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Abstract

EPATORENAL SYNDROME (HRS) is a form of secondary renal failure that occurs in late

stage of chronic liver diseases. Its importance arises from the fact that it has the lowest survival
rate. This study aimed to investigate the therapeutic role of Lactoferrin (LF) against the complications
of hepatic fibrosis associated with bile duct ligation (BDL) in the HRS rat model. The experiment
was performed on 36 adult male Sprague-Dawley rats weighting (250 - 300 gm) and their age ranged
from (5-6) weeks. Rats were randomly distributed into four groups, (G1; Control normal group,
n=0): rats received a daily oral dose of distilled water at (100 ml / kg/ b.wt.) for 4 successive weeks,
(G2; LF group, n=06): rats received a daily oral dose of Lactoferrin at (300 mg / kg / b. wt.) by oral
gavage for 4 successive weeks, (G3; BDL group, n=12): the common bile duct was double ligated,
and (G4; BDL+ LF group, n=12 ): the common bile duct of the rats was double - ligated and then
treated with LF by oral gavage from the 2™ day post -surgery and continued for 4 successive weeks .
The current study recorded that LF treatment showed improvement in the clinical signs, biochemical
analysis, histopathological examinations, and electron microscopy examination of the liver, kidneys,
and of BDL rats compared- to the untreated BDLgroup.LF plays an important role in the treatment of

hepatic fibrosis and associated complications including HRS through its antioxidant properties.

Keywords: BDL, Fibrosis, Hepatorenal Syndrome, Lactoferrin, Rat.

Introduction

Hepatorenal syndrome (HRS) is a
multiorgan state characterized by hepatic and renal
impairment [1]. This particular kind of functional
renal failure (RF) is seen in end-stage liver disease
(ESLD), such as acute liver failure (ALF), alcoholic
hepatitis, and decompensated cirrhosis [2]. Based on
the degree of the illness, there are two clinical forms
of HRS: type I and type II. Compared to type II HRS,
which has gradually growing renal retention
characteristics, type I HRS is characterized by rapid
development with a bad prognosis. Serum creatinine
levels double in two weeks in type I patients. Two
weeks following diagnosis, the death rate for patients
with Type I HRS is 50%, and within months, it can
reach 100% [3, 4]. A history of hepatic failure,
elevated blood creatinine levels, and the lack of other
renal failure causes, such as bacterial infection,
shock, or nephrotoxic agent usage, as well as the

absence of renal parenchymal disorders, all are
necessary for the diagnosis of HRS [5].

Cholestatic liver injury is a major contributing
factor to the development of hepatic fibrosis and
cirrhosis, as in the case of chronic liver illness
patients [6]. Experimental models were designed to
simulate various features of interrelated mechanisms
leading to hepatic inflammation, fibrosis, and finally
cirrhosis [7]. Surgical BDL is a significant
experimental paradigm utilized to generate
obstructive cholestatic damage in rodents [8]. Bile
acid build-up could trigger fibrotic mechanisms,
either directly or indirectly, under the effect of
inflammatory mediators [9].

One member of the transferrin family, the iron-
binding glycoprotein, Lactoferrin (LF), is found in
neutrophils, serum, and exocrine secretion [10, 11].
Saliva, tears, breast milk, and the biliary tracts are
exocrine secretions containing LF, a siderophilic
protein with two iron-binding sites. Colostrum has
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the highest levels of LF (5-7 mg/mL) [12]. Preceding
studies had reported the multi-pharmacological
characteristics of LF, including its ability to fight
against bacterial and parasite infections as well as its
anticancer, immunomodulatory, and anti-
inflammatory actions [10, 13]. Because of its
previously reported capacity to bind iron, which is
believed to have oxidative features in high
concentrations, LF may offer protection against
oxidative stress [14]. According to the available
researches, LF is extremely efficient in minimizing
the concentration of cytotoxins H,0, and elevating
ferric- reducing antioxidant power (FRAP), both
intracellularly and extracellularly [15]. LF 's ability
to suppress neutrophils' "oxygen explosion," which
causes a huge quantity of free radicals to be produced
that harm cells, has been demonstrated to be an
additional antioxidant function [16].

Since it can directly adjust immune cells'
(including  lymphocytes  and  macrophages)
production of cytokines, via receptor-mediated
signaling pathways, LF has also been shown to have
anti-inflammatory properties [17]. Additionally, LF
can reduce inflammatory reactions by inhibiting free
radical damage catalyzed by iron at inflammation
areas [18].

In the context of the liver, LF demonstrated direct
cytoprotective action through its anti-oxidant
function, inhibiting hepatocellular necrosis [19]. LF
has also been shown to have a strong anti-
inflammatory action, which prevents the stimulation
of Hepatic stellate cells (HSCS) [20]. On the other
hand, it promoted HSC apoptosis by triggering the
production of macrophages, CD8+ T lymphocytes,
and natural killer cells [21]. Of note, the actual LF
role against hepatic fibrosis hasn’t been explained till
now. However, its anti-inflammatory, anti-oxidant,
and proapoptotic properties could suggest an anti-
fibrotic effect [22].

