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Abstract. Obstructive jaundice (OJ) is a common disease in 
clinical surgery. The present study aimed to determine the 
effects of dexmedetomidine (Dex) on hepatocyte apoptosis in 
rats with OJ and also to explore the underlying mechanism. 
A total of 30 adult male Sprague Dawley rats were randomly 
divided into 3 groups: Sham group, bile duct ligation (BDL) 
group, and BDL+Dex group. The serum liver function 
index, expression levels of serum inflammatory factor inter-
leukin‑6 (IL‑6) and tumor necrosis factor‑α (TNF‑α), and the 
liver pathological changes were compared amongst groups. 
The serum liver function index and expression levels of 
inflammatory factors in the BDL group and BDL+Dex group 
were higher compared with the sham group. The serum liver 
function index and expression levels of inflammatory factors 
were lower in the BDL+Dex group compared with the BDL 
group. The severity of hepatic injury was diminished in the 
BDL+Dex group compared with the BDL group. Compared 
with the sham group, the hepatocyte apoptosis rate increased 
significantly in the BDL group and BDL+Dex group. The 
present findings suggested that Dex improved the liver function 
of rats with OJ, reduced the production of inflammatory factors 
and inhibited the apoptosis of hepatocytes. Dex demonstrated 
a protective effect on liver damage potentially via activation 
of the phosphoinositide 3‑kinase/protein kinase B signaling 
pathway.

Introduction

Obstructive jaundice (OJ) is a common disease in clinical 
surgery. It can cause damage to various tissues and organs in 
the body with the most serious leading to hepatic injury. Studies 
have demonstrated that the accumulation of inflammatory 
factors in liver tissues and abnormal serum biochemical indexes 
are important causes of hepatic injury  (1‑3). However, the 
specific mechanism of hepatic injury caused by OJ remains not 
fully elucidated. An abnormal increase in hepatocyte apoptosis 
is currently considered to be the pathogenesis of hepatic atrophy 
caused by OJ (4,5). It has been reported that, due to endotoxin 
stimulation during OJ, Kupffer cells secrete a large number of 
inflammatory factors, such as tumor necrosis factor‑α (TNF‑α) 
and interleukin‑6  (IL‑6), which induce hepatocyte apop-
tosis (6,7). Hepatocyte apoptosis is a complex process involving 
multiple factors. Therefore, it is of great significance to better 
understand the mechanism of hepatocyte apoptosis for the 
prevention and treatment of hepatic injury caused by OJ.

Dexmedetomidine (Dex) is a new type of highly selective 
adrenergic receptor agonist that has been widely used in the 
clinic. Its molecular formula is C13H16N2 containing methyl 
and imidazole functional groups. Dex can bind the presynaptic 
α2 adrenoceptor, activate the negative feedback loop of the 
sympathetic response and reduce the release of norepinephrine, 
thereby inhibiting the sympathetic reflex and stress response, 
and maintaining homeostasis (8). It has been demonstrated 
that Dex can inhibit the inflammatory reaction induced by 
endotoxemia whilst also having a protective effect on organ 
tissues (9). Zhang et al (10) reported that Dex inhibited the 
release of inflammatory cytokines such as IL‑6 and TNF‑α, 
and alleviated local and systemic inflammatory reactions. 
Dex protects the lung via increasing the expression levels of 
protein kinase B (Akt) in acute lung injury tissues (11). The 
phosphoinositide 3‑kinase (PI3K)/Akt signaling pathway is 
widely present in cells, and is also one of the important path-
ways involved in the regulation of cell apoptosis. However, 
to the best of our knowledge, the effect and mechanism of 
Dex on hepatocyte apoptosis in an OJ rat model has not been 
reported. Therefore, the present study investigated an OJ rat 
model treated with Dex to observe the liver tissue inflamma-
tory reaction and hepatocyte apoptosis. The present findings 
provided the theoretical and experimental basis for Dex in 
treating hepatic injury caused by OJ.
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Materials and methods

Experimental animals. A total of 30 healthy male 8‑week‑old 
Sprague Dawley  (SD) rats (Shanghai SLAC Laboratory 
Animal Co., Ltd.) weighing 250±20 g each were raised in 
the Animal Experimental Center of the Affiliated Hospital of 
Inner Mongolia Medical University. The temperature of the 
housing area was 21±2˚C with a relative humidity of 30‑70% 
and light‑dark cycle of 12/12 h. Rats were fed three times a day. 
Rats were fasted for 12 h before surgery and had free access 
to water. The Animal Experimental Ethics Committee of the 
Affiliated Hospital of Inner Mongolia Medical University 
approved this research.

