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Abstract. The present study aimed to explore the effects of 
dexmedetomidine combined with etomidate on the expression 
levels of interleukin (IL)‑17A and S‑100β in rats with postop‑
erative cognitive dysfunction (POCD). A total of 50 SD rats 
were randomly allocated into the control group, model group, 
etomidate group (Eto group), dexmedetomidine group (Dex 
group) and dexmedetomidine combined with etomidate 
group (Dex‑Eto group). Inhalation anesthesia was used in all 
five groups. Apart from the control group, partial lobectomy 
was performed to construct a rat model of cognitive dysfunc‑
tion. The rats of the model group received no intravenous 
anesthesia, except general anesthesia with intubation. Morris 
water maze test was performed before injection (T0), at the 
1st day (T1), the 3rd day (T2) and the 5th day (T3) after opera‑
tion to assess the memory ability of the rats. At the end of T3, 
the expression levels of IL‑17A, S‑100β, TNF‑α, IL‑6 and 
IL‑1β in serum were detected by ELISA and the expression 
of NF‑κB p65 by western blot analysis. Compared with the 
control group, the model group showed an increased escape 
latency and swimming distance, decreased number of times of 
crossing the platform and target quadrant residence time, and 
increased expression levels of IL‑17A, S‑100β, TNF‑α, IL‑6, 
IL‑1β and NF‑κB p65. Compared with the model group, the 
escape latency and swimming distance in the Dex, Eto and 
Dex‑Eto groups were reduced, whereas the number of times of 
crossing the platform and the target quadrant residence time 
were increased. In addition, the expression levels of IL‑17A, 
S‑100β, TNF‑α, IL‑6, IL‑1β and NF‑κB p65 were decreased 

in the Dex, Eto and Dex‑Eto groups, compared with the model 
group. Among the Dex, Eto and Dex‑Eto groups, the escape 
latency and swimming distance in the Dex‑Eto group were the 
shortest, the number of times of crossing the platform and the 
target quadrant residence time were the highest, and IL‑17A, 
S‑100β, TNF‑α, IL‑6, IL‑1β and NF‑κB p65 expression levels 
were the lowest. In conclusion, dexmedetomidine combined 
with etomidate can effectively improve POCD.

Introduction

Postoperative cognitive dysfunction (POCD) is one of the most 
common complications in patients undergoing general anes‑
thesia (1), whose clinical manifestations are usually progressive 
weakening of cognitive function, decline in self‑care ability, 
increased length of hospitalization and delayed recovery (2). 
POCD may also develop postoperative delirium with a risk 
of long‑term cognitive impairment (3). However, the patho‑
genesis and effective treatment for POCD remain unclear (4). 
Previous studies have shown that the expression levels of 
pro‑inflammatory cytokines, such as interleukin (IL)‑1β, 
IL‑6 and TNF‑α, are increased in patients with POCD (5‑7). 
Therefore, systemic inflammation induced by surgery may be 
the cause of POCD (8). IL‑17A is the first member of the IL‑17 
protein family, which can induce the secretion of pro‑inflam‑
matory cytokines to exacerbate inflammatory response (9). 
S‑100β protein is secreted by astrocytes in the central nervous 
system (CNS) (10). The high concentration of S‑100β in the 
serum suggests the damage of the brain and therefore can be 
used as a biomarker to assess the severity of brain damage (11).

Dexmedetomidine is a highly selective α‑2 adrenalin 
receptor with dose‑dependent sedative and hypnotic effects (12). 
Dexmedetomidine binds to the nicotinic acetylcholine receptor 
7 subunit to promote the release of acetylcholine, thereby 
suppressing the secretion of inflammatory cytokines (13,14). 
Dexmedetomidine has been reported to exert neuroprotective 
effects in early POCD animal models (2), thereby preventing 
POCD (15). It has been shown (16) that dexmedetomidine 
could improve the neuronal apoptosis caused by isoflurane in 
neonatal rats. In addition, Etomidate is a type of drug used for 
general anesthesia and sedation (17), which has the advantages 
of quick effect, short acting time and little effect on circulation. 
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According to Liu et al (18), etomidate inhibited the production 
of pro‑inflammatory cytokines in rat macrophages.

In the present study, a POCD rat model was constructed 
by partial hepatectomy in aged rats to observe the effect of 
dexmedetomidine combined with etomidate on the expression 
levels of IL‑17A and S‑100β, and evaluate the therapeutic 
effect of dexmedetomidine combined with etomidate, in order 
to provide future reference for clinical application.