Material and Methods

Laboratory animals

This experiment was carried out on 36 adult male
Sprague-Dawley rats, 5-6 weeks old, their weight
ranged from 250g- 300g. The animals were obtained
from the Medical Experimental Research Center
(MERC), Faculty of Medicine, Mansoura University.
Animals were left one week in the new environment
in Pathology Lab, as an adaptation period before the
start of the experiment. The animals were placed in
plastic cages (six rats /cage), supplied with a standard
pellet rat diet and water ad /libitum, and maintained
under standard human and hygienic conditions of
temperature, humidity and light with a 12 h light /
dark cycle.

Drugs and chemicals
Lactoferrin was purchased from Hygint

pharmaceuticals (Smouha, Alexandria) in the form of
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powder, under the commercial name (Pravotin). It
was dissolved in saline. ketoprofen was purchased
from Amriya Pharm. IND. (Alexandria, Egypt).
Ketamine HCl was purchased from Troikaa
pharmaceuticals Ltd, Gujarat, India, under the
commercial name (Ketamax 50mg/ml). Xylazine Hel
was purchased from ADWIA, Egypt, under the
commercial name (Xylaject 20mg/ml).

Experimental design

Rats were divided into 4 groups. Group 1(G-1;
control normal group; n = 6), rats received a daily
oral dose of distilled water via oral gavage at (100
ml/kg/b. wt.) for 4 weeks. Group 2 (G-2; Lactoferrin
(LF) group; n = 6), rats received a daily oral dose of
Lactoferrin (LF) by oral gavage at (300 mg/kg/b.
wt.) [13] for 4 successive weeks. Group 3 (G-3; BDL
group; n = 12), rats undergo surgery for common bile
duct ligation (CBDL). Group 4 (G-4; BDL + LF
group; n = 12), rats undergo CBDL and are treated
with a daily oral dose of LF at (300 mg /kg/ b. wt)
via oral gavage for 4 successive weeks, started from
the 2™ day post- surgery.

Surgical procedures
Anesthesia:

Isolation of Streptococcus pyogenes bacteria and
others species as a primary step was done using
blood agar. Gram stain and biochemical tests will
identify the bacteria. This was done according to
Quinn et al. [21].

Surgical procedures:

Surgery was carried out under sterile
environmental conditions. An abdominal midline
incision was used to expose the common bile duct
guided by the xiphoid cartilage. The common bile
duct was identified and then double ligated using the
stomach approach technique as performed by Elsaied
et al., 2020 [24]. Double ligation of the bile duct was
conducted using 5-0 size polypropylene suture
material without dissection in-between. Then all the
abdominal organs were placed back into their normal
position, and the peritoneal cavity was washed with
0.9% Sodium Chloride (NaCl) solution. The
abdomen was closed in two layers: Firstly, the wall
was closed by monofilament absorbable suture
(Maxon 4-0), then the skin closure was done by
using monofilament non-absorbable suture (Prolene
2-0) (Fig.1). Post-surgical pain in rats was treated
with ketoprofen as an analgesic (3 mg/kg) injected
intramuscularly [25].

Treatment with LF:

It was isolated and enumerated on Baird Parker
(BP) agar (NEOGEN/UK). The black, shiny colonies
with halo zones around them were picked up for
morphological  examination and  biochemical
identification according to Moraes et al. 2021 [22].
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The colonies were tested for coagulase production
and catalase activity for presumptive identification.

Serum samples collection

At the end of the experiment, after 4 weeks, the
rats were anaesthetized with ether anesthesia after
that blood samples were collected from the orbital
sinus of the eye. Serum separation took place via
centrifugation of blood samples at 4000 rapid per
minute for ten minutes. Then serum samples were
stored at -20°C until assessment of liver and kidney
function tests.

Tissue samples collection

Rats were cuthanized by cervical dislocation
method; then post-mortem examinations took place.
Macroscopic lesions of the liver and kidneys were
examined and representative tissue specimens were
collected from liver and kidneys tissues from all
groups, then divided into two parts; the first one was
preserved separately in 10% neutral buffered
formalin for histopathological examination and the
second one was preserved in glutaraldehyde (4%
glutaraldehyde) for ultrastructural examinations.

Histopathology (H&E)

Tissue specimens were washed then dehydrated
in ascending grades of alcohol, then cleared in
xylene, and embedded in paraffin wax. Thin sections
(4 p m) were cut using a microtome, deparaffinized
by xylene, and finally stained with hematoxylin and
eosin (H&E). Then slides were covered by cover
slides to be examined by light microscope [26].

