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Metabolic dysfunction-associated steatohepatitis (MASH) is always accompanied with hep-
atic fibrosis that could potentially progress to liver cirrhosis and hepatocellular carcinoma.
Employing a rat model, we evaluated the role of human placental extract (HPE) to arrest the
progression of hepatic fibrosis to cirrhosis in patients with MASH. SHRSP5/Dmcr rats were
fed with a high-fat and high-cholesterol diet for 4 weeks and evaluated for the development
of steatosis. The animals were divided into control and treated groups and received either
saline or HPE (3.6 ml/kg body weight) subcutaneously thrice a week. A set of animals were
killed at the end of 6th, 8th, and 12th weeks from the beginning of the experiment. Serum
aspartate aminotransferase (AST), alanine aminotransferase (ALT), hepatic malondialdehyde
(MDA), and glutathione content were measured. Immunohistochemical staining was per-
formed for α-smooth muscle actin (α-SMA), 4-hydroxy-2-nonenal (4-HNE), collagen type I,
and type III. Control rats depicted progression of liver fibrosis at 6 weeks, advanced fibrosis
and bridging at 8 weeks, and cirrhosis at 12 weeks, which were significantly decreased in
HPE-treated animals. Treatment with HPE maintained normal levels of MDA and glutathione
in the liver. There was marked decrease in the staining intensity of α-SMA, 4-HNE, and col-
lagen type I and type III in HPE treated rats compared with control animals. The results of
the present study indicated that HPE treatment mediates immunotropic, anti-inflammatory,
and antioxidant responses and attenuates hepatic fibrosis and early cirrhosis. HPE depicts
therapeutic potential to arrest the progression of MASH towards cirrhosis.

Introduction
Metabolic dysfunction-associated steatotic liver disease (MASLD) is a clinicopathologic condition mostly
associated with metabolic syndrome and a major health problem in developed nations [1,2]. It includes a
spectrum of liver impairment ranging from inflammation to metabolic dysfunction-associated steato-
hepatitis (MASH), advanced fibrosis, and early cirrhosis [3,4]. Depends on the etiology and lifestyle,
some cases may progress into liver cirrhosis and hepatocellular carcinoma (HCC), leading to death [5].
Metabolic syndrome and the associated insulin resistance, oxidative stress, lipid peroxidation, and proin-
flammatory cytokines have significant contributions in the development and progression of MASLD [6,7].
This is especially true in developed nations with more sedentary lifestyles, where the imbalance between
caloric intake and caloric output steadily increases [8]. Since an increasing number of patients suffering
from MASH are developing liver failure, liver transplantation is the only therapeutic option [9]. However,
due to the shortage of organs available for transplant and the associated complications and rejection after
transplantation, alternative treatment methods are highly necessary [10,11].
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Table 1 Nutrient composition of Funabashi Farm SP and HFC diets

SP diet HFC diet

Diet composition (%)

SP diet 100 68

Palm oil – 25

Cholesterol – 5

Cholic acid – 2

Ingredients (%)

Crude protein 20.8 14.1

Crude lipid 4.8 35.3

Crude fiber 3.2 2.2

Crude ash 5.0 3.4

Moisture 8.0 5.4

Carbohydrate 58.2 39.6

The total energy was 4.14 kcal/g in SP diet and 5.72 kcal/g in HFC diet.

Human placental extract (HPE) is a rich source of multipotent progenitor cells, several growth factors, and nutri-
ents [12]. HPE exhibits many therapeutic properties and acts as a strong stimulant for tissue repair, immunomodu-
lation, cell proliferation, and tissue regeneration [13,14]. Placental extracts have been utilized in a variety of clinical
conditions, including liver function and wound healing, where the growth factors, amino acids, anti-inflammatory,
and angiogenic agents have proven to be beneficial [15,16]. HPE is enriched in enzymes, nucleic acids, vitamins,
amino acids, peptides, fatty acids, and minerals [17]. In addition, HPE is a potent source of natural antioxidants and
free radical scavenging enzymes and may reduce oxidative stress in various pathological conditions [18,19]. The po-
tential role of HPE in treating osteoarthritis and cartilage regenerative medicine has been recently evaluated [20].
Animal experimental studies on lipopolysaccharide stimulated proinflammatory cytokines and mediators demon-
strated that HPE has strong anti-inflammatory and analgesic effects [21]. Since HPE has potent antioxidant sub-
stances, anti-inflammatory mediators, and growth factors, it could be used as a therapeutic agent to protect liver cells
and also for regeneration of hepatocytes after chronic liver injury such as MASH and advanced fibrosis [22,23]. In
the present study, we evaluated whether HPE can prevent the progression of simple steatosis to MASH, advanced
fibrosis, and early cirrhosis in an experimental animal model. We employed SHRSP5/Dmcr rats that derived from a
stroke-prone spontaneously hypertensive rat, which progresses to MASH and advanced fibrosis from simple steato-
sis on treatment with a high-fat and high-cholesterol (HFC) diet [24]. This animal model was further evaluated and
demonstrated that feeding with HFC diet can develop hepatic lesions similar to those in human MASH pathology
[25].

Materials and methods
Animals
About 6 weeks old SHRSP5/Dmcr male rats (body weight: 123.2 +− 5.1 g) were procured from the Disease Models
Co-operative Research Association (DMCRA), Kyoto, Japan. All the animal experiments were carried out as per the
Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication
No. 86-23, revised 1996). The protocol was also approved by the Animal Care and Research Committee of Kanazawa
Medical University on the Ethics of Animal Experiments (# 2018-29). All the animal experiments were performed in
accordance with the relevant guidelines and regulations. The animals were housed in stainless steel wire mesh cages
in air-conditioned rooms with a relative humidity of 50 +− 10% and 10-15 air changes per hour. All the animals had
automatic 12 h light/dark cycles and ad libitum access to food and water.

Experimental design
All the animal experiments were carried out in the animal house at Kanazawa Medical University, Japan. A total of
60 rats were used in the study. They were divided into 12 groups of 5 rats each and 7 groups were fed with HFC
diet (Funabashi Farm, Chiba, Japan). The remaining five groups were fed with normal diet [Stroke-prone diet (SP
diet), Funabashi Farm, Chiba, Japan] and treated as diet and HPE control. The nutrient composition of both SP diet
and HFC diet is presented in Table 1. A group of five rats fed with HFC diet were killed at 4 weeks to evaluate the
development of hepatic steatosis. Among the remaining six groups, three groups served as control and the other three
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groups for HPE treatment. The control groups were injected subcutaneously with 0.36 ml/100 g body weight of saline
three times per week, and the HPE groups were injected with 0.36 ml/100 g body weight of HPE (LAENNEC, Japan
Bio Products, Tokyo, Japan) in the same way as the control. One group of five rats was sacrificed in both saline and
HPE treated groups at the end of 6, 8, and 12 weeks, and the blood and livers were collected. A set of five rats fed with
the SP diet were also sacrificed at 4th, 6th, 8th, and 12th weeks, along with the treated groups. The SP diet and HPE
control group of five rats were injected with the same dose of HPE as above and killed at the end of the study. All the
animals were anaesthetized with isoflurane before euthanasia, and blood was collected from the right jugular vein.
The animals were euthanized under deep anesthesia using a rodent guillotine and excess blood was allowed to drain
out. The surgical procedures were performed inside a clean bench in the adjacent room of the animal house. About
3 mm thick liver tissue was cut from the median lobe and instantly fixed in 10% phosphate-buffered formalin for
histopathological studies. Another portion of the liver was frozen at −80◦C for biochemical analyses. Animal body
weight and liver wet weight were measured during the procedures. All methods reported are in accordance with the
ARRIVE guidelines 2.0 for reporting in vivo experiments.

