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ABSTRACT

Introduction: Because of its complex pathogenesis, liver fibrosis remains one of the diseases with no standard treatment.
Alda-1 is considered as a promising drug in ameliorating such fibrosis.

Aim of the Work: To evaluate the potential effect of Alda-1 after thioacetamide (TAA)-induced liver fibrosis in male mice.
Materials and Methods: Twenty-five adult male mice (25-27 gm aged 2-3 months) were allocated into five equal groups.
Group I (control group), group II (Alda-1 group): each mouse was given Alda-1 [S mg/kg, intraperitoneally (ip)] twice weekly
for four weeks. Group III (TAA group): each animal received TAA (200 mg/kg, ip) twice weekly for seven weeks. Group IV
(TAA +Alda-1 group): each mouse was given TAA as group III. After stoppage of TAA administration, Alda-1 was given at a
dose as group II and continued for four weeks. Group V (recovery group) each animal received TAA treatment as group III and
left without any treatment for an extra four weeks. The histological changes were identified by the light (H&E and Masson’s
trichrome stains) and electron microscopies, immunohistochemical and morphometric analysis. Blood samples were taken to
evaluate the liver's function.

Results: TAA caused marked histological and biochemical attenuation of hepatocytes structure and function with significant
increase in collagen deposition. In addition, TAA caused significant elevation of liver enzymes. In Alda-1treated In Alda-
Itreated group (IV), hepatocytes revealed nearly normal structure, significantly decreased the elevated liver enzymes and
significant increase in reduced glutathione and decrease in malondialdehyde in liver homogenate. Alda-1 decreased the
elevated transforming growth factor, collagen-1 gene expression and the area percentage of collagen. In addition, alpha smooth
muscle actin was significantly reduced. The anti-inflammatory effects were also detected by the decrease in the interleukin-6
and tumor necrosis factor-a.

Conclusion: Alda-1 ameliorated TAA-induced liver fibrosis in mice. This might be due to its antioxidant, antifibrotic and

anti-inflammatory effects.
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INTRODUCTION

Liver fibrosis is the most important health problem
nowadays. It affects more than 100 million individuals all
over the world with an alarming prevalence of mortality!'!.
Liver fibrosis is the common reaction to a diversity of
insults. This includes hepatitis B and C virus infection, as
well as long-term exposure to toxins, chemicals or even
drugs. In addition, chronic cholestatic diseases, metabolic
diseases, and autoimmune diseases all might contribute to
the production of liver fibrosis(!.

Liver fibrosis if neglected might progress to hepatic
cirrhosis, hepatocellular carcinoma, and eventually liver
failureBl. Hepatic stellate cell (HSCs) activation is crucial
for the progression of liver fibrosis*. Activated HSCs
directs the excessive deposition of certain proteins that
would be accumulated within the extracellular matrix
(ECM). One of the most important of these proteins is
collagen type 1, as well as a variety of pro-inflammatory
cytokinesPl. Additionally, the disruption in the activity of
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transforming growth factor-f1 (TGF-B1) is incredibly a
robust effector in liver fibrosist®.

Thioacetamide (TAA) is a hepatotoxic agent utilized to
cause a consistent, dose- and time- related liver fibrosis in
experimental animals, resembling that realized in human#!,
Its biotransformation to thioacetamide sulfoxide, which is
metabolized and converted to thioacetamide disulfoxide,
a highly toxic compound and efficient in modifying the
cellular macromolecules. Oxidative stress, the buildup of
reactive oxygen species (ROS), and cytotoxicity are the
results of such modification. The mitochondria are well
known to be affected. As such, excessive ROS may lead to
buildup of reactive aldehydes which can precisely damage
cellular protein leading to liver fibrosis®!%. Aldehydes are
detoxified by the aldehyde dehydrogenase family. Recently,
a well characterized aldehyde dehydrogenase-2 (ALDH-2)
activator, Alda-1 [N-(1,3-benzodioxol-5-ylmethyl)-2,6-
dichlorobenzamide], works to stimulate ALDH2 catalytic
property by altering ALDH2's kinetic characteristics and
enhancing the substrate-enzyme interaction'™?. It has
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a valuable role in defending against certain diseases, as
ischemic heart disease, stroke and alcoholic liver disease
which might be facilitated through regulating oxidation
stress and ROS production. Nevertheless, it might have a
key role in preventing apoptosis and autophagy!!>14,

Hence, the present study was established to determine
the possible involvement of Alda-1 in attenuating
thioacetamide — induced liver fibrosis in mice.

MATERIALS AND METHODS

Experimental animals

The animal house, Faculty of Medicine, Alexandria
University, provided a total of twenty-five adult male mice
(2527 grammes) aged 2-3 months. Mice were given seven
days to acclimate to the laboratory environment before
starting the experiment. The animals were maintained in a
temperature-controlled environment (25 °C) with light/dark
cycles and free access to basic laboratory food and water.
The experiment was carried out pursuant to a protocol that
has been approved by the Committee of Animal Care's
ethics committee. The Alexandria University Faculty
of Medicine's Local Ethics Committee approved all the
methods used. IRB number 00012098.

Chemicals

Thioacetamide (TAA) and Alda-1 were bought from
Sigma-Aldrich (Sigma—Aldrich, USA)

Experimental design

Five groups of five mice in each were allocated at
random:

1. Group I (control group): each animal was given a
saline solution intraperitoneally (ip) twice weekly
at a dose of 0.01 mg/kg body weight for seven
weeks!,

2. Group II (Alda-1 group): each mouse was given
Alda-1 ip twice weekly for four weeks at a dose of
5 mg/kg body weight!'),

3. Group III (TAA group): 200 mg/kg body weight
was given ip twice weekly for seven weeks to each
animal of this group!'*.