Assessment of serum liver and kidney biomarkers

Serum liver and kidney biomarkers were
measured by using Enzyme Linked Immuno Sorbant
Assay (ELISA) kits. Serum alanine amino transferase
(ALT), aspartate amino transferase (AST) and
Alkaline phosphatase (ALP) were expressed as
(U/L), serum albumin was expressed in (g/dl), while
serum Creatinine (SCr), total (TBIL) and direct
bilirubin (DBIL) and Blood urea nitrogen (BUN) was
expressed as (mg /dl). The used kits for ALT and
AST were purchased from Agappe Diagnostics [27].
The used kits for ALP were purchased from Biomed
Diagnostics [28]. While the kits used for BUN, Cr,
TBIL, DBIL and albumin were purchased from
Diamond Diagnostics [29].

Transmission electron microscopy

The liver and kidney tissue samples were cut into
1 mm’ blocks and fixed in 2.5% glutaraldehyde (GA)
and formaldehyde (FA) for 1 hour, rinsed three times
in 0.075M sodium potassium phosphate buffer (pH =
7.4) for 15 min each before the samples were placed
in the secondary fixative, a 1% osmium tetroxide
solution for 1 hour. Following fixation, the tissue
samples were rinsed again as described above. The

tissues were then dehydrated in 30, 50, 70, 90%, and
three changes of 100% ethanol. The samples were
embedded in resin and ultrathin sections (70— 100
nm) were cut with a diamond knife using an
ultramicrotome. Samples were contrasted with uranyl
acetate for 5 min followed by 2 min of contrast with
lead citrate, after which the samples were allowed to
dry for a few minutes before being examined with
the JEOL TEM (JEM 2100F) [30].

Statistical analysis

Data were edited in Microsoft Excel (Microsoft
Corporation). A Shapiro—Wilk test was conducted to
check for normality as described by Razali and Wah
[31]. The way ANOVA procedure (PROC ANOVA;
SAS Institute, 2012) was used for assessing blood
parameters. Multiple comparisons among means
were carried out with Duncan's multiple-range test
[32]. Statistical significance was accepted as p <
0.05.

Results

Rats in the control and LF groups were normal
with normal feed intake, physical conditions,
activities, and viability. Meanwhile, BDL rats
showed enlarged abdomen, yellowish discoloration
of the skin, ears and tails, as well as a change in the
urine color to dark yellow. These signs started on the
2" day post-surgery and persisted till the end of the
experiment. While rats in BDL+LF group showed
the same signs as in the BDL group at the 2™ day
post-surgery but these signs disappeared 1 week after
treatment. The mortality rates of the current study
were calculated for each group and represented in
percentage (%). The mortality rates in the control and
LF groups were zero %, while the mortality rate in
the BDL group was 50 %, which started on the 2™-
day post-surgery. The mortality rate in the BDL+LF
group was 30%, which started on the 10™ day of
treatment.

Serum activities of liver enzymes ALT, AST, and
ALP as well as the concentration of TBIL and DBIL
were significantly higher in the BDL group than their
counterparts in the control, LF, and the BDL+LF
groups (p<0.05), non-significant differences were
observed between the control group and both of LF
and BDL+LF groups (p>0.05) (Table 1).

About blood albumin, the lowest values were
detected in the BDL group and improved
significantly in response to the treatments by LF and
BDL+LF (p<0.05) (Table 1).

The higher levels of BUN and Cr were shown in
the BDL treated group compared to the control and
the other two treated groups (p<0.05), minimizing in
the LF group (p<0.05) (Table 1).

Macroscopically, livers from control normal (G1)
and LF (G2) showed normal bright brown color with
normal size. Microscpically, liver sections show the
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normal arrangement of hepatocytes around central
veins with normal sinusoids and portal areas in
control normal G1 and G2 (Fig .2).

Macroscopically, livers from the BDL (G3)
group showed yellowish discoloration, congestion
with a large area of hemorrhage, dark brown
discoloration with decrease size, and dark brown
discoloration with atrophy. Microscpically, Liver
sections from G3 show marked extension of the
portal area due to congestion of portal blood
vessels, portal fibrosis, dilation and proliferation of
bile ductules, and few mononuclear cells infiltration
in the portal area. In addition, marked lobular
fibrosis leads to atrophy of hepatic cords with
congested sinusoids. While the macroscopic picture
of livers from the BDL+LF (G4) show normal
colour and size. Microscpically, Liver sections from
the BDL+ LF (G4) group showed decreased portal
area, mild congestion of portal blood vessels, mild
portal fibrosis, decreased proliferation of bile
ductules, and few mononuclear cells infiltration in
the portal area (Fig .3).

Macroscopic examination of kidneys showed a
normal bright brown color with normal colour and
size in normal control and LF (G1 and G2) groups.
Meanwhile, microscpically, kidney sections showed
normal glomeruli and tubules in normal control and
LF (G1 and G2) groups (Fig. 4).

Macroscopic picture of kidneys from the BDL
(G3) group showed dark brown discoloration with
increased size. Kidney sections from the BDL (G3)
group showed congested blood vessels, prominent
hemosiderosis in the tubular epithelium, dilated
Bowman's space, tubular hydropic degeneration,
coagulative necrosis, mild perivascular fibrosis, and
perivascular edema. While the macroscopic picture
of kidneys from the BDL + LF (G4) group shows a
normal brown color with decreased size.
Microscpically, kidney sections from the BDL + LF
(G4) group showed normal tubules and dilated
Bowman's space (Fig. 5).