Measurement of aspartate aminotransferase and alanine
aminotransferase in serum
Blood was allowed to clot at 37◦C for 3–5 h and the serum was separated after centrifugation at 3000 rpm in a clinical
centrifuge. Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) present in the serum were mea-
sured using an auto-analyzer for animal samples. AST and ALT values are presented as International Units per liter
(IU/liter) of serum.

Determination of malondialdehyde and glutathione in the liver tissue
Malondialdehyde (MDA) is a characteristic marker of lipid peroxidation and an indicator of elevated cellular oxidative
stress [26]. Hepatic MDA content in the liver tissue was measured based on a fluorometric technique employing a
MDA assay kit (Cat# NWK-MDA01, Northwest Life Science, Vancouver, WA, U.S.A.). Approximately 100 mg of
frozen liver tissue was homogenized in 1 ml of ice-cold 50 mM Tris-HCl buffer (pH 8) containing 150 mM NaCl, 1
mM EDTA, and 1% Triton X-100. Then, 50 μl of the homogenate was treated with 150 μl of 5% 5-sulfosalicylic acid
solution and vortexed well. It was allowed to stand on ice for 10 min and centrifuged at 12,000 × g for 10 min at 4◦C.
Hepatic MDA content was determined in the supernatant diluted 1:1 with distilled water. Hepatic MDA content is
presented as nmoles/g wet liver tissue.

Reduced glutathione (GSH), a tripeptide (γ-glutamyl-cysteinyl-glycine), is the major free thiol in the biological
system and the most potent scavenger of superoxide and free radicals. GSH content was measured in the liver tissue
using 50 μl of the above supernatant (diluted to 100 μl with distilled water) and employing a glutathione assay kit
(Cat# CS0260, Millipore-Sigma, St. Louis, U.S.A.). Hepatic GSH content is presented as μmoles/g wet liver tissue.

Histopathological evaluation of the liver tissue
The extent of the pathogeneses of MASH and the development of hepatic fibrosis and early cirrhosis were examined
in the liver tissue during the course of the study. The formalin-fixed liver tissues were processed in a tissue proces-
sor optimized for liver tissue, embedded in paraffin blocks, and cut into sections of 5 μm thickness. The sections
were stained with Hematoxylin and Eosin (H&E) to study histopathological changes and Azan trichrome to evaluate
the deposition of collagen fibers in the liver tissue as per the standard protocol. The stained sections were examined
with an Olympus BX53 microscope attached with a DP 71 digital camera (Olympus Corporation, Tokyo, Japan) and
photographed. The histopathological evaluation and grading were performed by a pathologist who is unaware of the
time points of the study and course of the treatment. The changes of pathological features during HFC diet admin-
istration and after the treatment with HPE were scored as per the method of Bedossa et al. [27] and are reported as
SAF score (steatosis, activity [comprises hepatocyte ballooning and lobular inflammation], and fibrosis). The steato-
sis score (S) was assessed as the quantities of large or medium-sized lipid droplets, from 0 to 3 (S0: <5%; S1: 5–33%,
mild; S2: 34–66%, moderate; S3: >67%, marked). Activity grade (A) was scored from 0 to 3 as A0 (no activity), A1
(mild activity), A2 (moderate activity), and A3 (severe activity). The stages of fibrosis (F) was assessed as follows: F0
(no fibrosis), F1 (portal and periportal fibrosis), F2 (bridging fibrosis), and F3 (advanced fibrosis and early cirrhosis).
The average grade was calculated after examining 10 lobules on each liver section.
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Table 2 Sequences of the Rattus norvegicus mRNA primers used in real-time RT-PCR

Transcript
Genebank
Number Primer sequence Start Stop

Length
(mer)

Product
size (bp)

α-SMA BC158550 5′-GCTGCTCCAGCTATGTGTGA-3′ (F) 40 59 20 338

5′-TCCGTTAGCAAGGTCGGATG-3′ (R) 377 358 20

Collagen Type I (α1) BC133728 5′-TGGTGAGACGTGGAAACCTG-3′ (F) 215 234 20 193

5′-CTTGGGTCCCTCGACTCCTA-3′ (R) 407 388 20

Collagen Type III (α1) BC087039 5′-TGCAATGTGGGACCTGGTTT-3′ (F) 118 137 20 501

5′-GATAGCCACCCATTCCTCCG-3′ (R) 618 599 20

PCNA BC060570 5′-CACGTATATGCCGGGACCTT-3′ (F) 581 600 20 235

5′-GGAGACAGTGGAGTGGCTTT-3′ (R) 815 796 20

GAPDH AF106860 5′-TGTGAACGGATTTGGCCGTA-3′ (F) 864 883 20 208

5′-GATGGTGATGGGTTTCCCGT-3′ (R) 1071 1052 20

F: forward primer; R: reverse primer.

Immunohistochemical staining for α-smooth muscle actin,
4-hydroxy-2-nonenal, collagens type I, and type III
Activation and transformation of quiescent hepatic stellate cells into myofibroblast like cells with the expression of
α-smooth muscle actin (α-SMA) is a characteristic feature for initiation of fibrosis [28]. Similarly, increased pro-
duction of 4-hydroxy-2-nonenal (4-HNE) is a prominent marker of cellular oxidative stress and membrane lipid
peroxidation [29]. The deposition of newly formed type I and type III collagen fibers in the hepatic parenchyma is a
distinctive feature of hepatic fibrosis and early cirrhosis [30]. In order to obtain explicit information about the above
parameters during the course of the study, we performed immunohistochemical staining for α-SMA, 4-HNE, and
collagens type I and type III on formalin fixed paraffin liver sections. The deparaffinized and hydrated liver sections
were blocked with a protein block (Cat# ab64226) for 30 min at room temperature to prevent non-specific binding.
After washing thrice in cold phosphate-buffered saline (PBS), the liver sections were treated with primary antibodies
against α-SMA (Cat# ab5694), type I collagen (Cat# ab34710), type III collagen (Cat# ab23445) (Abcam, Chuo-ku,
Tokyo, Japan), and 4-HNE mouse monoclonal antibody (Cat# HNEJ-2, Nikken Seil, Shizuoka, Japan) separately, and
incubated in a moisturized slide chamber (Evergreen Scientific, Los Angeles, CA, U.S.A.) at 4◦C overnight. The sec-
tions were then washed 3–5 times in PBS and incubated with broadspectrum biotinylated secondary antibody for 2
h at room temperature. The slides were washed again with PBS, treated with streptavidin-peroxidase conjugate, and
incubated for another 1 h at room temperature. The final stain was developed after treating the sections with 3%
3-amino-9-ethylcarbazole (AEC) in N, N-dimethylformamide for 5–10 min. The stained sections were washed and
counterstained with Mayer’s hematoxylin for 2 min, mounted using aqueous-based mounting medium, and dried
on air. The slides were examined under a microscope (Olympus BX53, Tokyo, Japan) fixed with a digital camera
(Olympus DP71) and captured multiple images in different magnifications. The staining intensity of 10 randomly
selected microscopic fields was quantified using Image-Pro Discovery software (Media Cybernetics, Silver Spring,
MD, U.S.A.).

