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دبكلانمءارفصلاةداملاقفدتيفضافخناوهيوارفصلادوكرلا:ثحبلافادهأ
جلاعلعئاشلكشبكيلوكيسكيودوسروأضمحمدختسي.يوارفصلازاهجلاىلإ
ضمحرودفاشكتساوهةساردلانمفدهلا.يوارفصلادوكرلا
نعجتانلايوارفصلادوكرلاثودحنمةياقولاوجلاعلايفكيلوكيسكيودوسروأ
.ينهدلاديراكسلاديدعمادختسا

،يئاوشعلكشبءاضيبلاناذرجلاروكذنم٦٠رايتخامت:ثحبلاقرط
ةطباضلاةعومجملا:اذرج١٢ةعومجملكيف؛تاعومجمسمخىلإاهميسقتو
تذخأ(كيلوكيسكيودوسروأضمحةعومجم،)ءامويحلملولحمتذخأ(
ديدعتذخأ(ينهدلاديراكسلاديدعةعومجمو)،كيلوكيسكيودوسروأضمح
ضمحمثينهدلاديراكسلاديدعتذخأ(جلاعلاةعومجم،)ينهدلاديراكسلا
مثكيلوكيسكيودوسروأضمحتذخأةياقولاةعومجمو،)كيلوكيسكيودوسروأ
تلاقانو،ليماتولغاماجتلاقانةساردتمتثيح.)ينهدلاديراكسلاديدع
،يلكلانيبوروليبلاو،يدعاقلازيتافسوفلاو،تايولقلاتلاقانو،تاترابسلاا
ةببسملاتانيكوتيسلاو،يعانملاطاشنلاو،جمربملادبكلاايلاختومتاددحمو
.دبكلاجيسنتاريغتو)افلامرولارخنلماعو،٤و،١تانيكيولرتنلأا(تاباهتللال

ةيئايميكلاتلاقانلاتاملاعكيلوكيسكيودوسروأضمحمادختسانسٰحَ:جئاتنلا
لكيف،)تاترابسلااتلاقان،يدعاقلازيتافسوفلا،ليماتولغاماجتلاقان(دبكلل
ةيعانملاايلاخلاددعيفةدايزكلذنعجتنامك.جلاعلاوةياقولاتاعومجمنم
ديراكسلاديدعةعومجمبةنراقمكيلوكيسكيودوسروأضمحبجلاعلاةعومجميف
لماعىوتسمضافخنايفكيلوكيسكيودوسروأضمحبجلاعلاببستو.ينهدلا
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ىلعريثأتيأثودحنودنكلوةياقولاةعومجميفامزلابلايفافلامارولأارخن
دجويلا،لثملابو.ينهدلاديراكسلاديدعةعومجمبةنراقملابجلاعلاةعومجم
نعجتنامك.تانيكيولرتنلأاىوتسمىلعكيلوكيسكيودوسروأضمحلريثأت
ضافخناوةيدبكلاةجسنلأاتازيميفانسحتكيلوكيسكودوسروأضمحمادختسا
جلاعلاةعومجمنملكيفدبكلاةجسنأيفجمربملاايلاخلاتومتاددحميف
.ينهدلاديراكسلاديدعةعومجمبةنراقملابةياقولاو

كيلوكيسكيودوسروأضمحةيلعافىلعلايلدةساردلاهذهترهظا:تاجاتنتسلاا
ديدعمادختسانعجتانلايوارفصلادوكرلاثودحنمةياقولاوجلاعلايف
.ينهدلاديراكسلا

نعجتانيوارفصدوكر؛نيكوتيسلا؛جمربملاايلاخلاتوم:ةيحاتفملاتاملكل
توم؛كيلوكيسكيودوسروأضمح؛يعانملاطاشنلا؛ينهدلاديراكسلاديدع
ةيدبكلاايلاخللجمربملاايلاخلا

Abstract

Objectives: Cholestasis refers to a reduction in bile flow

from the liver into the biliary system. Ursodeoxycholic

acid (UDCA) is commonly used for the treatment of

hepatic cholestasis. This study aimed to explore the role

of UDCA in the treatment and prevention of lipopoly-

saccharide (LPS)-induced cholestasis.