Representative Transmission Electron
Microscope (TEM) micrograph of liver sections from
the control group (G1) showed intact ultrastructure of
nucleus and nucleolus with abundant cytoplasmic
mitochondria and RER. LF group (G2) showed the
normal structure of hepatocytes (centrally intact
nucleus with nucleolus and abundant mitochondria
with  normally arranged Rough-endoplasmic
Reticulum (RER) (Fig. 6).

On the other hand, liver sections from rats of the
BDL group (G3) showed shrunken nucleus with
nuclear membrane blebbing and perinuclear loss of
cytoplasmic organelles characterized by clumped to
dilated RER, reduction of mitochondrial number with
irregularity and abundant electron- dense clumped
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mitochondria. While liver sections from the
BDLALF group (G4) showed partial hepatic
degeneration represented by few cytoplasmic
dilations of RER with scattered electron-dense
clumped irregularly shaped mitochondria, an intact
nucleus with eccentric nucleolus (Fig. 7).

Representative TEM micrograph of kidney
tubular epithelium and the glomerulus of control
group (G1) tubular epithelial cells showed intact
basement membrane with basal infoldings of plasma
membrane and abundant cytoplasmic mitochondria
with few vacuoles and partial indentation nuclear
membrane. While TEM of the LF group (G2)
showed intact basolateral plasma membrane
infoldings with intact mitochondria beside a few
cytoplasmic vacuoles (Fig. 8).

Meanwhile, the BDL group (G3) showed fused
basolateral plasma membrane infoldings, shrunken
nuclei with finger-like projection of nuclear
membrane, abundant cytoplasmic vacuoles, and
fragmented to clumped mitochondria. Meanwhile,
TEM of the BDL+LF group (G4) showed blebbing
of the nuclear membrane with thickening of
basolateral plasma membrane infoldings and
mitochondrial irregularity with electron- dense
appearance with occasional cytoplasmic vacuoles
(Fig. 9).

Representative glomerular ultrastructure showed
in the control group (G1) glomerulus showing intact
interwoven capillary loops lined with fenestrated
endothelial cells, glomerular basement membrane,
and many foot processes in contact with podocytes,
uriniferous space are in between the capillary loop.
LF group (G2) showed intact fenestrated
endothelium with intact glomerular basement
membrane, partial fusion of foot process with
occasional nuclear pyknosis of podocytes (Fig. 10).

While the BDL+LF group (G3) shows marked
disruption of glomerular structure with fragmented
endothelial cells, thickened basement membrane, loss
of filtration slits, closure of uriniferous space with
detached foot process, and fragmented podocytes.
While BDLALF group (G4) showed partial nuclear
shrunken of one podocytes with intact ultrastructure
of fenestrated endothelium, GBM, and foot process
with normal uriniferous space (Fig. 11).

Discussion

Different experimental models have been known
to induce hepatic fibrosis [33]. But none of them
went through a thorough evaluation to serve as a
model for HRS [34]. The common bile duct ligation
CBDL and carbon tetrachloride CCL, administration
are the two commonly used research models of liver
disease. The primary benefit of BDL is that, in
comparison to the administration of CCL,, it allows
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for the study of changes in renal function over a brief
period with reduced death rates [35].

LF belongs to the transferrin protein family.
Where it forms robust connections with two ferric
ions and presents in exocrine secretions, including
tears and colostrum [13]. It had antioxidant and anti-
inflammatory actions as stated by various researchers
[6, 36, 37]. Moreover, LF protects hepatocytes
against acetaminophen- induced toxicity as
demonstrated by earlier investigations, which added
to its role as a hepatoprotective agent [19]. Also, it
can protect hepatocytes against dimethylnitrosamine-
induced liver toxicity, as demonstrated before [38].
In a rat model of CCLy-induced hepatitis, LF
decreases IL-1f, so it prevents hepatitis [13]. Owing
to its anti-inflammatory and anti-fibrotic properties,
LF may also be useful in the treatment of liver
fibrosis in a rat model subjected to BDL. It reduces
inflammatory cytokines such as TNF-o and IL-1B
while raising the anti-inflammatory cytokine IL-10 to
achieve its anti-inflammatory effect[6].

In the current investigation, all rats showed
jaundice from the 2™ day post-surgery indicating a
successful ligation. Due to the obstruction of bile
flow following CBDL and the accumulation of
bilirubin on tissues, primarily the skin and mucous
membranes, jaundice was thought to result from
elevated blood bilirubin concentrations [39]. These
findings were in consistent with [40]. Clinical signs
recorded in this study agreed with other studies [41].
These could be attributed to the increase in serum
levels of bilirubin causing jaundice and cystic
dilation of the common bile duct due to obstruction
of bile.

