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Abstract. Dexmedetomidine (DEX) has been hypothesized 
to possess anti-oxidative properties that may mitigate the 
damage caused by ischemia-reperfusion (IR) injury. The 
aim of the present study was to examine the effects of DEX 
on intestinal contractile activity, inflammation and apop-
tosis following intestinal IR injury. Intestinal IR injury 
was induced in rats by complete occlusion of the superior 
mesenteric artery for 60 min, followed by a 60-min reperfu-
sion period. Rats received an intraperitoneal injection of 
25 µg/kg DEX at 30 min prior to the mesenteric IR injury. 
Following reperfusion, segments of the terminal ileum were 
rapidly extracted and transferred into an isolated organ bath. 
The contractile responses to receptor-mediated acetylcholine 
(Ach) and non-receptor-mediated potassium chloride (KCl) 
were subsequently examined. Nitric oxide (NO) levels were 
determined and the expression levels of tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, Bax and Bcl-2 were measured 
using an enzyme-linked immunosorbent assay. The levels 
of telomerase and caspase-3 were determined using reverse 
transcription-quantitative polymerase chain reaction. The 
results indicated that DEX treatment produced a significant 
reduction in the IR-induced contractile response to Ach and 
KCl in the intestinal tissue. Furthermore, DEX appeared to 
significantly ameliorate intestinal IR injury, in addition to 
reducing the production of NO. Similar reductions were 
observed in the intestinal expression levels of TNF-α and 
IL-6. In addition, DEX treatment resulted in a reduction in 
the expression levels of Bax in the intestinal tissues, while 
increasing those of Bcl‑2, in addition to significantly increasing 
the mRNA levels of telomerase and caspase-3. Therefore, 
the present study indicated that NO, TNF-α and IL-6 may 
partially contribute to the pathogenesis of intestinal IR injury 

in addition to the increased expression levels of Bax, Bcl-2, 
telomerase and caspase‑3. These findings suggest that DEX 
possesses beneficial anti-apoptotic and anti-inflammatory 
effects in intestinal tissue following bowel injury.

Introduction

Intestinal ischemia-reperfusion (IR) is a common symptom of 
various diseases, including acute mesenteric ischemia, small 
bowel transplantation, abdominal aortic aneurysm, hemor-
rhagic, traumatic or septic shock and severe burn wounds (1). 
Numerous mediators and processes are involved in the 
pathogenesis of IR-induced intestinal injury, including reac-
tive oxygen/nitrogen species, pro‑inflammatory cytokines 
and leukocyte adhesion/infiltration (2-3). It is established 
that apoptosis and inflammation are increased significantly 
during IR in the gut and may serve key functions in the patho-
genesis of IR-induced intestinal injury. Intestinal IR models 
have been used frequently in the study of apoptosis (4). There 
is a requirement for the identification of experimental agents 
that may be administered as adjunctive therapy to surgery 
in order to mitigate intestinal IR injury (5-7). However, 
these experimental agents may not be administrable during 
surgery or in the intensive care unit (ICU) (8). Therefore, the 
effects of anesthetic and sedative agents on IR injury may 
be significant factors in patient outcomes and thus require 
further study.

Dexmedetomidine (DEX) is a potent and selective α2 
adrenergic receptor agonist. Clinically, DEX has been used 
as an adjunct to anesthesia, analgesia and ICU sedation (9). 
In addition, DEX offers good perioperative hemodynamic 
stability and reduces intraoperative anesthetic requirements; a 
number of prior studies have demonstrated that DEX reduces 
intestinal IR injury (10,11). However, the effects of DEX on 
IR-associated reduced contractility of intestinal smooth muscle 
remains unclear, and there are a limited number of studies 
addressing the effects of DEX on apoptosis and inflammation 
in IR-induced intestinal injury.

The aim of the present study was to investigate the effects 
of DEX on intestinal contractile activity, inflammation and 
apoptosis in a rat model of IR-induced intestinal injury. These 
effects were examined via the evaluation of acetylcholine 
(Ach) and potassium chloride (KCl)-induced contractile 
responses. In addition, the protein levels of nitric oxide (NO), 
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tumor necrosis factor (TNF)-α, interleukin (IL)-6, Bax and 
Bcl-2, and the mRNA expression levels of telomerase and 
caspase-3 were determined.

Materials and methods

TNF‑α and IL‑6 enzyme‑linked immunosorbent assay 
(ELISA). ELISA kits were purchased from Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China) and all other 
reagents were purchased from commercial sources.

