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Abstract

Background: Carbon tetrachloride (CCI4)-induced liver fibrosis is a well-established model
of hepatotoxicity. Lactoferrin (LF) is an iron-binding glycoprotein that has anti-inflammatory
and antioxidant effects. Aim of the study: This study was made to demonstrate the
ameliorating effect of lactoferrin versus CCL4 induced liver fibrosis in adult male albino rat
using various biochemical and histological techniques. Materials & Methods: This study
involved forty adult male albino rats that were randomly divided into 4 groups: group |
represented the control group, group Il received LF (100mg/kg/day) orally for 5 weeks, group
I11 was intraperitoneally injected with CCL4 (1ml/kg/once a week, for five weeks) for induction
of liver fibrosis, and group IV received LF and CCL4 concomitantly in the same dose and
manner as groups Il & Il respectively. The liver specimens were processed for different
biochemical, histological and immunohistochemical techniques. Morphometrical and statistical
studies were also performed. Results: CCL4 group showed disorganization of liver
architecture that was evidenced by light & electron microscopic examination. A significant
increase of the mean area percentage of collagen fibers by Masson’s Trichrome,
immunopositive reaction of aSMA and CD133 along the sinusoids were also observed.
Lactoferrin administration in group IV showed improvement of all the previous results and
oxidative stress biomarkers. Conclusion: Liver fibrosis could be ameliorated by lactoferrin.
Running title: Lactoferrin can suppress liver fibrosis.

Keywords: Lactoferrin, liver, CCLA4, ultrastructure, CD133, a-SMA.
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1. Introduction

The liver is always susceptible to
various harmful chemicals due to its site in
the human body. Currently, many
individuals suffer from liver diseases
induced by several agents as alcohol,
chemicals like carbon tetrachloride (CCl4)
and paracetamol.[!
The  most  common pathological
consequence for the majority of chronic
liver injuries is hepatic fibrosis. Cirrhosis is
the last stage of it which is irreversible, a
leading cause of morbidity and mortality
globally and has no effective treatment. It is
characterized by  massive  fibrous
scarring.[ Chronic liver injury induced by
CCl4 in rats develops liver fibrosis with
biochemical and histological models
resembling liver cirrhosis in human.[l
Carbon tetrachloride (CCl4) is a xenobiotic
that is used in research to induce liver
damage. It is colorless, transparent, volatile
liquid.*31 1t was historically frequently
utilized in cleaning agents, refrigerant
precursors, and fire extinguishers. The
primary routes that humans could be
exposed to CCL4 are by ingestion,
cutaneous contact, and inhalation. In
addition, low concentrations of CCL4 may
be inhaled by the general population
through the air. Because of its destructive
effects, its uses are now banned, and it is

only used in some industrial uses.®!

Lactoferrin  (LF) is an iron-binding
glycoprotein  found in all exocrine
secretions; as sweat, tears, saliva, and is
particularly plentiful in milk.[”l LF acts as
the first-line defense against bacterial, viral,
and fungal infections. Moreover, it has anti-
inflammatory, anticancer and antioxidant
effects. Additionally, it promotes wound
healing and bone development.[é]

The effects of hepatoprotective
medications with potential therapeutic
benefits for usage in humans can be studied
using the rat model of liver fibrosis.
Therefore, we aimed in this research to
evaluate the ability of LF to stop the
development and progression of CCl4-
induced liver fibrosis in rats by different
biochemical and histological techniques.

2. Materials and Methods:

Experimental Animals

Forty adult male albino rats aged 3 months
with average weight 200 g were involved in
this experiment. The experimental animals
were exposed to suitable laboratory
conditions and were left for a week to adapt
to their new environment before starting the
experiment. The experimental design and
handling procedures were performed
consistent with the guideline of the Ethical
Committee of Tanta University (Approval
number: 36264PR48/1/23).
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Chemical Reagents
- Carbon tetrachloride (CCL4) was
obtained in the form of liquid
(concentration 100%) from EI-Gomhoria
Company for Trading Pharmaceutical
Chemicals and Medical Appliances, Tanta,
Egypt. CCL4 was mixed with olive oil (1:1
ratio).
- Lactoferrin (LF) was purchased from
EIPICO Pharmaceuticals, (No.:1200/2021,
10" of Ramadan City, Egypt) in a powder
form that was dissolved in distilled water.
Induction of liver fibrosis
Liver  fibrosis was induced by
intraperitoneal injection with CCIl4 at the
dose of 1ml/kg body weight once a week
for five weeks. [
Study design
The rats were divided into four groups
(each group included10 rats) as following:
e Group I: represented the control group
that were divided into 3 subgroups:
Subgroup (i): 4 rats kept without any
treatment until the end of the experiment.
Subgroup (ii): 3 rats, each one received 0.5
ml of distilled water (the diluting vehicle
for LF) once orally daily for 5 weeks.
Subgroup (iii): 3 rats, each one was
intraperitoneally injected by 0.2 ml of olive
oil (the diluting vehicle for CCL4) once a

week, for five weeks.