Significant increases in the serum levels of ALT
and AST were observed in the BDL group as an
indicators of liver function, which were similar to the
levels in [42-44]. On the other hand, in the BDL+LF
group, LF decreased the serum levels of AST and
ALT near normal levels in the control and the LF
groups. This finding was similar to that of [45]. This
decline demonstrates the hepatoprotective effect of
LF in preserving the structure and function of the
liver cells [19].

The only organ where albumin is synthesized is
the liver [46]. The most significant protein in plasma
that the liver produces is called albumin, which can
be used as a good measure of liver condition [47].
According to our study, BDL rats ' serum albumin
levels decreased compared to the control group,
which agreed with the results of [46, 48]. Reduced
protein synthesis and hepatic dysfunction could be
the cause of this drop in serum albumin content [49].
Moreover, these alterations in albumin levels could
be the result of metabolic changes, including
decreased liver manufacturing associated with BDL

[50]. However, rats treated with LF in the BDL+ LF
and LF groups showed a significant increase in
serum albumin concentration. This effect could be
connected to LF 's antioxidant qualities [6].
Furthermore, this rise can be the result of increased
albumin and protein production, which speeds up the
regeneration process and protects the liver [51].

According to the current study, Serum levels of
cholestatic indices including ALP, TBIL and DBIL
in the BDL group were significantly increased
compared with the control group. These data are
similar to the results of [43, 52]. Meanwhile, the
BDL-induced hepatocyte degeneration and bile duct
obstruction may be the reason for the rise in serum
concentrations of TBIL and DBIL [53]. In the control
and LF group, there is no change in the level of
cholestatic indices. While rats treated with LF in the
BDL+LF group showed a reduction in the levels of
these biochemical markers as compared to the BDL
group. The reduction in ALP enzyme activity
indicates the functional integrity of the hepatic cell
membrane and is a clear sign of hepatoprotective
effect[54]. This reduction in response to treatment by
LF could be due to its hepatoprotective action.

The biochemical analyses provide a more
significant diagnostic tool for HRS rather than
other clinical signs [39]. So, significantly high serum
Blood Urea Nitrogen (BUN) and Creatinine (Cr)
levels in the BDL group are the primary laboratory
results associated with HRS. These findings agreed
with the findings of [34, 55, 56]. The mechanism of
renal failure progression in this model is following
the mechanisms observed in typical HRS [57].
Damage to the liver parenchyma is the first step in
the progressive process, which also includes the
development of portal hypertension, splanchnic
vascular bed enlargement, a decrease in the effective
volume of fluid in the systemic circulation, and
vascular baroreceptor stimulation. These events are
followed by the activation of  various
vasoconstriction factors, such as the sympathetic
nervous system, renin-angiotensin system, or
arginine  vasopressin  system  [57].  Renal
hypoperfusion, renal cortical vasoconstriction, and
renal failure (RF) are caused by these mechanisms
[58]. The reduction in renal blood flow and
glomerular  filtration rate due to  renal
vasoconstriction is reflected on the biochemical
profile of renal function, which includes an increase
in serum creatinine and BUN levels [59].

On the other hand, rats treated with LF in the
BDL+LF recorded a significant decrease in serum
BUN and Cr near the normal levels present in both
the control and LF groups. These results were
partially agreed with [60], who recorded that LF
inhibited oxidative stress-induced cell death and
apoptosis in human kidney tubular epithelial cells.
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This may be attributed to the hepatoprotective effect
and antifibrotic actions of LF on hepatocytes [6]
which in turns protects liver cells from damage and
so prevents development of HRS.

A prevalent pathological characteristic of many
liver illnesses 1is cholestasis, which causes
inflammation, cirrhosis, and hepatotoxicity [61].
Hepatocyte apoptosis, the production of oxygen
derivatives, and inflammation have all been
demonstrated to rise in response to cholestasis-
induced bile acid buildup and other toxic substances
[43]. While cirrhosis and cholestasis primarily affect
the liver, they can also cause damage and
dysfunction to other extrahepatic organs, particularly
the kidneys [62]. Two important adverse effects of
acute liver failure are hepatic encephalopathy HE and
HRS [2, 63].

One of the possible causes of renal dysfunction,
or HRS, in hepatic failure is oxidative stress and
inflammation [64]. Moreover, it has been discovered
that oxidative stress may be a major factor in
problems caused by cholestasis [55]. Many
Researches and experiments have connected renal
disease to inflammation and oxidative stress, which
are caused by a variety of pathological circumstances
that result in the production of harmful compounds
that release free radicals. Because of their extreme
reactivity, free radicals damage lipids, proteins, and
nucleic acids, impairing their structural and
functional integrity [64]. So, the need for an
antioxidant agent to alleviate liver injury by reducing
free radicals- induced tissue damage become an
urgent necessity.

