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Abstract: Hepatitis, a significant medical concern owing to its potential to cause acute and chronic liver
disease, necessitates early intervention. In this study, we aimed to elucidate the histopathological features
of lipopolysaccharide-induced hepatitis in mice, focusing on tissue alterations. The results demonstrated
that hepatocytes exhibited decreased eosin staining, indicating cellular shrinkage, whereas sinusoids were
swollen with blood cells. Detailed electron microscope analysis identified these blood cells as leukocytes
and erythrocytes, which confirmed a thrombus formation within the liver. Pre-treatment with aspirin
significantly attenuated these pathological changes, including reductions in inflammatory markers such
as C-reactive protein, interleukin-13, and tumor necrosis factor-alpha. These findings highlight aspirin’s
anti-inflammatory and antiplatelet effects in mitigating liver inflammation and thrombus formation. In this
study, we highlighted the potential of aspirin as a therapeutic agent for liver inflammation, in addition to
providing insights into hepatocyte alterations and sinusoidal blood cell aggregation in liver inflammation.
Aspirin, through the protection of endothelial cells and reduction of cytokine levels, may have broader
applications in managing liver disease and other systemic inflammatory conditions. This emphasizes its
value in prevention and therapy.

Keywords: lipopolysaccharide; thrombus; blood clot; liver; aspirin; inflammation; correlative light
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1. Introduction

Hepatitis is characterized by an inflammatory response in the liver that may progress
to acute or chronic liver disease, cirrhosis, and hepatocellular carcinoma [1,2]. The liver is
an important organ for detoxification, metabolism, and immune regulation. In addition, the
progression of conditions associated with hepatitis can have serious health consequences [3].
The causes of hepatitis are diverse, including viruses, alcohol, drugs, and metabolic and
immune abnormalities; in addition, lipopolysaccharide (LPS)-induced inflammatory re-
sponses have been highlighted as an important contributing factor [4-6]. This inflammatory
response is known as hepatocellular injury [7], which leads to liver damage, hepatocyte
injury, sinusoidal endothelial destruction, and thrombus (blood clotting) formation.

In the pathogenesis of LPS-induced hepatitis, sinusoidal and vascular endothelial
cells in the liver are damaged, leading to abnormal activation and aggregation of platelets
and the formation of thrombi in the blood vessels [8,9]. The histopathological changes
in the liver following LPS administration include hepatocyte necrosis, inflammatory cell
infiltration, and thrombus formation, which may significantly affect the progression and
prognosis of hepatitis. These lesions may have a significant impact on the progression and
prognosis of hepatitis.
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Thrombosis occurs in atherosclerotic and chronic inflammatory diseases and causes
serious complications, including stroke, myocardial infarction, and pulmonary throm-
boembolism [10-12]. These diseases are the leading causes of death worldwide, and their
risk of development is significantly high in elderly and chronically ill patients [13]. In
addition, recent studies have indicated that thrombosis occurs in organs such as the liver
and intestine, suggesting that visceral thrombosis may worsen liver disease and intestinal
ischemia [14,15]. In clinical practice, thrombosis prevention and management are important,
and antiplatelet and anticoagulant drugs play a central role in the treatment [16,17].

Thrombosis is an important pathogenesis in cardiovascular and chronic inflammatory
diseases involving several reactions, including vascular endothelial damage and platelet aggre-
gation [18,19]. In the liver, damage to sinusoidal endothelial cells leads to impaired blood flow
and abnormal platelet aggregation, which can lead to thrombus formation [14]. These reactions
promote hepatic dysfunction and the progression of inflammatory liver disease [20].

LPS, a cell wall component of gram-negative bacteria, is an exogenous trigger that strongly
induces an immune response, and strongly activates the immune response upon entry into
the bloodstream, causing the release of inflammatory cytokines and chemokines [7,21,22]. The
LPS-stimulated inflammatory response damages sinusoidal and vascular endothelial cells in
the liver, leading to platelet activation and aggregation, and increasing the risk of thrombus
formation [23,24]. The levels of inflammatory markers, including the acute phase protein,
C-reactive protein (CRP), increase rapidly in response to LPS stimulation, which increases the
risk of thrombus formation with an increase in systemic inflammation. CRP, an acute-phase
protein produced by the liver, is significantly increased during inflammation and tissue injury
and is an important marker reflecting the level of systemic inflammation, due to its marked
increase during inflammation and tissue damage [25,26]. In addition, LPS-induced inflammatory
response enhances the production of pro-inflammatory cytokines, including tumor necrosis
factor (TNF-«) and interleukins (IL-13), which further increases vascular permeability and
platelet aggregation, thereby increasing the risk of thrombus formation [27-29].