e Group Il (LF-group): each rat received LF
at the dose of (100mg/kg/day once orally
daily for 5 weeks).[10

e Group Il (CCL4-group): rats were used
as a model for induction of liver fibrosis
as described above.!

e Group IV (LF+CCL4- group): rats
received LF and CCL4 concomitantly in
the same dose and manner as groups Il &
I11 respectively.

Blood and tissue sampling

Finally, all animals were anaesthetized with
50 mg/kg intraperitoneal injection of
sodium pentobarbital.[!Y] Blood samples
were obtained and collected in sterile tubes,
then it were centrifuged for 20 minutes.
Serum samples were gathered and frozen at
—20°C for further biochemical analysis.
The liver was excised, part of it was washed
with ice cold saline and allowed to dry by
filter paper. Then it was homogenized as
10% (w/v) in cold 50 mM phosphate buffer
(pH 7.4). It was then centrifuged by a
Potter—Elvenhjem tissue at 5000xg at 4 °C
for 20 min. The resulting supernatant was
parted into aliquots and stored at —80 °C till
biochemical analysis.

Biochemical analysis

1. Measurement of serum liver biomarkers:
Serum level of alanine aminotransferase
(ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), total protein,

albumin and serum bilirubin were measured
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by colorimetric method using available
commercial Kits bought from
(Biodiagnostic company, Giza, Egypt)
Catalog No. AL 1031, AS 1061, AP 1020,
TP 2020, AB 1010 and BR 1111
respectively.
2. Measurement of malondialdehyde
(MDA) and reduced glutathione (GSH) in
liver tissue homogenate.
MDA and GSH levels were measured in
liver homogenate by colorimetric method
using available commercial kits provided
by (Biodiagnostic Company, Giza, Egypt)
Catalog No.MD 2529 and GR 2511
respectively. All the biochemical analysis
were performed using spectrophotometer
(BTS-350) in Biochemistry Department,
Faculty of Medicine, Tanta University.
Processing for light microscopy:
A midline incision in the anterior
abdominal wall was done to dissect and
excise the liver. The right lobe of liver was
cut into three parts; one part was processed
for light microscopic study, one for electron
microscopic study and the last one used for
biochemical analysis as discussed before.
All these steps were performed in the
Histology and Cell Biology department,
Faculty of Medicine, Tanta University.
Specimens were immediately fixed in
10% formal saline solution for one day,
dehydrated in ascending concentrations of
ethyl alcohol, cleared in Xxylene,

impregnated and paraffinized. Next,
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paraffin sections (5 pum thickness) were cut
and mounted on slides. Then, sections were
stained with hematoxylin & eosin (H&E)
and Masson’s trichrome stains. [12]
5-um-thick  sections were used for
immunohistochemical staining for
detection of CD-133 and a-smooth muscle
actin (a-SMA). Antigen retrieval of
deparaffinized sections was done by adding
citrate buffer (pH 6.0) in the microwave.
Then  deactivation of  endogenous
peroxidase was performed by incubation in
3% hydrogen peroxide followed by
washing with PBS. After that, incubation of
the slides with diluted (1:100) primary
antibody: Rabbit anti-rat polyclonal for
CD-133 (Cat. No.PA5-38014 obtained
from Invitrogen, Carlsbad, United States),
Mouse anti-rat monoclonal for o-SMA
(Cat. No. Mob001 obtained from
Diagnostic Biosystems, United States). The
sections were then immersed in PBS and
incubated with secondary antibodies for 30
min at room temperature: Goat anti-rabbit
for CD-133, goat anti- mouse
immunoglobulins for a-SMA.

Incubation of the sections with
diaminobenzidine (DAB) was done for
visualization of antibody binding, and
tissue sections were counter-stained with
hematoxylin.  Negative control  was
performed by the similar preceding steps
without adding the primary antibody.

Positive control was: Jurkat cell lysate for
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CD-133, Colon and leiomyoma for a-SMA.
The positive immunoreactivity appeared as
cytoplasmic brown particles or patches.3
14,15]

A light microscope (Olympus, Japan) with
a built-in camera was used to examine and
photograph the slides in the Histology and
Cell Biology department, Faculty of
Medicine, Tanta University.