Establishment of the OJ rat model. All rats were fasted for 12 h 
prior to surgery with free access to water. The rats were anes-
thetized by intraperitoneal injection of 2% sodium pentobarbital 
(30 mg/kg). The abdominal cavity was ascended through the 
midline incision under aseptic operations, and the bile duct was 
found in the hepatoduodenal ligament. The bile duct was double 
ligated with 5‑0 silk thread at a distance of 0.8 cm from the 
hilum, and the incision was sutured layer by layer.

Experimental grouping. The SD rats were randomly divided 
into 3 groups: Sham group, bile duct ligation (BDL) group and 
BDL+Dex group, with 10 rats in each group. In the sham group, 
the bile ducts of the rats were isolated only and BDL was not 
implemented. The rats in BDL group underwent surgery to 
establish the OJ model. After successful construction, the rats 
were injected with saline via the tail vein. The rats in BDL+Dex 
group underwent surgery to establish the OJ model. After 
successful construction, the rats were injected with 100 µg/kg 
Dex via the tail vein once a day. After 1 week of intervention, 
the SD rats were anesthetized with intraperitoneal injection 
of 2% pentobarbital (30 mg/kg), and then sacrificed by spinal 
dislocations for subsequent experimentation.

Observation indexes. The serum liver function indexes, IL‑6 
and TNF‑α expression levels, liver pathological changes, hepa-
tocyte apoptosis rate, Akt expression levels, phosphorylation of 
Akt (p‑Akt; Thr308), caspase‑3 and cleaved‑caspase‑3 protein 
expression in liver tissues were compared among groups.

Serum liver function indexes. Following 1 week of interven-
tion, 2 ml of blood was taken from the tail vein of rats from 
each group, and the serum was separated via centrifugation 
at 1,500 x g for 10 min. The indexes of alanine aminotrans-
ferase  (ALT), aspartate aminotransferase (AST) and total 
bilirubin (TBIL) were detected by iMagic automatic biochem-
ical analyzer (China Shenzhen Kubel Biotechnology Co., Ltd.). 
Data were analyzed by iMagic Manager (version 1.0; China 
Shenzhen Kubel Biotechnology Co., Ltd.).

Expression levels of serum inflammatory cytokines IL‑6 and 
TNF‑α measured with ELISA. Following 1 week of interven-
tion, 2 ml of blood was taken from the tail vein of rats from 
each group. The serum was separated from the blood by centri-
fuging the blood at 4˚C and 1,000 x g for 5 min. The contents 
of IL‑6 (cat. no. PR6000B) and TNF‑α (cat. no. PRTA00) were 
detected by enzyme‑linked immunosorbent assay (ELISA) 

supplied by R&D Systems, Inc. and the operation procedure 
was strictly in accordance with the manufacturer's protocol.

Liver pathological changes following immunostaining. 
Following anesthesia, the livers from each group of rats were 
exposed along the original incision, then part of the liver 
tissue was removed and quickly stored in liquid nitrogen for 
later use. A selected portion of liver tissues was fixed with 4% 
paraformaldehyde solution at 4˚C for 12 h, and routine hema-
toxylin and eosin staining was applied after paraffin‑embedded 
5‑µm‑thick section. The sections were stained with hema-
toxylin for 3 min and eosin for 2 min at room temperature. 
The pathological structure of the liver tissues of each group 
was examined under a light microscope (magnification, x200).

Hepatocyte apoptosis rate using flow cytometry. Under aseptic 
operation, the shredded liver tissues were completely digested in 
0.3% type I collagenase digestive solution. The cells were then 
collected into a centrifuge tube using a 200 µm cell strainer 
and prepared into a single cell suspension with the concentra-
tion adjusted to lx106 cell/ml. The cell suspension of 100 µl was 
collected and 5 µl Annexin V‑fluorescein isothiocyanate and 
10 µl propidium iodide solution from FITC Annexin V Apoptosis 
Detection Kit I (cat. no. 556547; both BD Biosciences) were 
added. It was mixed evenly then incubated at room temperature 
for 15 min in the dark. Then 400 µl of PBS was added into the 
mixture, and the rate of hepatocyte apoptosis was measured via 
FACS Canto II flow cytometry (BD Biosciences). The hepato-
cyte apoptosis rate in each group was analyzed by Accuri™ C6 
software (version 6.2; BD Biosciences).