Materials and methods

Main reagents and animals. Dexmedetomidine hydrochloride 
injection was purchased from Sichuan Guorui Pharmaceutical 
Co., Ltd. (approval no. H20110097; 2 ml/0.2 mg). Etomidate 
fat emulsion injection was purchased from Jiangsu Nhwa 
Pharmaceutical Co., Ltd. (approval no. H20020511; 
10 ml/20 mg). Rat IL‑17A (ELISA) kit was purchased from 
Abcam (item no. ab214028). Rat S‑100β protein (ELISA) kit 
was purchased from Abcam (item no. ab234573). TNF‑α, 
IL‑6 and IL‑1β (ELISA) kits were all purchased from Abcam 
(items no. ab236712, ab234570, ab255730). Rat tissue protein 
extract was purchased from Best Biotechnology Co., Ltd. 
(batch no. BB18011). BCA protein assay kit was purchased 
from Beyotime Institute of Biotechnology (batch no. P0012). 
NF‑κB Pathway Sampler kit, goat anti‑mouse IgG (H+L) and 
β‑actin were purchased from Shanghai Abcam. Morris water 
maze system was purchased from Beijing Zhongshi Dichuang 
Science and Technology Development Co., Ltd.

A total of 50 healthy male SD rats, 19‑23 months of age and 
weighing 510‑695 g, were acquired from Hunan Silaike Jingda 
Experimental Animal Co., Ltd. The study was approved by 
the Ethics Committee of Jiangxi Provincial People's Hospital 
Affiliated to Nanchang University (Nanchang, China) and 
all procedures were carried out in strict accordance to the 
Guidelines of the Nursing and Use of Laboratory Animals 
(published by the National Institutes of Health and revised 
in 1996; no. 85‑23) (19). It was confirmed that there was no 
obvious abnormal behavior in all the rats enrolled and the rats 
were randomly allocated to the control group, model group, 
etomidate group (Eto group), dexmedetomidine group (Dex 
group) and dexmedetomidine combined with etomidate group 
(Dex‑Eto group), with 10 rats in each group.

POCD model construction. All rats were maintained 
at 22‑23˚C, with a 12‑h light/12‑h dark cycle. All rats were 
fasted overnight before surgery with free access to water. After 
anesthesia with 2% sevoflurane, the rats in the five groups were 
ventilated and intubated with 1.5‑2% sevoflurane continuously. 
Dose conversion calculations between laboratory animals 
and humans were based on the FDA recommendation to use 
surface area standardization (20). Since the surface area per 
unit body area of rats is ~6 times that of a human body, the 
commonly used regimen for normal clinical dexmedetomi‑
dine sedation is load dose 1.0 g/kg (for ≥10 min), and thus, the 
rats were given 6.0 µg/kg (for ≥10 min); etomidate induced 
dose is 0.2 mg/kg, so the rats were given 1.2 mg/kg. The rats 
of the model group received no intravenous anesthesia, except 
general anesthesia with intubation, and no treatment was given 
in the control group. In the Dex group, 6 µg/kg dexmedeto‑
midine were injected intravenously for 10 min. In the Eto 

group, 1.2 mg/kg etomidate were injected intravenously for 
10 min. In the Dex‑Eto group, 6 µg/kg dexmedetomidine with 
1.2 mg/kg etomidate were injected intravenously for 10 min. 
Except for the control group, partial lobectomy was performed 
after 30 min in the rest of the four groups in order to construct 
the rat POCD model. The procedures were as follows: the rats 
were placed on a sterile pad. After sterilizing and removing 
part of the hair, the rats were subjected to longitudinal incision 
along the lower edge of the xiphoid process. The left lobe of 
the liver was separated, and part of the left lobe of the liver 
was removed. The incision was then soaked with 2% lidocaine 
and then sutured with thread so that the surgical procedure 
should be aseptically controlled. All these procedures should 
be completed within 30 min. Ventilation and appropriate 
temperature should be maintained at the end of the opera‑
tion. After the operation, the rats were placed in the previous 
feeding room and fed separately, and anti‑infection measures 
were taken.

Morris water maze test. Cognitive evaluation was performed 
using Morris water maze system 24 h after anesthesia. Morris 
water maze was a cylindrical pool, which was separated into 
four quadrants, all containing water. A quadrant platform was 
selected randomly.

Place navigation test: one day before the experiment, the 
aged rats became familiar with the environment in Morris 
system, so that they could learn to swim for a platform within 
120 sec. The rats that did not find the platform in 120 sec were 
guided to the platform to stay for 30 sec. Only rats that could 
swim were included in this experiment. Morris water maze 
test was carried out 24 h after anesthesia. The aged rats were 
randomly placed into water with their backs to the wall of 
the pool. The time spent in finding a fixed platform is called 
escape latency, and the escape latency and swimming distance 
of the rats were recorded. If the platform was not found within 
2 min, it was recorded as 120 sec.