Histological ~scoring was performed
according to Modified Metavir 16 using the
following criteria: F O: no fibrosis (normal),
F1: fibrosis of portal areast short fibrous
septa, F2: fibrosis of most portal areas with
occasional portal to portal (P-P) bridging,
F3: fibrosis of most portal areas with
obvious portal to portal (P-P) bridging as
well as portal to central (P-C), F4: cirrhosis.
Processing for electron microscopy:

Liver specimens were finely cut and fixed
using 4%
glutaraldehyde (0.1 mol/L, pH 7.4), then
post-fixed using 1% osmium tetroxide.

phosphate-buffered

Subsequently, specimens were dehydrated
in ascending grades of alcohol. Then,
sections were immersed in propylene oxide
then were embedded in epoxy resin
mixture. Semithin and ultrathin sections
were cut using ultramicrotome. Ultrathin
sections were double stained with uranyl
acetate and lead citrate 7] to be examined
and photographed by JEOL-JEM-100

transmission electron microscope (Tokyo,
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Japan) at the Electron Microscopy Unit,
Tanta Faculty of Medicine, Egypt.
Morphometric study:

For morphometric analysis, the software
“Imagel” (version 1.48v National Institute
of Health, Bethesda, Maryland, USA) was
used. Non-overlapping 10 fields for each
slide in each group were examined at a
magnification of 100x and 400x to
quantitatively evaluate the histological
scoring in Masson’s trichrome stained
slides 18] and the mean area% U8l in the
followings:

1- Collagen fibers in Masson’s trichrome
stained slides.

2- CD133-immunostained slides (to detect
hepatic stellate cells). (1]

3- a-SMA -immunostained slides (to detect
transdifferentiation of hepatic stellate cells
to myofibroblasts). (201

Statistical analysis:

The morphometric results were analyzed
using one-way analysis of variance
(ANOVA) followed by the Tukey post hoc
test. Data were displayed as means *
standard deviation (SD). Differences were
interpreted as statistically significant if the
probability value p < 0.05 and extremely
significant if p <0.001, while p > 0.05 was

considered statistically insignificant.[2!]
3. Results:

In the present work, no mortality was

recorded during the experimental period.
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The histological, immunohistochemical
and electron microscopic results revealed
similar findings in the three subgroups of
the control group I (i, ii, iii) with no
significant differences in the morphometric
results in-between them. Also, biochemical
results showed non-significant statistical
difference in-between these subgroups.
Therefore, they were denoted as control
group (I) in text, tables, and figures to
simplify our results. As regards group 1l
(LF-group) it also showed no difference in
the biochemical, histological results or
statistical analysis when compared with
control group.

Biochemical results:

1-Effect of lactoferrin on serum liver
biomarkers

Serum liver biomarkers levels were
increased in CCL4 treated group in
comparison to other groups (P<0.001).
Lactoferrin  co-treatment  significantly
biomarkers  levels
(P<0.001) as compared to CCL4 treated
group (Table 1).

2- Effect of lactoferrin on liver tissue

homogenate MDA and GSH levels

decreased liver

Oxidative stress biomarker,
malondialdehyde (MDA) level showed an
extreme significant increase in liver tissue
homogenate in CCL4-treated group
compared to other groups (P< 0.001). On

the other hand, lactoferrin co-treatment
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significantly decreased the preceding
oxidative stress biomarker (P< 0.001) as
compared to CCL4 treated group
(Histogram.1).

The antioxidant biomarker, reduced
glutathione (GSH) showed an extreme
significant decrease in CCL4- treated group
when compared to other studied groups (P<
0.001). On the other hand, lactoferrin co-
treatment significantly increased GSH level
in liver tissue homogenate (P < 0.001) as
compared to CCL4 treated group
(Histogram.2).

Light microscopic results
1-H&E results

Examination of slides from the control
group (group 1) depicted the histological
structure of liver parenchyma composed of
ill-defined hexagonal classic lobules. Each
lobule was formed of branching and
anastomosing cords of  hepatocytes
radiating from the central vein and
separated by blood sinusoids. At the angles
of the lobules, portal areas contained
branches of the hepatic artery, portal vein
and bile ducts were present. Hepatocytes
appeared with eosinophilic cytoplasm, pale
nuclei with prominent nucleoli. Kupffer
cells and endothelial cells were present
lining the blood sinusoids (Figure 1-A&B).