Quantitative real-time PCR for markers of liver cirrhosis and hepatic
regeneration
In order to monitor the expression of major molecular markers of liver cirrhosis and to evaluate the effect of HPE
treatment on hepatic regeneration, we performed quantitative real-time PCR for the mRNA levels ofα-SMA, collagen
type I, collagen type III, and proliferating cell nuclear antigen (PCNA) in the liver tissue of rats administered with SP
and HFC diet and treated with HPE at 12 weeks. Small pieces of liver tissue were flash frozen in liquid nitrogen and
stored at −80◦C. Total mRNA was isolated from the frozen liver tissue employing the PureLink RNA Mini Kit (Cat#
12183018A, Invitrogen, Carlsbad, CA, U.S.A.) in combination with Trizol (Cat# 15596026, Thermo Fisher, Waltham,
MA, U.S.A.) as per the protocol. The gene-specific primers for rat α-SMA, collagen type I (α1 chain), collagen type
III (α1 chain), PCNA, and GAPDH were designed using Primer-BLAST software (National Institutes of Health,
Bethesda, MD). The details of Rattus norvegicus mRNA primer sets used for the study are provided in Table 2. The
cDNA was synthesized with 1–2 μg of isolated total RNA using the PrimeScript 1st strand cDNA Synthesis Kit (Cat#
6110A, Takara Bio, Shiga, Japan) in a total volume of 20 μl in RNase-free dH2O at 42◦C for 60 min.
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Real-time quantitative PCR (qPCR) was carried out with PowerTrack SYBR Green Master Mix (Cat# A46012,
Thermo Fisher, Waltham, MA, U.S.A.) on ABI 7900HT Fast Real-Time PCR System (Applied Biosystems, Foster City,
CA). The synthesized cDNA was diluted to 20 fold with RNase-DNase-free water. The qPCR reaction was carried out
with 5 μl of diluted cDNA, 10 μl of PowerTrack SYBR Green Master Mix, nuclease free water containing gene specific
primers, and the sample buffer in a total volume of 20 μl in a 384-well microplate. All the samples were processed
in triplicates. The qPCR machine was run on standard cycling mode with the parameters set as enzyme activation at
95◦C for 2 min (1 cycle), denature at 95◦C for 15 s and anneal/extend at 60◦C for 60 s (40 cycles). All the data were
normalized to the GAPDH gene.

Data analysis and statistics
Statistical analysis was undertaken only for the data set where each group size was at least n=5. All declared group
size is the number of independent values and all statistical analyses were done on the independent values. Outliers
were not excluded from the data set. Arithmetic mean and standard deviation (SD) were calculated for all the data
and presented as Mean +− SD. All the data were analyzed and compared either by using analysis of variance (ANOVA)
or Student’s t-test. A value of P<0.05 was considered statistically significant.

Results
Animal body weight and liver wet weight
The animal body weight and liver wet weight, as well as the liver wet weight to body weight ratio, are presented in
Figure 1. There was no difference in body weight between control and HPE treated animals in both SP and HFC diet
groups at any time point of the study (Figure 1A). The liver weight was significantly reduced at 8 and 12 W in HPE
treated animals in the HFC diet group (Figure 1B). There was marked decrease of liver wet weight to body weight
ratio at 6, 8, and 12 W in HPE treated animals in the HFC diet group (Figure 1C).

Serum levels of AST and ALT during the pathogenesis of MASH and
hepatic cirrhosis and the effect of HPE treatment
The serum levels of AST and ALT during the pathogenesis of HFC diet induced MASH and hepatic cirrhosis in
SHRSP5/Dmcr rats and the effect of HPE treatment are presented in Figure 2. Both AST and ALT levels are signifi-
cantly increased at 6, 8, and 12 W compared with 4 W in rats fed with HFC diet (#P<0.001). Concurrent treatment
with HPE resulted in a marked reduction of elevated AST and ALT levels in all the weeks studied except at the 6th
week in the case of ALT. There was no difference between both AST and ALT levels in rats fed with the SP diet at 4
W compared with at any time point of the study. Similarly, there was no difference between both AST and ALT levels
in rats fed with the SP diet at 12 W compared with the rats fed with the SP diet and treated with HPE.

Malondialdehyde and glutathione levels in the hepatic tissue of rats fed
with HFC diet and the effect of HPE treatment
An increased level of malondialdehyde (MDA) is a potent marker of cellular oxidative stress and peroxidation of
membrane lipids. The hepatic MDA levels in SHRSP5/Dmcr rats fed with the HFC diet and the effect of concurrent
HPE treatment are presented in Figure 3A. MDA levels were markedly increased in the liver tissue of animals fed with
HFC diet at 8 and 12 W compared with 4 W (#P<0.001). Simultaneous treatment with HPE resulted in restoration
of normal levels of MDA on all the weeks studied. The mean hepatic MDA level was not significantly different at 6
W in rats treated with HFC diet compared with HFC diet with HPE. There was no difference between hepatic MDA
levels in rats fed with the SP diet and HFC diet at 4 W and also rats fed with SP diet and treated with HPE at 12 W.

Decreased hepatic glutathione levels indicate deterioration of antioxidant status in the liver. Hepatic GSH levels
measured during the administration of the HFC diet and concurrent treatment with HPE in SHRSP5/Dmcr rats are
presented in Figure 3B. The mean hepatic GSH levels were significantly decreased on 8 and 12 W compared with 4 W
in the HFC diet group. Treatment with HPE resulted in restoration of normal levels of GSH on all the weeks studied.
There was no difference between the mean GSH levels in rats fed with the SP diet and HFC diet at 4 W as well as rats
fed with SP diet and treated with HPE at 12 W.
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Figure 1. Body weight and liver wet weight as well as liver wet weight to body weight ratio of the animals treated with HFC

diet and HPE

(A) Body weight. (B) Liver wet weight. There was significant reduction in liver wet weight at 8 and 12 W in HPE treated animals in the

HFC diet group. (C) Liver wet weight to body weight ratio (×100). The liver weight to body weight ratio was significantly decreased

at 6, 8, and 12 W in HPE treated animals of HFC diet group. *P<0.05, **P<0.01, and ***P<0.001 compared with the respective

HFC diet controls by Student’s t-test.
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Figure 2. (A) Aspartate aminotransferase (AST) and (B) alanine aminotransferase (ALT) levels in the serum of SHRSP5/Dmcr

rats fed with HFC diet for 12 weeks and after the treatment with HPE

Both AST and ALT levels were significantly increased at 6, 8, and 12 W compared with 4 W (#P<0.001 by ANOVA) in the HFC diet

group. Treatment with HPE resulted in significant reduction of elevated AST and ALT levels in all the weeks studied except at 6th

week in the case of ALT. There was no difference in the levels of AST and ALT between the rats fed with SP diet and HFC diet at 4

W. Similarly there was no difference in the levels of AST and ALT between the rats fed with SP diet and treated with HPE at 12 W.