4. Group IV (TAA + Alda-1 group): As in group III,
each animal received TAA twice weekly for seven
weeks. Following the cessation of TAA treatment,
the animals were given Alda-1 (5 mg/kg body
weight, ip) twice weekly for four weeks.

5. Group V (recovery group): each mouse was given
TAA treatment as group III and left without any
treatment for an extra four weeks.

Assessment of liver functions

Blood samples were taken to evaluate the liver's
function. The retro-orbital plexus was used to collect the
samples at the end of each group's allotted study period.
After allowing the blood to coagulate, it was centrifuged

for 15 minutes at 3000 rpm. The aspartate transaminase
(AST) and alanine transaminase (ALT) levels in the serum
were measured using the Biodiagnostic kit from Cairo,

Egypt.
Liver homogenate!"”

Pieces of hepatic tissue were bathed in ice-cold
phosphate buffered saline (PBS, pH=7.4). Tissue pieces
were weighed before being homogenized [tissue weight
(g): PBS (mL) volume=1:9]. To obtain the supernatant,
the suspension was sonicated and centrifuged for 5
minutes at 5000 g. The samples were then kept at -80°C
for biochemical assessment. A portion of the homogenate
was promptly frozen in liquid nitrogen and maintained at a
temperature of -80 °C for gene expression analysis.

Biochemical analysis

All biochemical tests were conducted at the
Biochemistry department, Faculty of Science, Borg El-
Arab, Alexandria University.

Malondialdehyde (MDA)'™

The reaction of MDA with thiobarbituric acid (TBA)
was performed using a Bio diagnostics kit from Cairo,
Egypt. The red pink colour of the resulting thiobarbituric
acid reactive compounds (TBARS) was detected at 532
nm.

Reduced glutathione (GSH)"

Using a BIOXYTECH kit, the quantities of GSH
in liver homogenates were measured colorimetrically
(Sigma, USA). At 412 nm, the resulting yellow colour was
measured.

Tumor Necrosis Factor-alpha (TNF- a)>"

TNF-0 was measured in the liver homogenate using
the sandwich enzyme-linked immunosorbent assay
(ELISA) technology (MyBioSource, San Diego, UK).
In brief, biotinylated anti-rat TNF- antibody was added
and incubated for one hour at 37 °C. The avidin-biotin
combination was added, then incubated for half an hour at
37 °C. The 3,3',5,5'"-Tetramethylbenzidine (TMB) colour
development agent was then applied, and the absorbance
was measured at 450 nm after a half-hour incubation at
37 °C in the dark.

Interleukin- 6 (IL-6)""

ELISA kits were used to determine the levels of the
inflammatory cytokine IL-6 in all animals in accordance
with the manufacturer's procedure (Biosciences, San
Diego, USA). As detection antibodies, anti-IL-6 polyclonal
antibody was used, and biotin conjugated anti-IL-6
polyclonal antibody was used. TMB substrate was added
after the avidin-biotin-peroxidase complex was introduced.
At 450nm, the absorbance was measured.

Transforming Growth Factor- beta 1 (TGF-£1)

TGF-B1 levels were measured using an ELISA kit on
hepatic tissue homogenate (MyBioSource, San Diego,
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USA). The biotinylated anti-rat was added and incubated
for one hour at 37 ° C. After that, the TMB colour
development agent was applied and rinsed. For half an
hour, the samples were incubated at 37 °C in the dark. At
450nm, the absorbance was read.

RNA extraction, cDNA synthesis and Real-Time
Polymerase Chain Reaction (PCR)™

The total RNA was isolated from the liver tissue
homogenate using the TRIsureTM Lysis Reagent
corresponding to the manufacturer's guidelines. The
commercial first strand cDNA synthesis kit was used to
make cDNA from 1 g of total RNA (SensiFAST cDNA
Synthesis kit). The relative gene expression of collagen
type I in comparison to the internal control gene, B-actin,
was determined using the SensiFAST SYBR No-Rox kit
for real-time PCR analysis. The thermal cycling protocol
was as follows: denaturation (95 °C for two minutes),
amplification (forty cycles, five seconds at 95 °C),
annealing (ten seconds at 60 °C), and extension (twenty
seconds at 72 °C). The threshold cycle (Ct) data were used
to calculate the RNA concentration. The levels of mRNA
expression were estimated in relation to the mRNA levels
of the B-actin gene. Primer sequence (Sigma Aldrich):
Collagen type 1, F- 5'-TTCCTGCCTCAGCCACCTCA-3',
R-5- GAACCTTCGCTTCCATACTCG-3';  P-actin,
sense: 5'-TGAGAGGGAAATCGTGCGT-3', anti-sense
5'-TCATGGATGCCACA GGATTCC-3".

Histological examination

There were no deaths among the experimental animals.
Specimens from the liver of each animal were carefully
collected from each animal at the end of the experiment
and divided into two portions. One was immersed in
a 10% formol saline solution and processed to obtain
paraffin sections of 4 -5 pm thickness®¥. The sections were
stained with hematoxylin and eosin (H&E) in addition
to the Masson’s trichrome stain and viewed by the light
microscope (Olympus, Japan) supplied with a digital
camera (Olympus, Japan).

The other part was immediately cut into small
pieces (~1x1 mm?) and fixed in 3% phosphate-buffered
glutaraldehyde before being processed for transmission
electron microscopic examination®! using Joel 1400 plus
electron microscope (Tokyo, Japan) at Faculty of Science,
Alexandria University.

Immunohistochemical assessment™

Alpha-smooth muscle actin (a-SMA) antibody was
achieved (Biotecnologies, California, USA), with antigen
retrieval (EDTA solution) addition. After that, 0.3 %
hydrogen peroxide and protein block were added, and
the mixture was incubated with rat anti a -SMA antibody
(1: 200). After incubation with anti-rat IgG secondary
antibodies (1:500), diaminobenzidine (DAB) chromogen
was used to visualize the results. As a counterstain,
hematoxylin was utilized. Leiomyoma was employed as a
positive control.