Aspirin is widely used as a general anti-platelet agent and inhibits the formation of
prostaglandins and thromboxane A2 (TXAZ2) primarily through the irreversible inhibition
of cyclooxygenase (COX) [30,31]. TXA2 causes platelet aggregation and vasoconstriction,
whereas aspirin prevents platelet aggregation and thrombus formation by inhibiting its
production [32,33]. Furthermore, aspirin reportedly has anti-inflammatory and anti-platelet
effects and contributes to the suppression of inflammatory markers, such as CRP, TNF-«,
and IL-1( [34]. Therefore, aspirin has gained attention as an effective agent for reducing
LPS-induced inflammatory responses and preventing thrombus formation [34]. The mecha-
nism by which aspirin suppresses LPS-induced inflammatory responses is multifaceted and
may reduce vascular endothelial damage through suppression of inflammatory markers
including CRP and TNF-«. Following LPS administration, a rapid rise in CRP and increases
in TNF-a and IL-13 are observed [35,36], before aspirin expectedly suppresses the elevation
of these inflammatory markers and reduces the risk of thrombus formation. In addition, as-
pirin may reduce thrombus formation by reducing oxidative stress in endothelial cells and
preventing increased vascular permeability [37]. These actions indicate aspirin’s potential
as an anti-platelet agent and a part of thrombosis prevention through the suppression of
systemic inflammation.

In this study, we aimed to analyze the histopathology of LPS-induced thrombus
formation, especially in the liver, and the preventive effect of aspirin and its mechanism of
action on inflammatory markers (CRP, TNF-«, and IL-13).

2. Materials and Methods
2.1. Animals

We used 42 eight-week-old male ICR mice from Japan SLC in this study. All exper-
imental procedures adhered to the guidelines in the National Institutes of Health Guide
for the Care and Use of Laboratory Animals. The Laboratory Animal Ethics Committee
of Meiji Pharmaceutical University approved the experiments (approval number: 2704,



Curr. Issues Mol. Biol. 2024, 46

14293

1 April 2023 and 2024). Finally, we took measures to minimize animal suffering and the
number of animals.

2.2. LPS Induction and Aspirin Administration

LPS was administered as previously described [38]. Twenty-three mice were admin-
istered LPS (Wako Pure Chemical Industries, Tokyo, Japan) intraperitoneally at a dose
of 1 mg/kg body weight. An equal volume of saline was administered intraperitoneally
to mice who did not develop hepatitis. The data of four animals from each group were
included in the histopathological analysis.

Aspirin (Bayer Aspirin Tablets, Sato Pharmaceutical Co. Ltd., Tokyo. Japan) was
administered orally to 15 animals, once daily at 2 mg/0.1 mL saline per kg body weight.
The controls (15 animals) received the same dose of saline, and after 7 days, LPS or saline
was administered to 12 animals.

2.3. Tissue Preparation, Histopathology, and Scanning Electron Microscope (SEM) Analysis

The tissues were prepared for histochemical and SEM analyses according to a previ-
ously described protocol [38-40]. Mice were deeply anesthetized 24 h after LPS (4 mice) or
saline (4 mice), or LPS after 7 days of aspirin (4 mice) administration for histopathological
analysis. The liver was removed and postfixed in the same fixative overnight at 4 °C.

Liver sections were prepared for hematoxylin and eosin (HE) staining analysis by
sectioning the tissue to 5-mm-thick sections using a slicer. Subsequently, the sections were
subjected to several procedures. The sections were initially exposed to increasing concen-
trations of ethanol, cleared with Lemosol A (Wako Pure Chemical Industries, Ltd., Japan),
and finally embedded in paraffin. The paraffin-embedded liver blocks were sectioned into
5-um thick slices using a sliding microtome (REM-710, Yamato Kohki Industrial, Tokyo,
Japan). The sections were mounted on glass slides, deparaffinized using Lemosol A, and
immersed in a gradient of ethanol and distilled water. Furthermore, they were subjected to
HE staining, followed by dehydration using increasing ethanol concentrations. Finally, the
sections were cleared using Lemosol A and covered with coverslips. The stained sections
were captured using a CCD camera (BZ-X700, Keyence, Osaka, Japan).