Methods: Sixty male albino rats were randomly classified

into five groups of 12 rats each: the control group

(received saline and water), UDCA group (received

UDCA), LPS group (received LPS), treatment group

(received LPS followed by UDCA), and prevention group

(received UDCA followed by LPS). Changes in gamma-

glutamyl transferase (GGT), plasma aspartate trans-

ferase (AST), plasma alkaline transferase (ALT), plasma

alkaline phosphatase (ALP), total bilirubin (TBIL),
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hepatocyte apoptosis, immunomodulatory activity,

plasma pro-inflammatory cytokines (TNF-a, IL-1a, and
IL-4), and liver histology were assessed.

Results: UDCA improved serum liver chemical markers

(GGT, ALP, and AST) in both the prevention and

treatment groups (p < 0.05 and p < 0.05, respectively).

CD3 count was higher in the UDCA treatment group

compared to the LPS group (p < 0.001). UDCA caused a

reduction in plasma TNF-a in the prevention group

(P < 0.05); however, it had no effect on the treatment

group, as compared to the LPS group. Similarly, UDCA

had no effect on IL-1a or IL-4. UDCA treatment resulted

in improved liver histological features and a significant

reduction in liver tissue apoptosis in both the treatment

and prevention groups, as compared to the LPS group

(p ¼ 0.013 and p ¼ 0.002, respectively).

Conclusions: This study provides evidence of the effec-

tiveness of UDCA for the treatment and prevention of

sepsis-induced cholestasis.

Keywords: Apoptosis; Cytokine; Hepatocyte sepsis; Immu-

nomodulatory activity; Sepsis-induced cholestasis; Urso-

deoxycholic acid

� 2020 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-
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Introduction

Cholestasis is a condition caused by disruption of bile
formation due to impaired secretion by hepatocytes or

blockage of the flow of bile through intrahepatic or extra-
hepatic bile ducts.1 Infections may induce cholestasis via
bacterial endotoxins, such as lipopolysaccharides (LPS),

which are released by gram-negative bacteria from sites of
bacterial infection into the circulation. These endotoxins
provoke hepatic Kupffer cells to release inflammatory cyto-

kines, such as tumour necrosis factor-a (TNF-a) and
interleukin-6 (IL-6), which can lead to the failure of bile
secretion.2,3 Sepsis-induced cholestasis is an early complica-
tion in 20% of patients hospitalized with sepsis.4 Severe

sepsis may result in life-threatening organ failure due to
dysregulated host immune response against infection.5

Sepsis-associated hepatic damage may result from chole-

stasis caused by the impairment of hepatocellular and bile
duct formation induced by circulating pro-inflammatory
cytokines.2 Apart from treating sepsis with appropriate

antibiotics and supportive care, there are currently no
specific treatments available for cholestasis.6

Ursodeoxycholic acid (UDCA) (3, 7-dihydroxy-5-

cholanic acid) is a hydrophilic bile acid that is commonly
used for the treatment of various cholestatic disorders,7,8

including primary biliary cholangitis (PBC), an
autoimmune disease of the liver characterized by

progressive cholestasis that often leads to biliary fibrosis
and liver cirrhosis.9 UDCA treatment has been shown to
be very effective in about two thirds of patients with PBC,

with a survival rate similar to the general population.10

Additionally, UDCA has also been beneficial in the
treatment of gallbladder and biliary stones (cholelithiasis).