Quantitative morphometric analysis

Using the NIH Fiji programme (NIH, Bethesda, USA),
the following parameters were evaluated: Images acquired
from Masson's trichrome stained slides at x100 were
used to calculate the area % of collagen. Images recorded
at x100 were used to calculate the area % of a-SMA.
Measurements were obtained at random from five different
fields from each mouse for each of these two parameters.
The acquired information was given in the form of a mean
and standard deviation (SD).

Statistical analysis™"

The data was entered into the computer and examined
with version 20.0. SPSS is a software suite from IBM
(Armonk, NY: IBM Corp). The mean, SD, and median
were used to represent the quantitative data. The
significance of the acquired results was assessed at a 5%
level of significance. For regularly distributed quantitative
data, the ANOVA test was employed to compare more than
two groups. For pairwise comparisons, the Post Hoc test
(Tukey) was utilized.

RESULTS
Liver enzymes (AST, ALT)

After seven weeks of TAA treatment (group III),
AST and ALT liver enzymes were significantly elevated
compared to group I and group II (control group and
Alda-1 group). After Alda-1 treatment in group IV
(TAA+ Alda-1 group), the AST and ALT levels depicted a
significant reduction. Regarding group V (recovery group),
the significant increase in AST and ALT levels were
persisted in comparison to the control and Alda-1 groups
(Figures 1 A,B respectively).

Biochemical results
Malondialdehyde (MDA)

MDA levels in tissue homogenate were found to be
significantly higher in group III (TAA group) as compared
to groups I and II (control and Alda-1 groups respectively)
which showed no statistical difference among them.
Meanwhile, Alda-1 treatment in group IV revealed a
significant reduction in MDA levels compared to group III.
The levels of MDA showed significantly higher levels in
groups V (recovery group) compared to group I and group
IT as shown in (Figure 2A).

Reduced glutathione (GSH)

The mean amounts of GSH in the homogenate were
significantly lower in group III (TAA group) compared to
groups [ and II (control and Alda-1 groups respectively). The
levels in group IV (TAA+Alda-1 group) were significantly
increased compared to group III. Furthermore, the levels
in group V (recovery group) were significantly lower than
those in groups I and II, but significantly higher than those
in group III (Figure 2B).
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Tumor Necrosis Factor -alpha (TNF-a)

When compared to the control and Alda-1 groups
(groups I and II respectively), TNF-a levels in group III
(TAA group) were considerably higher. Treatment with
Alda-1 in group IV (TAA+Alda-1 group), there was a
significant decrease in TNF-a levels in comparison to
group III. The levels in group V (recovery group) were
significantly increased compared to group I and group II
(Figure 2C).

Interleukin 6 (IL 6)

Group II (TAA group) revealed significantly
upregulated levels of IL-6 compared to the control group
(group 1) and Alda-1 (group II). Moreover, ameliorative
effects after administration of Alda-1 in group IV
(TAA+Alda-1 group) caused a significantly decreased
IL-6 levels. In group V (recovery group) the levels of IL-6
were still significantly elevated compared to group I and
group IV (Figure 2D).

Transforming Growth Factor -beta 1 (TGF-p1)

When compared to the control and Alda-1 groups,
TGF-B1 levels were increased significantly in group III.
In comparison to group III, group IV (TAA+Alda-1 group)
had much significantly lower levels. TGF-B1 levels were
also significantly higher in group V (recovery group)
compared to groups I and IV (Figure 2E).

Real-Time Polymerase Chain Reaction (PCR)

Expression of collagen type I gene was significantly
increased in TAA-treated group (group III) compared
to group I (control group) and group II (Alda-1 group)
which showed no statistical difference among them.
Providentially, following TAA treatment, Alda-1 resulted
in a considerable decrease in collagen type I expression in
group IV. In group V (recovery group) the collagen gene
expression level was significantly increased compared to
groups I and II (Figure 2F).

Histological results
Hematoxylin and eosin stain (H&E)

Group I (Control group): Examination of group
I (control group) revealed normal liver structure. The
hepatocytes were established in cords radiating from the
central veins. Portal tracts were frequently seen. (Figures
3A,B). The hepatocytes showed eosinophilic cytoplasm
and vesicular, centrally positioned nuclei (Figures 3B,C).
Sometimes, binucleate hepatocytes were observed (Figure
3C). The cords of hepatocytes were interspaced with
the hepatic sinusoids. The sinusoids exhibited narrow
elongated slit like spaces with few bulging Kupffer cells
(Figure 3C).

Group II (Alda-1 group): Microscopic examination
revealed normal hepatic architecture with hepatocytes
extending from the central veins (Figure 4A). The
hepatocytes showed eosinophilic cytoplasm and central
nuclei with prominent nucleoli (Figures 4 B,C). Many

hepatocytes were binucleated. Kupffer cells were also
depicted bulging in the narrow sinusoids (Figure 4C).

Group III (TAA group): Following TAA treatment,
light microscopic examination showed marked disruption
of the normal hepatic architecture. Hepatic stroma
demonstrated noticeable fibrous tissue septa. Many septa
were seen arising from most of the portal areas and even
some bridging from portal area to the neighboring portal area
(Figure 5A). Moreover, mononuclear cellular infiltration
was depicted (Figures 5A,B). Hepatocytes exhibited
immense degenerative changes. Some hepatocytes showed
hypereosinophilic cytoplasm and deeply stained nuclei
(Figure 5B). Many hepatocytes were markedly swollen
and ballooned with vacuolated cytoplasm (Figures 5 C,D).
Nuclear changes were noticed, many hepatocytes showed
deeply stained nuclei (Figures 5 B,C,D). Other showed
complete or partial loss of nuclear chromatin (karyolysis)
(Figures 5 C,D). The portal area revealed apparent
proliferation of the bile ducts (Figure 5C).

