https://doi.org/10.21608/zumj.2025.339311.3701 Volume 31, Issue 1.1, JAN. 2025, Supplement Issue

Manuscript id ZUMJ-2411-3701
DOI: 10.21608/2UMJ.2025.339311.3701
ORIGINAL ARTICLE

Potential role of angiotensin converting enzyme/neprilysin inhibitor in
Lipopolysaccharide induced acute liver injury in male albino rats (Histological and
Immunohistochemical Study)

Mohamed A. Shaheen
Medical Histology and Cell Biology department, Faculty of Medicine, Zagazig University, Zagazig, 44519,

Egypt

Corresponding author: Abstract
Mohamed A. Shaheen, Background Acute liver injury, a life-threatening condition, is
Email: characterized by oxidative stress, inflammation, and apoptosis with limited

drmohamedshaheen@yahoo.com | effective interventions. This study aimed to investigate the potential use of
Sacubitril/valsartan (SAC/VAL) in lipopolysaccharide (LPS)-induced
acute liver injury. Methods Thirty six adult male albino rats were allocated
to 3 groups; control groups received either vehicles or SAC/VAL, LPS
group received LPS (10 mg/kg, ip) and LPS+SAC/VAL group received
LPS and 3 hours later received SAC/VAL (68 mg/kg, oral). Rats were
sacrificed 6 hours following LPS injection. Results Rats from LPS group
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had higher serum tumour necrosis factor-alpha (TNF-a), malondialdehyde
(MDA) and liver enzymes (ALT and AST), but lower total antioxidant
capacity (TAC) than control groups. Histological examination revealed
distorted hepatocytes, congested blood vessels, periportal inflammatory
cellular infiltration and increased liver injury score in LPS group
compared to control group. Ultrastructurally, hepatocytes from LPS group
had heterochromatic nuclei with vacuolated cytoplasm, swollen
mitochondria and phagosomes. Treatment with SAC/VAL significantly
reversed inflammation and oxidative stress and decreased liver injury
score. Moreover, hepatocytes from LPS+SAC/VAL group had euchromatic
nuclei with intact nucleoplasm. Immunohistochemical evaluation revealed
obvious increases in the expression (number of immunopositive
cells/field) of Toll-like receptor-4 (TLR-4) and nuclear factor-kappa B
(NF-xB) and increased immunoexpression of pyroptotic inflammasome
mediators, namely NOD-like receptor protein 3 (NLRP3), caspase-1 (Cas-
1) and interleukin-1 beta (IL-1B) in LPS group. SAC/VAL treatment,
however reduced these increments. Conclusion, SAC/VAL can hinder
sepsis-associated acute liver injury by inhibiting inflammation, oxidative
stress, mitochondrial distortion, Kupffer cell hyperactivity and cellular

pyroptosis.
Keywords: Liver; ultrastructural changes; pyroptosis; TLR-4; sepsis
INTRODUCTION among intensive care patients and following major
Sepsis, an infection-induced systemic surgery. Although its worldwide public health
inflammatory response condition, is a major concern, the high incidence and hence increased
complication and the main cause of mortality health burden occur in countries with low and
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middle income. WHO estimates suggest 11 million
deaths from 48.9 million sepsis cases every year.
Moreover, sepsis survivors suffer long-term
complications as a result [1, 2]. The incidence of
sepsis is strongly related to the cell wall glycolipid
component of the gram-negative bacteria known as
lipopolysaccharide (LPS). The latter activates an
inflammatory response that can affect multiple
organs leading to life-threatening organ dysfunction
with high morbidity and mortality [3]. Challenge
with LPS has been widely used to establish animal
models for studying acute organ injury and its
potential treatment [4-6]. The inflammatory
signalling of LPS is triggered by its interaction with
the toll-like receptor 4 (TLR4) which upon
activation stimulates nuclear factor-kappa B (NF-
kB) and its nuclear translocation which thereafter
activates the NOD-like receptor protein 3 (NLRP3)
inflammasome. These on consequence induce a
kind of programmed cell death known as pyroptosis
which is mediated by inflammatory caspases,
leading to excessive inflammatory damage and cell
death [7]. Pyroptosis through the increased
expression of the inflammatory caspase [caspase-1
(Cas-1)] activates the release of inflammatory
cytokines; namely interleukin-1 beta (IL-1p) and
interleukin-18 (IL-18) which are key factors in
different inflammatory conditions including acute
liver injury [3, 8].

The liver is a highly affected organ by sepsis where
liver dysfunction often occurs in early sepsis.
Experimental and clinical studies revealed that liver
dysfunction is an early sign of sepsis and is
considered as a specific independent risk factor for
poor outcomes in patients with sepsis. Even without
pre-existing liver disease, the liver injury due to
sepsis is strongly correlated with unfavourable
outcomes and increased mortality in septic patients
[9]. The early detection and proper intervention are
therefore essential to improve survival rates to some
extent.

The current preventive measures and the available
non-specific treatment options are not sufficient to
control sepsis and related complications [5, 10].
Research is therefore encouraging the exploration of
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a specific and effective therapeutic intervention for
septic liver injury to improve outcomes and control

sepsis related mortality. Early control

inflammation may be an option to treat sepsis-

related acute liver injury.