UDCA is one of the main constituents of bile acid in black
bear bile, which has historically been used in Chinese
traditional medicine for treating various liver diseases. It is

normally present in human bile in low concentrations
within total bile acids. Its first reported efficacy in the
treatment of hepatic diseases appeared in early Japanese
medical literature.11

The mechanisms responsible for the therapeutic effect of
UDCA in liver disease are not well understood. Three
mechanisms have been suggested, based on evidence from

animal studies. These include (1) cellular protection of
cholangiocytes (cryoprotection) from the harmful effect of
bile acids, (2) augmentation of bile flow and secretion, and

(3) protection of hepatocytes from apoptosis that cause loss
of cellular elements.12 A previous study using an animal
model of sepsis-induced cholestasis with sepsis-induced
cholestasis in mice found that UDCA can stabilize

hepatocyte membranes and enhance the synthesis of
membrane transporters, including the bile salt export pump
(BSEP).13

The aims of this study are to explore the effect of UDCA
in the treatment and prevention of bacterial endotoxin
sepsis-induced cholestasis and to examine the underlying

mechanisms, including liver tissue apoptosis, inflammatory
mediators, and any possible immunomodulatory
mechanisms.

Materials and Methods

Chemicals

LPS (L-2880-10 mg) was obtained from Sigma Chemical
Co. (St. Louis, MO). This was supplied as a lyophilized
powder for reconstitution as a 5 ml sterile saline solution
(NaCl 0.9%). UDCA was provided in suspension form by

Ursofalk (Dr Falk Pharma GmbH, in Freiburg, Germany).
Aspartate aminotransferase (AST), alkaline phosphatase
(ALP), alanine aminotransferase (ALT), and total bilirubin

(TBIL) kits were purchased from Wako Pure Chemical In-
dustries (Osaka, Japan). Annexin V-FITC apoptosis detec-
tion kits were purchased from Aldrich Chem. Corp. (USA).

TNF-alpha kits and interleukin kits (IL1, IL4) were obtained
from the ASSAYPRO Co. (Universal Biologicals Ltd.,
Cambridge, UK). Enzyme-linked immunosorbent assay
(ELISA) kits and T/B/NK kits were purchased from BD

Biosciences Co. (Franklin Lakes, New Jersey, US).

Animals

60 male albino rats, weighing 100e150 g, were obtained
from King Fahd Medical Research Center (King Abdulaziz
University, Jeddah, KSA). The animals were housed in

plastic cages with free access to water and standard chow.
They were placed at an adjusted temperature of 20e25 �C
with a controlled humidity of 50 � 5% and a 12 h dark/light

cycle. They were acclimatized for one week before starting

http://creativecommons.org/licenses/by-nc-nd/4.0/
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the experimental work. This study was conducted according
to the guidelines of the Research Animal Care Committee-

approved protocol at the King Fahd Medical Research
Center. All studies conducted on animals were approved by
the Bioethical Research Unit of the Faculty of Medicine,

King Abdulaziz University (Ref: 597-17).

Experimental design

Rats were randomly classified into five groups (12 rats
each). The control (untreated) group received saline (0.5 ml/
kg, i.p.) and water (0.5 ml/kg, p.o.)e the vehicles for deliv-
ering LPS and UDCA, respectivelye for 10 days. The

UDCA-treated group received a daily dose of UDCA
(100 mg/kg, p.o.) via gastric gavage for 10 days.14 In the
sepsis-induced cholestasis group, rats were injected with a

single sub-lethal dose of LPS (5 mg/kg, i.p.).3,15 In the
treatment group, rats were injected with LPS; 24 h later,
these rats received 100 mg/kg UDCA p.o. for 10 days.16 In

the preventive group, rats received a daily dose of UDCA
for 10 days before LPS injection; the rats were sacrificed
24 h later. At the end of the experiment, rats were

euthanized using 50 mg/kg i.p. pentobarbital sodium.
Blood samples were collected from the retro-orbital venous
plexus with heparinized sterile capillary tubes. The blood
samples were allowed to clot and then centrifuged at

3000 rpm for 10 min for further analysis.