In CCL4- group (group II), most
hepatocytes depicted vacuolated cytoplasm
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while other cells appeared with fading
nuclei or even anucleated. Dilated
congested central veins and portal vein
branches with severe mononuclear cellular
infiltration were evident. The portal area
showed proliferated dilated bile ductules
Dilated blood
vessel lined by partially desquamated

lined by cholangiocyte.

endothelium with  subendothelial and
medial vacuolations was evident within the
portal area. Kupffer cells were distributed
within the blood sinusoids which appeared
congested (Figure 1- C,D,E,F&G).

LF+CCL4 group (group IV) examination
exhibited marked improvement in
congestion & cellular infiltration within the
central vein and portal areas. Most of
hepatocytes depicted decrease in the
vacuolations and appeared with acidophilic
cytoplasm with rounded vesicular nuclei &

prominent nucleoli (Figure 1-H&I).

2-Masson’s trichrome stained sections

results

Examination of control group sections
revealed few collagen fibers were detected
encircling the central vein and in the portal
areas (Figure 2-A). In CCL4-group (group
[11), collagen fibers significantly increased
as compared to that in control group;
numerous collagen fibers appeared around
the central veins and in the portal areas with
formation of fibrous septa reached

13

neighboring portal areas (Figure 2-B). In
LF+CCL4 group (group 1V), collagen
fibers significantly decreased as compared
to that in CCL4-group; few collagen fibers
appeared around the central veins and some
collagen fibers in the portal areas (Figure
2-C).

3-a-SMA immunohistochemical results

The control group (group 1) exhibited
brownish cytoplasmic immunostaining for
a-SMA in the cytoplasm of the smooth
muscles of the vessels wall of central veins
and in branches of portal veins & hepatic
arteries (Figure 2-D). CCL4-group (group
I11) showed widespread strong brownish
cytoplasmic immunostaining for a-SMA
along the blood sinusoids and the
cytoplasm of smooth muscles of vessels
wall within the portal area and central veins
(Figure 2-E). Concerning LF+CCL4 group
(group 1V), it displayed limited positive
cytoplasmic immunostaining in the smooth
muscles of the wall of central vein as well
as the portal vessels and weak reaction

along the blood sinusoids (Figure 2-F).
4-CD133 immunohistochemical results:

The control group showed moderate CD133
immunohistochemical staining in the
cytoplasm of cells along sinusoids and
negative reaction in vessel wall (Figure 2-
G). However, CCL4-group (group III)

revealed strong CD133 immunostaining in
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the cytoplasm of numerous cells along the
sinusoids  (Figure 2-H).
LF+CCL4 group (group IV) exhibited

Contrary,

results identical to control group (Figure 2-
).

Morphometric and statistical analysis

results:

Statistical analysis of the mean area
percentage of collagen fibers, a SMA and
CD133 of CCL4-group (group I1II)
exhibited extremely significant increase
(P<0.001) in the three parameters
(34.221+14.29, 13.421+4.35, 18.157+4.09
respectively) as compared to control group
(12.568+5.64, 2.759+2.05, 6.859+4.52
respectively). LF+CCL4 group (group 1V)
showed non-significant statistical
difference (P>0.05) in the mean area
percentage of collagen (19.306+5.33) as
compared to control group but, it showed
significant increase in the mean area
percentage of o SMA and CDI33
(7.267+£3.62, 14.966+6.23 respectively) as
compared to control group. Statistical
analysis of histological scoring of group IlI
showed extremely significant increase
compared with control group (P<0.001).
While group IV showed nonsignificant
difference(P>0.05) with control group

(Histogram. 3).
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Electron microscopic results

Examination of liver sections from the
control group (group 1) by transmission
electron microscopic (TEM) depicted
hepatocytes which were polygonal in
shape, with central rounded euchromatic
nuclei. The cytoplasm was rich in
mitochondria and rough endoplasmic
reticulum. Between adjacent hepatocytes,
bile canaliculi were present. Within the
perisinusoidal region, star shaped hepatic
stellate cell was detected. The cytoplasm of
hepatic stellate cell confined heterogenous
electron dense lipid droplets; its nucleus
was indented by lipid droplets (Figure 3-
A&B).