Group IV (TAA+ Alda-1group): Interestingly,
pronounced improvement was demonstrated in this group.
The hepatic parenchyma in most examined sections
revealed apparently normal hepatic architecture. The
hepatocytes exhibited evident improvement. Hepatocytes
were one or two cell thick cords radiating from the
central veins and separated by hepatic sinusoids (Figures
6 A-D). Most hepatocytes appeared having eosinophilic
cytoplasm and vesicular nuclei with prominent nucleoli
(Figures 6 B-D). Moreover, many hepatocytes were
binucleated (Figures 6 C,D). Whereas few appeared
having small deeply stained nuclei and slightly vacuolated
cytoplasm (Figures 6 B,D). Even though there was marked
decrease in the inflammatory cellular infiltration, still some
areas revealed mild cellular infiltration (Figures 6 A,C,D).

Group V (Recovery group): Connective tissue
septa with evident lobulation (Figure 7 A) accompanied
with cellular infiltration were observed (Figures 7 A-C).
Meanwhile, the hepatocytes were still noticeably affected.
Many hepatocytes appeared swollen with markedly
vacuolated cytoplasm (Figures 7 B,C). In addition, some
nuclei were small deeply stained (Figures 7 B,C) and
others were karyolitic (Figure 7B).

Masson’s trichrome stain

The stained stroma was prominent only around the
vessels in the poral tracts and around the central veins
in the control group (group I) and in group II (Alda-1
group) (Figures 8 A,B respectively). Group III (TAA
group) showed that collagen was aggressively deposited
around the portal tracts. Clearly some areas depicted septa
extending from one portal tract to the adjacent one. In
addition, the liver sections detected collagen deposition
in between the hepatocytes (Figure 8C). The collagen
deposition was markedly reduced after administration of
Alda-1 in group IV (Figure 8D). Group V (recovery group)
revealed persistent collagen deposition bridging from one
portal tract to the other (Figure 8E).
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Quantitative morphometric analysis of the area
percentage (%) of collagen deposition

Values obtained from morphometric analysis of the
area % of collagen deposition statistically corroborated the
findings. When compared to the control and Alda-

1 groups (groups I and II respectively), mice in group
III (TAA) showed a significant increase in area % of
collagen deposition. In comparison to group III, group IV
(TAA+Alda-1 group) showed a significant reduction in the
area % of collagen deposition. In comparison to group III,
the area % of collagen deposition was much higher in the
recovery group (Figure 8F).

Immunohistochemical results of a-smooth muscle
actin (a-SMA)

By immunohistochemistry, a-SMA positive reaction
was weakly detected group I (control group). At higher
magnification the brown positive reaction was exclusively
expressed at the portal tracts and around the central
veins. The reaction was nearly negative in between the
hepatocytes (Figures 9 A-C). Similarly, a-SMA brown
positive reaction was weakly detected in group II (Alda-1
group) to be only around the central veins and the portal
tracts (Figures 9 D-F). In group III (TAA group) the reaction
was clearly and strongly expressed in the connective tissue
septa connecting some adjacent portal tracts (Figure 9G).
The a-SMA positive reaction was evidently strong in the
perisinusoidal area between the hepatocytes (Figures 9
H,). Group IV (TAA+Alda-1 group) revealed marked
reduction of the positive brown reaction which was
restricted to the central veins and portal tracts (Figure
9K). Nevertheless, sporadic areas of positive rection in the
perisinusoidal spaces in between the hepatocytes were seen
(Figures 9 L,M). In group V (recovery group), the positive
reaction was strongly expressed in the connective tissue
septa connecting many portal tracts with lobulation
(Figure ON). In addition, the perisinusoidal spaces
expressed intense positive reaction (Figures 9 Q,R).

Quantitative morphometric analysis of the area %
of a-SMA

The area % of o-SMA expression significantly
increased in group III (TAA group) compared to group
I and II (control and Alda-1 groups) which showed no
statistical difference among them. Furthermore, the area
% of positive immunostaining of a-SMA in group IV was
dramatically reduced compared to group III. A significant
increase was noted in group V (recovery group) as
compared to the control and Alda-1 groups. (Figure 9T).

Electron microscopic results

Group I (Control group): More detailed exploration
of hepatic structural organization was provided by the
electron microscopic examination. Group [ (control
group) revealed hepatocytes presented with rounded
large central nuclei, dispersed chromatin, and prominent
nucleoli (Figure 10A). Numerous mitochondria scattered

in the cytoplasm (Figures 10 A-D), few profiles of rough
endoplasmic reticulum flattened cisternae (Figure B)
and smooth endoplasmic reticulum were seen as well
(Figure 10C). Furthermore, stored glycogen appeared
as aggregated eclectron dense granules in the cytoplasm
(Figure 10D). Hepatocytes with projecting microvilli in
the Disse space, as well as Kupffer cells in the hepatic
sinusoids, were also seen (Figure 10E).

Group II (Alda-1 group): Electron microscopic
examination revealed hepatocytes with rounded
central nuclei and prominent multiple nucleoli. Few
cytoplasmic vacuolations were seen (Figure 11A). The
cytoplasm showed profiles of the rough endoplasmic
reticulum (Figure 11B). Numerous mitochondria with
prominent cristac were seen scattered in the cytoplasm
(Figures 11B,C).

Group III (TAA group): Fine structure of the liver of
TAA treated group exhibited histological alterations and
degenerated hepatocytes that were referred to nearly all the
cytoplasmic organelles and cytoplasmic rarefaction was
also evident (Figures 12 A-D). Some hepatocytes showed
disrupted cell membrane (Figures 12 C,D). Mitochondria
were polymorphic with ill-defined outer membrane, and
the organelles were clumped together (Figures 12 A,B) and
some mitochondria appeared bizarre shaped (Figure 13A).
Some mitochondria appeared with loss of their cristac and
disrupted membrane (Figure 13B). Collagen fibrils were
also seen (Figures 12D, 13C).