Liver enzyme analysis

Liver injury was estimated via biochemical serum
markers. Sera were collected and stored in a deep freezer
at �20 �C until the time of analysis to measure the activities

of the following liver enzymes: gamma-glutamyl transferase
(GGT), aspartate transaminase (AST), alanine transaminase
(ALT), alkaline phosphatase (ALP), and total bilirubin

(TBIL). These were analysed using the Transaminase Cii
Test Kit (Wako Chemicals). The serum AST:ALT ratio was
computed from the results of the serum AST and ALT levels.
The levels of clinical biochemistry for GGT, AST, ALT,

ALP, and TBIL were evaluated to determine the enzymatic
activities of the livers in the control and experimental group
animals. The activity of all serum enzymes was measured

using commercially available kits according to the manu-
facturer’s instructions (Transaminase CII-testWako, Japan).
0.25 ml of buffer/substrate solution was added to 0.05 ml of

each serum sample in a test tube. This was incubated at 37 �C
for 30 min in a water bath followed by the addition of 0.25 ml
of chromogen solution. The content was mixed and allowed

to stand for 20 min at 25 �C. Following this, 2.5 ml of sodium
hydroxide (0.4 N) was added andmixed. The absorbance was
read against the blank after 5 min at 540 nm. Liver enzyme
activities in IU L-1 were read from the standard curve. For

computation of the serum AST:ALT ratio, a 0.05 ml aliquot
of serum was used to assay AST activity, which was
measured by monitoring the concentration of oxaloacetate

hydrazone formed with 2,4 dinitrophenyl hydrazine at 530e
550 nm. ALT activity in the serum was similarly measured
using the end point colorimetric assay method with a kit

obtained from Randox Laboratories, UK.
Flow cytometric analysis of apoptosis

Livers and spleens were perfused with phosphate buffer

saline (PBS), then removed, cut into small pieces, and stored
in a deep freezer at�20 �C until use. The antiapoptotic effect
was measured using the Annexin V-FITC Apoptosis Detec-
tion Kit (eBioscience, San Diego, CA, US) following the

manufacturer’s instructions. Flow cytometric analysis was
performed on a BD FACSCalibur using Cell Questpro
software version 6.0 (BD Biosciences).

Immunological assays

Spleens were used to evaluate the effects of T and B

lymphocytes and natural killer (NK) cells. Part of the
liver tissue was immersed in buffered formalin and the
sections were stained with haematoxylin & eosin (H&E)

for routine histology. The Rat T/B/NK Cocktail (BD
Biosciences), a three-color reagent cocktail designed to
identify rat T, B, and NK lymphocyte populations via
direct immunofluorescence staining, was used for flow

cytometric analysis.

Cytokine quantification

Tumour necrosis factor alpha (TNF-a), interleukin-1 (IL-
1), and interleukin-4 (IL-4) concentrations in tissue homog-
enates were determined using H CUSABIO� following the

manufacturer’s instructions. Moreover, the Assay Max Rat
TNF-a ELISA kit was used to detect TNF-a expression in
rat cell culture supernatants using ASSAYPRO� following

the manufacturer’s instructions.

Histopathology

The liver was cut into small pieces (2 mm � 2 mm), fixed
with 10% neutral-buffered formalin, processed for paraffin
embedding, sectioned (5-microns thick), and stained with
H&E. (The nuclei were stained a deep blue-black with hae-

matoxylin, and the cytoplasm was stained pink with eosin.)
For histopathology, stained sections were examined using a
microscope (SPI Supplies�) connected to a digital camera.

(The camera fits eyepieces 23e30 mm in size).

Statistical analysis

The Statistical Package for the Social Sciences, Version
22 (SPSS, Inc, Chicago, IL, USA) was used for data
analysis. Data are expressed as mean � standard deviation

(SD). A one-way analysis of variance (ANOVA) was used,
followed by Tukey’s post hoc test for multiple compari-
sons. A P value of <0.05 was considered statistically
significant.

Results

The following variables demonstrate the effect of UDCA
on the prevention and treatment groups of sepsis-induced
cholestasis:



Table 1: Effect of UDCA on liver enzymes activities in the prevention and treatment groups of sepsis-induced cholestasis in rats.