The 5-mm-thick sections were cut for SEM observation. Following fixation with 1%
osmium tetroxide (OsOy solution for 2 h, the sections were dehydrated and replaced with
t-butyl alcohol solution. Subsequently, after lyophilization, the liver tissue was placed on
an aluminum table for SEM (IT-800, JEOL, Tokyo. Japan).

2.4. Correlative Light and Electron Microscope Analysis

The paraffin-embedded liver blocks were sectioned into 5-um-thick slices for cor-
relative light and electron microscopy analyses. Sections were mounted on glass slides,
deparaffinized using Lemosol A, and immersed in a gradient of ethanol and distilled water.
The sections were stained with HE and washed severally with distilled water. The sections
were coverslipped with distilled water, and images were captured using a CCD camera
(BZ-X700, Keyence, Japan). Following photography, the cover glass was removed, and
sections were dehydrated with ethanol, dried, and treated with an OsOj4 coater. The field
of view was observed using SEM and optical microscopy.

2.5. Measurement of CRP, IL-1B, and TNF-w in Blood

Mice serum CRP, IL-1§3, and TNF-« concentrations were determined using an ELISA
kit (ab157712, ab197742, ab208348, Abcam) following the manufacturer’s protocol. To
examine the effect of pre-administered aspirin on each value, the aspirin and saline groups
were compared. Aspirin was administered for 7 days, and whole blood samples from heart
were taken after deep anesthesia without LPS (0H, 3 animals), 2 h (2H, 3 animals), 6 h
(6H, 3 animals), 12 h (12H, 3 animals) and 24 h (24H, 3 animals) after LPS administration.
Subjects were pre-treated with saline for 7 days, and whole blood samples were collected
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without LPS administration (OH, 3 animals), 2 h after LPS administration (2H, 3 animals),
6 h (6H, 3 animals), 12 h (12H, 3 animals), and 24 h (24H, 3 animals) after deep anesthesia.

Blood samples were centrifuged (1500 rpm, 10 min, 4 °C) to obtain serum, which
was stored at —20 °C until analysis. Serum samples were brought to room temperature
and diluted appropriately before analysis. The ELISA procedure was as follows: standard
solutions and diluted serum samples were added to the ELISA plate and incubated at
room temperature for 2 h. The wells were washed four times using a wash solution.
Subsequently, the detection antibody was added, and samples were incubated for 10 min at
room temperature. The substrate solution (TMB) was added after washing, and the reaction
proceeded in the dark for 5 min. The reaction was stopped by the addition of stop solution
and the absorbance was measured at 450 nm using a microplate reader. Standard curves
were generated to calculate the CRP, IL-13, and TNF-« concentrations in each sample. The
measurements were repeated in triplicate for each sample, and the results are expressed as
mean =+ standard deviation.

2.6. Data Analysis

The investigators evaluated 200 distinct cells per mouse across the four mice in each
group to assess the hepatocyte area. The number of hematoxylin-positive cells within the
sinusoids was determined by examining 10 separate images per mouse, with four mice
per group. Statistical analysis was conducted using analysis of variance and statistical
significance set at p < 0.05.

3. Results
3.1. Histopathological Analysis

First, acute LPS-induced hepatitis was analyzed histopathologically. Mice were injected
with saline or LPS, and after 24 h, their livers were removed, and HE-stained specimens were
analyzed (Figure 1). The livers of the controls (normal) were healthy (Figure 1A). However,
hepatocytes in the hepatitis-induced liver (Figure 1B) showed reduced eosin staining. The
area of hepatocytes was quantified because the sinusoids appeared to be vastly enlarged
(Figure 1C). The results revealed significantly shrunken hepatocytes in mice with LPS-induced
liver hepatitis. In addition, a large number of hematoxylin-positive cells were found in the
sinusoids of mice with LPS-induced liver hepatitis (yellow arrows in Figure 1A,B). Quantitative
results showed a significant increase in the number of hematoxylin-positive cells (Figure 1D).
In contrast, there was an increasing trend in the number of hematoxylin-negative cells (black
arrows in Figure 1B) in the sinusoids of mice with LPS-induced liver hepatitis; however, the
increase was not significant.