Group IV (TAA +Alda-1 group): Furthermore,
electron microscopic findings of liver treated with TAA
and Alda-1 demonstrated hepatocytes with nearly normal
microscopic appearance as their cytoplasm contained
euchromatic nuclei and prominent nucleoli and slightly
irregular nuclear envelope (Figures 14 A,B). The
cytoplasm of the hepatocytes revealed some vacuoles
(Figures 14 A,B), numerous profiles of the rough
endoplasmic reticulum (Figure 14C) and lysosomes
(Figure 14B). The mitochondria were numerous with
prominent cristae (Figures 14 B,C,D). In addition, bile
canaliculi were seen as well (Figure 14B). Few collagen
fibrils were seldomly seen adjacent to an elongated cell
suggestive of a fibroblast (Figure 14E).

Group V (Recovery group): Ultrastructure
examination was performed to assess the hepatic
fibrosis and the spontaneous recovery from the induced
histological changes after one month from stopping TAA
administration. Notably, the histological changes and
collagen deposition were still observed, indicating that
the TAA-induced microscopic alterations persisted even
after discontinuation of TAA treatment. The hepatocytes
showed irregular nuclei (Figures 15 A-C) and cytoplasmic
rarefaction (Figures 15 A-D) and lysosomes as well
(Figure 15D). The mitochondria were dramatically
affected where in some cells the mitochondria appeared
with ill-defined out line and amalgamated together
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(Figures 15 A,B). Some mitochondria showed loss of
cristae (Figure 15E). Collagen deposition extracellularly

also persisted and even some areas intermingled with
elastin deposition. (Figures 15A,F).
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Fig. 2: (A-F): Bar charts representing comparative statistical analysis of liver homogenate of the following: A; Malondialdehyde (MDA), B; Reduced
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Fig. 3 (A-C):H&E-stained sections of the control group showing: A: Hepatocytes are regularly arranged around the central vein (CV). P; portal tract. B: The
hepatocytes reveal eosinophilic cytoplasm with central nuclei (black arrow). P; portal tract. C: The cords of cells radiating from the central vein (CV). The
hepatocytes are separated with elongated sinusoids (S). Few hepatocytes appear binucleated (square). Black arrow; vesicular nucleus, black chevron arrow;
Kupffer cells. A x100, B x 200, C x 400.
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Fig. 4 (A-C): H&E-stained sections of group II (Alda-1 group) showing A; From the central vein, hepatocyte cords radiate (CV). P; portal tract. B; The
hepatocytes reveal eosinophilic cytoplasm and central vesicular nuclei with prominent nucleoli (black arrow). P; portal tract, S; hepatic sinusoids. C; The
hepatic sinusoids (S) are narrow and Kupffer cells are seen (black chevron arrows). Many hepatocytes are binucleated (square). The hepatocytes show
eosinophilic cytoplasm and central vesicular nuclei with prominent nucleoli (black arrow). CV; central vein. A x100, Bx 200, Cx 400.
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Fig. 5 (A-D): H&E-stained sections of group III given TAA showing: A: Connective tissue septa (notched blue arrow) bridging the portal tracts and associated
with evident cellular infiltration are depicted (double arrow). CV; central vein, P; portal tract. B: Some hepatocytes show hypereosinophilic cytoplasm and
deeply stained nuclei (blue arrow). Many hepatocytes appeared with deeply stained nuclei (yellow arrow). Double arrows; Cellular infiltration. C: The portal
area (P) shows proliferation of the bile duct (B). Swollen hepatocytes with vacuolated cytoplasm (blue chevron arrow) and others show deeply stained nuclei
(yellow arrow). Long black arrow; karyolitic nuclei, Black chevron arrow; Kupffer cells. D: Many hepatocytes are ballooned with vacuolated cytoplasm (blue
chevron arrow). Some nuclei are karyolitic (long black arrow). Yellow arrow; deeply stained nuclei. Ax 100, Bx 200, C and D x 400.
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(A-D): H&E of the group IV (TAA+Alda:

Minimum cellular infiltration (double arrow) is also seen. P; portal tract. B: Hepatocytes are organized in cords. The cords are seen radiating from the central
vein (CV). The majority of hepatocytes have eosinophilic cytoplasm and vesicular nuclei (black arrow). A few hepatocytes' cytoplasm is mildly vacuolated
(blue chevron arrow). Yellow arrow; deeply stained nuclei. C & D: Most of the hepatocytes reveal vesicular nuclei and eosinophilic cytoplasm (black arrow).
Some hepatocytes are binucleated (square). Minimal cellular infiltration (double arrow) is also seen. CV; central vein, S; hepatic sinusoid. P; portal tract in C.
Blue chevron arrow; vacuolated cytoplasm in D, Black chevron arrow; Kupffer cells in D. Ax 100, C, B x200, Dx400.
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Fig. 7 (A-C): H&E-stained section of the recovery group showing A: Evident lobulation is seen. The connective tissue septa (notched blue arrow) are extending
from one portal area to the other associated with cellular infiltration (double arrow). CV; central vein, P; portal tract. B: Hepatocytes show deeply stained
nuclei (yellow arrow). Some hepatocytes have vacuolated cytoplasm (blue chevron arrow). Hepatocytes reveal karyolitic nuclei (black arrow). Double arrow;
Cellular infiltration. C: Hepatocytes are ballooned with vacuolated cytoplasm (blue chevron arrow). Many hepatocytes show deeply stained nuclei (yellow
arrow). Double arrow; mononuclear cellular infiltration. Ax 100, Bx 200, Cx 400.
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.,_ ‘ ‘
Mean of area percentage of collagen