Examination of ultrathin sections of CCL4-
group (group 1) revealed hepatocytes with
rarified cytoplasm, dilated rER,
mitochondria with  disrupted cristae,
irregular nuclear membrane and shrunken
irregular nuclei with clumped chromatin.
Kupffer cell with large, kidney shaped
nucleus could be detected. Hepatic stellate
cell appeared with few lipid droplets and
surrounded by cross sections of collagen
bundles (Figure 4-A,B,C,D,E&F).
Regarding LF+CCL4 group (group 1V),
hepatocytes appeared with euchromatic
nuclei. Rough endoplasmic reticulum,
mitochondria, and rarified areas within the
cytoplasm were present. Hepatic stellate
cell appeared with heterogenous electron
dense few lipid droplets (Figure 5-A&B).
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Table (1): Serum liver biomarkers among the studied groups.

Group | Group Il Group 111 Group 1V
ALT 35.8+3.9 359+4.2 115.4 + 8.5 | 37.8000+2.4
(unit/ml)
AST 25.2+ 2.7 246+ 3.9 91.1+51™ |27.8+3.01
(unit/ml)
ALP 1745+ 12.3 173 +13.9 468.2 + | 184.0000+ 6.4
(IU/L) 39.8™
Total protein | 7.96 + 0.52 7.75 +0.53 291 +0.517" | 7.6200+ 0.26
(gm/dl)
Albumin 4.85 + 0.57 4.88 + 0.46 1.56 +0.48™ | 4.9400+ 0.38
(gm/dl)
Total 0.76 +0.13 0.77 +0.12 3.6500+ 0.7740+ 0.17
bilirubin 1.6%**
(mg / dl)

Abbreviations: Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), Alkaline
phosphatase (ALP).

Data are expressed as mean +standard deviation. ***P <0.001 is extremely significant value

versus control group
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Histogram (1): Effect of lactoferrin treatment on oxidative stress biomarker; MDA level in

liver tissue homogenate in control and experimental groups.
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Histogram (2): Effect of lactoferrin treatment on oxidative stress biomarker; GSH level in

liver tissue homogenate in control and experimental groups.
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Fig. 1: Photomicrographs of the liver tissue from the studied groups: control (A&B) showing:

normal architecture of the liver with ill-defined classic hepatic lobules. Central veins (C) are
present in the center of the lobules, and portal tracts (PT) are noticed at the periphery of the
lobules. Hepatocytes are arranged in anastomosing cords and displaying acidophilic cytoplasm
and central rounded vesicular nuclei with prominent nucleoli (angled arrows). Hepatocytes
cords are separated by blood sinusoids (S) that are lined by endothelial cells with flat nuclei
(curved arrows). Kupffer cell nuclei are noticed (wavy arrows). Portal tracts are formed of
portal vein branch (PV), hepatic artery branch (arrow) and bile ductules (arrow head). A few
mononuclear cells are also present (I). CCL4-group (C,D,E,F&G) show disturbed liver
architecture with dilatation, congestion in central vein (cv) and within the portal area (PT).
D&E shows proliferated bile ductules lined by cholangiocyte (B). Dilated blood vessel (BV)
with partially desquamated endothelium with subendothelial and medial vacuolations (arrow
heads) and surrounded by perivascular mononuclear cellular infiltration extending into both
portal area (1) and in sinusoids (curved arrows). Some hepatocytes appear with fading nuclei

(angled arrows). F&G show either vacuolated hepatocytes (arrow heads) or anucleated one
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(feathery arrows) or with fading nuclei (angled arrows). Moreover, dilated congested both
blood sinusoids and portal vein branch (stars) and many Kupffer cell nuclei are also present
(wavy arrows). LF+CCL4 group (H&I) show  central veins (c) with radially arranged
hepatocytes and more or less normal portal area (PT) formed of portal vein branch (PV), bile
ductule (B) and mononuclear cells (I). Most hepatocytes have acidophilic cytoplasm and
rounded nuclei with prominent nucleoli (angled arrows) separated by blood sinusoids lined by
flat endothelial cells (curved arrow) and Kupffer cell nuclei (wavy arrow) also appear. (H&E,
Mic.Mag. A,C&H x100 scale bar =100 um, B,D,E,F,G&I x400 scale bar =25 pum).