Sacubitril/valsartan (SAC/VAL) is a neprilysin

inhibitor-angiotensin I receptor blocker.

combination therapy was approved by FDA to treat

heart failure.

myocardial inflammation [11]. Recently,

combination therapy was reported to improve
measures of liver function in hypertensive patients
with type 2 diabetes and non-alcoholic fatty liver
disease [12] and in heart failure patients with
reduced ejection fraction [13]. Different studies
proved the role of this combined therapy in different
inflammatory conditions resulting in the inhibition
of the NLRP3 inflammasome in mice with dextran
sulfate-induced colitis [14] and apolipoprotein E-

deficiency [15].

The aim of this study is to investigate the possible
therapeutic effect of SAC/VAL on LPS-induced
acute liver injury in rats focusing on histological
structural and ultrastructural changes, in addition to
pyroptosis-related immunohistochemical alterations.

METHODS
Animals

Thirty-six adult male albino rats (150 + 30 g)
purchased from the animal facility at the faculty of
Veterinary Medicine, Zagazig University, Egypt
were used in this study. Rats were housed under
constant conditions (temperature 25 + 3°C and
relative humidity 50% with 12 hours light/dark
cycle). Rats received standard rodent pellet chow
(El-Nasr Co., Egypt) and allowed free access to
drinking water. The handling of animals and all
animal procedures were carried out according to the
guidelines approved by the institutional animal care
and use committee at Zagazig University (ZU-

IACUC); approval number

IACUC/3/F/207/2024).
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Drugs and chemicals

Lipopolysaccharide (LPS) was purchased from
Sigma-Aldrich (Saint Louis, MO, United States).
Sacubitril/valsartan (SAC/VAL) under trade name
Entresto® was provided by Novartis, Cairo, Egypt.
Phenobarbital sodium and other analytical grade
chemicals were used.

Acute liver injury rat model

After an overnight fast, LPS (dissolved in saline)
was given in a dose of 10 mg/kg intraperitoneal (ip)
to induce acute liver injury [4, 16].

Experimental design

After 1 week of acclimatization, rats were randomly
divided into 3 groups.

1- The control (C) group: included 24 rats were
subdivided into 4 subgroups (n=6 each)

o Negative control (NC) subgroup: rats were
kept without treatment.

o Vehicle-1 control subgroup: rats were given 1
ml saline (a vehicle of LPS), once, ip.

o Vehicle-2 control subgroup: rats were given 1
ml saline (a vehicle of LPS) once, ip and 3 hours
later they receive 1 ml distilled water (a vehicle
of SAC/VAL) orally.

o SAC/VAL control subgroup: rats were given
SAC/VAL dissolved in distilled water (68
mg/kg) by oral gavage at 3 hours duration.

2- The LPS-induced acute liver injury (LPS)
group: included 6 rats were injected with LPS
(10 mg/kg; ip) [4, 16] and left with no further
treatment for 6 hours.

3- The LPS+SAC/VAL group: included 6 rats were

injected with LPS (10 mg/kg; ip) and 3 hours later

received SAC/VAL (68 mg/kg, orally) [17].

The dose and timing of administration of LPS and

SAC/VAL were determined based on a preliminary
study and previous literature [4, 17].

Sampling

At the end of the 6 hours duration, rats were
anaesthetized using sodium phenobarbital (50
mg/kg; ip) [18]. Blood samples were collected for
serum separation by centrifugation (2000 xg for 10
minutes at 4°C). Serum samples were used to

Mohamed A. Shaheen

Volume 31, Issue 1.1, JAN. 2025, Supplement Issue

measure liver function, inflammation and oxidative
stress parameters. Liver was removed and rinsed
with ice-cold saline, dried to be processed for light
and electron microscopic examination.

Briefly, 1 cm® specimens from right lobe of the liver
were kept in 10% neutral buffered formalin and
processed for hematoxylin and eosin (H & E)
staining and immunohistochemical studies. Other
small pieces (1mm?) from liver were kept in a 2.5 %
buffered glutaraldehyde in 0.1 M sodium cacodylate
buffer (pH 7.2) overnight at 4°C for primary
fixation then processed for transmission electron
microscopy (TEM).

Biochemical analysis

Inflammation, oxidative stress and liver function
Serum level of tumour necrosis factor-alpha (TNF-
o) was measured using ELISA kit (E-EL-R2856)
provided by ElabScience, Texas, USA. The
production of thiobarbituric acid reactive
substances, an indicator of lipid peroxidation
expressed as malondialdehyde (MDA), and total
antioxidant capacity (TAC) were measured in serum
using commercial kits (MD 2529 and TA 2513,
respectively) provided by Biodiagnostics, Giza,
Egypt following the instructions of manufacturer.
Serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) activities were
measured using commercially available spectrum
diagnostic kits (Egyptian Co for Biotechnology-
Spectrum Diagnostics (S.A.E), Obour city industrial
area, FEgypt) following the manufacturer's
instructions. The samples were analysed at Zagazig
University, Faculty of Medicine, Biochemistry
Department.

Histological study

Light microscope study

Liver tissue samples fixed in 10% neutral buffered
formalin were dehydrated in alcohol and were
embedded in paraffin wax. Sections (5 pm) were
deparaffinized and stained with:

1- Hematoxylin and Eosin: for routine histological
examination [19].

