proven therapies for
NAFLD, and modifying risk factors, particularly those
associated with lifestyle, is the only available option.
Therefore, there is a need for more effective drug treatments.
The results of this study are discussed from three
perspectives. First, a rat model of NAFLD was developed
by feeding rats a high-fat diet; second, the effects and
underlying mechanisms of zarzio treatment against changes
induced by a high-fat diet were studied; and third, the
correlation between NAFLD and NAFPD was investigated.
In this study, an experimental model of rats with NAFLD
was developed by providing rats with a high-fat diet for 14
weeks. The validity and successful establishment of the

NAFLD model were confirmed by histological findings of
hepatic steatosis, as demonstrated by ballooning
hepatocytes with varying degrees of cytoplasmic
vacuolation, the absence of intrahepatic sinusoids, and
excessive lipid droplet accumulation compared to rats on a
regular diet, consistent with previous reports (Song et al.,
2013, 2015; Deng et al., 2019).

Previous studies in rats have found that G-CSF
treatment ameliorates non-alcoholic hepatic steatosis (Song
et al., 2013) and prevents the formation of hepatic steatosis
(Song et al., 2015). The current study revealed, that zarzio
ameliorated HFD-induced hepatic steatosis, confirming the
therapeutic effect of G-CSF. Histologically, treatment with
zarzio significantly reduced the ballooning of hepatocytes
and lipid droplet accumulation observed in the liver tissues
of the model group and caused an overall rejuvenation of
hepatic architecture. To clarify the mechanism underlying
the beneficial effects of zarzio, its effect on the expression

Fig. 8. Photomicrographs of immunohistochemically-
stained pancreatic sections for caspase-3 in all
experimental groups showing weak expression in
normal diet (ND) groups I (8A,) and II (8B), strong
expression in the high-fat diet (HFD) group III (8C)
and moderate expression in HFD group IV treated with
zarzio (8D). 8E represents quantitative analysis of
immunohistochemically-stained pancreas for caspase-
3 in all tested groups. The mean percentage of stained
area was calculated for ten randomly chosen fields from
each section (n=4).Data represent mean ±SE. *
indicates significance versus ND control group I; **
indicates significance versus HFD group II when
P<0.05. (scale bar=50 µm)
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of IRS-1, TNF-α, and Nrf2 proteins was evaluated. NAFLD
is usually accompanied by dysregulation of insulin signalling
pathways, IRS-1 and IRS-2, resulting inIR (Sakurai et al.,
2021). In the liver, IR stimulates the upregulation of lipogenic
proteins, for example sterol regulatory element-binding
protein-1c (SREBP-1c), which regulates positively the level
of expression of genes involved in de novo lipid synthesis
(Xu et al., 2013). In NAFLD, SREBP-1c was shown to be
significantly expressed (Kohjima et al., 2008; Song et al.,
2015) and is correlated with an increase in IRS-1 expression
(Kohjima et al., 2008). In the present study, the NAFLD
model group showed a significant increase in IRS-1
expression, consistent with Kohjima et al. (2008). The
present study also demonstrated that treatment with zarzio
significantly reduced IRS-1 expression in the model group.
Several reports have shown that the therapeutic effects of
G-CSF in ameliorating non-alcoholic hepatic steatosis
involve a reduction in SREBP-1c expression (Song et al.,
2013, 2015). Therefore, it can be postulated that the reduction
in IRS-1 expression by zarzio may suppress de novo lipid
synthesis by down-regulating SREBP-1c protein expression.