Animals. Male Sprague-Dawley rats (age range, 2-2.5 months) 
were purchased from the animal facility of Qingdao Medical 
University, Qingdao, China. The present study was approved 
by the local Medical Ethics Committee of Qingdao Women 
and Children's Hospital, Qingdao, China. Rats were reared 
under standard laboratory conditions (22±2˚C, 60±10% rela-
tive humidity and a 12-h light-dark cycle) and had free access 
to food and water, but fasted overnight prior to the experiments.

Induction of IR injury. Rats were anesthetized intraperitone-
ally (i.p.) with ketamine (100 mg/kg; Sigma-Aldrich, St. Louis, 
MO, USA) and chlorpromazine (0.75 mg/kg; Sigma-Aldrich). 
Following induction of anesthesia, the abdomen was opened 
with a midline abdominal incision. Intestinal IR injury was 
produced by complete occlusion of the superior mesenteric 
artery followed by a period of reperfusion. The superior 
mesenteric artery was clamped for 60 min. Following 60 min of 
ischemia, the vascular clamp at the superior mesenteric artery 
was removed and three drops of 2% lidocaine (Sigma‑Aldrich) 
were applied directly to the superior mesenteric artery to 
facilitate reperfusion. Blood circulation was restarted for a 
60-min reperfusion period. Following the reperfusion period, 
the rats were euthanized with an overdose of ketamine 
(200 mg/kg) and chlorpromazine (1 mg/kg). A 20-cm incision 
was made 1 cm distal to the ileocecal junction. The internal 
cavity was exposed and feces were cleaned, then washed with 
phosphate-buffered saline (PBS; Sigma-Aldrich) and dried. A 
mucosal smear of the small intestine was collected with a glass 
slide.

Experimental protocol. Rats were selected at random and 
divided into three groups (n=10 in each group) as follows: 
Sham group rats underwent an abdominal incision and their 
organs were exposed for 120 min, but without clamping of 
the mesenteric artery, in order to distinguish the differences 
between the effects of intestinal IR and those of non‑specific 
surgical stress; IR group rats received an i.p. injection of 
normal saline (10 ml/kg) 30 min prior to the intestinal IR; and 
IR + DEX group rats received an i.p. injection of 25 µg/kg 
DEX dissolved in normal saline 30 min prior to the intestinal 
IR. The dose of DEX administered was based on a previous 
study (10).

The animals in the IR and IR + DEX groups, to which 
normal saline or DEX were applied, were euthanized 2.5 h 
after the injections. The sham group rats were euthanized 2 h 
after the sham operation in order to imitate the conditions 
of the rats in the IR group. Subsequent to the experiments, 
samples from the jejunum were collected from the animals for 
examination. Immediately following euthanasia, the rat intes-

tinal tissues were rapidly removed and cleaned with PBS and 
frozen in liquid nitrogen (Tiangen Biotech Co. Ltd.,  Beijing, 
China). Tissues were homogenized (10% wt/vol) in ice-cold 
10 mM phosphate buffer (pH 7.4), sonicated (Ultrasonic 
Instruments, Misonix, MI, USA) on ice for 15 sec and centri-
fuged at 3,000 x g for 20 min. The resulting supernatants were 
collected for biochemical assays.

Preparation of terminal ileum. Ileal longitudinal muscle 
contractile activity was evaluated in isolated ileal segments 
following 1-h reperfusion in an organ bath (12). Strips of 
longitudinal muscle were removed 1 cm cephalad of the ileo-
cecal junction. Strips were longitudinally suspended under a 
2-g load in an organ bath containing 20 ml Kreb's solution (in 
mM: NaCl, 118.5; KCl, 4.8; KH2PO4, 1.2; MgSO4.7H2O, 1.2; 
CaCl2, 1.9; NaHCO3, 25; and glucose, 10.1). The solution was 
continually gassed with a mixture of 5% CO2 and 95% O2 and 
maintained at 3˚C. After 60‑min equilibration with a 2‑g load, 
Ach was added to the organ bath fluid at a final concentration 
of 10-6 M. Following 60-min equilibration with a 2-g load, KCl 
was added to the organ bath separately at a final concentra-
tion of 30 mM, in order to measure changes in the contractile 
responses of the samples. In the preparation of high K+ solu-
tions, NaCl was exchanged for equimolar amounts of KCl, in 
order to maintain the physiological osmolarity of the Kreb's 
solution. Drugs were prepared daily in distilled water and 
stored in ice during the course of the experiments. Isometric 
force was monitored with an external force displacement 
transducer using a BL-420F Data Acquisition & Analysis 
System (Chengdu Taimeng Science and Technology Co., Ltd., 
Chengdu, China).