3.2. Correlative Light and Electron Microscopy Analysis

A correlative light and electron microscopic method was used for detailed analysis
to clarify the hematoxylin-positive cells observed in the sinusoids (Figure 2). HE staining,
used in histopathological analysis, as shown in Figure 1, was not performed rather only
hematoxylin staining was conducted (Figure 2A,A’). Hematoxylin-positive cells were
identified under an optical microscope, treated with an osmium coater, and observed
in the same field of view using a SEM (Figure 2B-B”). The hematoxylin-positive cells
(yellow arrows) identified under an optical microscope were observed under an SEM. They
were recognized as leukocytes using their morphology. In contrast, hematoxylin-negative
cells (red arrows) were recognized as erythrocytes based on their morphology. Further
analyses of these cells are difficult to perform using SEM, which can observe the cell surface;
however, these analyses indicate that LPS treatment induces a significant accumulation of
leukocytes in the sinusoids of the liver, and the aggregation of erythrocytes.



Curr. Issues Mol. Biol. 2024, 46 14295

D g
> *
= 2 70
£,600 5260
.v—!o
£ 500 — =250 I
s RE
2400 — £740
S 300 — 5230 —
& 200 — % 820 —
o St
& 100 — g 10 —
(5]
z 0 z 0

Control LPS Control LPS

Figure 1. HE-stained images of livers from normal mice (A) and LPS-treated mice (B). Yellow arrows
indicate hematoxylin-positive cells in the sinusoids. Black arrows indicate hematoxylin-negative cells
within the sinusoids. Scale bars in (A,B) are 100 um. (C) Average area in control (white bar) and LPS-
treated mice (black bar) of hepatocytes (200 cells/animal, four animals from each group). (D) Number
of hematoxylin-positive cells within sinusoids in control (white bar) and LPS-treated mice (black bar)
of (numbers /200,000 um?, 10 pictures/animal, four animals from each group). Each graph shows
the mean =+ standard deviation. *; p < 0.05 compared to control value. HE, hematoxylin-eosin; LPS,
liposaccharide. All sale bars are 100 pm.

Figure 2. Correlative light and electron microscopical (CLEM) images of livers from liposaccharide-
treated mice. (A,A’) Hematoxylin-stained images. (B-B”) Scanning electron microscope images of the
same tissue. (A’) is a magnified image of the red frame of A. (B’) is a magnified image of the red frame
of (B). (B”) is a magnified image of the red frame of (B’). Yellow arrows indicate hematoxylin-positive
cells in the sinusoids. Red arrows indicate hematoxylin-negative cells. The scale bar in (B”) is 10 um.
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3.3. Histopathological and SEM Analysis of the Blood Vessels in the Liver

The above correlative light and electron microscopical analysis indicated that blood
accumulation (aggregation) may occur in the sinusoids; however, histopathological analysis
was performed on the blood vessels present in the liver (Figure 3). HE-stained images
of livers with acute LPS-induced hepatitis showed many blood cells remaining in the
blood vessels (Figure 3A). We observed the morphology of the accumulated cells using
SEM Figure 3B,B" based on the staining characteristics, as they may accumulate alongside
erythrocytes and leukocytes, and possibly thrombi. Morphological analysis revealed that
the accumulated cells were mostly erythrocytes, composed of leukocytes and platelets.

Figure 3. HE-stained (A) and SEM (B,B’) images of liver from LPS-treated mice. (B’) is a magnified
image of the red frame of (B). Black arrowheads indicate hematocytes in the blood vessel. The scale
bar in (A) is 10 pm, in (B’) is 10 um. HE, hematoxylin-eosin; LPS, liposaccharide; SEM, scanning
electron microscope.

3.4. SEM Analysis of the Blood Vessels and Hepatocytes in the Liver

In 5-um-thick sections, an accumulation of blood cells was observed in blood vessels
in the liver in LPS-induced liver hepatitis; however, it was impossible to determine if the
accumulation was a thrombus. Therefore, SEM analysis was performed on thick sections
(Figure 4). We identified numerous thrombi in the vessels of patients with LPS-induced
liver hepatitis. These results indicate that thrombi are induced in blood vessels within the
liver in LPS-induced liver hepatitis; however, they could not be determined in thin sections.

Figure 4. SEM images of livers from LPS-treated mice. (A) lower magnified image and (B) higher
magnified image. The scale bar in (A) is 20 um, (B) is 10 um. LPS, liposaccharide; SEM, scanning
electron microscope.
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Based on these histopathological analyses and a series of SEM analyses, the accumulation
of blood cells in the blood vessels observed under an optical microscope was determined to be a
thrombus. Therefore, the presence or absence of a thrombus can be determined by the presence
or absence of blood cell accumulation under an optical microscope.