Group I Group I1 Group 111 Group IV Group V
© (Alda-1) (TAA)  (TAA+Alda-1) R)

Fig. 8 (A-E): Masson’s trichrome stained sections. A: Group I (control group): The stroma is seen to be formed of a scanty amount of collagen deposition that
were prominent mainly around the components of the poral tract (P) and around the central vein (CV). B: group II (Alda -1 group): The liver is surrounded by a
thin capsule. Minimal collagen deposition is seen surrounding the portal tract (P) and the central vein (CV). C: group III (TAA group): Connective tissue septa
are seen strongly stained. In some areas, the septa are seen bridging from one portal tract (P) to the adjacent one. The distribution of collagen fibers is expanded
extensively to be demonstrated between the hepatocytes. D: group IV (TAA+Alda-1 group): The liver sections show marked reduction of collagen deposition
with only sporadic areas of collagen deposition around central vein and surrounding the components in the portal tract. E: group V (Recovery group):
Examination demonstrates pronounced collagen deposition around the central veins and the portal tracts bridging from one portal tract to the other. A-Ex 100.
Fig. 8 F: A bar chart demonstrating the morphometric statistical analysis comparison between the studied groups based on the mean area % of collagen
deposition.
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Growpll  Group Il roup IV
(Alda-1) (TA3)  (TAA+Alda-1) ®)

Group V

Fig. 9: (A-R) immunohistochemical stained sections of a- SMA expression. A: Group I (control group): Weak immunoreactivity for a-SMA is seen around
the central veins and the vessels in the portal tracts. B, C: At higher magnification, the reaction is nearly negative between the hepatocytes. D: Group II (Alda-
1 group): Weak immunoreaction around the portal tracts and the central veins. E, F: At higher magnification the reaction is negative in the perisinusoidal
spaces between the hepatocytes. G: Group III (TAA group), showing increase reaction of a-SMA at the portal tracts and surrounding central veins and in
the connective tissue septa as well. H, I: The reaction was also $trong in the perisinusoidal spaces in between the hepatocytes. K: Group IV (TAA+Alda-1
group) showing marked reduction in the expression of 0-SMA. L, M: At higher magnification the positive reaction is still seen in few perisinusoidal spaces in
between the hepatocytes. N: Group V (recovery group) showing intense brown reaction of the a-SMA expression in the connective tissue septa from one portal
tract to the adjacent portal tract giving a picture of lobulation. Q,R: Higher magnification reveals strong positive reaction in the perisinusoidal spaces between
the hepatocytes, around the portal tract and around central vein. (a-SMA immunoreactivity. A,D,G,K,N x 100, B ,C,E,F,H,I,L,M,Q,R x400) T: A bar chart
representing comparative morphometric statistical analysis between the studied groups according to the mean area % of a-smooth muscle actin expression.
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Fig. 10 (A-E): Electron micrographs of sections of the control group I A: Parts of two adjacent hepatocytes, one showing round euchromatic nucleus (N) and
prominent nucleolus (n). The cytoplasm displays abundant mitochondria (m). J; tight junctions. B: The cytoplasm shows parallel profiles of rough endoplasmic
reticulum (r). J; tight junctions, BC; bile canaliculus, m; mitochondria. C: The cytoplasm reveals mitochondria (m), tubular profiles of smooth endoplasmic
reticulum (s) and few lysosomes (L). N; nucleus. D: The cytoplasm contains mitochondria (m) with prominent cristae. g; glycogen granules. E: Kupffer cell (K)
is seen projecting in the lumen of a hepatic sinusoid (sn). H; part of a hepatocyte, MV; hepatic microvilli projecting in the space of Disse (D). Er; an erythrocyte.
Ax 2500, B x 4000, Cx 3000, Dx20000, Ex3000.

200,09

Fig. 11 (A-C): Electron micrographs of liver sections in group II receiving Alda-1 revealing: A: A hepatocyte having a central nucleus (N) with multiple
nucleoli (n). V; vacuoles, BC; bile canaliculus, J; tight junctions. B: Numerous profiles of the rough endoplasmic reticulum (r) and mitochondria with prominent
cristae (m). C: A high magnification showing a mitochondrion (m) with prominent cristac. Ax 2000, Bx 4000, Cx20000.
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Fig. 12 (A-D): Electron micrographs of sections of the group III given TAA showing: A, B: Hepatocytes revealing marked cytoplasmic rarefaction (*).
Mitochondria (m) with ill-defined limiting membrane are seen. The cytoplasmic organelles appear clumped together. N; nucleus. C, D: Rarefied cytoplasm (*)
and disrupted cell membrane are seen . C; extracellular collagen fibrils in D. Ax800, B and Dx1500, Cx2000.
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Fig. 13 (A-C): Electron micrographs of sections of the TAA group showing: A: Parts of two adjacent hepatocytes with a bile canaliculus (BC) between the two
cells limited by tight junctions (j). Most of the cytoplasmic organelles are not well identified and clumped. m; Bizarre-shaped mitochondria. B: Mitochondria
with disrupted membrane and ill-defined cristae (m). C: Perisinusoidal deposition of collagen fibrils (C). Sn; hepatic sinusoid, K: Kupffer cell, P; a blood
platelet. Ax4000, Bx20000, Cx 2000.