Expression levels of Akt, p‑Akt (Thr308), caspase‑3 and 
cleaved‑caspase‑3 protein in liver tissues measured by western 
blot analysis. The liver tissues were ground and lysed, and total 
protein was extracted from the liver tissues collected from each 
group of rats with the RIPA buffer (Sigma‑Aldrich) containing 
1% sodium deoxycholate and 0.1% SDS. The protein concen-
tration was determined using the bicinchoninic acid protein 
concentration assay kit (cat. no. P0012‑1; Beyotime Institute 
of Biotechnology). The protein samples were separated liver 
tissues were ground and lysed, Then electrophoresis separa-
tion was performed on protein samples (30 µg/lane) using 
SDS‑PAGE gel (5% spacer gel and 10% separation gel). The 
protein was transferred to polyvinylidene fluoride membrane 
via the enzyme‑linked immunoelectrotransfer blot method. 
The membranes were blocked using Τris-buffered saline‑T 
solution containing 5% skimmed milk powder at room temper-
ature for 2 h then incubated with primary antibodies against 
Akt (1:400; cat. no. sc‑5298; Santa Cruz Biotechnology, Inc.), 
p‑Akt (1:500; cat. no. sc‑33437; Santa Cruz Biotechnology, 
Inc.), cleaved‑caspase‑3 (1:700; cat. no. 9661S Cell Signaling 
Technology, Inc.), caspase‑3 (1:500; cat.  no.  sc‑271759; 
Santa Cruz Biotechnology, Inc.) overnight at 4˚C. Following 
washes with TBST, the membrane was incubated with a horse-
radish peroxidase‑labeled goat anti‑rabbit immunoglobulin G 
secondary antibody (1:600; cat. no. A0208; Beyotime Institute 
of Biotechnology) and incubated at  4˚C for 2  h; then the 
membrane was visualized using hypersensitive electrogen-
erated chemiluminescence reagent (Beyotime Institute of 
Biotechnology). ImageJ software (version  1.8.0; National 
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Institutes of Health) was used for quantitative analysis of the 
bands. GAPDH was used as an internal reference to compare 
the optical density values of the target bands in each group.

Statistical analysis. All data were analyzed using SPSS v.20.0 
statistical software (IBM Corp.) The count data were expressed 
as a percentage and the chi‑square test was used for compari-
sons amongst groups. The measurement data were expressed 
as mean ± standard deviation. The comparison between two 
groups was performed by independent sample t‑test, and the 
comparison of three groups was analyzed by one‑way analysis 
of variance with Bonferroni method as post hoc test. P<0.05 
was considered to indicate statistical significance.

Results

Dex treatment decreases the serum levels of ALT, AST and 
TBIL following BDL. Compared with the sham group, the 
serum levels of ALT, AST and TBIL in the BDL and BDL+Dex 
group increased significantly (P<0.001; Table I). However, 
compared with the BDL group, the serum levels of ALT, AST 
and TBIL in the BDL+Dex group decreased significantly 
(P<0.001; Table I).

Dex treatment decreases IL‑6 and TNF‑α levels. The expres-
sion levels of serum IL‑6 and TNF‑α in the rats of the BDL+Dex 
group were significantly lower compared with the BDL group 
(P<0.05; Fig. 1). The expression levels of IL‑6 and TNF‑α in 
rats of the BDL group and the BDL+Dex group were signifi-
cantly higher compared with the sham group (P<0.05; Fig. 1).

Dex treatment attenuates liver pathological changes following 
BDL. Optical microscopy demonstrated that there were no 
abnormal changes in the morphology of hepatocytes in the sham 
group with the structures of the hepatic lobule, portal area and 
central venous well defined (Fig. 2A). The hepatocytes of BDL 
group were significantly degenerated and necrotic with the 
hepatic lobule structure damaged and pseudo‑lobule formed. 
Inflammatory cells had also infiltrated the structure (Fig. 2B). 
The liver pathological changes in the BDL+Dex group were 
intermediate between the aforementioned two groups, as 
the damage to hepatocytes was improved, the arrangement 
of the hepatic cord was relatively neat and the structure of 
hepatic lobule was relatively clear. Only a small number of 
inflammatory cells had infiltrated the structure (Fig. 2C).