The gross examination of livers from the BDL
group in this study was similar to the findings of
[65]. The hepatomegaly seen may be due to
stimulation of HSC during hepatocyte injury which
causes it to transdifferentiate into myofibroblasts-like
cells and form the extracellular matrix [66]. The dark
brown discoloration may be due to congestion of
hepatic sinusoids and inflammation, while the
yellowish discoloration may be due to fibrosis.

In the current investigation, the histopathological
examination of liver tissues of the BDL group were
in accordance with previous investigations [39, 44,
56, 67]. Previous research has demonstrated that the
bile duct hyperplasia seen in this investigation [68],
is the earliest morphological sign of hepatic damage
connected to extrahepatic bile duct blockage [69]. It
remains unclear what causes this proliferative
response to begin. It has been suggested that cell
proliferation may be aided by the rise in intraductal
pressure that results from blockage of the common
bile duct [69], however the exact biochemical
processes behind this pressure impact are unclear
[68]. So this finding is consistent with the increase in
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serum levels of ALT, AST, ALP, TBIL, DBIL and
albumin seen in the BDL group. High ALT level has
a stronger connection with the condition of necrosis,
while increased AST refers to liver damage in rats
[70]. As a marker of the integrity of the liver's
plasma membrane, ALP is concentrated in the bile
duct cells [45]. The rise in ALP, which is a consistent
indicator of hepatobiliary dysfunction caused by liver
injury, occurs due to new synthesis by liver cells
[71]. These alterations in liver enzyme levels point to
a loss of tissue integrity, which leads to hepatocytes
death and subsequent necrosis [72], showing the
extent of hepatic injury in cholestasis and the toxic
effects of bile acids on the liver [73].

In the BDL model, cholestasis decreases bile salt
excretion, which results in the retention of
hydrophobic bile salts within hepatocytes, as well as
apoptosis, necrosis, and the loss of liver parenchyma,
all of which contribute to a redox imbalance and the
generation of reactive oxygen species (ROS) [74].
Furthermore, ROS leads to significant injury to
mitochondrial DNA and the liver, degrading proteins
within cells and interfering with mitochondrial
production [74]. It has been discovered that oxidative
stress and free radicals play a major role in the
development and spread of liver damage and fibrosis
[75]. Antioxidants may therefore be promising
treatments for liver fibrosis and the problems
associated with it [71, 76]

It was recorded that LF plays a role in the
amelioration of fibrotic changes induced by BDL in a
rat model [6]. The results of the current study
recorded that LF significantly reduced BDL-induced
liver histological alterations in rats when the
treatment starts immediately after BDL in the
BDLALF group. This response to the LF treatment is
attributed to its hepatoprotective and anti-oxidative
properties.

The gross examination of kidneys in BDL group
in this study did not agree with the previous
investigations  that recorded macroscopically
greenish kidneys with an irregular surface in 8-week
CBDL mice [77]. This difference in color might be
attributed to the difference in species and long- term
bile duct ligation under the effect of high serum
bilirubin and bile acids.

The current study recorded congested blood
vessels, tubular hydropic degeneration, coagulative
necrosis, mild perivascular fibrosis, hemosiderosis in
the tubular epithelium, dilated Bowman's space, and
perivascular edema. The microscopic findings of this
study were supported by the findings of [39, 56, 78].
Renal structural damage, including apoptosis,
necrosis, and fibrosis, is caused by chronically
elevated oxidative stress, renal vasoconstriction, and
hypoperfusion in cirrhotic individuals with HRS-
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CKDJ[1, 79]. Oxidative stress destroys the
glomerulus [80] and the inflammation that occurred
[81]. Acute renal failure may also be linked to
oxidative stress [82], obstructive nephropathy [83],
and inflammation that resulted in chronic renal
failure [84].

Levels of serum bile and bilirubin rise in case of
liver failure [85]. Proximal tubular function can be
compromised by elevated serum levels of bile acids
or bilirubin, a condition that resolves when the levels
return to normal [86]. The primary cause of the
current paradigm of renal failure in HRS is
significant splanchnic and systemic vasodilation,
which lowers the glomerular filtration rate [87]. But
without taking into account the effect of renal bile
casts, this schema is lacking [85].

Besides its anti-fibrotic properties on human renal
tissue , it was found that LF prevented cell injury and
then death associated with oxidative stress [60]. In
this study, the tissue examination of kidneys from the
BDL + LF group showed normal tubules and dilated
Bowman's space compared with the BDL group. This
shows that antioxidant therapy avoids renal failure
and restores normal glomerular filtration rate, renal
blood flow, and mean arterial pressure in cirrhotic
rats, indicating that oxidative stress had an important
role in all of these changes [88].