The data are mean +− S.D. of five rats in each group. *P<0.05, **P<0.01, and ***P<0.001 by Student’s t-test compared with HFC

diet group on respective weeks.
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Figure 3. Hepatic malondialdehyde (MDA) and reduced glutathione (GSH) levels in SHRSP5/Dmcr rats fed with HFC diet for

12 weeks and after the treatment with HPE

(A) The hepatic MDA levels were markedly increased in the animals fed with HFC diet on 8 and 12 W compared with 4 W (#P<0.001

by ANOVA). Treatment with HPE resulted in restoration of normal levels of MDA on all the weeks studied. (B) Hepatic glutathione

levels were significantly decreased on 8 and 12 W compared with 4 W in HFC diet group (#P<0.001 by ANOVA). Treatment with

HPE resulted in restoration of normal levels of GSH on all the weeks evaluated. The data are mean +− S.D. of five rats in each group.

*P<0.05, **P<0.01, and ***P<0.001 by Student’s t-test compared with HFC diet group on respective weeks.
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Histopathological evaluation of the pathogenesis of MASH and hepatic
fibrosis and the effect of HPE treatment
The histopathological evaluation during the pathogenesis of HFC diet induced MASH and hepatic cirrhosis as well
as the effect of HPE treatment in SHRSP5/Dmcr rats along with respective controls are presented in Figure 4. There
were no histopathological alterations in the animals fed with SP diet at 4 weeks (Figure 4A). There was extensive
deposition of fat globules in rats fed with HFC diet for 4 weeks. However, hepatic fibrosis or other histopathological
alterations were not present (Figure 4B). There were no histopathological changes or deposition of fat globules in the
livers of rats fed with SP diet and treated with HPE for 12 weeks (Figure 4C). There were no histopathological changes
in the animals fed with SP diet for 6 weeks (Figure 4D). In the animals fed with HFC diet for 6 weeks, extreme fatty
degeneration, mild hepatic inflammation, ballooning of hepatocytes, and periportal fibrosis were present indicating
MASH (Figure 4E). In contrast, only fatty degeneration was present in the animals administered with HPE. Hepatic
necrosis and inflammation were absent (Figure 4F). Histopathological alterations were absent in the animals fed with
SP diet for 8 weeks (Figure 4G). At the 8th week of HFC diet, moderate hepatic necrosis, sinusoidal congestion,
incomplete nodule formation, and vacuolization of hepatocytes were present. Bridging fibrosis and deposition of
collagen fibers were prominent (Figure 4H). However, only moderate steatosis of hepatocytes and slight necrosis were
present in the livers of rats treated with HPE. Bridging fibrosis and deposition of collagen fibers were absent (Figure
4I). Significant pathological alterations were absent in the livers of rats fed with SP diet for 12 weeks (Figure 4J). Well
developed fibrosis and early cirrhosis with nodule formation were present in rats fed with HFC diet for 12 weeks
(Figure 4K). Extensive deposition of thick, mature collagen fibers was prominent (Figure 4K). At 12 weeks, treatment
with HPE markedly reduced hepatic fibrosis and the deposition of collagen fibers in the hepatic parenchyma. Besides,
hepatic inflammation and ballooning of hepatocytes were significantly decreased (Figure 4L). There was progressive
bridging, but nodule formation was absent. Moderate pericentral fibrosis was present (Figure 4L). The SAF score is
presented as 0–3 grades below the representative image from each group in Figure 4.

Treatment with HPE prevented deposition of collagen in the liver
Azan trichrome staining for collagen in SHRSP5/Dmcr rats fed with HFC diet and after treatment with HPE is pre-
sented in Figure 5. Staining for collagen was absent in the hepatic parenchyma of rats fed with SP diet at 4 weeks
(Figure 5A). Similarly, there was no staining for collagen deposition in the liver of animals fed with HFC diet for
4 weeks (Figure 5B). There was no newly formed collagen in the hepatic tissue of rats fed with SP diet and treated
with HPE for 12 weeks (Figure 5C). The staining for collagen depicted normal liver in the animals fed with SP diet
for 6 weeks (Figure 5D). At 6th week of HFC diet, there was moderate staining of thin collagen fibers in the hepatic
parenchyma and initiation of bridging fibrosis (Figure 5E). However, only slight periportal staining for collagen was
present in the animals administered with HPE (Figure 5F). Staining for newly formed collagen was absent in the liver
tissue of animals fed with SP diet for 8 weeks (Figure 5G). Marked staining depicting deposition of thick collagen
fibers with well developed bridging fibrosis was present in the hepatic parenchyma of rats fed with HFC diet for 8
weeks (Figure 5H). There was prominent pericentral fibrosis with the formation of fibrous septa (Figure 5H). Treat-
ment with HPE resulted in a significant decrease in staining for collagen, prevented bridging fibrosis, and formation
of fibrous septa (Figure 5I). There was no staining for collagen in the hepatic parenchyma of rats fed with SP diet
for 12 weeks (Figure 5J). In rats fed with HFC diet for 12 weeks, there was remarkable and intense staining of thick
collagen fibers with nodule formation demonstrating severe hepatic fibrosis and cirrhosis (Figure 5K). In contrast,
the HPE administered rats depicted only focal fibrosis with incomplete fibrous septa and partial bridging (Figure 5L).
There was marked reduction in collagen staining and deposition of newly synthesized collagen fibers (Figure 5L).

Treatment with HPE inhibited activation of hepatic stellate cells
Activation and transformation of quiescent hepatic stellate cells into myofibroblast like cells with the expression of
α-SMA marks the first step in the pathogenesis of hepatic fibrosis [31]. The results of the immunohistochemical
staining for the expression of α-SMA in paraffin liver sections of SHRSP5/Dmcr rats fed with HFC diet and after
the administration of HPE are demonstrated in Figure 6. Staining for α-SMA was completely absent in the hepatic
parenchyma of SHRSP5/Dmcr rats fed with HFC diet for 4 weeks (Figure 6A). There was no staining for α-SMA in
the hepatic parenchyma of rats fed with SP diet and treated with HPE for 12 weeks (Figure 6B). There was prominent
staining for α-SMA in the fibrotic zones, especially in the areas with bridging fibrosis in the animals fed with HFC
diet for 6 weeks (Figure 6C). In contrast, there was no staining for α-SMA in the hepatic parenchyma of rat livers
administered with HFC diet and HPE (Figure 6D). At the 8th week, HFC fed rat livers depicted obvious and marked
staining for α-SMA indicating activation of enormous hepatic stellate cells, especially in fibrotic zones (Figure 6E).
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Figure 4. Hematoxylin and Eosin staining in SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after the treatment with

HPE

(A) SP diet 4 W. Normal liver without any pathological alterations. (B) HFC diet 4 W. Presence of simple steatosis in the entire

hepatic parenchyma indicating deposition of fat globules. Liver fibrosis and inflammation was completely absent. (C) SP diet 12

W with HPE treatment. Significant pathological alteration was absent after 12 weeks of SP diet and HPE treatment. (D) SP diet

6 W. Pathological alterations were absent. (E) HFC diet 6 W. Fatty degeneration, mild hepatic inflammation, and ballooning of

hepatocytes were present especially in the periportal areas (arrows). Mild periportal fibrosis was also observed. (F) HFC diet 12