Dex treatment decreases apoptosis rate of hepatocytes 
following BDL. Flow cytometry demonstrated that the apop-
tosis rate of hepatocytes in the sham group was 3.25±0.54%. 
Compared with the sham group, the apoptosis rate of hepa-
tocytes in the BDL group and BDL+Dex group increased 
significantly (P<0.05; Fig. 3A‑C). However, compared with the 
BDL group (29.54±1.48%), the apoptosis rate of hepatocytes 
in the BDL+Dex group (16.24±1.18%) decreased significantly 
(P<0.05; Fig. 3).

Comparisons of Akt, p‑Akt, caspase‑3 and cleaved caspase‑3 
protein expression in liver tissues of rats. The levels of 
Akt, caspase‑3 and cleaved caspase‑3 in each group were 
expressed relative to the GAPDH control, while the levels 
of p‑Akt in each group were calculated relative to the total 

Table I. Comparison of liver function in each group.

Group	 ALT (U/l)	 AST (U/l)	 TBIL (µmol/l)

Sham group	 43.92±17.56	 138.72±32.57	 11.24±2.43
BDL group	 794.46±118.23a	 1,358.61±225.86a	 119.25±20.18a

BDL+Dex group	 271.31±97.85a,b	 537.91±180.42a,b	 64.07±12.29a,b

F‑test	 25.063	 28.725	 31.284
P‑value	 0.000	 0.000	 0.000

aP<0.001 vs. sham group; bP<0.001 vs. BDL group. Dex, dexmedetomidine; BDL, bile duct ligation; ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; TBIL, total bilirubin.

Figure 1. Dex treatment significantly reduces inflammatory cytokine expression following BDL. (A) IL‑6 expression levels and (B) TNF‑α expression levels 
measured using ELISA. *P<0.05 vs. sham group; #P<0.05 vs. BDL group. Dex, dexmedetomidine; BDL, bile duct ligation; IL‑6, interleukin‑6; TNF‑α, tumor 
necrosis factor‑α.
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Akt. Compared with the sham group, Akt and p‑Akt expres-
sion decreased in the BDL and BDL+Dex group, whilst the 
expression of caspase‑3 protein decreased significantly and 
the expression of cleaved caspase‑3 protein increased signifi-
cantly (P<0.05; Fig. 4). Compared with the BDL group, the 
Akt and p‑Akt expressions in the BDL+Dex group increased, 
whilst the expression of caspase‑3 protein increased signifi-
cantly and levels of cleaved caspase‑3 protein decreased 
significantly (P<0.05; Fig. 4).

Discussion

OJ is a common pathogenesis of many bile duct diseases and 
a relatively prevalent surgical disease; however, its aetiology is 
complicated. OJ causes accumulation of inflammatory factors 

such as TNF‑α and IL‑6 in liver tissues, and also infiltra-
tion of inflammatory cells such as neutrophils. This results 
in elevated hepatic function markers such as AST, ALT and 
TBIL, eventually leading to hepatic parenchyma injury and a 
decrease in hepatocytes (12,13). It has been demonstrated that 
a decrease of hepatocytes during OJ development is mainly 
caused by apoptosis due to cholestasis, mitochondrial dysfunc-
tion, reactive oxygen species and certain cytokines that can 
affect the process of apoptosis, but the specific mechanism is 
not clear (14‑16). Therefore, relieving biliary obstruction, alle-
viating the inflammatory reaction and inhibiting hepatocyte 
apoptosis are key to reducing hepatic damage in patients.

Dex is a novel highly selective adrenergic receptor agonist 
that displays strong intrinsic activity, short elimination 
half‑life and distribution half‑life (17). Recent studies have 

Figure 3. Dex treatment reduces rate of hepatocyte apoptosis following BDL. (A) Apoptosis rate of hepatocytes analyzed using flow cytometry in (A) sham 
group, (B) BDL group and (C) BDL+Dex group. (D) Comparison of apoptosis rate in each group. *P<0.05 vs. sham group; #P<0.05 vs. BDL group. Dex, dexme-
detomidine; BDL, bile duct ligation; PI, propidium iodide.