2- Immunohistochemical study: The streptavidin-
biotin complex immunoperoxidase system [20] was
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used for the detection of TLR4, NF-xB, NLRP3, Cas-
1 and IL-1f in liver sections following the
manufacturer’s instructions. Liver sections (5 um
thick) were deparaffinized and rehydrated. Antigen
retrieval (microwave treatment, 10 mmol/L citrate
buffer, (pH 6) and endogenous peroxidase blocking
(3% hydrogen peroxide) were performed according to
standard procedures. To prevent non-specific binding,
serum blocking solution (3% bovine serum albumin-
Cat No. A9418- Sigma-Aldrich Chemical Company,
St. Louis, MO, USA) was used. In a humid chamber,
liver sections were incubated overnight at 4°C with
the primary antibodies (1:500) for TLR4 (rabbit
polyclonal antibody, Affinity Biosciences, Ohio,
USA; AF7017), NF-kB (rabbit NF-kB monoclonal
antibody, ABclonal Technology, Woburn, MA, USA;
A19653), NLRP3 (rabbit NLRP3 monoclonal
antibody, MyBioSource, San Diego, CA, USA;
MBS8534011), Cas-1 (rabbit polyclonal antibody,
Affinity Biosciences, Ohio, USA, AF5418) and IL-1B
(rabbit polyclonal antibody, Affinity Biosciences,
Ohio, USA, AF5103). Biotinylated goat anti rabbit
IgG (MyBioSource, San Diego, CA, USA,
MBS674747) was utilised as a secondary antibody
(1:5000). After incubation with secondary antibody
for 30 minutes and multiple washing, sections were
incubated with the streptavidin biotin peroxidase
complex (Cat. No. 85878, Sigma-Aldrich Chemical
Company, St. Louis, MO, USA) followed by 3, 30-
diaminobenzidine tetrahydrochloride (DAB) to
visualize the immunoreaction. Sections were finally
counterstained with Mayer’s hematoxylin and were
dehydrated and mounted. Brown colour denoted a
positive immunoreaction. For negative control,
instead of the primary antibody, PBS was used [21].
Olympus microscope (C5060-AUD, 5HO01155,
JAPAN) equipped with digital cameras (Canon
PowerShot A620, England, UK) were used to
examine and capture images at X400 magnification.
All micrographs were provided with a scale bar
conferring to calibration.

Transmission electron microscope (TEM)

Following the primary glutaraldehyde fixation, liver
samples were post-fixed in 1% osmium tetroxide (in
distilled water) then tissue was dehydrated in
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ascending grades of alcohol, cleared in propylene
oxide and was impregnated in resin to make hard
capsules. Semi-thin (150 nm) sections were
prepared using Leica Ultracut UCT microtome
(Leica Microsystems, Germany) and were first
stained with toluidine blue and examined by a light
microscope to check the quality of the preparation
process prior to further processing for ultrathin
sections. Ultrathin (80 nm) sections were mounted
on copper grid and were double stained with Uranyl
acetate and Lead citrate [22]. The stained ultrathin
sections were examined at 80 kV and photographed
using a JEOL TEM (JEM-1200 EX II Electron
Microscope, Jeol Ltd, Tokyo, Japan), at the Electron
Microscope Research Facility, Faculty of Science,
Ain Shams University, Cairo, Egypt.

Morphometric analysis study

The morphometric analysis was blindly executed
using image J software. The number of Kupffer
cells was counted at X400 in H and E-stained
sections. Moreover, the number of TLR4, NF-«B,
NLRP3, Cas-1 and IL-1p immunopositive cells
were counted in immunohistochemical-stained
sections at X400 magnification [23]. Non-
overlapping fields (3-4), from six different paraffin-
stained sections from six separate rats in each
group, were utilised for a quantitative evaluation.

Scoring of liver injury

The scoring of liver injury was accomplished in H
and E-stained sections at X400 magnification into
(grades 0-4), where Grade 0 = no pathological
alterations, Grade 1 = mild congestion or the
presence of distorted hepatocytes, Grade 2 =
moderate congestion or distorted hepatocytes, grade
3 = apparent congestion or severely distorted
hepatocytes and grade 4 = severe congestion or
severely distorted hepatocytes [24].

STATISTIC ANALYSIS
Results were expressed as mean = standard
deviation (SD). Data analysis was conducted using
GraphPad prism software package, version 8.0
(GraphPad Software, Inc., United States). One-way
analysis of variance (ANOVA) followed by Tukey
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post Hoc test were employed to compare between
the means of different groups considering P < 0.05
as statistically significant [25].

RESULTS

The control subgroups did not differ statistically in
all biochemical and morphometric measurements.
Similarly, histological examination of the liver
sections from the control subgroups showed the
same histological pattern without any apparent
histological  alterations  during the whole
experiment. So, the results of the negative control
subgroup (NC) were nominated as a control group
for comparison with other experimental groups.
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Effect of SAC/VAL on inflammation, oxidative
stress and liver function in LPS-induced acute
liver injury

The administration of LPS increased serum TNF-a
and MDA, while decreased serum TAC as
compared to normal control group (P<0.001). The
treatment with SAC/VAL markedly decreased TNF-
o and MDA, but increased TAC as compared to rats
in LPS group (P<0.01). Serum ALT and AST
activities were markedly increased in the LPS group
compared to the normal control group. SAC/VAL
decreased these liver enzymes significantly
compared to LPS group, P<0.001 (Table 1).