W with HPE treatment 6 W. Fatty degeneration was present in the hepatic parenchyma. Hepatic necrosis and inflammation were

absent. (G) SP diet 8 W. There were no pathological alterations. (H) HFC diet 8 W. Hepatic necrosis, sinusoidal congestion, and

vacuolization of hepatocytes were present. Bridging fibrosis and formation of collagen fibers were prominent (arrows). (I) HFC diet

8 W with HPE treatment. Mild steatosis of hepatocytes and slight necrosis were present. Bridging fibrosis was absent. (J) SP diet

12 W. Significant pathological alterations were absent. (K) HFC diet 12 W. There was well developed fibrosis and early cirrhosis with

deposition of mature collagen fibers (arrows). (L) HFC diet 12 W with HPE treatment. Treatment with HPE significantly reduced liver

fibrosis and deposition of collagen fibers in the hepatic parenchyma. Hepatic inflammation and ballooning of hepatocytes were

markedly reduced. Moderate pericentral fibrosis was present (arrow). All images are original magnification, ×40. The SAF score,

steatosis (S0-3), activity (A0-3), and fibrosis (F0-3) are presented below each representative image.

336 © 2024 The Author(s). Published by Portland Press Limited on behalf of the Biochemical Society



Clinical Science (2024) 138 327–349
https://doi.org/10.1042/CS20230533

Figure 5. Azan trichrome staining for collagen in SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after the treatment

with HPE

(A) SP diet 4 W. Staining for collagen was absent in the hepatic parenchyma. (B) HFC diet 4 W. Absence of collagen staining. (C)

SP diet 12 W with HPE treatment. Staining for collagen was absent. (D) SP diet 6 W. No staining for collagen. (E) HFC diet 6 W.

Moderate staining of collagen fibers and initiation of bridging fibrosis (arrows). (F) HFC diet 6 W with HPE treatment. Slight staining

for collagen in the periportal area. (G) SP diet 8 W. There was no staining for collagen. (H) HFC diet 8 W. Prominent staining for

collagen depicting formation of thick collagen fibers with well developed bridging fibrosis in the hepatic parenchyma (arrows). (I)

HFC diet 8 W with HPE treatment. Significant decrease in staining for collagen and absence of bridging fibrosis (arrows). (J) SP diet

12 W. There was no staining for collagen in the hepatic parenchyma. (K) HFC diet 12 W. Marked and intense staining of collagen

fibers depicting well developed bridging fibrosis and early cirrhosis (arrows). (L) HFC diet 12 W with HPE treatment. Conspicuous

reduction in collagen staining compared with the animals without HPE treatment. Focalized fibrosis with incomplete fibrous septa

and partial bridging were present (arrows). All images are original magnification, ×40.
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Figure 6. Immunohistochemical staining for α-SMA in SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after the

treatment with HPE

(A) HFC diet 4 W. Staining for α-SMA was absent in the hepatic parenchyma. (B) SP diet 12 W with HPE treatment. There was no

staining for α-SMA in the hepatic parenchyma. (C) HFC diet 6 W. Prominent staining for α-SMA in the fibrotic zones, especially

in the areas with initiation of bridging fibrosis (arrows). (D) HFC diet 6 W with HPE treatment. There was no staining for α-SMA in

the hepatic parenchyma of rat livers treated with HPE. (E) HFC diet 8 W. Enormous and obvious staining for α-SMA in the hepatic

parenchyma with fibrosis (arrows). (F) HFC diet 8 W with HPE treatment. The staining for α-SMA was remarkably reduced in rats

treated with HPE (arrows). (G) HFC diet 12 W. Strong and marked staining for α-SMA in the fibrotic areas indicating extensive

activation of hepatic stellate cells (arrows). (H) HFC diet 12 W with HPE treatment. Significant reduction of staining for α-SMA in

the hepatic parenchyma and also in areas with fibrosis (arrows). All images are original magnification, ×100. (I) Quantification of the

staining intensity of α-SMA. The intensity of α-SMA staining was quantified using Image-Pro Discovery software and presented as

percent square microns. The data are mean +− S.D. of 10 randomly selected microscopic fields from five rats per group. ***P<0.001

by Student’s t-test compared with the HFC diet group on respective weeks.
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The staining for α-SMA was remarkably reduced in rats treated with HPE and was restricted only to the areas with
thin collagen fibers (Figure 6F). At 12th week of HFC diet, there was strong and marked staining for α-SMA in the
fibrotic areas, indicating extensive activation of hepatic stellate cells (Figure 6G). Treatment with HPE demonstrated
a significant reduction of α-SMA staining in the hepatic parenchyma and also in areas with fibrosis (Figure 6H).
Quantification of the staining intensity of α-SMA presented as square microns demonstrated significant reduction
(P<0.001) after treatment with HPE on all the weeks studied (Figure 6I).

Administration of HPE remarkably reduced oxidative stress
Increased production of 4-hydroxy-2-nonenal (4-HNE) is considered as a potent marker of reactive oxygen species
(ROS) induced lipid peroxidation of polyunsaturated fatty acids and dramatically increases during pathogenesis of
MASH [32]. The results of the immunohistochemical staining of 4-HNE in paraffin liver sections of SHRSP5/Dmcr
rats fed with HFC diet and after the administration of HPE are demonstrated in Figure 7. Staining for 4-HNE was
completely absent in the liver tissue of SHRSP5/Dmcr rats fed with HFC diet for 4 weeks (Figure 7A). Similarly,
staining for 4-HNE was absent in the livers of rats fed with the SP diet and treated with HPE for 12 weeks (Figure 7B).
There was moderate staining of 4-HNE, especially in the pericentral areas of the animals fed with HFC diet for 6 weeks
(Figure 7C). However, there was only slight staining of 4-HNE in the pericentral areas of rat livers treated with HPE
(Figure 7D). At the 8th week, there was prominent and obvious staining for 4-HNE in the entire hepatic parenchyma
(Figure 7E). The staining was remarkably reduced in rats treated with HPE and only mild staining was present in
the pericentral area (Figure 7F). At the 12th week of HFC diet, there was marked and intense staining for 4-HNE in
the entire hepatic parenchyma, especially areas close to fibrosis zone (Figure 7G). In contrast, HPE treated rat livers
depicted marked reduction of 4-HNE staining in the hepatic parenchyma (Figure 7H). Only moderate staining was
present in the pericentral areas (Figure 7H). Measurement of the staining intensity of 4-HNE presented as percentage
square microns depicted significant reduction (P<0.001) after treatment with HPE on all the weeks evaluated (Figure
7I).