In the -current investigation, ultrastructural
examinations of liver sections of the BDL group
using TEM showed showing shrunken nucleus with
nuclear membrane blebbing and perinuclear loss of
cytoplasmic organelles characterized by clumped to
dilated RER, reduction of mitochondrial number with
irregularity and abundant electron-dense clumped
mitochondria. These results were in accordance with
[88], and partially agree with [90] who recorded that
the shape of the hepatocyte nuclei became irregular,
and some even appeared pyknotic in the BDL group.
The mitochondria partly disappeared in damaged
hepatic cytoplasm, with vacuolar degeneration
visible occasionally. Furthermore, the structure of the
hepatic interstitial was disordered, where bile duct
endothelial ~ cells, fibroblasts, = macrophages,
lymphocytes and neutrophils increased. The normal
structure of sinusoidal endothelial fenestrae also
disappeared. This may be due to difference in time
period of ligation, which was 3 weeks. On the other
hands, rats belonging to the BDL+ LF group using
TEM showed partial hepatic degeneration
represented by a few cytoplasmic dilations of RER
with scattered electron dense clumped irregularly
shaped mitochondria, intact nucleus with the
eccentric nucleolus. The effect of treatment with LF
on the ultrastructure of the liver was not discussed in
the literature before.

In the present study, the ultrastructural
examinations of kidney tubular epithelium of BDL
group using TEM showed fused basolateral plasma
membrane infoldings, shrunken nucleus with finger
like projection of nuclear membrane, abundant
cytoplasmic vacuoles and fragmented to clumped
mitochondria. These results disagree with that of [91]
which recorded swelling and enlargement of renal
tubular cells, increase in number of lysosomes
containing myeloid bodies and a relative decrease in
the number of mitochondria especially in the
proximal tubules in the BDL group. This could be
due to the long period of BDL in our study.
Meanwhile the effect of treatment by LF appeared in
the BDL+LF group showing blebbing of nuclear
membrane with thickening of basolateral plasma
membrane infoldings and mitochondrial irregularity
with electron dense appearance with occasional
cytoplasmic vacuoles. No literature discussed the
effect of LF in BDL rats before.

BDL group showed marked disruption of
glomerular structure with fragmented endothelial
cells, thickened basement membrane, loss of
filtration slits, closure of uriniferous space with
detached foot process and fragmented podocytes.
These results disagree with that of [92]. While
sections of BDL+LF group showing partial nuclear
shrunken of one podocytes with intact ultrastructure
of fenestrated endothelium, GBM and foot process
with normal uriniferous space. There has been no
research discussed previously the effect of LF on
ultrastructural examination of kidney sections.

Conclusion

This study illustrated that role of LF in the
prevention and treatment of hepatic fibrosis and its
associated complications including HRS through its
potent antioxidant and anti-inflammatory actions.

Acknowledgments

We really appreciate all the staff members of
Medical Experimental Research Center (MERC) who
helped in the Experimental part.

Funding statements

This study didn't receive any funding support
Declaration of Conflict of Interest

There are no conflicts of interests to declare.
Ethical of approval

The experimental procedures were carried out
according to the guidelines of Faculty of Veterinary
Medicine, Mansoura University, and approved by the
Ethical Committee in Mansoura University (Ethical
code No. M/17, approved on the 8" of August,
2019).

Egypt. J. Vet. Sci.



8 NADA N. KHALIL et al.

TABLE 1. Effect of different treatments on liver and kidney functions as well as blood protein (albumin).

Items Control Lactoferrin BDL BDL+Lactoferrin p-value
Liver function
ALT (U/L) 61.00+5.57" 5220+8.45"  116.50410.89" 54.13+4.61° <0001
AST (U/L) 99.00+8.36" 89.60412.46"  455.60+24.14° 127.63225.11" <0001
ALP (U/L) 202.40:21.15°  279.70421.41°  478.23+46.66" 256.00+24.76" 0.0002
T BIL (mg/dL) 0.50+0.14" 0.52+0.16" 6.94+134" 0912022 <0001
D BIL (mg/dL) 0.40+0.05" 0.19:0.08" 3.680.99" 0.42+0.15" <0001
Kidney function
CR (mg/dL) 0.32:0.07" 0.3020.08" 1.12£0.17° 0.46:0.05" <0001
BUN (mg/dL) 22.29+132" 19.26:1.61° 41.50+1.59° 20.96:0.86" <0001
Blood protein
ALB (g/dL) 3.68+0.23" 2.94+0.33 1.92+0.34° 2.90+0.14° 0.0021

Fig. 1. (A) Identification of the common bile duct.( B) Double ligation of the bile duct using 5-0 size polypropylene
suture material without dissection in-between.