Table 1: Effect of SAC/VAL on inflammation, oxidative stress and liver function in rats with LPS-induced

acute liver injury

Serum parameters NC LPS LPS+SAC/VAL
TNF-a (pg/ml) 19.37 £1.85 48.57 £2.22*% 25.25 £4.69*
MDA (umol/l) 12.35+1.12 30.22 £2.14% 19.12 £2.80%
TAC (mmol/1) 2.49 +0.42 1.25 +£0.25* 2.00 £ 0.14*
ALT activity (U/1) 29.68 +3.29 109.28 £ 10.19* 48.97 +8.08°
AST activity (U/1) 53.27+4.05 131.88 + 8.94* 77.66 £7.07%

Results are expressed as mean + SD (n=6). *P < 0.001 compared to NC group, *P < 0.001 compared to LPS
group. (NC) normal control group, (LPS) LPS-induced liver injury group and (LPS+SAC/VAL)

LPS+SAC/VAL-treated group.

Effect of SAC/VAL on histological changes in
rats in LPS-induced acute liver injury

Liver sections (H and E-stained) from control group
showed normal histological architecture. Each
hepatic lobule was formed of closely arranged cords
of hepatocytes radiating from the central vein. The
central vein was lined with endothelial cells. The
hepatic cords were formed of polygonal hepatocytes
with acidophilic cytoplasm containing rounded pale
vesicular nuclei. Blood sinusoids with their Kupffer
and endothelial cells were observed between
hepatocyte cords. The portal area containing
branches of the portal vein, hepatic artery and bile
ducts were seen. No vascular congestion or
lymphocytic infiltration were recorded in either the
central or portal areas of the liver (Fig.1).

LPS-treated rats were presented with distorted hepatic
architecture in the form of asymmetrical and loose
Mohamed A. Shaheen

layout of hepatic cords. Most hepatocytes seemed
vacuolated, ballooned with dark nuclei and deeply
acidophilic cytoplasm. Few hepatocytes had pale
vesicular nuclei. The central vein appeared congested
and dilated with mononuclear phagocytic cells in its
lumen. Hepatic blood sinusoids appeared congested
and dilated with increased number of Kupffer cells in
the perisinusoidal area. The portal area showed dilated
congested blood vessels and inflammatory cellular
infiltrate (Fig. 1). The use of SAC/VAL reduced the
liver inflammation-induced by LPS both in the central
and portal liver areas. Most of the hepatocytes returned
to the ordinary hepatic cords pattern and had pale
vesicular nuclei, whilst few hepatocytes appeared with
dark nuclei. Less congestion was noted in both the
central and portal liver areas. Some mononuclear
phagocytic cells were observed in the lumen of central
vein. Kupffer cells were reduced in number (Fig. 1).
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Fig.1 Photomicrographs of H and E stalned-parafﬁn liver sectlons from dlfferent study groups. (NC)
Normal control group shows hepatocytes (H) with pale nuclei (N) radiating from the central vein (CV) which is
lined with regular flat endothelial cells (red arrow). Hepatic blood sinusoids (Asterix) lie between cords of
hepatocytes and are lined with endothelial cells (curved arrow) and Kupffer cells (arrow). The portal area of the
control group contains hepatic artery (A), portal vein (P) and bile duct (D). Blood sinusoids are lined by
endothelial cells (arrow) and Kupffer cells (curved arrow). No congestion or lymphocytic cellular infiltration are
seen. (LPS) LPS group exhibits marked hepatic injury. Most of the hepatocytes have dark nuclei (arrow head)
with vacuolations (F). Few hepatocytes have pale nuclei (N). The central vein appears congested and dilated
(CV) with mononuclear phagocytic cells in the lumen (curved arrow). Hepatic blood sinusoids seem congested
(Asterix) and the distribution of Kupffer cells is augmented (arrow). The portal area of LPS group shows
markedly congested portal vein (P) and hepatic artery (A) lymphocytic infiltration (arrow) beside bile duct (D)
with increased number of Kupffer cells (double arrow). (LPS+SAC/VAL) LPS+SAC/VAL group is presented
with improvement of LPS-related hepatic injury. The central vein (CV) and blood sinusoids (Asterix) show less
congestion with few mononuclear phagocytic cells (curved arrow) in the lumen. Most of the hepatocytes appear
with pale nuclei (N) whilst few of them have dark nuclei (arrow head). Kupffer cells (arrow) are decreased in
number (X400, scale bar 30pm).