Treatment with HPE prevented accumulation of collagen type I in the
hepatic parenchyma
The accumulation of fibril forming collagens in the extracellular matrix of the liver is the most prominent charac-
teristic feature during the pathogenesis of hepatic fibrosis [33]. The results of the immunohistochemical staining of
collagen type I in the liver sections of SHRSP5/Dmcr rats fed with HFC diet and after treatment with HPE are de-
picted in Figure 8. Staining for collagen type I was absent or very feeble in the hepatic parenchyma of SHRSP5/Dmcr
rats fed with HFC diet for 4 weeks (Figure 8A). There was no staining for collagen type I in the hepatic parenchyma
of rats fed with the SP diet and treated with HPE for 12 weeks (Figure 8B). At 6 W of HFC diet, moderate staining for
collagen type I was present in the fibrotic areas (Figure 8C). However, only mild staining was present in rats admin-
istered with HPE (Figure 8D). At the 8th week of HFC diet, marked and conspicuous staining for collagen type I was
present in the fibrotic zone with deposition of mature collagen fibers (Figure 8E). Treatment with HPE resulted in a
marked reduction of collagen type I staining and was restricted to the areas with bridging fibrosis (Figure 8F). At the
12th week of HFC diet, there was intense and remarkable staining for collagen type I in the fibrotic areas indicating
deposition of enormous amount of newly formed collagen (Figure 8G). In rats administered with HPE, staining for
collagen type I was completely absent in the hepatic parenchyma (Figure 8H). Weak staining was present on thin
collagen fibers with incomplete fibrous septa (Figure 8H). Quantification of the staining intensity of collagen type
I presented as square microns demonstrated remarkable reduction (P<0.001) after treatment with HPE on all the
weeks studied (Figure 8I).

Administration of HPE inhibited early deposition of collagen type III
during pathogenesis of MASH
The results of the immunohistochemical staining of collagen type III in the paraffin liver sections of SHRSP5/Dmcr
rats fed with HFC diet and after the administration of HPE are demonstrated in Figure 9. At 4 W of HFC diet, focalized
staining for collagen type III was present in areas with early bridging fibrosis (Figure 9A). Staining for collagen type
III was completely absent in the livers of rats fed with SP diet and administered HPE for 12 weeks (Figure 9B). At
6 W of HFC diet, significant staining for collagen type III was present as chicken wire pattern in the fibrotic zone
(Figure 9C). However, in rats treated with HPE, only mild staining was present in the bridging areas (Figure 9D). At
the 8th week of HFC diet, marked and prominent staining for collagen type III was present in fibrotic areas with well
developed collagen fibers (Figure 9E). In rats administered with HPE, staining for collagen type III was significantly

© 2024 The Author(s). Published by Portland Press Limited on behalf of the Biochemical Society 339



Clinical Science (2024) 138 327–349
https://doi.org/10.1042/CS20230533

Figure 7. Immunohistochemical staining for 4-hydroxy-2-nonenal (4-HNE) in SHRSP5/Dmcr rats fed with HFC diet for 12

weeks and after the treatment with HPE

(A) HFC diet 4 W. Staining for 4-HNE was completely absent in the hepatic parenchyma. (B) SP diet 12 W with HPE treatment.

Absence of 4-HNE staining. (C) HFC diet 6 W. At 6 W of HFC diet, there was moderate staining of 4-HNE in the pericentral areas

(arrows). (D) HFC diet 6 W with HPE treatment. Slight staining for 4-HNE in the pericentral areas of rat livers treated with HPE (arrow).

(E) HFC diet 8 W. Prominent and obvious staining for 4-HNE was present in the entire hepatic parenchyma (arrows). (F) HFC diet 8 W

with HPE treatment. The staining of 4-HNE was remarkably reduced in rats treated with HPE. Presence of mild staining in pericentral

areas (arrow). (G) HFC diet 12 W. There was marked and strong staining of 4-HNE in the entire hepatic parenchyma, especially in

areas close to fibrosis zone (arrows). (H) HFC diet 12 W with HPE treatment. HPE treated rat livers depicted remarkable reduction

of 4-HNE staining in the hepatic parenchyma. Only moderate staining was present in the pericentral areas (arrows). All images are

original magnification, ×100. (I) Quantification of the staining intensity of 4-HNE. The staining intensity of 4-HNE was quantified

using Image-Pro Discovery software and presented as percent square microns. The data are mean +− S.D. of 10 randomly selected

microscopic fields from five rats per group. ***P<0.001 by Student’s t- test compared with the HFC diet group on respective weeks.
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Figure 8. Immunohistochemical staining for collagen type I in SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after

the treatment with HPE

(A) HFC diet 4 W. Staining for collagen type I was absent or very feeble in the hepatic parenchyma. (B) SP diet 12 W with HPE

treatment. Staining for collagen type I was absent in the parenchyma. (C) HFC diet 6 W. At 6 W of HFC diet, moderate staining for

collagen type I was present in the fibrotic areas (arrows). (D) HFC diet 6 W with HPE treatment. Weak staining on thin collagen fibers

(arrows). (E) HFC diet 8 W. Marked and conspicuous staining for collagen type I was present in the fibrotic zone with mature collagen

fibers (arrows). (F) HFC diet 8 W with HPE treatment. The staining for collagen type I was obviously reduced in rats treated with

HPE and was confined to thin collagen fibers (arrows). (G) HFC diet 12 W. Strong and remarkable staining for collagen type I in the

fibrotic areas indicating deposition of enormous amount of newly formed collagen (arrows). (H) HFC diet 12 W with HPE treatment.

In the rats treated with HPE, staining for collagen type I was completely absent in the hepatic parenchyma. Weak staining was

present on thin collagen fibers with incomplete fibrous septa (arrows). All images are original magnification, ×100. (I) Quantification

of the staining intensity of collagen type I presented as percent square microns. The data are mean +− S.D. of 10 randomly selected

microscopic fields from five rats per group. ***P<0.001 by Student’s t-test compared with the HFC diet group on respective weeks.
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Figure 9. Immunohistochemical staining for collagen type III in SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after

the treatment with HPE

(A) HFC diet 4 W. Weak staining for collagen type III was present in the areas with initiation of bridging (arrows). (B) SP diet 12 W

with HPE treatment. Staining for collagen type III was absent in the hepatic parenchyma. (C) HFC diet 6 W. At 6 W of HFC diet,

significant staining was present for collagen type III in the fibrotic zone (arrows). (D) HFC diet 6 W with HPE treatment. Mild staining

for collagen was present in the areas with bridging fibrosis (arrow). (E) HFC diet 8 W. Marked and prominent staining for collagen

type III was present in fibrotic areas with well developed collagen fibers (arrows). (F) HFC diet 8 W with HPE treatment. Staining

for collagen type III was significantly decreased and was restricted to thin collagen fibers (arrows). (G) HFC diet 12 W. Remarkable

and profound staining for collagen type III demonstrating deposition of newly synthesized collagen (arrows). (H) HFC diet 12 W

with HPE treatment. Staining for collagen type III was completely absent in the hepatic parenchyma of rat livers treated with HPE.