ontr

SR Tah e

CCL4 LF+ CCL4 Group

a SMA Masson

CD 133

Fig. 2: Photomicrographs of Masson’s trichrome-stained, a-SMA and CD133-immunostained
liver sections of the studied groups. (A) Control group shows blue stained thin strands of
collagen fibers around portal area (arrows). (B) CCL4-group shows wide spread of thick blue
stained collagen bundles at the portal areas (arrows). (C) LF+CCL4- group shows thin blue

stained collagen fibers localized around central vein (arrow head) and portal area (arrow).
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(Masson’s trichrome, Mic. Mag. x200, scale bar =50 um). (D) Control group: shows positive
cytoplasmic immunostaining in the smooth muscles of the walls of both the central vein (curved
arrow) and a vessel wall in the portal area (arrow head). (E) CCL4-group: shows strong positive
cytoplasmic immunostaining along the sinusoids (arrows) and the cytoplasm of smooth muscles
of vessels wall (arrow heads). (F) LF+CCL4- group: shows weak positive cytoplasmic
immunostaining along the sinusoids (arrows) and strong positive cytoplasmic immunoreaction
in the smooth muscles of vessel wall (arrow head). (a-SMA immunostaining, Mic. Mag. x400,
scale bar =100 um). (G) Control group: shows moderate CD133 positive immunostaining in few
cells along the sinusoids (arrows) and negative reaction in vessel wall (arrow heads). (H) CCL4-
group: shows strong CD133 positive immunostaining in numerous cells (arrows) along the
sinusoids. (I) LF+CCL4- group: showing results identical to control group (CD133

immunostaining, Mic. Mag. x400, scale bar =100 pum).

Histological scoring The mean area % of collagen fibers

3 60
25 50
2 40
1S 30
1 20
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: — :

Control Group Il Group IIl Group IV Control Group Il Group Il Group IV
B Mean HSD Emean MWSD
The mean area percentage of a smooth muscle The mean area percentage of CD133
actin 2%
20

20
15 e
10 10

| - | l l
, 0

Control Group Il Grouplll Group IV Control Group I Group Il Group IV
B Mean ®SD B Mean ESD

Histogram. 3: Morphometrical and statistical analysis of light microscopic results: (a)
Histological scoring (b) Mean area % of collagen fibers (¢) Mean area percentage of aSMA (d)
Mean area percentage of CD133.
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Fig.3: An electron micrograph of liver ultrathin sections of control group (group I): (A) shows
hepatocyte with euchromatic nucleus (N), multiple mitochondria (M), dispersed rough
endoplasmic reticulum (rER). Bile canaliculus (arrow head) appears in between hepatocytes.
(B) shows hepatic stellate cell within the perisinusoidal space with its euchromatic nucleus (N)
which is indented (arrow heads) by lipid droplets (L). (Mic. Mag. A x 1500, B x 2500).
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Fig. 4: An electron micrograph of liver ultrathin sections of CCL4 group (group I11) show some
hepatocytes with irregular nuclear membrane (arrow heads) and others show shrunken irregular
nuclei (N) with abnormal clumped chromatin as in D. Moreover, the cytoplasm shows
prominent dilated rER (rER), swollen mitochondria with disrupted cristae (arrows),
vacuolation (V), and rarefaction (stars). Kupffer cell nucleus (K) with its characteristic kidney
shape appearance is observed, and collagen bundles (C) appear. Notice presence of hepatic
stellate cell -between hepatocyte and sinusoid containing (RBCs)- with nucleus (N) indented
by lipid droplets (L). (Mic. Mag. A x 2500, B&C x 1500, D x 3000 E x 3000 & F x 2000).
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Fig. 5: An electron micrograph of liver ultrathin sections of LF+CCL4- group (group 1V): (A)
shows hepatocyte with rounded euchromatic nucleus (N) and prominent nucleolus (n),
mitochondria (M), rER (rER) and areas of rarified cytoplasm (arrows). Bile canaliculi (arrow

heads) are also noticed. (B) shows part of hepatocyte surrounded by hepatic stellate cell with

its nucleus (N) indented by single lipid droplet (L) (Mic. Mag. A X1500, B X3000).

4. Discussion:

CCl4-induced liver fibrosis is a
well-established model of
hepatotoxicity.[?2]  Previous study by
Aoyama et al.[Tobserved that LF improved
liver fibrosis in steatohepatitis model.
Therefore, the current study aimed to
demonstrate the therapeutic effect of
lactoferrin on CCl4 induced liver fibrosis in
rats.

Guang and Yun [ attributed the liver
injury induced by CCL4 to stimulation of
endogenous reactive oxygen. Previous

studies reported that LF may decrease

22

oxidative stress. The binding affinity of LF
to the cells limits the process of membrane
lipid peroxidation, as LF is not fully
saturated and can scavenge free iron
radicals.[?4l Moreover, SH et al. [?%] stated
that increased MDA level is a main sign of
endogenous lipid peroxidation. This goes in
line with the current study, as LF decreased
the MDA levels in liver tissue of rats.