Effect of SAC/VAL on immunohistochemical TLR4 was diminished in the cytoplasm of both

reactivity of TLR4 and NF-kB in rats in LPS-
induced acute liver injury

The control group showed a very faint positive
cytoplasmic  immunoreaction for TLR4 in
hepatocytes and a negative immunoreaction for NF-
kB. LPS group showed numerous TLR4 positive
cells. The reacation is cytoplasmic in hepatocytes,
Kupffer cells and mononuclear phagocytic cells in the
lumen of the central vein. The immunoreaction of
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hepatocytes and Kupffer cells in rats received
SAC/VAL treatment. Interestingly, LPS
administration also showed numerous NF-kB positive
cells. The immunoreaction was nuclear both in the
hepatocytes and Kupffer cells upon LPS challenge.
The use of SAC/VAL decreased the number of NF-
kB positive cells. The immunoreaction was nuclear in
both hepatocytes and Kupfter cells (Fig. 2).
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Fig. 2 Photomicrographs of paraffin-stained liver sections for TLR4 and NF-kB immunostaining using
the immunoperoxidase reaction. (NC) Normal control group shows a very faint positive immunoreaction for
TLR4 in hepatocytes (arrow) and a negative immunoreaction to NF-kB. (LPS) An increased number of TLR4
immunopositive cells is detected in LPS group. The reaction is positive in the cytoplasm of hepatocytes
(arrow), Kupffer cells (arrow head) and mononuclear phagocytic cells in the lumen of the central vein (oval).
(LPS+SAC/VAL) LPS+SAC/VAL group shows few TLR4 positive cells. The reaction is positive in the
cytoplasm of hepatocytes (arrow) and Kupffer (arrow head). Many NF-kB immunopositive cells are seen. The
reaction is nuclear in both hepatocytes (arrow) and Kupffer cells of LPS group (arrow head). (LPS+SAC/VAL)
Using SAC/VAL resulted in few NF-xB immunopositive positive cells. The reaction is in the nuclei of
hepatocytes (arrow) and Kupffer cells (arrow head) (Brown colour indicates a positive reaction, X400, scale
bar 30um).

Effect of SAC/VAL on immunohistochemical NLRP3, Cas-1 and a very faint positive cytoplasmic

reactivity of NLRP3 inflammasome in rats with immunoreaction for IL-1B in hepatocytes. The
LPS-induced acute liver injury hepatocytes of rats from LPS group that positively
To further dissect out the mechanism of LPS- express NLRP3, Cas-1 and IL-1 in their cytoplasm
associated liver injury, immunohistochemistry was were predominant. However, LPS+SAC/VAL
utilized to look at the reactivity of NLRP3 group showed few NLRP3, Cas-1 and IL-1B
inflammasome namely via the immunoreaction of immunopositive hepatocytes. The immunoreaction

NLRP3, Cas-1 and IL-1B cascade. The control was cytoplasmic (Fig. 3).
groups presented a negative immunoreaction for
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Fig. 3 Immunoperoxidase reaction of paraffin-stained liver sections for NLRP3, Cas-1 and IL-1f
immunostaining from different study groups. (NC) Normal Control group exhibits a negative
immunoreaction for NLRP3, Cas-1 and a very faint positive immunoreaction for IL-1p in hepatocytes
(arrow). (LPS) LPS group shows an increased number of NLRP3, Cas-1 and IL-1p immunopositive
hepatocytes. The reaction is cytoplasmic. (LPS+SAC/VAL) LPS+SAC/VAL group displays fewer
NLRP3, Cas-1 and IL-1B immunopositive hepatocytes. The reaction is cytoplasmic. Brown colour
indicates a positive reaction (arrow) (X400, scale bar 30um).

Effect of SAC/VAL on the ultrastructure of vacuolation or pathological alterations were
liver tissue in rats with LPS-induced acute noticed in hepatocytes of the normal control
liver injury hepatocytes (Fig 4).

The control group liver ultrathin sections

revealed normal hepatocytes with euchromatic Normal resting Kupffer cells were seen in the
nuclei and prominent nucleoli. The nuclear liver blood sinusoids with their characteristic
envelope seemed intact and regular. The nuclei and their irregular shape with many
cytoplasm had well developed electron dense cytoplasmic extensions. It contained a number of
mitochondria and rough endoplasmic reticulum bodies/vacuoles of different shape, density and
with normal cisternae. Bile canaliculi were seen size. The adjacent hepatocytes exhibited well-

between the neighboring hepatocytes. No
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developed mitochondria and they appeared
intermingled with Kupffer cells (Fig 5).

LPS group showed a distorted hepatocyte
ultrastructure. The nuclei of hepatocytes
contained aggregates of irregular coarse
heterochromatin with dissolved nucleoplasm.
The cytoplasm appears rarified with a swollen
distorted rough endoplasmic reticulum and
separated cisternae. Mitochondria appeared
distorted, swollen, and slightly electron lucent,
with loss of their characteristic cristae. Some

Volume 31, Issue 1.1, JAN. 2025, Supplement Issue

in the cytoplasm denoting the presence of
phagosomes (Fig 4).