Moderate staining was visible on thin collagen fibers present (arrows). All images are original magnification, ×100. (I) Quantification

of the staining intensity of collagen type III presented as percent square microns. The data are mean +− S.D. of 10 randomly selected

microscopic fields from five rats per group. ***P<0.001 by Student’s t-test compared with the HFC diet group on respective weeks.
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Figure 10. Real-time quantitative PCR for the expression of α-SMA, collagen type I(α1), collagen type III(α1), and PCNA in

SHRSP5/Dmcr rats fed with HFC diet for 12 weeks and after the treatment with HPE

There was marked increase in the expression of all the molecules studied after the administration of HFC diet for 12 weeks, which

were significantly decreased in HPE treated group. All the data are normalized to GAPDH mRNA that serves as the housekeeping

gene. The data are mean +− S.D. of five rats in each group. ***P<0.001 by ANOVA, when compared with the respective HFC diet

group.

decreased and was confined to the chicken wire pattern of collagen fibers (Figure 9F). At 12th week of HFC diet,
remarkable and profound staining of collagen type III was present depicting well developed nodular cirrhosis (Figure
9G). Furthermore, the staining demonstrated deposition of large amount of newly synthesized collagen type III in
the hepatic parenchyma (Figure 9G). In contrast, staining for collagen type III was completely absent in the hepatic
parenchyma of rat livers treated with HPE (Figure 9H). Moderate staining was visible on thin collagen fibers (Figure
9H). Quantification of the staining intensity of collagen type III presented as percentage square microns depicted a
marked reduction (P<0.001) after treatment with HPE on all the weeks evaluated (Figure 9I).

Treatment with HPE decreased the expression of major molecules
involved in hepatic fibrosis
The isolated mRNA was quantified for the expression of α-SMA, collagen type I(α1), and collagen type III(α1) in the
liver tissue to study the effect of HPE to attenuate fibrogenesis and PCNA as a cell proliferative marker that indicates
the regeneration of liver tissue. The rate of expression of mRNA of all the molecules examined was normalized to the
GAPDH gene and presented in Figure 10. There was no difference in the expression of any of the molecules studied
between the SP diet group and SP diet group treated with HPE. Dramatic increase in the expression of all the fibrogenic
markers studied was present in the HFC diet group of animals. The maximum increase (9.4-fold) was observed with
collagen type III, followed by collagen type I (8.5-fold) compared with the SP diet group. The increased molecular
markers were remarkably decreased (P<0.001 by ANOVA) in the HPE-treated group. There was no difference in
the expression of PCNA in the HFC diet group, which was significantly increased (P<0.001 by ANOVA) after the
treatment with HPE.
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Discussion
Simple steatosis is a condition of increased uptake and deposition of lipids or fat in hepatocytes. Unmanaged simple
steatosis may progress to metabolic dysfunction-associated steatohepatitis (MASH) with inflammation, hepatocellu-
lar injury, fibrosis, cirrhosis, and ultimate HCC [34]. In the present study, we used a high-fat and high-cholesterol diet
induced animal model of steatohepatitis, which spontaneously progresses to hepatic fibrosis and cirrhosis [24]. It is a
model similar to human MASH with all the associated biochemical, histopathological, and decompensating features
[24]. In addition, it provides a reproducible and potentially valuable animal model for studying the mechanism of the
pathogenesis of human hepatic fibrosis and alcoholic cirrhosis without employing a chemical agent such as carbon
tetrachloride or N-nitrosodimethylamine [28,35]. Overall, the HFC-induced model of MASH, hepatic fibrosis, and
liver cirrhosis in SHRSP5/Dmcr rats is an ideal and suitable animal model to study multiple parameters of human
pathological conditions in a natural way.

Laennec is the trade name for human placental extract, which has been selectively prepared after acid hydrolysis and
enzymatic digestion. It is manufactured after treatment with dilute hydrochloric acid and pepsin digestion, followed
by high-pressure steam sterilization at 121◦C for 20 min, and tested for all human pathogenic viral DNAs and RNAs
[36]. These processes ensure that Laennec is free from all sorts of transmissible human pathogens such as HIV, HBV,
HCV, HPV, HSV as well as bacteria and funguses. The product used in the present study contains a variety of growth
factors, cytokines, and physiologically active substances from the human placenta [37]. It contains hepatocyte growth
factor (HGF), which promotes proliferation of hepatocytes for the recovery and regeneration of injured or damaged
liver. Recently, a pilot study demonstrated that administration of HPE for 8 weeks in patients with MASH resulted
in a significant reduction of serum AST and ALT levels, indicating HPE could be used as an effective method to
treat MASH [38]. It was also shown that HPE treatment suppresses activation of hepatic stellate cells and ameliorates
hepatic fibrosis in methionine and choline deficient (MCD) diet-induced model of MASH [36]. Furthermore, it has
been demonstrated that HPE treatment decreases inflammation, reduces fibrosis, and promotes liver regeneration,
suggesting the use of HPE for potential clinical applications [37].

During the pathogenesis of hepatic fibrosis, defenestration of endothelial cells leads to increased diffusion barrier
and interferes with the transport of nutrients to hepatocytes, which contributes to the deterioration of liver functions
[39]. It was reported that HPE treatment significantly reduced serum AST and ALT levels along with up-regulation of
anti-inflammatory cytokines and promoted liver regeneration in CCl4 induced liver injury in rats [37]. Furthermore,
HPE administration decreased serum AST and ALT levels and reduced lobular inflammation and hepatocyte bal-
looning in obese patients with MASH [38]. In the present study, we observed a significant decrease in both AST and
ALT levels in the serum of rats treated with HPE for 8 and 12 W. This could be attributed to the anti-inflammatory,
antioxidant, and hepatocyte regeneration factors present in HPE [40]. In the current study, treatment with HPE de-
creased hepatic inflammation, sinusoidal congestion, hepatic necrosis, and vacuolization of hepatocytes in rats fed
with HFC diet. Besides, HPE treatment reduced fatty degeneration, ballooning of hepatocytes, nodular formation,
and retained normal lobular architecture of hepatic parenchyma. It was observed that treatment with HPE reduced
cell injury, inflammatory lesions, and restored hepatic lobular architecture in methotrexate induced hepatotoxicity
in rats [41]. Placental extract can reduce liver interstitial collagen deposition, lipogenesis, inflammatory cell infil-
tration, and thus improve hepatic morphology and function [42]. Furthermore, it can prevent hepatocellular injury
by scavenging ROS, inhibiting inflammatory cytokine production, blocking hepatocyte apoptosis and necrosis, and
ultimately promote hepatocyte regeneration [42]. The regeneration of hepatocytes can rapidly replace the damaged
and injured hepatocytes leading to the efficient functional recovery of the impaired liver.

The hepatic stellate cells, also known as perisinusoidal cells, are multifunctional nonparenchymal cells located in
the space of Disse and are the most prominent cell type involved in the pathogenesis and progression of hepatic fi-
brosis [43]. The activation and transformation of round quiescent hepatic stellate cells into myofibroblast like cells
with the expression of α-smooth muscle actin filaments is considered as the initial step in the pathogenesis of hep-
atic fibrosis [44]. The activation of stellate cells is a dynamic process accompanied with the production of various
cytokines and growth factors and a major rate limiting event in the progression of hepatic fibrosis [45]. It is now
well established that blocking the activation of hepatic stellate cells can arrest the pathogenesis of hepatic fibrosis and
deposition of collagen fibers in the hepatic parenchyma [46]. In the present study, immunohistochemical staining
demonstrated conspicuous and remarkable activation of stellate cells in the hepatic parenchyma of SHRSP5/Dmcr
rats fed with HFC diet at 6, 8, and 12 W. Treatment with HPE resulted in a significant and marked reduction in the ac-
tivation of stellate cells on all the days studied. It was reported that HPE treatment inhibits activation of hepatic stellate
cells and ameliorates liver fibrosis in MCD-diet induced mouse model of MASH [36]. Furthermore, it was observed
that porcine placental extract attenuated lipid peroxidation, suppressed TGF-β1 signaling, and reduced activation of
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hepatic stellate cells in an animal model of MASH induced with HFC diet [47]. Placental extracts are abundant in
anti-inflammatory cytokines, interleukin (IL)-1 receptor antagonist, IL-4, IL-10, IL-11, and IL-13 [42]. It also con-
tains growth factors such as granulocyte-colony stimulating factor (G-CSF), granulocyte-macrophage colony stim-
ulating factor (GM-CSF), epidermal growth factor (EGF), fibroblast growth factor (FGF), hepatocyte growth factor
(HGF), insulin-like growth factor (IGF), platelet-derived growth factor (PDGF), transforming growth factor (TGF),
and vascular endothelial growth factor (VEGF), which are involved in an array of physiological effects ranging from
immunomodulation, anti-inflammatory, wound healing, cellular proliferation, and regeneration that make HPE a
promising hepatoprotective agent [48].