Fig. 14 (A-E): Electron micrographs of a section of the group IV received TAA+ Alda-1 showing A, B: reveal hepatocytes with euchromatic nucleus (N)
having slightly irregular nuclear envelope and prominent nucleolus (n). The cytoplasm is heavily populated with mitochondria (m) with some vacuoles (V) are
also depicted. Bile canaliculi (BC) can be seen between the two hepatocytes in B. L; Lysosome in B. C: Parallel cisternae of the rough endoplasmic reticulum
(r). m; mitochondria. D: Mitochondrion (m) with intact outer membrane and prominent cristae. E: Part of a hepatocyte with an euchromatic nucleus (N). Few
collagen fibrils (C) are seen adjacent to an elongated cell suggestive of a fibroblast (F). Ax 1200, Bx 2500, Cx 4000, Dx 20000, Ex 2000.
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120000

Fig. 15 (A-F): Electron micrographs of a section of group V showing: A, B: Hepatocytes having cytoplasmic rarefaction (¥*), irregular nucleus (N) and
amalgamated mitochondria (m). Elastin (E) is seen extracellularly in A. C, D: Hepatocytes with cytoplasmic rarefaction (*). The cytoplasm reveals numerous
lysosomes (L) and vacuoles(V) in D. E: Mitochondria (m) with loss of cristae are also seen. F: An elongated cell with elongated nucleus suggesting of an
active secreting fibroblast (F) with extracellular collagen fibrils (C) intermingled with elastin (E). r: cisternae of rough endoplasmic reticulum. A and Bx 2000,
Cx 2500, Dx 4000, Ex 20000, Fx4000.

DISCUSSION TAA is  metabolized by  flavin-containing
monooxygenase (FMO) system and cytochrome P450
enzymes (Cyt-p450) into reactive oxidative agents,
thioacetamide sulfoxide (TAASO), and thioacetamide
disulfoxide (TAASO2)). Many researchers reported that
TAA is responsible for nuclear changes, mitochondrial
activity inhibition and changes in the cell permeability!3®3"!,
Additionally, TAASO?2 is a very reactive compound that
causes necrosis by targeting protein denaturation especially
those involved in mitochondrial respiration and production
of reactive oxygen species (ROS) such as hydrogen
peroxide, super oxide anion O2 —, and the hydroxyl
radical®®**!. ROS induce cell damage by induction of
peroxidation of membrane lipids and DNA injury. This
In the current work, histological examination of group might explain the increased cytoplasmic eosinophilia after
III (TAA) revealed disrupted liver architecture. Swollen, administration of TAA in group ITIH041,
pallooned, and vacuolateq cytoplasm and nu.clear changes Peroxidation of membrane lipids leads also to the
in the form of deep staining or karyolysis were seen, formation of reactive aldehydes such as 4-hydroxy-2-
indicating degenferatwfe. alterations. Some hepatocytes nonenal (4HNE) and malondialdehyde (MDA) that are
showed hypereosinophilic cytoplasm and deeply stained considered the major peroxidation's primary end-product

nuclei. Mitochondrial changes were another finding; they of polyunsaturated fatty acids, which further aggravates
appeared pleomorphic, with loss of cristae and interrupted the injury™.

membrane. These findings were in line with researchers

who investigated the production of liver fibrosis in In the present study, induction of oxidative stress
experimental animals by TAAP, state has been proved by significant decrease in GSH and

The liver performs an important function in
maintaining the overall homeostasis of the body, as well as
the metabolism, storage, and redistribution of nutrients??®!,
Liver fibrosis is considered as one of the world's most
common chronic diseases and it is linked to a high rate
of morbidity and mortality®®. Among various hepatotoxic
agents, thioacetamide (TAA) is recognized to be the most
potent because of its outstanding solubility in water,
and its cumulative effect’. Moreover, experimentally
initiation of liver fibrosis by TAA administration results in
biochemical and histological alterations as those of human
liver fibrosist!*2.
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increase in MDA levels in mice treated with TAA. These
findings are in harmony with preceding studies**** which
found that TAA's oxidative stress capability surpasses that
of the cell's antioxidative and protective processes.

The significant increase in the serum levels of ALT
and AST in the current study is regarded as a biomarker
of hepatocytes’ cell membrane damage. In accordance
with the results of this study, researchers reported that
these enzymes were statistically elevated in TAA-treated
experimental micet**.

Presently the Ishak’s scoring has been utilized to
evaluate liver fibrosis. Where zero means absence of
fibrosis, score one = expansion of some portal areas with
connective tissue septa or without connective tissue septa,
score two=expansion of most portal areas with connective
tissue septa or without connective tissue septa, score three
= expansion of majority of the portal areas with portal-
to-portal bridging, score four= expansion of most portal
areas with portal to portal and portal to central bridging,
while score five = bridging with occasional nodules, and
finally score 6 means cirrhosis*®l. In the current study,
fibrosis was detected, crossing from one portal area to the
adjacent one (Ishak’s score three by using the Masson’s
trichrome in group III. These results were confirmed by the
histomorphometry analysis, and the area % of collagen that
was significantly augmented in animals receiving TAA as
compared to group I and group II (Ishak’s scoring =zero).

One of the most critical processes in the progression
of liver fibrosis is the activation of hepatic stellate
cells (HSCs)\. Upon liver injury, a complex signal
promotes trans-differentiation of quiescent HSCs into
myofibroblasts characterized by loss of retinoids and
lipid droplets and expression of a-smooth muscle actin
(a-SMA)“841  Activated HSCs promote synthesis of
large amount of collagen especially collagen type I and
other extracellular matrix (ECM) together with inhibition
of matrix degradation™. It was reported that hepatic
fibrosis is commonly commenced by injury and damage
of the hepatocytes, which causes Kupffer cells to activate
and produce cytokines and growth factorsP®. Among
these growth factors is transforming growth factor Bl
(TGF-B1), one of the extremely potent pro-fibrogenic
mediators through Smad-dependent pathways. Preceding
experiments have stated that the suppression of TGF-1/
Smad signaling pathway reduces liver fibrosis®. It
also promotes fibroblast recruitment, proliferation, and
differentiation into ECM- producing myofibroblast™. It is
well established that TGF-B1 also increases the expression
of a-SMA, a specific marker for identifying activated HSCs
into myofibroblastic phenotype**! Moreover, TGF-p1
stimulates collagen gene transcription, which is abundantly
expressed in activated HSCsP®. In the current work, TAA
administration induced liver fibrosis (Ishak’s score =three),
which was manifested by significant increase in the area %
of collagen deposition, TGF-B1 level, and collagen- 1 gene
expression. Immunohistochemically strong expression of
a-SMA was detected and confirmed by the morphometric

analysis of the area percentage of a-SMA. Similar results
have been reported by other researchers?”!.