Upon LPS challenge, Kupffer cells displayed a
marked degree of cellular injury. The cell
membrane of the Kupffer cells was lost and the
cytoplasm became dissolved. Multiple bodies
mostly phagosomes of different sizes and
densities were seen in the cytoplasm of the
Kupffer cells. The neighbouring hepatocytes had
distorted swollen mitochondria and electron
lucent vacuoles (Fig 5).

membrane bound inclusions/vacuoles appeared

NC LPS LPS+SAC/VAL
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Fig. 4 Transmission electron micrographs of liver specimens from different study groups. (NC)
Normal control group shows a hepatocyte with obvious euchromatic nucleus (N). The nuclear envelope
appears intact and regular (arrow head). The cytoplasm has well developed electron dense mitochondria
(M) and rough endoplasmic reticulum (R) with normal cisternae. Bile canaliculi are seen between the
neighboring hepatocytes (arrow). (LPS) LPS group exhibits a distorted hepatocyte. The nucleus (N)
contains aggregates of separated irregular coarse heterochromatin (H). The nucleoplasm appears
dissolved (Asterix). The cytoplasm appears rarified (curved arrow) with a swollen distorted rough
endoplasmic reticulum (R) with separated cisternae. Mitochondria appear distorted, swollen and slightly
electron lucent with loss of their characteristics transverse cristae (M). A membrane bound
inclusion/vacuole is seen in the cytoplasm (arrow head). (LPS+SAC/VAL) Hepatocytes from
LPS+SAC/VAL group exhibit improvement of the histological ultrastructure. The nucleus is mostly
euchromatic (N) with intact nucleoplasm. Some heterochromatin is seen in the nucleus (H). The
cytoplasm appears with swollen mitochondria with preserved cristae (M) in most of them. The rough
endoplasmic reticulum (R) is well developed with preserved cisternae. Electron lucent membrane bound
vacuoles of different sizes (arrow head) and a vacuole containing electron dense material (curved arrow)
are observed (TEM, X2000, scale bar 2 um).
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Hepatocytes from LPS+SAC/VAL group
showed an improvement of the hepatic
histological ultrastructure. The nuclei of
hepatocytes were mostly euchromatic with intact
nucleoplasm however, some heterochromatin
was detected in their nuclei. The cytoplasm
showed swollen mitochondria with preserved
cristae in most of them. The rough endoplasmic
reticulum was well-developed with preserved
cisternae. Electron lucent membrane bound
vacuoles of different sizes and some vacuoles

Volume 31, Issue 1.1, JAN. 2025, Supplement Issue

containing electron dense material were elicited
(Fig 4).

Kupffer cells from LPS+SAC/VAL group
demonstrated an  improvement at the
ultrastructure level. The Kupffer cell had a
regular cell membrane, an intact nucleus and
cytoplasm.  Multiple ~ membrane  bound
inclusions/vacuoles of varying densities were
seen in the cytoplasm. Electron lucent vacuoles
were noticed in the adjacent hepatic
parenchymal cells (Fig 5).

NC LPS1 ) LPL§U;SACNL

¥

showing a resting Kupffer cell (arrow). It has a characteristic irregular shape and irregular nucleus (N)
with many cytoplasmic extensions mostly in a blood sinusoid containing red blood cells (curved arrow).
It contains a number of bodies/vacuoles of different shapes, densities and sizes (arrow head). The adjacent
hepatocytes appear with well-developed mitochondria (M) and intermingle with the Kupffer cells. (LPS1
and LPS2) Kupffer cells from LPS group are in the lumen of a blood sinusoid (S), containing red blood
cells (RBC), with their nuclei (N). The cell membrane of the Kupffer cell is lost (in LPS1) and the
cytoplasm is dissolved (Asterix). Multiple bodies mostly phagosomes of different sizes and densities
(arrow) are seen in the cytoplasm of the Kupffer cells. The neighbouring hepatocytes have distorted
swollen mitochondria (M) and electron lucent vacuoles (arrow head). (LPS+SAC/VAL) LPS+SAC/VAL
group showing a Kupffer cell (arrow) in a hepatic blood sinusoid containing red blood cells (RBC). The
Kupfter cell has a regular cell membrane, an intact nucleus (N) and cytoplasm. Multiple membrane bound
inclusions/vacuoles of varying densities are seen in the cytoplasm (curved arrow). Electron lucent
vacuoles are in the adjacent parenchymal cells (arrow head). (A) Kupffer cells from different
experimental groups, TEM (X2500, scale bar 2 um). (B) Kupffer cells from the same groups (same field
in A) at higher magnification, TEM (X4000, scale bar 500 nm).
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Morphometric results

The number of Kupffer cells was significantly
elevated in rats from LPS group (72.72 + 7.52)
compared to control rats (39.06 = 4.24) and
reduced by using SAC/VAL (50.94 + 7.63)
compared to LPS group (P<0.001). The number
of TLR4, NF-xB, NLRP3, Cas-1 and IL-1B
immunopositive cells was significantly higher in
rats from LPS group than control rats (P
<0.001). However, the number of these positive
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cells was significantly  diminished in
LPS+SAC/VAL group as compared to untreated
LPS group (P <0.001) (Table 2).

Liver injury score

The liver injury score was significantly higher in
rats from LPS group than control group
littermates (P <0.001). The use of SAC/VAL
significantly diminished LPS-associated hepatic
damage (P <0.001) as shown in Table 2.