Using SEM, a detailed observation of the inner surface of the vessel and the surface
of the hepatocytes was possible. Therefore, we observed the inner surface of the blood
vessels, in which no thrombus was observed, for confirmation (Figure 5A,B). The inner
surface of endothelial cells within the liver of the controls was healthy (Figure 5A). In
contrast, in the blood vessels within the liver in LPS-induced liver hepatitis, some areas
showed rough inner surfaces (yellow arrows in Figure 5B), whereas others showed intact
surfaces. A large thrombus was not noticed in the observed areas of the endothelium in
this analysis; however, it is highly possible that the thrombus was caused by the disruption
of the endothelium. Furthermore, capillary bile ducts were observed on the surface of the
hepatocytes (Figure 5C,D). Using this analysis, no significant difference was observed in
the capillary bile ducts of LPS-induced liver hepatitis (red arrow in Figure 5D) compared to
the controls (red arrow in Figure 5C). This result indicates a normal bile transport function
in the hepatocytes of LPS-induced liver hepatitis mice.

Figure 5. SEM images of livers from normal (A,C) and LPS-treated (B,D) mice. (A,B) The images of
the inner surface of endothelial cells. (C,D) The images of capillary bile ducts. Yellow arrows in B
indicate the rough inner surfaces of endothelial cells. Red arrows in (C,D) indicate the capillary bile
ducts. LPS, liposaccharide; SEM, scanning electron microscope. Scale bars in A and B are 50 pm, and
in C and D are 10 um.
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3.5. Thromboprophylaxis Effect of Aspirin Pre-Administration

Aspirin is believed to have a prophylactic effect on blood clots; however, there are no
reports on its preventive effects on hepatocytes and liver thrombosis. Therefore, aspirin
was administered for one week, followed by LPS-induced inflammation. Histopathological
analysis showed that the size (area) of hepatocytes was 560.28 £ 167.2 (Figure 6A), which
was not significantly different from that of normal animals (586.05 & 180.1; Figure 1C)
and improved. In addition, the number of hematoxylin-positive cells in the sinusoids
was 47.12 £ 6.5 (Figure 6A), which was not significantly different from that in normal
animals (44.19 £ 4.9; Figure 1D), indicating improvement. However, eosin staining of
hepatocytes showed a slightly lighter tone, suggesting that the effect of LPS was reflected
in the hepatocytes. In contrast, no accumulation of blood cells, considered a thrombus,
was observed in the blood vessels of the liver. This indicates that aspirin is effective on the
inflammation induced by LPS in the liver; however, its preventive effect on hepatocytes
may not be complete.

Figure 6. HE-stained image of hepatitis-induced mouse liver by LPS after pre-administration of
aspirin. Yellow arrows indicate hematoxylin-positive cells in the sinusoids. Black arrows indicate
hematoxylin-negative cells within the sinusoids. Black arrowheads indicate hematocytes in the blood
vessel. Scale bars in (A,B) are 100 um. HE, hematoxylin-eosin; LPS, liposaccharide; SEM.

Next, we examined whether aspirin’s reduction of liver inflammation was effective
in preventing inflammation in the blood (Figure 7). First, CRP levels increased with time
after LPS administration; however, they were significantly reduced in the pre-aspirin
group (Figure 7A). IL-1b levels peaked at 6 to 12 h after LPS administration; nevertheless,
they were significantly reduced by pre-aspirin administration (Figure 7B). TNF-a peaked
at 2 h after LPS administration; however, this increase was significantly reduced by pre-
administration of aspirin (Figure 7C). These findings suggest that aspirin pre-administration
significantly decreases liver and blood inflammation.
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Figure 7. Changes in each inflammatory marker over time after saline pre-treatment and aspirin
pre-treatment. (A) CRP (B) IL-13 (C) TNF-«. The blue line represents the control group (saline
pre-treatment). The red line represents the aspirin group. OH indicates values without LPS. 2H, 6H,
12H, and 24H indicate values 2 h, 6 h, 12 h, and 24 h after LPS administration, respectively. Each
graph shows the mean =+ standard deviation. *; p < 0.05 compared to control value. CRP, C-reactive
protein; IL-1§3, interleukin 13; TNF-«; tumor necrosis factor alpha; LPS, liposaccharide.
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4. Discussion