Figure 2. Dex treatment attenuates liver damage following BDL. (A) Hematoxylin and eosin staining of liver tissue specimens in the sham group demonstrated 
no abnormal changes in morphology of hepatocytes, and the structures of hepatic lobules, portal areas, and central veins were clear. (B) The hepatocytes of 
rats in the BDL group were significantly degenerated and necrotic, with the hepatic lobule structure damaged. A pseudo‑lobule (single arrow), and infiltrated 
inflammatory cells (double arrow) are highlighted. (C) The damage to hepatocytes in the BDL+Dex group was significantly improved, and hepatic cord 
arrangement was relatively neat. The structure of the hepatic lobule was relatively clear, and only a small amount of inflammatory cells had infiltrated. 
Dex, dexmedetomidine; BDL, bile duct ligation.
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demonstrated that Dex has protective effects on the heart, 
kidney, central nervous system, respiratory system and small 
intestine (18,19). Presently, the protective effects of Dex on 
hepatic injury have received increased attention. It has been 
reported that Dex can significantly stabilize hemodynamics 
and improve the quality of recovery in patients with OJ 
during anesthesia (20). Research into the effects of Dex in OJ 
is mainly focused on animal experimentation. For example, 
it has been identified that intraperitoneal injection of Dex 
can significantly reduce the oxidative stress indexes in a rat 
model of hepatic ischemia‑reperfusion whilst increasing the 
antioxidant capacity (21). Kucuk et al (22) reported that Dex 
could restore heat shock protein 60 and tumor protein p53 
in hepatocytes of rats with ischemia‑reperfusion injury and 
protect the liver from injury by regulating the expression of 
apoptosis‑related proteins. The results of the present study 
demonstrated that Dex could not only significantly improve 
the pathological morphology of liver tissues and the changes 
of hepatic function parameters ALT, AST and TBIL, but also 
inhibit the expression levels of serum inflammatory cytokines 
IL‑6 and TNF‑α in rats with OJ. The present findings indicated 
that Dex had a protective effect on hepatic injury caused by OJ 
through reducing the levels of serum inflammatory cytokines 
IL‑6 and TNF‑α, which is in agreement with the studies of 
Venn et al (23) and Wang et al (24).

Dex can exert cell survival effects by activating the PI3K/Akt 
signaling pathway (25). The caspase enzyme family is one of 
the important downstream effectors of the PI3K/Akt pathway. 
The process of apoptosis involves the cascade amplification 
reaction process of irreversible limited hydrolytic substrate 
of caspases, with caspase‑3 the most critical downstream 

apoptotic protease. It has been reported that the activation 
of PI3K/Akt leads to the phosphorylation of the proapoptotic 
protein Bcl‑2‑associated death promoter in nerve cells, the 
upregulation of the Inhibitior of apoptotis proteins levels, and 
the inhibition of the endogenous apoptotic pathway regulated 
by the Caspase cascade signal pathway, eventually exerting 
a cell protective effect (26). A study has demonstrated that 
100 ng/ml Dex can induce apoptosis of inflammatory cells 
by activating the caspase cascade reaction of neutrophils and 
other inflammatory cells, whilst 1 ng/ml Dex has no significant 
effect on apoptosis of neutrophils (27), indicating that Dex has 
dose dependent effects on cell apoptosis. The results of the 
present study determined that compared with the BDL group, 
the hepatocyte apoptosis rate in the OJ rat model following 
Dex treatment was significantly lower. The expression levels 
of Akt and p‑Akt in liver tissues of the BDL+Dex group were 
significantly increased, the expression of caspase‑3 protein 
was significantly higher, and the expression levels of cleaved 
caspase‑3 were significantly lower compared with the OJ 
rat model group. Findings suggested that Dex activated the 
PI3K/Akt signaling pathway, inhibited the activation level of 
caspase‑3, and reduced the apoptosis of hepatocytes.

In summary, OJ induced hepatocyte apoptosis in rats. 
Dex significantly improved the OJ‑induced injury of hepatic 
tissues and reduced hepatocyte apoptosis. It was hypothesized 
that Dex had a protective role potentially via activating the 
PI3K/Akt signaling pathway.
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