Table 2: Effect of SAC/VAL on morphometric parameters and injury score in rats with LPS-

induced acute liver injury

NC LPS LPS+SAC/VAL

Kupffer cells (cells/field) 39.06 £4.24 72.72 £7.52%* 50.94 +7.63*
TLR4 positive cells (cells/field) 0.72 £0.57 121.33+12.43 49.94 £10.01
NF-«kB positive cells (cells/field) 0+0 155.22 +£22.29 91.06 £ 12.26
NLRP3 positive cells (cells/field) 0+0 142.95 + 26.99* 1.17 £0.92°
Cas-1 positive cells (cells/field) 0+0 27.52 £ 5.83% 4.62 £2.58*
IL-1p positive cells (cells/field) 1.11 +0.90 196.28 + 15.04* 58.39 £ 10.16*
Liver injury score 0+0 3.3+0.57* 1.59 £ 0.41*

Results are expressed as mean = SD (n=6). *P <0.001 compared to NC group, *P <0.001 compared to
LPS group. (NC) normal control group, (LPS) LPS-induced liver injury group and (LPS+SAC/VAL)

LPS+SAC/VAL-treated group.

DISCUSSION
Acute liver injury caused by sepsis is a major
health concern with an  uncontrollable
inflammatory response that arises as early as few
hours following exposure to LPS [26]. The need
for therapy to effectively manage this condition
is therefore essential. In this study we selected
the newly combined sacubitril/valsartan therapy
(SAC/VAL), an approved FDA drug for the
treatment of heart failure, to be tested as a
proposed therapy for sepsis-induced acute liver
injury and proved its effectiveness using
histological and biochemical measurements. In
the current study, SAC/VAL showed neutral
effects on the normal liver regarding histological
and biochemical parameters. Hepatotoxicity of
SAC/VAL is very rare, however, one case report
showed hepatotoxicity in a 90-year-old female
patient with chronic heart failure. She developed
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an increase in liver enzymes which returned to
normal upon withdrawal of SAC/VAL.
Advanced age and past history of tuberculous
pleurisy were reported as the risk factors for the
reported SAC/VAL hepatotoxicity in this female
patient [27].

LPS is an accepted common animal model of
acute liver injury [4, 28, 29]. LPS is known as a
powerful trigger of pro-inflammatory signalling
pathways [28]. In the present study, the exposure
to LPS initiated an inflammatory response as
indicated by increased serum TNF-a which is a
pivotal cytokine that exacerbated the production
of reactive oxygen species (ROS). In addition,
the increased generation of ROS is associated
with depletion of antioxidant defense machinery
resulting in oxidative stress which are, in part,
responsible for liver cell injury [26, 30, 31].

426 |Page


https://doi.org/10.21608/zumj.2024.283801.3345

https://doi.org/10.21608/zum;.2025.339311.3701

Oxidative stress (increased serum MDA and
decreased serum TAC) was apparent 6 hours
following LPS  exposure. The  higher
mitochondrial content of hepatocytes, due to
their increased requirement of adenosine
triphosphate (ATP) than other cells, makes
hepatocytes more vulnerable to injury by
oxidative stress [32]. As a result, considerable
liver injury in rats at 6 hours following the
administration of LPS was evident and was
indicated by the deterioration in liver function
(increased serum ALT and AST activities). These
enzymes are essential liver enzymes located in
the cytoplasm of hepatocytes. The activity of
ALT has been described to be about 3000 times
more in hepatocytes than in serum. Augmented
serum activity of ALT is present during acute
liver insult. Immediately following acute insult
of liver injury, serum AST increases, reaching a
higher level than ALT. Direct measurement of
ALT and AST activity is an efficient and
accurate means for assessment of acute liver
damage [33]. The increased serum TNF-a,
MDA, ALT and AST activities and depleted
TAC by LPS are in line with previous studies
[26, 34]. Treatment with antioxidant and anti-
inflammatory agents were beneficial in LPS-
induced liver injury [16]. This study similarly
showed that the use of SAC/VAL significantly
amended oxidative and inflammatory changes
and hence reversed the deterioration of liver
enzymes in serum. The anti-inflammatory
effects of SAC/VAL was previously reported in
myocardial inflammation [11, 35], colitis [14]
and apolipoprotein E- deficient atherosclerosis
[15]. The improvement of liver function by
SAC/VAL was also previously reported in
hypertensive patients with type 2 diabetes and
non-alcoholic fatty liver disease [12] and in
heart failure patients with reduced ejection
fraction [13].

The structural architecture of the liver, upon LPS
challenge, showed markedly  distorted,
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ballooned, and vacuolated  hepatocytes.
Activation and increased number of Kupffer
cells were also observed along with vascular
congestion both in the central and portal veins.
Marked infilammatory cellular infiltrate and the
liver injury score were also significantly
aggravated by LPS challenge. This agrees with
what had been observed in previous studies [16,
26].

Deeply acidophilic cytoplasm was also detected
in hepatocytes upon LPS challenge. This
acidophilic cytoplasm refers to enlarged
mitochondria which resulted from inflamed
hepatocytes depending on the severity of
inflammation as described by Leow et al. [36]
The hepatic injury appeared rapidly following
the challenge by LPS due to the increased
liability of hepatocytes to oxidative damage than

other cell types [32].