In this study, we investigated LPS-induced histopathological changes in the liver and
the preventive effect of aspirin. We investigated the effects of LPS on hepatocytes, vascular
endothelial damage, thrombus formation, and inflammatory cell infiltration. Hepatocyte
shrinkage, sinusoidal swelling, and vascular endothelial damage were observed after LPS
administration (Figure 1). Histopathological analysis revealed abnormal accumulation
of leukocytes and erythrocytes in the sinusoids and blood vessels of the liver. Electron
microscopy demonstrated that this accumulation was responsible for inflammation, in-
duction of platelet aggregation, and thrombus formation, suggesting its major role in the
progression of inflammation (Figures 2 and 3).

Furthermore, we discovered that the pre-administration of aspirin before LPS admin-
istration alleviated these pathological changes (Figure 6). In addition, aspirin reduced
the levels of LPS-induced inflammatory markers (CRP, IL-13, and TNF-«) and had an
inhibitory effect on vascular endothelial damage and platelet aggregation (Figure 7). These
results confirmed that the pre-administration of aspirin inhibited thrombus formation
and the abnormal accumulation of inflammatory cells in the liver, effectively blocking
the progression of LPS-induced liver inflammation. These findings suggested that as-
pirin’s anti-inflammatory and antiplatelet effects may be useful as prophylaxis against
LPS-induced liver injury.

This study is consistent with previous findings on LPS-induced liver inflammation,
confirming that LPS produces a potent inflammatory response that causes the elevation of
CRP, IL-1$3, and TNF-« [41,42]. This demonstrated the process of vascular endothelial dam-
age within the liver, the promotion of platelet aggregation, and the occurrence of thrombus
formation. These inflammatory cascades occur when LPS invades the bloodstream, thereby
stimulating the immune system and the production of multiple cytokines and chemokines,
leading to endothelial cell damage and platelet activation [7,21,22]. We believe that these
findings are consistent with the immune response mechanisms triggered when LPS func-
tions as a cell wall component in gram-negative bacteria, and provide histopathological
evidence for a previous study [22].

In addition, we gained a new perspective on the effects of LPS on the liver, particularly
in the sinusoids. In this study, we demonstrated that LPS-induced liver tissue damage is
accompanied by abnormal histopathological changes, including leukocyte and erythrocyte
accumulation and endothelial roughness. The accumulation of blood cells in the sinusoids
can cause thrombus formation and inflammatory cell infiltration in the blood vessels.
Our results indicate that the release of pro-inflammatory cytokines is important in the
primary mechanism by which LPS causes endothelial damage in the liver, and is consistent
with previous studies [22,42,43]. In addition, pathological findings, including endothelial
cell roughness and abnormal blood cell accumulation, are important indicators of LPS-
induced microvascular abnormalities within the liver. Furthermore, they provide valuable
information for understanding the progression of liver inflammation which causes vascular
system damage.

In this study, we investigated the mechanism by which aspirin reduces LPS-induced
inflammatory damage. Aspirin acts primarily by inhibiting TXA2 formation through
inhibition of COX enzymes, particularly COX-1 and COX-2 [30-33]. TXA2 is an important
mediator of platelet aggregation, aspirin prevents platelet aggregation and blood clot
formation by suppressing its formation. This anti-platelet effect is expected to help maintain
smooth blood flow and inhibit the accumulation of microthrombi in the liver’s blood vessels.
Furthermore, aspirin has potent anti-inflammatory effects that may suppress LPS-induced
hepatic inflammation. The anti-inflammatory effects of aspirin are associated with the
inhibition of inflammatory markers such as CRP, IL-13, and TNF-c. These cytokines play
important roles in the inflammatory cascade, causing endothelial damage and thrombus
formation [34]. The results of this study indicate that aspirin suppresses the production of
these inflammatory mediators, thereby protecting the liver endothelial cells from damage
and inhibiting thrombus formation.
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More interestingly, aspirin may reduce oxidative stress through its antioxidant proper-
ties [44]. Inflammatory reactions induced by LPS have been shown to increase oxidative
stress and damage endothelial cells; however, aspirin may promote endothelial cell pro-
tection by reducing the level of oxidative stress. In addition, aspirin has been reported to
inhibit vascular permeability, which may reduce excessive fluid leakage from the blood
vessels and tissue swelling [45]. These mechanisms of action may be important for reducing
liver inflammation, protecting endothelial integrity, and ameliorating histopathological
changes. Collectively, these results indicate that aspirin’s anti-platelet, anti-inflammatory,
and antioxidant properties, may work together to reduce LPS-induced liver injury and
contribute to tissue protection. This study suggests that aspirin is not just an anti-platelet
agent, but has a multifaceted preventive and protective effects on liver inflammation.