OS plays an important role in the development of
NAFLD (Smirne et al., 2022) and the activation of the
signalling pathway involving Nrf2, which is disrupted in
NAFLD. Nrf2 is a positive regulator of genes that protect
against OS and a negative regulator of genes that contribute
to hepatosteatosis by suppressing lipogenesis and promoting
fatty acid oxidation (Chambel et al., 2015). Nrf2 has also
been shown to protect hepatocytes from OS and halt the
progression of NAFLD (Zhou et al., 2022). The findings of
the present study indicate that Nrf2 protein expression was
slightly, but not significantly elevated in the livers of rats
with HFD-induced NAFLD, indicating that there is
insufficient activation of the Nrf2 signalling pathway to
protect against OS and prevent the development and
progression of NAFLD (Zhou et al., 2022). Furthermore,
the present study revealed that treatment of the NAFLD
model group with zarzio significantly increase Nrf2
expression, indicating that signalling pathway involving Nrf2
may be a key target of zarzio in the treatment and prevention
of NAFLD.

An HFD and associated OS could activate
intracellular inflammatory pathways in hepatocytes by
promoting inflammatory cytokine synthesis, such as TNF-
α (Lu et al., 2022). TNF-a acts by activating the transcription
factor, NF-kB, causing an increase in the transcription of
inflammation-associated proteins such as TNF-α and
interleukin (IL)-6, which in turn enhances TNF-α signalling
causing further liver damage (Zhang et al., 2017).
Consequently, elevated TNF-α plays a central role in the
development of NAFLD, particularly in the transition of

simple hepatic steatosis to NASH (Lu et al., 2022).
Additionally, TNF-α plays pivotal role in the development
of IR by suppressing the tyrosine kinase activity of the insulin
receptor and promoting the serine phosphorylation of IRS-
1 (Asrih & Jornayvaz, 2013). In this study, the NAFLD group
showed high levels of TNF-α protein expression, in line with
a prior study (Lu et al., 2022). In contrast, the NAFLD group
treated with zarzio showed a significant reduction in TNF-
α expression, indicating a potential anti-inflammatory effect
of the drug. This anti-inflammatory action exerted by zarzio
may be due to Nrf2 activation, which prevents inflammation
via inhibition of the NF-kB pathway (Song et al., 2018).

Fibrosis, a result of enhanced collagen deposition, is
tightly linked to chronic hepatic inflammation and is a key
feature that controls the progression of NAFLD to cirrhosis
(Perumpail et al., 2017). Typically, hepatic fibrosis begins
in the perisinusoidal regions and advances to include the
portal areas, followed by the formation of fibrotic bridges
between the central vein and portal tract, culminating in
cirrhosis (Albhaisi & Sanyal, 2019). In the present study,
histopathological assessment (Masson staining) was
conducted to detect liver fibrosis in the model group,
revealing very mild perisinusoidal fibrosis, most noticeable
in zone 3 near the central vein, indicating early stages of
fibrosis and possibly early stages of disease progression in
the model group (Xu et al., 2010). This increase in collagen
deposition may be due to an increase in hepatic stellate cells
(HSC) activity, which is the main driver of hepatic fibrosis
in damaged livers (Kisseleva & Brenner, 2021). In contrast,
the NAFLD group treated with zarzio showed a decline in
fibrosis, suggesting that zarzio may hinder the progression
of fibrosis in NAFLD.

As pancreatic and liver tissues are derived from the
same embryonic endoderm (Ghurburrun et al., 2018) and
seeing that both NAFLD and NAFPD are linked to obesity,
IR, and T2DM (Shah et al., 2019), researchers have
postulated that both diseases could have similar aetiologies.
However, the association between NAFLD and NAFPD is
controversial. In the current study, no histological changes
or significant lipid accumulation were observed in the
pancreas of the model group. However, cytoplasmic
vacuolation of the islet cells was detected. The lack of
correlation observed between fat accumulation in the liver
and pancreas in this study may be due to the different
molecular mechanisms that mediate the pathophysiology
of NAFLD and NAFPD, as reported by Shah et al. (2019).
Furthermore, fatty pancreas has been reported to be
significantly associated with more severe histologic features
of NAFLD and a higher fibrotic stage, which was not
observed in the NAFLD model in this study (Rosenblatt et
al., 2019).
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NAFLD and T2DM often occur together and are
closely associated with obesity and IR (Ming-Feng et al.,
2019). One of the characteristic features of T2DM is β-cells
dysfunction in the pancreas, which is caused by an increased
workload and glucolipotoxicity (Schultheis et al., 2019). In
the current study, β-cells in the NAFLD group revealed an
increased apoptotic incidence. Conversely, the NAFLD
model treated with zarzio presented a decline in β-cells
apoptosis. The current results suggest that zarzio may protect
β-cells from apoptosis possibly by activating Nrf2,
supressing OS as a major mediator of β-cell glucolipotoxicity
and promoting b-cell proliferation (Schultheis et al., 2019;
Baumel-Alterzon et al., 2022).