Inflammation plays a significant impact in liver
fibrosis. This was evident in the current study by the
presence of cellular infiltration especially in the portal
areas and increase in the levels of tissue TNF-o and of IL-6.
Many studies proved that inflammation leads to secretion
of cytokines and chemokines like TNF-a and IL-6 which
promote liver fibrosisP*. Moreover, TAA has been
proven to stimulate the expression of the nuclear factor-
kappa B (NF-kB), which in turn causes the production of
inflammatory factors, namely TNF-a and IL-6 which are
considered as primary biomarkers in acute inflammatory
responsel®92, Another key aspect is oxidative stress,
which aids in the activation of HSCs while also increasing
collagen production!®4. Several studies displayed that a
vicious cycle was created. It is well documented that in
liver fibrosis, oxidative stress and inflammatory mediators
would trigger the activity of HSCs and contrariwise when
the HSCs become activated this would boost the production
of ROS, inflammatory response and hinder the antioxidant
defenses of the cell66],

Evident proliferation of bile ducts was also noticed in
the portal area of TAA treated animals. This was explained
by some researchers that cholangiocytes might function as
facultative stem cells and undergo trans-differentiation to
rescue failed regeneration of hepatocytes!®’.

The best treatment of liver fibrosis is liver
transplantation. However, transplantation constrained by
high coast and a small donor base. Thus, alternative liver
fibrosis management techniques are desperately needed!®®!.

In the present study, administration of Alda-1 in group
IV resulted in preservation of the histological structure of
the liver together with significant decrease in AST and
ALT levels in the sera of animals compared to group III
(TAA group).

Alda-1 is an organic compound that improves the
enzymatic activity of aldehyde dehydrogenase-2 (ALDH2),
which in turn performs an important role in removing of
endogenous aldehydes like 4HNE and MDA produced by
lipid peroxidation provoked by oxidative stress“>%l, Liver
contains many mitochondria, due to their great amounts of
membranes and unsaturated phospholipids, mitochondria
are well known as a major generator of ROS and a target
for lipid peroxidation™. Accordingly, activation of
ALDH2 leads to increase clearance of aldehyde; therefore,
Alda-1 is a promising therapy. Similarly, Alda-1 was found
to boost ALDH2 activation by roughly threefold in mouse
liver and isolated liver mitochondrial’".

In the current work, a significant increase in GSH was
linked to a significant reduction in the MDA levels in group
IV (TAA+Alda-1 group). This was in accordance with many
researchers who reported the defensive effect of Alda-1 in
cardiac ischemia-reperfusion injury and dermatitis induced
by radiation through insuring continuous detoxification of
oxidative stress induced aldehydes>”]. Moreover, TNF-q,
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and IL-6 levels were significantly decreased in group IV
(TAA+Alda-1 group) compared to group III (TAA group).
Another possible mechanism explaining the ameliorative
effect of Alda-1 is its anti-inflammatory properties
as it detoxifies reactive aldehydes which responsible
for activation of NF-kB pathway, the main activator
for inflammatory response’**). Also, decreased area
percentage of the collagen deposition and improvement
in the level of fibrosis (Ishak’s score one-two), a-SMA,
TGF-B1 levels and collagen- 1 gene expression were
reported in the present study. These findings were noticed
by Ma et al.*)who studied the effect of Alda-1 in alleviating
carbon tetrachloride (CCL4)-induced liver fibrosis through
reduction of ROS production.

However, it is evident that in the group V (recovery
group) histological changes persisted and the levels of
liver transaminases continued progressing with sustained
increase in TGF-B1, collagen-lgene expression and
significant increase in the area % of a-SMA positive
reaction and collagen deposition. The score of liver fibrosis
was progressed from Ishak’s score three in group III to
score five in group V. In addition, the levels of TNF-a and
IL -6 were significantly increased in comparison to the
control group.

In early fibrosis, there is accumulation of collagen
type I, III and fibronectin. As fibrosis progresses, the
ECM accumulates with increasing the amount of type
I collagen in addition to type IV fibrillar collagen and
elastin which contributes to liver fibrosis progression!’s""],
It was reported that elastin is highly expressed from the
start of liver injury and that deposited elastin is very stable
once constructed”. In addition, it was demonstrated that
elastin degrades slowly during recovery. Accumulation
of collagen and elastin over a long period of time, leads
to sequestrations of these fibers within the tissue beds
making them inaccessible for proteolytic digestion!”%l,
Moreover, previous studies declared that when the liver's
elastin content accumulates, the ECM density and stiffness
rise®$2. This might explain the decreasing reversibility
of fibrosis (Ishak’s score five) with advancing time in
group V (recovery group). This was associated with the
elastin deposition that was demonstrated by the electron
microscopic examination.

CONCLUSION

The results of the current research supported the
potential hepatoprotective effect of Alda-1 in liver fibrosis
after TAA administration. This protective effect was
demonstrated histologically, immunohistochemically, and
biochemically. The study depicted that this effect appeared
to be mediated via its antioxidant, anti-inflammatory, and
anti-fibrotic properties. This opens a way to focus more on
Alda-1 as a promising drug in liver fibrosis. More studies
on Alda-1 in the treatment of patients with liver fibrosis are
recommended.
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