Fig. 2. Gross picture of livers showing normal bright brown color with normal size. Microscpically, liver sections
showing normal arrangement of hepatocytes around central veins with normal sinusoids and portal areas in
control normal G1 and G2. HE Magnifications X: 100 bar 100 and X: 400 bar 50.
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Fig. 3. Gross picture of livers from G3 showing yellowish discoloration 1* panel, congestion with large area of
hemorrhage 2m panel, dark brown discoloration with decrease size 3 panel, dark brown discoloration with
atrophy in 4™ panel. Microscpically Liver sections from control +ve G3 showing marked extension of portal
area due to congestion of portal blood vessels (angled black arrow), portal fibrosis (thick black arrow),
dilation and proliferation of bile ductules (thin black arrow), few mononuclear cells infiltration in portal area
(arrowhead). Marked extension of portal area due to congestion of portal blood vessels (angled black arrow),
portal fibrosis (thick black arrow), marked proliferation of bile ductules (thin black arrow), few mononuclear
cells infiltration in portal area (arrowhead). in addition, marked lobular fibrosis (closed arrowhead) leading
to atrophy of hepatic cords (opened arrowhead) with congested sinusoids (red arrows). Gross picture of livers
from G4 showing normal colour and size. Microscpically, Liver sections from G4 showing decreased portal
area mild congestion of portal blood vessels (angled black arrow), mild portal fibrosis (thick black arrow),
decreased proliferation of bile ductules (thin black arrow), few mononuclear cells infiltration in portal area
(arrowhead). HE Magnifications X: 100 bar 100 and X: 400 bar 50.

Fig. 4. Gross picture of kidneys showing normal bright brown color with normal colour and size. Microscpically,
kidney sections showing normal glomeruli and tubules in control normal G1 and G2 HE Magnifications X:
100 bar 100 and X: 400 bar 50.
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Fig. 5. Gross picture of kidneys showing dark brown discoloration color with increased size as in 3™ panel.
Microscpically, kidney sections showing normal glomeruli and tubules in control normal G1 and G2. Kidney
sections from G3 showing congested blood vessel (red arrow), prominent hemosiderosis in tubular epithelium
(black arrow), dilated Bowman's space (arrowhead), tubular hydropic degeneration and coagulative necrosis
(thin blue arrow), mild perivascular fibrosis (thick black arrow), perivascular edema (thick black arrow).
Gross picture of kidneys showing normal brown color with with decreased size. Microscpically, kidney
sections from G4. showing normal tubules and dilated Bowman's space (arrowhead). HE Magnifications X:
100 bar 100 and X: 400 bar 50.

Fig. 6. Representative TEM micrograph of liver from different treatment groups. A) Control normal group (G1)
showing intact ultrastructure of nucleus (n) and nucleolus (nu) with abundant cytoplasmic mitochondria (m)
and RER (RER). B) LF group (G2) showing normal structure of hepatocytes centrally intact nucleus (n) with
nucleolus (nu) and abundant mitochondria (m) with normally arranged RER (RER).
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Fig. 7. C) BDL group (G3) showing shrunken nucleus (n) with nuclear membrane blebbing (thin arrow) and
perinuclear loss of cytoplasmic organelles characterized by clumped to dilated RER (dRER), reduction of
mitochondrial number with irregularity and abundant electron dense clumped mitochondria (m). D)
BDL+LF group (G4) showing partial hepatic degeneration represented by few cytoplasmic dilations of RER

(dRER) with scattered electron dense clumped irregularly shaped mitochondria (m), intact nucleus (n) with
eccentric nucleolus (nu). Bar=S5 pm.

= g

Fig. 8. Representative TEM and the glomerulus from different treatment
groups. A) Control normal group (G1) tubular epithelial cells showing intact basement membrane with
basal infoldings of plasma membrane (thin arrow) and abundant cytoplasmic mitochondria (m) with few
vacuoles (v) and partial indentation nuclear membrane (thick arrow). B) LF group showing intact

basolateral plasma membrane infoldings (thin arrow) with intact mitochondria (m) beside few cytoplasmic
vacuoles (v).

&

Fig. 9. C) BDL group showing fused basolateral plasma membrane infoldings (thin arrow), shrunken nucleus (n)
with finger like projection of nuclear membrane (thick arrow), abundant cytoplasmic vacuoles (v) and
fragmented to clumped mitochondria (m). D) BDL+LF group showing blebbing of nuclear membrane
(thick arrow) with thickening of basolateral plasma membrane infoldings (thin arrow) and mitochondrial
irregularity with electron dense appearance (M) with occasional cytoplasmic vacuoles (v).
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Fig. 10. Representative glomerular ultrastructure. E) Control group (G1) glomerulus showing intact interwoven
capillary loops (c) lined with fenestrated endothelial cells (fE), glomerular basement membrane (BM) and
many foot process (FP) in contact with podocytes (p), uriniferous space (US) are in between the capillary
loop (¢). F) LF (G2) group showing intact fenestrated endothelium with intact glomerular basement
membrane (BM), partial fusion of foot process (FP) with occasional nuclear pyknosis (pn) of podocytes (p).

A
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Fig. 11. G) BDL (G3) group showing marked disruption of glomerular structure with fragmented endothelial cells
(thin arrow), thickened basement membrane (BM), loss of filtration slits, closure of uriniferous space with
detached foot process (thick arrow) and fragmented podocytes (p). H) BDL+LF (G4) group showing partial
nuclear shrunken (n) of one podocytes (p) with intact ultrastructure of fenestrated endothelium, GBM (BM)
and foot process (FP) with normal uriniferous space (US). Bar=5 pm.
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