Measurement of NO levels. The tissue levels of nitrite (NO2
-) 

and nitrate (NO3
-) were measured in order to estimate NO 

production, as NO2
- and NO3

- are stable NO oxidative metabo-
lites. Quantification of NO2

- and NO3
- was based on the Griess 

reaction, in which a chromophore with a strong absorbance 
at 550 nm is formed by the reaction of NO2

- with a mixture 
of 0.01% naphthyl ethylenediamine, 1% sulfanilamide and 5% 
H3PO4 (5,7,8). The results are expressed as µmol/g protein.

ELISA analysis of IL‑6, TNF‑α, Bcl‑2 and Bax levels. IL-6, 
TNF-α, Bcl-2 and Bax expression levels in the intestinal 
tissues were detected using commercial ELISA kits (Tiangen 
Biotech). The association between optical density (OD) and 
cytokine concentration was defined using the standard curve 
according to the manufacturer's instructions. These expression 
levels are expressed as pg/ml.

Reverse transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis of telomerase and caspase‑3. Total 
RNA from the jejunum was isolated using TRIzol reagent 
(Gibco Life Technologies, Carlsbad, CA, USA) according to 
the manufacturer's instructions (13). RNA was quantified by 
measuring the OD at 260 nm and reverse transcribed into 
single-stranded cDNA using a RevertAid H Minus First 
Strand cDNA Synthesis kit (#K1632; Thermo Fisher Scientific, 
Pittsburgh, PA, USA). The cDNA was amplified for 35 cycles 
in order to maintain the PCR product in the linear range. 
The PCRs were performed at 94˚C for 5 min, followed by 
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35 cycles at 94˚C for 30 sec, annealing at the corresponding 
temperature (Table I) for 30 sec and 72˚C for 30 sec, and a 
final extension at 72˚C for 8 min. PCR was performed using 
a Golden Easy PCR System (#KT221; Tiangen Biotech) with 
gene‑specific primers for β-actin, telomerase and caspase-3 
(Table I). β‑Actin was used as an internal control to confirm 
mRNA integrity. The identities of all PCR products were 
confirmed by size, based on the known length of the DNA 
sequence on 1% agarose gel (Tiangen Biotech) stained by 
ethidium bromide (Tiangen Biotech). The OD was analyzed 

using a GeneSnap system (version 2.0; Syngene, Frederick, 
MD, USA).

Statistical analysis. Values are expressed as the mean ± stan-
dard error. One-way analysis of variance was used, followed 
by Fisher's least‑significant difference test for the homogeneity 
testing of variance (Levene's test). Data were analyzed using 
Dunnett's T3 test for the heteroscedasticity of variance test. 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were conducted using SPSS 
software, version 13.0 for Windows (SPSS, Inc., Chicago, IL, 
USA).

Results

DEX inhibits IR‑induced attenuation of ileal longitudinal 
muscle contractility. The contractile responses induced by Ach 
were significantly inhibited by the induction of IR (P<0.01; 
Fig. 1A). Administration of DEX at a dose of 25 µg/kg resulted 
in a significant reduction in the inhibition of contractility 
observed due to IR (P<0.05).

The addition of KCl at a final concentration of 30 mM into 
the organ bath fluid resulted in the contraction of the terminal 
ileum segment (Fig. 1B). The contraction obtained from the 
tissues of rats in the IR group was reduced compared with 
the sham group rats (P<0.01). The contractile response of the 
IR + DEX group rats following treatment with 30 mM KCl 
was similar to that of the rats in the sham group. The adminis-
tration of DEX (25 µg/kg) to the IR + DEX group resulted in 

Figure 2. NO production in the three groups. A significant increase in NO 
levels was observed in the IR group compared with the sham group. By 
contrast, DEX preconditioning induced a marked reduction in NO levels 
compared with the IR group. Data are expressed as the mean ± standard 
error (n=10). ##P<0.01 vs. the sham group and *P<0.05 vs. the IR group. No 
significant difference was observed between the sham and DEX groups. NO, 
nitric oxide; DEX, dexmedetomidine; IR, ischemia-reperfusion.