The current  work  showed
alterations in serum liver biomarkers in
CCLA4- treated group, this goes in line with

Frank et al. [21 who stated that

https://ejctr.journals.ekb.eqg/
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CCl4 causes loss of hepatic parenchyma
and subsequent dysregulation of the liver’s
metabolic and  synthetic  functions.
Moreover, they added that changes of
serum enzyme activity levels denote injury
to hepatocytes or cholangiocytes.

Unfortunately, it is not widely
known how liver fibrogenesis actually
occurs. It is believed that myofibroblasts
and hepatic stellate cells (HSCs) are
essential in the development of liver
fibrosis, which includes the substantial
remodeling of extracellular matrix (ECM)
elements and the deposition of collagen
type | and II. The activated
HSCs/myofibroblasts, particularly  the
transitional form of HSCs (T-HSCs), are
the chief fibrogenic cell type in the liver,
and constitute a main source of fibril-
forming ECM.271 The aim of anti-fibrotic
therapy is thought to be the imbalance
between the synthesis and breakdown of
ECM by HSC, which has been identified as
a key factor in the fibrogenesis of liver
fibrosis. Moreover, the myofibroblast acts
as a primary cellular mediator of fibrosis as
it is the main collagen-producing cell.[22]

In this result, inflammatory cells
infiltration was noticeable and identical to
the findings of Cosgun et al.l®! during
studying CCL4-induced liver fibrosis and
Emam et al.[?81 who studied thioacetamide
induced hepatotoxicity. Omara et al.[?l &

Elufioye and Habtemariamb [B% related it
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to both local and systemic inflammation,
which is a hallmark of drug-induced liver
damage. As a result, macrophages and
neutrophils are attracted into the liver's
blood vessels to clear away debris and dead
cells in order to promote tissue
regeneration.

Previous study by Farid et al. [31]
observed that when LF was administered
for defense against CCI4, it caused
inactivation of monocytes and
macrophages as manifested by a significant
decrease of both pro- and anti-
inflammatory mediators. Moreover, other
studies [2519 stated that LF has anti-
inflammatory activity, as it can control
cytokine manufacture by macrophages and
lymphocytes. LF can also reduce
inflammation by preventing iron-catalyzed
free radical damage at inflammatory sites.
Additionally, previous study by Tanaka et
al.32l indicated that LF inhibited
inflammation in a dextran sulfate sodium-
induced colitis model in rats and mice.

Dilated congested central veins,
blood sinusoids, and portal veins were
observed in CCl4- treated group. This goes
in line with Venkatanarayana et al.l[*3
Abu-Dief et al.l'®l &Naz et al.B* who
observed similar findings in their studies on
CCl4 induced liver injury. It may be
attributed to increased prostaglandin
synthesis as documented by Hassan et

al.[3® who stated that prostaglandin causes
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smooth muscle relaxation and dilation of
blood vessels. Also, they added that
congestion may be caused by loss of fluid
from dilated vessels, so the vessels
appeared to be filled with RBCs. On the
other hand, Abdeen et al.3¢! explained
vascular dilatation to the stimulation of
Kupffer cells with consequent increase in
the synthesis of nitric oxide which acts as a
vasodilator.

Proliferation and branching of bile
ductules within the portal area were
prominent in CCL4 group. This was
explained by Kumar et al.’"l who stated
that, in most cases of liver failure, the liver
progenitor cells tend to differentiate into
cholangiocytes, that leads to an insufficient
increase in parenchymal tissue and greater
growth of ductular structures. The origin of
stem cells during ductular growth could
involve cholangiocytes, hepatocytes, or
hepatic progenitor cells.

The CCl4-treated group showed
liver fibrosis and excessive deposition of
collagen fibers using Masson’s trichrome
stain and the histological score. The same
results were recorded by Cosgun et al.l&
Ogaly et al.[3 while studying liver fibrosis
induced by CCl4. Moreover, Moreno et
al.3% Ukairo et al.[?2l & Abd Elzaher et
al.[*l stated that excessive deposition of
collagen and ECM occurs due to increased
expression of transforming growth factor
(TGF-B). The over expression of TGF-f has
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been interrelated with the amount of
fibrosis in animal models. Additionally,
Abd Elzaher et al.[*)l stated that toxic
hepatocytes stimulate Kupffer cells that
secrete TGF-B1. Then, TGF-B1 excites
HSCs which rise secretion and deposition
of (hepatic collagen-al) leading finally to
fibrosis.