In the present work, using TEM, mitochondria
from LPS group appeared distorted, swollen,
and slightly electron lucent, with loss of their
characteristic cristac denoting marked cellular
and mitochondrial injury. This matches with
earlier studies which admitted that mitochondrial
injury is an associated feature of cell
injury/insult including sepsis [7, 37]. Moreover,
the release of mitochondrial DNA from injured
hepatocytes may further activate neutrophils
leading to worsening of liver injury [37]. These
mitochondrial changes are also in part
responsible for the uncontrolled ROS production
[7].

Ultrastructurally, the cytoplasm of hepatocytes
from rats received LPS appeared rarified with
distorted and swollen mitochondria.
Cytoplasmic vacuolations were also detected
and denoting the presence of phagosomes. This
is line with Oami et al [38] who showed similar
results in a murine sepsis model. Indeed, the
presence of phagosomes is a cellular protective
mechanism by enhancing the bactericidal
activities of the hepatocytes in a response to LPS
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challenge to localize E.coli with the
autophagosomes [39]. An earlier study was
performed by Watanabe and colleagues [40] in a
clinical and laboratory-based study who showed
that hepatocyte vacuolations were the same in
both murine and patients during sepsis.

It is well known that Kupffer cells act as local
macrophages in the liver and have an important
role during hepatic insult [41]. Results from the
current study showed that the number of Kupffer
cells was significantly higher in rats from LPS
group than normal control littermates.
Ultrastructurally, Kupffer cells had vacuoles
upon LPS challenge which are characteristic
features of active Kupffer cells. This is matched
with findings shown by Watanabe et al [40]. In
the present study, loss of the cell membrane of
the Kupffer cells, using TEM, was noticed. This
agrees with results shown by Fan et al., [42].
They reported pyroptosis of Kupffer cells upon
LPS challenge, presented as holes and rupture of
the cell membrane of Kupffer cells using
scanning electron microscopy.

Interestingly, the administration of SAC/VAL
alleviated the hepatic inflammation and injury
induced by LPS in terms of alleviation of the
hepatic congestion, inflammatory cellular
infiltration and Kupffer cell activation / injury.
Liver injury score was improved, as shown by H
and E results, by the administration of SAC/VAL
compared to LPS group as well.

The liver injury from sepsis was reported to be
linked to pyroptosis, a kind of programmed cell
death induced by inflammatory caspases leading
to excessive inflammatory damage and -cell
death [7]. To further elucidate the possible
mechanism/pathway of LPS-associated liver
injury, immunohistochemical technique was
employed to study mediators involved in
pyroptosis-induced cell death. The
immunoexpression of both TLR4 and NF-«B in
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liver sections were first investigated. Previous
studies have shown that LPS is a crucial TLR4
binding molecule that can induce liver damage
through triggering the TLR4/NF-xB signalling
pathway [43, 44]. The binding of LPS to TLR4
activated the transcription factor NF-xB and
hence its translocation to the nucleus. In the
present work, the number of TLR4 and NF-«B
immunopositive hepatocytes and Kupffer cells
was significantly increased in LPS group
compared to the control group. This is in
accordance with what has been elucidated by
Chen et al [43].

In this study, LPS+SAC/VAL group exhibited a
significant decrease in the number of TLR4 and
NF-«B immunopositive hepatocytes and Kupffer
cells compared to LPS group. In agreement with
these results, SAC/VAL was previously repoted
to inhibit the activation and the nuclear
translocation of NF-kB and thereby attenuated
inflammation and cardiomyocyte apoptosis
reducing cardiac dysfunction and remodelling in
mice with myocardial ischemia/reperfusion
injury [35]. Once translocated to the nucleus,
NF-kB can stimulate the transcription of NLRP3
[45]. It has been documented that the expression
NLRP3 inflammasome gene was augmented in
the liver upon exposure to LPS [8, 46]. These
findings suggested a crucial role of the NLRP3
inflammasome in LPS-induced inflammation
and hereafter hepatic failure. Moreover, the
impaired swollen mitochondria and the
production of ROS can trigger Cas-1 activation
which in turn mediate pyroptosis [7].

In rats exposed to LPS, the increased NLRP3
expression in the cytoplasm of the hepatocytes
occurs and this consequently assembles with
Cas-1 which  activates  the =~ NLRP3
inflammasome leading to the cleavage of
procytokines and the release of mature cytokines
including IL-1B. This occurs via stimulation of
pro-IL-18 to form the active IL-1B which
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aggravates the inflammatory reaction to recruit
the pyroptosis process to start cell lysis [8, 46].
In the current study, the number of NLRP3, Cas-
1 and IL-1p hepatic immunopositive cells
increased significantly upon LPS challenge
compared to the control group. This is in
accordance with previous studies [7, 29].
Remarkably, the number of hepatic NLRP3,
Cas-1 and IL-1p positive cells decreased
significantly in response to LPS challange upon
the use of SAC/VAL.

CONCLUSION

The acute hepatic injury induced by LPS
involved oxidative stress, inflammation which
mediated cellular damage via pyroptosis as
confirmed by biochemical, histological, TEM,
and  immunohistochemistry  results.  The
associated hepatic injury also involved
mitochondrial distortion and Kupffer cell
hyperactivity/injury. Results from this study
provided evidence that SAC/VAL can hinder
pyroptosis and prevent sepsis-associated acute
liver injury.
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