Group Parameters

GGT(IU/L) ALP(IU/L) TBIL(umol/L) AST(IU/L) ALT(IU/L) AST/ALT

Ratio

Control group

(n¼12)

%change

1.75 � 0.50

(�46.1)

89.67 � 23.30b

(�14.6)

1.75 � 0.5b,c (�30) 58.5 � 8.18b

(�22.13)

23.61 � 0.65

(�14.1)

2.47 � 0.32

(�9.5)

UDCA group (n¼12)

%change

1.67 � 0.52b

(�48.6)

83.62 � 21.29b

(�20.3)

1.67 � 0.52b,c

(�33.2)

62.05 � 6.72b

(�17.4)

24.18 � 0.53

(�12)

2.50 � 0.43

(�8.4)

LPS group (n¼12) 3.25 � 0.50a 105.64 � 15.48a 2.5 � 0.58a 75.13 � 24.89a 27.50 � 4.25 2.73 � 1.01

Treatment group

(n¼12)

%change

2.2 � 0.10b

(�32.3)

99.26 � 26.27b

(�5.4)

2.5 � 0.53 (0) 60.60 � 11.32b

(�16.6)

24.18 � 4.76

(�12.3)

2.50 � 0.52

(�8.4)

Prevention group

(n¼12)

%change

2.1 � 0.20b

(�35.3)

50.90 � 23.08b,c

(�22.9)

1.14 � 38b,c

(�54.4)

62.11 � 6.27b

(�17.3)

24.84 � 7.07

(�9.67)

2.50 � 0.3

(�8.4)

a Significant change compared to control group at P < 0.05.
b Significant change compared to LPS group at P < 0.05.
c Significant change compared to treatment group at P < 0.05.
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Effect of UDCA on biochemical parameters of liver function

To verify the efficacy of UDCA treatment, liver function
parameters in the serum were measured as indicators of liver-
injury status. The results for each group are listed in Table 1.
The rats in the LPS group had significantly higher values for

GGT, ALP, TBIL, and AST compared to the control group
and the UDCA group (P < 0.05). The UDCA treatment
group only had significantly lower values for GGT, ALP,

and AST (P < 0.05). However, in the UDCA pretreatment
group, the values for GGT, ALP, TBIL, and AST were
significantly lower than the corresponding values in the

LPS group (P < 0.05). Moreover, the ALP and TBIL
values were significantly lower than those in the treatment
group (P < 0.05).
Figure 1: The effects of UDCA on the percentages of apoptotic cells

groups.
Effect of UDCA on hepatocyte apoptosis

Liver tissue was isolated and examined using flow cyto-
metric analysis, as shown in Figures 1 and 2. The results
indicate that the LPS-injected group had significantly
increased apoptotic activity compared to the control group

(P ¼ 0.003). Both treatment and pretreatment groups
demonstrated reduced apoptosis compared to the LPS group
(P ¼ 0.013 and P ¼ 0.002, respectively). There was no sig-

nificant difference between the control group and the UDCA
group (P ¼ 0.63), between the control group and the treat-
ment group (P ¼ 0.44), and between the control group and

the prevention group (P ¼ 0.9) (Table 2). To further
investigate the immunomodulatory properties of UDCA,
liver tissues were isolated from the five rat groups.
in rat liver tissue in the control, LPS, treatment, and prevention



Figure 2: Flow cytometry dot plot showing the effects of UDCA on LPS-induced apoptosis in all groups compared to the control group.

Apoptotic cells were identified and quantified using the Annexin V-FITC apoptosis detection kit. The dot-plot shows early apoptotic cells

in the lower right quadrant, late apoptotic cells in the upper right quadrant, dead cells in the upper left quadrant and living cells in the

lower left quadrant.