In current research, many a-SMA
positive cells were noticed in CCl4-treated
group. This finding goes in line with Khedr
and Khedr 1 &Abu-Dief et al.[*8] during
studying CCL4 induced liver fibrosis. They
stated that when HSCs are stimulated, they
change into myofibroblasts. Also, this may
be confirmed by our ultrastructural finding
of decreased lipid droplet of HSCs during
its transformation into myofibroblasts in
CCl4-treated group. These myofibroblasts
are responsible for the hypersecretion of
collagen during hepatic fibrogenesis.
Moreover, previous studies by Chen et
al.¥l mentioned that activation of HSCs
occurs either directly by oxidative stress or
through paracrine stimulation by injured
hepatocytes.

It was observed that CD133 was
intensely up-regulated in CCl4-treated
group. Fujii et al.l*4 recorded the same
finding while studying the mouse model of
CCL4 induced liver fibrosis and stated that
CD133 positive cells correspond to HSCs.

Fading nuclei of hepatocytes and

karyolysis observed in current work were
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formerly reported by Lee et al.l*¥l who
studied CCl4-induced acute liver damage in
mice. It may be attributed to CCl4 induced
hepatic oxidative stress as stated by
Eldesouky et al.[**l However, Zowail et
al.[**! ascribed the previous findings to the
disruption of calcium (Ca+2) balance,
which results in cell death and necrosis.
Ca+2 homeostasis is impacted by CCl4 in
different ways. Through lipid peroxidation
in damaged cell membranes, it can
encourage the influx of calcium ions into
the cytoplasm; alternatively, it can do this
by opening specific membrane calcium
channels. Additionally, it prevents calcium
ions from leaving the cell via active
transport. Overstimulation of calcium-
dependent cellular enzymes by calcium
ions results in irreversible cell damage and
death.

The swollen mitochondria that were
noticed in CCL4-treated group may be a
sign of hepatocytes apoptosis. Amer et
al.l6] stated that mitochondria are the chief
organelle that controls apoptosis because
they are the main site for energy creation.
On the other hand, Abdeen et al.[%l
attributed mitochondrial abnormalities to
reduced intra mitochondrial protein
synthesis and rise of cytosolic calcium
caused by oxidative stress and respiratory
chain dysfunction.

Hepatocyte cytoplasmic

vacuolations observed in CCL4 treated
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group were consistent with those of Hassan
et al.[¥¥l in experimentally induced fatty
liver in rat; Abu-Dief et al.8 &Fathy et
al.*7l in CClg-induced hepatic fibrosis in
mice and rats respectively. Hassan et al.[*®]
attributed that to cellular hypoxia. They
added that cellular hypoxia lowers the
function of plasma membrane ATP-
dependent sodium pumps, which causes
intracellular sodium and potassium efflux
to accumulate. Then water enters the cell,
causing cell swelling and ER dilatation.

Rarefaction of the cytoplasm
detected in current research may be due to
proliferation of smooth endoplasmic
reticulum and glycogen accumulation;
meanwhile, dilatation of rough
endoplasmic reticulum cisternae caused by
lipid peroxidation or protein retention due
to decreased secretory activity. (34

LF+CCL4 treated group showed
significant improvement of the previous
findings. The antifibrotic effect of LF may
be attributed to the inactivation of HSC as
reported by Aoyama et al.l'l.  Ahmed et
al.*l added that LF stops the TGF-B1-
induced fibrosis signaling  pathway.
Furthermore, Tung et al.['% observed that
LF decreased the accumulation of collagen
proteins and expression of a-SMA using
PCR and Western blotting.

The improvement of the previous
finding in LF+CCL4 treated group

attributed to that LF prevents endoplasmic
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reticulum (ER) stress and facilitates the
autophagy of injured hepatocytes due to its
capacity to scavenge ROS as reported by
Ahmed et al.[?l They added that the
antiviral properties of LF make it effective
versus a wide range of viruses, including
hepatitis C. Hepatocellular necrosis was
prevented by LF, and liver tissue was
directly cytoprotected.

Previous studies [731&48] opserved
that LF stopped fibrosis without any side
effects. Current research has shown that
lactoferrin prevented the progression of
liver different

fibrosis by  using

biochemical, histological,
immunohistochemical and ultrastructural
methods. So, LF

therapeutic agent for fibrosis.

is a protective or

5. Conclusions:

Based on the above-discussed results,
it is concluded that lactoferrin is beneficial
in ameliorating the histological structural
changes that occurred in CCL4-induced
model of liver fibrosis. Accordingly,
lactoferrin can be used as an assistant factor
during treatment of cases of liver fibrosis.
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