Figure 1. Effect of DEX on contraction response of smooth muscle to (A) 10-6 M Ach and (B) 30 mM KCl in an intestinal IR model. Data are expressed as the 
mean ± standard error (n=10). ##P<0.01 vs. the sham group and *P<0.05 vs. the IR group. No significant difference was observed between the sham and DEX 
groups. DEX, dexmedetomidine; Ach, acetylcholine; KCl, potassium chloride; IR, ischemia-reperfusion.

  A   B

Table I. Primer sequences for mRNA fragments amplified by quantitative polymerase chain reaction.

Gene Primer sequences

Human telomerase reverse transcriptase 5'-GCAGAATTCATGCCAGGGACTCCCCGCAGGTTG-3'
 5'-CGGGTCGACTTACTCGTAGTTGAGGACGCTGAAC-3'
Caspase-3 5'-TGTCGATGCAGCTAACC-3'
 5'-GGCCTCCACTGGTATCTTCTG-3'
β-Actin 5'-GGAAATCGTGCGTGAC-3'
 5'-GGAAGGTGGACAGTGAG-3'
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an amelioration of the KCl-induced contractile response in the 
ischemic tissue (P<0.05).

DEX reduces IR‑induced increase in intestinal NO levels. 
The concentrations of NO in intestinal tissues of the groups 
are presented in Fig. 2. A significant increase in NO levels 
was observed in the IR group compared with the sham group 
(P<0.01). By contrast, the IR + DEX group exhibited a notable 
reduction in NO levels compared with the IR group (P<0.05).

Levels of TNF‑α, IL‑6 and protein expressions of Bax and 
Bcl‑2 on intestinal IR injury. To further assess intestinal 
IR injury, levels of TNF-α, IL-6, Bax and Bcl-2 were also 
analyzed (Fig. 3). Compared with the sham group, the expres-
sion levels of TNF-α, IL-6 (P<0.05) and Bax (P<0.01) were 
significantly increased in the IR group rats; and this increase 

was significantly inhibited in the IR + DEX group rats 
(P<0.05). Furthermore, a reduction in tissue Bcl-2 level was 
observed following intestinal IR injury. The Bcl-2 content was 
significantly higher in the IR + DEX treated group compared 
with the IR group (P<0.05). These results indicate that the 
DEX pretreatment markedly attenuated intestinal IR injury.

DEX suppresses the IR injury‑induced increase in levels 
of telomerase and caspase‑3 in the jejunum. The effects 
of DEX on intestinal cell survival following IR injury 
were investigated by analyzing the transcriptional levels of 
associated genes (telomerase and caspase-3) following DEX 
pretreatment. The mRNA expression levels of telomerase and 
caspase-3 were enhanced in the IR group compared with the 
sham group (P<0.05; Fig. 4). Pretreatment with DEX resulted 
in a significant reduction in the mRNA expression levels 

Figure 3. Effects of DEX administration on (A) TNF-α, (B) IL-6, (C) Bax and (D) Bcl-2 content in the small intestine. Data are expressed as the mean ± stan-
dard error (n=10). #P<0.05, ##P<0.01 vs. the sham group and *P<0.05 vs. the IR group. No significant difference was observed between the sham and DEX 
groups. DEX, dexmedetomidine; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6; IR, ischemia-reperfusion.

  A   B

  C   D

Figure 4. Effects of DEX on IR-induced mRNA expression of (A) caspase-3 and (B) telomerase in the small intestine measured by quantitative polymerase 
chain reaction. Data are expressed as the mean ± standard error (n=10). #P<0.05 vs. the sham group and *P<0.05 vs. the IR group. No significant difference was 
observed between the sham and DEX groups. DEX, dexmedetomidine; IR, ischemia-reperfusion.

  A   B
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of telomerase and caspase-3 compared with the IR group 
(P<0.05).