Table 3: Effect of UDCA on the percentage of natural killer

(NK) cells & cluster of differentiation (CD3) in preventive and

treated groups of LPS- induced cholestasis in rats.
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Immunoregulatory properties of UDCA

A decrease in the activity of NK cells was observed in the
LPS group in comparison with the control group, but the

decline was not statistically significant (P ¼ 0.14) (Table 3).
Similarly, no statistical significant difference in NK cell
activity was detected between the LPS and UDCA
treatment groups, nor between the LPS and pretreatment

groups (P ¼ 0.12 and P ¼ 0.74, respectively). The effect of
UDCA on T-lymphocyte (CD3) activity in the different
groups was examined. The percentage of CD3 when

UDCA was used as treatment was higher compared to the
LPS group (P < 0.001), but the pretreatment group
showed that the proportion of CD3 cells was decreased
Table 2: Effect of UDCA on percentage of apoptosis of liver

tissue in the prevention and treatment groups of sepsis-induced

cholestasis in rats.

Group Percentage of Apoptosis

Mean � SD

Cotrol group (n¼12) 4.33 � 2.7b

UDCA group (n¼12) 5.37 � 1.1b

LPS group (n¼12) 10.75 � 4.93a,c

Treatment group (n¼12) 5.89 � 2.19b

Prevention group (n¼12) 4.58 � 3.9b

Data are presented as mean � SD.
a Significant change compared to control group at P < 0.05.
b Significant change compared to LPS group at P < 0.05.
c Significant change compared to treatment group at P < 0.05.
significantly compared to both the LPS group and the
control group (P < 0.05); the distinction was not
statistically significant between the treatment and

pretreatment groups (P ¼ 0.17).

Effect of UDCA on proinflammatory cytokines

The effect of UDCA on inflammatory mediators in the
treatment and prevention groups was also investigated, as
Groups Percentage of

NK cells

Mean � SD

Percentage CD3 (T cells co-

receptor protein )

Mean � SD

Cotrol group

(n¼12)

8.63 � 2.35 62.14 � 3.20c

UDCA group

(n¼12)

8.63 � 2.35 62.14 � 3.20

LPS group

(n¼12)

5.26 � 2.9 57.86 � 9.83c

Treatment

group (n¼12)

8.58 � 4.12 37.29 � 4.30a,b

Prevention

group (n¼12)

5.9 � 4.5 68.03 � 5.42b

Data are presented as mean � S.D.
a Significant change compared to control at P < 0.05.
b Significant change compared to LPS group at P < 0.05.
c Significant change compared to treatment group at P < 0.05.



Table 4: Effect of UDCA on the concentration of inflammatory mediators in liver tissue in the prevention and treatment of cholestasis-

induced by LPS in rats.

Groups TNF-a
Mean � SD

IL-1a
Mean � SD

IL-4

Mean � SD

Control group (n¼12) 37.40 � 2.47b,c 714.60 � 73.32b 625.60 � 124.25

UDCA group (n¼12) 39.60 � 7.42b 700.90 � 54.25b 600.80 � 100.57

LPS group (n¼12) 75.63 � 3.72a 898.50 � 63.56 804.25 � 61.01

Treatment group (n¼12) 62.83 � 9.20a 851.33 � 130.38 851.67 � 51.00

Prevention group (n¼12) 55.38 � 13.15b 832.63 � 80.01 749.63 � 89.55c

Data are presented as mean � S.D.
a Significant change compared to control at P < 0.05.
b Significant change compared to LPS group at P < 0.05.
c Significant change compared to treatment group at P < 0.05.

Figure 3: Liver histology in all groups: Control & UDCA: normal hepatocytes with acidophilic cytoplasm and large nuclei (thin black

arrows), with intervening blood sinusoids (stars). LPS: hepatocytes with degenerated cytoplasm, and small nuclei (black arrows), and

large size nuclei (small black arrows). Treatment: marked improvement of changes induced by LPS in hepatocytes (black arrow) & blood

sinusoid (black stars). Prevention: normal hepatocytes with no degenerative changes (white arrows), and no blood sinusoidal congestion

(stars).
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shown in Table 4. The concentration of TNF-a in the LPS-
injected group was significantly increased compared to the
control group. Treatment with UDCA decreased the con-

centration of TNF-a, with no significant difference
compared to the LPS group, although the use of UDCA as a
pretreatment decreased the concentration of TNF-a
Figure 4: Effect of UDCA on the nuclear area length in liver tissue in t
significantly (P < 0.05). There was no significant difference
between the treatment and pretreatment groups (P ¼ 0.5).
The concentration of the inflammatory cytokine IL-1a in the