The generation of free radicals, including a variety of ROS, leading to cellular oxidative stress and subsequent lipid
peroxidation is a characteristic feature of MASH. Increased levels of serum MDA is an indication of elevated oxidative
stress and membrane lipid peroxidation. Malondialdehyde is a final product of lipid peroxidation of polyunsaturated
fatty acids and one of the best markers of cellular oxidative stress [49]. It was reported that HPE treatment reduced
oxidative stress and MDA levels in the liver tissue after methotrexate-induced hepatotoxicity in rats [41]. In addition,
treatment with Laennec (HPE) decreased hepatic MDA levels and nitric oxide in concanavalin-A induced liver injury
in a murine model and indicated that Laennec has a protective effect against immune-mediated liver injury [50]. In
the present study, HPE administration maintained normal levels of GSH and prevented increase in hepatic MDA
levels. The potent antioxidant properties of HPE have been evaluated on random-pattern skin flap surgical wounds
in rats and found significantly lower MDA and higher GSH levels in the group treated with HPE, suggesting HPE is
a novel therapeutic agent for wound healing [51].

Increased oxidative stress and a marked decrease in the levels of antioxidants are common features in the pathogen-
esis of MASH and the accompanied hepatic fibrosis. In the present study, we observed a significant decrease in GSH
levels at 8 and 12 W after the start of HFC diet in SHRSP5/Dmcr rats. We have also reported a remarkable decrease
in the concentrations of the potent antioxidant ascorbic acid during the pathogenesis of N-nitrosodimethylamine in-
duced hepatic fibrosis in rats [52]. Excessive formation of 4-hydroxy-2-nonenal (4-HNE) in the hepatic parenchyma
is considered the most reliable biomarker for elevated oxidative stress and lipid peroxidation during liver injury [53].
The aldehyde, 4-HNE is a major end-product of the peroxidation of omega-6 unsaturated fatty acids such as linoleic
acid and arachidonic acid [54]. In the present study, there was remarkable staining for 4-HNE, especially at 8 and 12
W in rats fed with HFC diet, indicating lipid peroxidation or oxidative degradation of membrane lipids. Treatment
with HPE markedly reduced the staining intensity of 4-HNE on all the days evaluated, indicating the antioxidant po-
tency of placental extract. It was reported that HPE treatment suppressed oxidative stress and significantly reduced
4-HNE in MCD diet-induced mouse model of MASH [55]. A collagen derived peptide with Glycine-XY amino acid
repeats has been reported with the antioxidant activity associated with HPE and suggested that the oxidation of pro-
line and hydroxyproline present in collagen might be involved in the antioxidant activity associated with collagen
peptides [56]. Furthermore, it was observed that HPE treatment induced the production of anti-oxidase enzymes
such as heme oxygenase-1 (HMOX1), NAD(P)H quinone dehydrogenase-1 (NQO1), catalase (CAT), and superox-
ide dismutase-1 (SOD1) in cultured hepatic stellate cells [36]. The current data and previous reports indicate that
multiple components present in the HPE act simultaneously to suppress oxidative stress, reduce lipid peroxidation,
and thus decrease cell injury.

Excessive synthesis and deposition of fibril forming collagens, predominantly type I and type III, in the extracellular
matrix of the liver is the characteristic feature of hepatic fibrosis and liver cirrhosis [32,57]. We have demonstrated that
during the pathogenesis and progression of hepatic fibrosis and early cirrhosis, the rate of synthesis and deposition of
collagen type III is more prominent than that of collagen type I, and fibrotic liver collagen is more cross-linked than
normal liver collagen [58]. In the current study, real-time quantitative PCR demonstrated a dramatic up-regulation
in the expression of collagen type I and type III genes in the hepatic tissue of rats fed with HFC diet. Furthermore,
immunohistochemical staining for collagen type I and type III depicted excessive synthesis and deposition of both
collagen types in the hepatic parenchyma. The images demonstrated a well developed hepatic fibrosis at 8W and
complete cirrhosis at 12W. Treatment with HPE markedly reduced the expression as well as deposition of both col-
lagen types, prevented bridging fibrosis and nodular formation, and retained the normal lobular architecture of the
liver. It was reported that HPE treatment effectively ameliorated liver fibrosis in MASH due to suppression of the
activation of hepatic stellate cells [36]. Overall, the current data and previous reports strongly suggest that HPE is
a natural medicine with potent therapeutic effects and could suppress fatty degeneration and MASH, regress liver
injury, prevent progression of hepatic fibrosis to cirrhosis, and may block related adverse events such as HCC. The
mechanisms of the therapeutic effect of HPE may be attributed to antioxidant, anti-inflammatory, anti-apoptosis,
immunotropic, and the ability to promote hepatocyte regeneration. However, HPE treatment may not be effective to
reverse advanced stages of MASH with hepatic fibrosis.
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Conclusions
The results of the present study demonstrated that administration of HPE remarkably reduces HFC diet induced
pathogenesis of MASH and the associated development of severe hepatic fibrosis and early cirrhosis in an experimen-
tal animal model. The data indicate that HPE treatment mediates immunotropic, anti-inflammatory, and antioxidant
responses, attenuates fatty degeneration, and inhibits the pathogenesis of hepatic fibrosis and early cirrhosis. HPE
shows as a therapeutic agent to inhibit the progression of MASH and the associated hepatic fibrosis towards liver
cirrhosis.

Clinical perspectives
• Evaluate the effects of human placental extract (HPE) to attenuate experimentally induced steatotic

liver disease (SLD) and hepatic fibrosis.

• Treatment with HPE improved liver functions, reduced excessive deposition of fat in the liver, and
markedly attenuated SLD and hepatic fibrosis.

• HPE shows promise as a therapeutic agent to prevent progression of MASH to liver cirrhosis.
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NAD(P)H quinone dehydrogenase 1; PCNA, proliferating cell nuclear antigen; PDGF, platelet-derived growth factor; qPCR,
quantitative polymerase chain reaction; ROS, reactive oxygen species; SAF score, steatosis, activity, fibrosis score; SHRSP,
stroke-prone spontaneously hypertensive rat; SLD, steatotic liver disease; SOD1, superoxide dismutase 1; SPs, stroke-prone;
SYBR Green, Synergy brands green; TGF, transforming growth factor; VEGF, vascular endothelial growth factor.
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