Discussion

The present study evaluated the effects of DEX pretreatment 
in small intestinal tissue with IR-induced injury. The results 
demonstrated that intestinal IR damage led to a reduction 
in ileal contractility in response to Ach (receptor-mediated) 
and KCl (non-receptor-mediated) induction. Administration 
of 25 µg/kg DEX appeared to mitigate this reduction in 
contractile response. Intestinal IR induces an inflammatory 
response within the area of muscle cells that results in the 
recruitment and extravasation of leukocytes into the smooth 
muscle syncytium (14). Reactive oxygen species and inflam-
matory leukocytes are reportedly involved in the progression 
of intestinal IR-induced remote organ injury (15). NO, as a 
toxic metabolite, may serve a key function in the initiation of 
intestinal mucosal injury (15). NO is beneficial as a messenger 
or modulator; however, under conditions such as oxidative 
stress, NO is potentially toxic. High levels of exogenous NO 
exert a cytopathic effect on the intestine that increases the 
extent of mucosal injury (15-17). Potoka et al (15) suggested 
that peroxynitrite may be able to induce enterocyte apoptosis 
via a number of mechanisms, including the inhibition of 
mitochondrial function, adenosine triphosphate depletion, 
activation of caspases via cytochrome c, mitochondrial 
release of apoptosis-activating factor-1 and the activation of 
poly(ADP-ribose) synthetase. Additionally, peroxynitrate may 
influence the inhibition of enterocyte proliferation and differ-
entiation in the intestinal crypts by interfering with tyrosine 
kinase signaling cascades. NO, through its toxic metabolite 
peroxynitrite, serves a major role in the initiation of intestinal 
mucosal injury in clinical conditions associated with sustained 
inducible NO synthase upregulation in the gut (16,17). In the 
present study, NO levels of the IR group rats were significantly 
higher compared with the sham group rats. In addition, the 
NO levels of the IR + DEX group were significantly reduced 
compared with the IR group. Thus, the results indicated that 
NO is a critical mediator of the inflammatory response during 
the development of intestinal injury, and that DEX signifi-
cantly reduces intestinal tissue levels of NO.

Previous studies have demonstrated that DEX inhibits the 
expression of a number of inflammatory mediators, including 
NO, prostaglandin E2, TNF-α and IL-6 (18). In previous studies, 
treatment with DEX led to a reduction in the expression levels 
of TNF-α in ischemic hippocampal tissue, and a reduction 
of the TNF-α and IL-6 concentrations in endotoxin-exposed 
rats (19,20). Furthermore, a prior study demonstrated a similar 
reduction in TNF-α and IL-6 levels in an experimental spinal 
cord injury (21). These experimental data were supported 
by clinical studies demonstrating reduced TNF-α and IL-6 
levels in critically ill patients with sepsis or postoperative 
major surgery (22,23). Therefore, the anti-inflammatory 
effects of DEX may be responsible for the prevention of the 
mesenteric artery occlusion induced by IR injury. The results 
of the current study indicated that intestinal IR injury triggers 
the production of pro‑inflammatory cytokines and that DEX 
pretreatment prevents this production. Intestinal IR injury has 
been demonstrated to induce a significant increase in IL‑6 

levels in intestine samples, which is consistent with the results 
of the present study. Furthermore, the results of the present 
study are consistent with prior studies (19), suggesting that 
DEX exhibits anti‑inflammatory effects.

In addition, the present study suggests that DEX exerts 
a protective and anti-apoptotic effect against intestinal 
ischemic injury. To the best of our knowledge, there are no 
previous studies regarding the effects of DEX on apoptosis 
in IR-induced intestinal injury. Proteins of the Bcl-2 family, 
as anti-apoptotic proteins, induce and integrate cell survival 
and death signals, associated with apoptosis in cells. By 
contrast, the increased expression of the pro-apoptotic protein 
Bax mediates an enhanced rate of apoptosis. In the present 
study, the expression levels of Bax and the labeling index of 
caspase-3, a key caspase in the apoptotic pathway, were mark-
edly reduced in the intestinal tissues of the IR + DEX group 
rats. Upregulation of Bcl-2 and DEX, however, downregulated 
the expression of Bax.

The expression levels of telomerase reverse transcriptase 
(TERT) significantly increase following stimulation of the 
cerebellar fastigial nucleus (FN). TERT may bind to Bax and 
inhibit Bax-mediated apoptosis by suppressing the mitochon-
drial relocalization of Bax from the cytosol (24). Telomerase 
is an enzyme that adds a six-base DNA repeat sequence (TTA 
GGG) to chromosome ends and thereby prevents their short-
ening during successive rounds of mitosis (25). In the present 
study, IR induced telomerase activity in rat intestine samples. 
RT-qPCR analyses demonstrated that the mRNA expression 
levels of telomerase and caspase-3 were significantly reduced 
in the DEX group compared with the IR group. These results 
indicate that DEX treatment may inhibit IR-induced damage 
by modulating the expression of telomerase and caspase-3.

In conclusion, the protective effects of DEX in 
the intestine may be due to its anti-inflammatory and 
anti-apoptotic properties. The results of the present study 
indicated that the downregulation of telomerase and caspase-3 
mRNA may be involved in the protective effect of DEX against 
IR-induced damage. Further studies are required to clarify the 
possible mechanisms underlying this protective effect.
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