LPS group was significantly increased compared to the
control group (P < 0.05), with no significant difference
detected between the LPS and UDCA treatment groups or
he prevention and treatment of cholestasis induced by LPS in rats.
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between the LPS and pretreatment groups (P ¼ 0.7). In
addition, the concentration of IL-4 in the LPS group was

significantly higher compared to the control group
(P < 0.05), while no difference was observed between the
LPS group and either the treatment or pretreatment group.

The IL-4 concentration in the pretreatment group was
significantly less than that in the treatment group
(P ¼ 0.032).

The effect of UDCA on liver histology changes

The histopathological features are depicted in Figure 3.
The hepatocytes in the control rat liver are arranged

around central veins and extend in branched plates
towards the portal area. They are polyhedral in shape with
acidophilic stained cytoplasm. Their nuclei are vesicular,

central, and rounded, with dispersed chromatin. Portal
tracts showed branches of the portal vein, hepatic artery,
and bile duct. They are surrounded by fine connective

tissue fibres with few cells. Administering UDCA to
control rats did not alter the normal structure of the liver
parenchymatous tissue. The liver parenchyma of the LPS

group demonstrated congested blood sinusoids,
hepatocytes with unstained cytoplasmic degenerated
regions, and small degenerated or lost nuclei. In the LPS
group, in the region of necrotic inflammatory infiltrate,

apoptotic, degenerated, and inflammatory cells were
observed around bile ducts.

The liver of the pretreatment group that received

UDCA for 10 days before LPS administration exhibited
apparent protection against the histopathological changes
found in the LPS group. Hepatocytes looked normal, with

no degenerative changes in their cytoplasm or nuclei; si-
nusoids between cells were not congested and were similar
to those of the control group. Regions near the portal area

showed normal hepatocytes and few degenerated inflam-
matory cell aggregates. In this group, administration of
UDCA as a treatment caused marked histological changes
compared to those induced by LPS. Hepatocytes, sinu-

soids, and portal areas looked normal without any
degenerative, necrotic, or apoptotic changes. No inflam-
matory cells were observed in the portal tracts. The effect

of UDCA on the nuclear area length (measured in mm) in
the liver tissue was also investigated. In both the treatment
and pretreatment groups, the administration of UDCA

caused a significant reduction in the nuclear area length
compared to the LPS group (Figure 4). Taken together,
these results indicate the cytoprotective effect of UDCA
on hepatocytes.

Discussion

Sepsis-induced cholestasis is a type of inflammatory
cholestasis in which pro-inflammatory cytokines, produced
by hepatic Kuepfer cells due to the effects of LPS endotoxins,

induce impairment of bile production.3 These pro-
inflammatory cytokines cause transcriptional and post-
transcriptional impairment of hepatocellular expression of
bile acids carriers.11,17

In this study, the intra-peritoneal injection of LPS
induced cholestasis in LPS-treated rats, resulting in a
significant rise in the TBIL and liver enzymes, including
GGT, ALP, and AST (Table 1), similar to what was

observed during other investigations of sepsis-induced
cholestasis in animal models.15,18 The liver enzyme ALP is
a cellular membrane-bound enzyme that is expressed and

released into the circulation in response to cellular membrane
damage caused by endogenous bile acids, which lead to he-
patocyte damage and lysis.19 The efficacy of UDCA in

reversing the effect of cholestasis in LPS-induced rats in
the present experiment was reflected by the significant
reduction of the liver enzymes AST, GGT, and ALP
following treatment with UDCA. The protective effect of