In conclusion, the current study demonstrates that
zarzio ameliorates NAFLD induced by HFD in a rat model.
The potential mechanism of action of this effect involves
reducing lipid accumulation, fibrosis, and expression of IRS-
1 and increasing Nrf2 expression and preventing islet-cell
apoptosis. However, further in studies are required to fully
elucidate zarzio’s precise mechanism of action and clinical
effect. A limitation of this study is that the response to
treatment may vary according to disease progression and
the stage of fibrosis; thus, the impact of zarzio must be
assessed in NAFLD models with severe fibrosis.
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RESUMEN: En este estudio se investigó el efecto terapéutico
de un fármaco biosimilar del factor estimulante de colonias de
granulocitos (G-CSF), zarzio, sobre la enfermedaddel hígado graso
no alcohólico (NAFLD) en un modelo de rata. Treinta y dos ratas se
dividieron aleatoriamente en cuatro grupos. Los grupos I y II fueron
alimentados con una dieta estándar de laboratorio, mientras que los
grupos III y IV fueron alimentados con una dieta alta en grasas (HFD)
durante 14 semanas. Después de 12 semanas de alimentación, a los
grupos I y III se les administró solución salina normal, y a los grupos
II y IV se les administró zarzio por vía intraperitoneal (200 mg/kg/
día) durante dos semanas consecutivas. Se utilizó tinción de

hematoxilina-eosina (H&E) para evaluar la morfología hepática y
pancreática en todos los grupos, tinción con rojo aceite O (ORO) para
la acumulación de lípidos, tinción de Masson para la fibrosis y ensayo
de inmunohistoquímica para la expresión de la proteína hepática del
sustrato 1 del receptor de insulina (IRS1),  factor nuclear eritroide 2
relacionado con el factor 2 (Nrf2), factor de necrosis tumoral alfa
(TNF-α) y caspasa-3 pancreática. Las ratas NAFLD (grupo III)
desarrollaron esteatosis hepática con aumento de la acumulación de
lípidos, fibrosis perisinusoidal, IRS1 y TNF-α regulados positivamente
(todos P <0,05) sin un aumento significativo en la expresión de la
proteína Nrf2 en comparación con el control normal. En comparación,
las ratas modelo tratadas con zarzio (grupo IV) mostraron un
rejuvenecimiento significativo de la arquitectura hepática, una
reducción de la acumulación de grasa y fibrosis. Esto estuvo
acompañado por la regulación positiva de Nrf2, la regulación negativa
de la expresión de la proteína IRS1 y TNF-α (todas P <0,05). No se
detectó correlación entre NAFLD y la enfermedad del páncreas graso
no alcohólico (NAFPD). Sin embargo, las células β pancreáticas en el
grupo III mostraron una mayor expresión de caspasa-3, que disminuyó
(P <0,05) en el grupo IV. En conclusión, zarzio mejora la NAFLD al
mejorar la capacidad antioxidante de las células hepáticas, reduciendo
el IRS1 hepático, la expresión de la proteína TNF-α y la apoptosis de
las células β pancreáticas, lo que sugiere que zarzio podría usarse
como una terapia potencial para la NAFLD.

PALABRAS CLAVE: Enfermedad del hígado graso no
alcoholic; Zarzio; Factor estimulante de colonias de granulocitos;
Factor 2 relacionado con el eritroide nuclear 2; Factor de necrosis
tumoral alfa; Sustratos del receptor de insulina.
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