This study’s findings indicate that aspirin may be useful as an adjunct therapy to
reduce LPS-induced liver injury. Pre-administration of aspirin significantly reduced inflam-
matory markers (CRP, IL-13, TNF-q, etc.) and thrombus formation, suggesting its potential
in reducing the effects of systemic inflammation on the liver. In particular, aspirin use may
play an important role in protecting the liver and preventing vascular complications such
as sepsis and acute liver failure, where systemic inflammation is amplified through LPS.
The effects of aspirin extend beyond its antiplatelet action; aspirin promotes the reduction
of vascular permeability and protection of endothelial cells within the liver through its
anti-inflammatory effects and reduction of oxidative stress. This multifaceted effect may
have great clinical significance in the management of liver inflammation and the prevention
of thrombosis, especially in patients prone to severe LPS-induced inflammatory liver injury.
Furthermore, because LPS-induced endothelial damage and vascular inflammation can
cause serious thrombotic events such as myocardial infarction and pulmonary thromboem-
bolism, aspirin use may have a dual benefit for patients, by simultaneously inhibiting
platelet aggregation and inflammation. Prophylactic aspirin administration in patients
with chronic liver disease and high-risk groups should be considered. Patients with chronic
liver disease often have coexisting abnormalities in their coagulation and inflammatory
systems, and the risk of thrombus formation increases with worsening liver function. In
the context of preventive medicine and long-term disease management, a comprehensive
treatment strategy that includes aspirin should be considered, as it may reduce the risk of
thrombosis in these patients and help maintain liver function.

This study had some limitations. First, an animal model, which may not fully replicate
the LPS-induced inflammatory response in humans, was used. In addition, aspirin sig-
nificantly reduced inflammatory marker levels; however, residual hepatocellular damage
was observed, suggesting that its protective effect may not be complete at high doses
of LPS. Therefore, future studies should investigate the long-term effects of aspirin on
liver tissue repair and its combined effects with other anti-inflammatory drugs at different
stages of liver inflammation. In addition, optimizing aspirin dosing schedules and examin-
ing its effects on other inflammatory pathways may suggest the possibility of enhancing
therapeutic efficacy.

In this study, we demonstrated LPS-induced liver inflammation and thrombus for-
mation through histopathological and micro-morphological examinations using electron
microscopy. These results indicated that the accumulation of blood cells observed in
specimens used in general pathology was likely a thrombus, and may provide useful infor-
mation for clinical diagnosis. Furthermore, we discovered that aspirin pre-administration
effectively reduced LPS-induced liver inflammation and thrombus formation, and ex-
erted a protective effect on the liver through its antiplatelet and anti-inflammatory effects.
These results indicated that aspirin contributed to the maintenance of liver health by
suppressing inflammatory cytokines, protecting endothelial cells, and preventing platelet
aggregation. In addition, aspirin can be applied as a therapeutic option in the liver and
systemic inflammatory diseases. It is important to review its position in prevention and
treatment strategies, including its cost-effectiveness and versatility. Further clinical studies
are required to investigate the range of applications and optimal administration of aspirin,
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thereby contributing to the establishment of a comprehensive treatment for inflammatory
diseases and thrombosis.

5. Conclusions

In this study, we elucidated LPS-induced liver inflammation and thrombus formation
through histopathological and electron microscopy and micromorphological examinations,
revealing that the accumulation of blood cells observed on routine pathology examina-
tion could be a thrombus. Furthermore, aspirin pre-administration effectively inhibited
LPS-induced hepatitis and thrombus formation and conferred hepatoprotection through
its antiplatelet and anti-inflammatory effects. Notably, aspirin inhibited inflammatory
cytokines, protected endothelial cells, and prevented platelet aggregation, indicating its
potential as a therapeutic agent for hepatic and systemic inflammatory diseases. Future
clinical studies are expected to contribute to the establishment of a comprehensive treat-
ment for inflammatory diseases and thrombosis by investigating the range of applications
and optimal aspirin administration methods.
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