UDCA in the present study was seen when mice were treated
with UDCA prior to LPS-induction, which resulted in mean
values of TBIL and liver enzymes (GGT, ALP, and AST)

comparable to those in the control group. Such a protective
effect is thought to occur due to the formation of a complex
between the negatively-charged UDCA and cholesterol in

the hepatocyte membrane, causing repulsion of the
negatively-charged bile acids.20 The protective effect of
UDCA has also been reported in relation to total
parenteral nutrition (TPN)-induced cholestasis in humans21

and in the prevention of PBC recurrence after liver
transplantation.22

The accumulation of endogenous bile acids in hepatocytes

results in cellular damage and hepatocyte death. The primary
suggested mechanism underlying hepatocyte death is LPS-
induced apoptosis.23 In our study, LPS-induced hepatocyte

death was evident via the higher percentage of apoptosis
compared to the control group; UDCA resulted in a lower
percentage of apoptosis comparable to that of the control

group, suggesting a positive effect of UDCA in minimizing
or preventing hepatocellular damage and death. The effect of
UDCA on apoptosis inhibition has been reportedly mediated
by the upregulation of various anti-apoptotic proteins, such

as FLICE-inhibitory protein, myeloid leukaemia sequence-1
protein, and cellular inhibitor of apoptosis-2 protein.24

The immunomodulatory effect of UDCA in sepsis-

induced cholestasis was demonstrated in our study via the
reduction of the percentage of CD3 T-cell co-receptor pro-
tein in the treatment group compared to the LPS-induced

group. These findings corroborate the results reported by
Manousou et al., in which a reduction in chemokine receptor
(CXRR3) expression on T lymphocytes was found in the

group treated with UDCA compared to the untreated
group,25 providing evidence for the immunomodulatory
effect of UDCA. We did not find any difference between
the study groups in the percentage of natural killer (NK)

lymphocytes. The immunomodulatory effect of UDCA has
been reported in patients with cholestasis secondary to
PBC, in which UDCA was found to suppress

immunoglobulin, IL-2, IL-4, and interferon-gamma
production.26

In the present study, inflammatory cytokines such as

TNF-a, IL-1a, and IL-4 were induced in response to LPS
administration, corroborating the findings of Tanasescu
et al.27 Treatment with UDCA resulted in a significant
reduction in TNF-a, but not IL-1a or IL-4, expression in

the prevention group, with no significant effect on the
treatment group. Similarly, no significant differences in the
TNF-a and IL-6 cytokines mean values were found between

LPS-induced animals and controls.13 UDCA did not reduce
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the expression of inflammatory cytokines in rat
hepatocytes.28 The lack of effect of UDCA on the

expression of cytokines may be explained by the important
role played by the cytokines in the mechanisms of liver cell
regeneration.29

The histopathological examination of the livers of ani-
mals that received the UDCA treatment showed significant
improvement of histopathological features of inflammation

induced by LPS compared to the LPS group. These findings
were consistent with the findings reported by Buko et al., in
which treatment with UDCA resulted in histopathological
improvement and reversal of liver fibrosis in an animal model

of liver fibrosis.16 The assessment of apoptosis in liver tissue
is an important tool to evaluate the amount of liver tissue
damage. We found significantly low liver tissue apoptosis

in the UDCA-treated group, which supports the idea of the
protective effect of UDCA against liver damage. The effect
of UDCA on the inhibition of apoptosis may manifest even if

combined with other apoptosis-inducing agents; Rodrigues
et al. found w50e100% apoptotic change inhibition in
different cell types when UDCA was combined with
apoptosis-inducing agents.30

Our study lacks molecular and genetic analysis, which
could have highlighted the mechanisms by which UDCA
exerts its therapeutic and preventive effect on sepsis-induced

cholestasis. In a recent study, the effect of UDCA was
attributed to the impaired gene expression of some
canalicular membrane transporters, including the bile salt

export pump (BSEP) and multi-drug resistance-associated
protein 2.3

Conclusion

Our findings support the concept that UDCA is beneficial
for the treatment and prevention of sepsis-induced

cholestasis in experimental animals, an effect that was
observed via improvements in liver enzyme expression
levels and histopathological abnormalities.

Recommendations

We recommend conducting further studies to address the

underlying molecular basis of the mechanism of action of
UDCA in cholestatic disorders.
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