Spatial probe test: the platform was removed from the 
water and the rats were placed in the water from any point in 
the corresponding quadrant of the platform area. The target 
quadrant residence time and the number of times of accurately 
crossing the platform within 2 min were recorded. The poorer 
the cognitive function, the longer the escape latency and the 
swimming distance, the less target quadrant residence time 
and times of crossing the platform.

ELISA detection. At the end of T3, tail vein blood samples 
(1 ml) of the rats in all five groups were collected and placed 
into anticoagulant tubes. The samples were centrifuged at 4˚C 
at 3x103 rpm for 30 min to collect the supernatant. The expres‑
sion levels of IL‑17A, S‑100β, TNF‑α, IL‑6 and IL‑1β in the 
supernatant were detected by the corresponding kit. All opera‑
tions were strictly carried out according to the manufacturer's 
instructions of the respective kit.

Detection of NF‑κB p65 protein expression by western blot 
analysis. At the end of T3, pentobarbital sodium (150 mg/kg 
body weight) was injected intraperitoneally until breathing 
and heartbeat stopped. The right hippocampus tissues (20 mg) 
were isolated from the rats, mixed with 100‑200 µl lysates and 
homogenized in a glass homogenator at 4˚C for 15 min, 1.2x104 
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rpm. The supernatant was taken. We used the BCA kit (Abcam) 
to detect protein concentration. SDS‑PAGE electrophoresis 
was used to distinguish the proteins before transferring to the 
nitrocellulose membrane, and then the proteins were blocked 
at room temperature for 1 h with 5% PBS solution. Next, 
NF‑κB p65 (1:1,000) was added and maintained overnight 
at 4˚C. Membranes were washed with PBS solution. This 
operation was repeated 3 times before a secondary antibody 
(HRP cross‑linking, 1:10,000) was added, and the mixture was 
allowed to stand at room temperature for 1 h. The membrane 
was finally washed with PBS solution and protein bands were 
visualized using an electrochemiluminescent substrate kit 
(cat. no. ab133406; Abcam). The internal reference protein 
was β‑actin. The relative protein expression of NF‑κB p65 was 
calculated: Relative expression level of protein=(gray value of 
protein band)/(gray value of β‑actin band). We used ImageJ 
(National Institutes of Health) to measure the gray value.

Statistical analysis. The experimental data were processed 
by SPSS 20.0 software package (AsiaAnalytics; formerly 
SPSS China) for statistical analysis. The measurement data 
were expressed as the mean ± SD and one‑way analysis of 
variance with Tukey's HSD post hoc test were used for their 
comparison. Pearson's correlation analysis was used to study 
the correlation of IL‑17A and S‑100β with NF‑κB p65, TNF‑α, 
IL‑6 and IL‑1β. The confidence interval was 95%. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Place navigation test. In order to investigate the effect of 
dexmedetomidine combined with etomidate on the cognitive 

function in rats with POCD, the place navigation test was 
used to assess the cognitive ability of the rats by recording the 
escape latency and swimming distance (Fig. 1). The shorter 
the escape latency or the longer the swimming distance, the 
stronger the cognitive function.

In the model group, the escape latency in the other four 
groups increased at T1, T2 and T3 compared with that at T0, and 
the difference was statistically significant (P<0.001). Compared 
with the control group, the escape latency in the model group 
increased during the same period, with statistical significance 
(P<0.01). Compared with the model group, the escape latency 
was reduced in the Dex, Eto and Dex‑Eto groups during the 
same period, among which the Dex‑Eto group presented the 
shortest time, and the difference was statistically significant 
(P<0.01) (Fig. 1A).

Compared with the control group, the swimming distance 
in the model group increased during the same period, but the 
difference was not statistically significant. Compared with 
the model group, there was no significant difference in the 
swimming distance in the Dex, Eto and Dex‑Eto groups, but 
the Dex‑Eto group presented the shortest swimming distance 
(Fig. 1B).

Spatial probe test. Spatial exploration experiments were 
performed to evaluate the cognitive function of the rats by 
recording the times the rats crossed the platform and the time 
of stay at the target quadrant (Fig. 2). The more times the rats 
crossed the platform or the longer the target quadrant stays, the 
stronger the cognitive function of the rats.

Compared with the control group, the number of times 
of crossing the platform and the target quadrant residence 
time in the model group decreased, and the differences were 

Figure 1. Place navigation experiment results of the Morris water maze test. (A) The escape latency and (B) swimming distance were measured and compared 
among the five groups. ***P<0.001, compared with T0 in the same group; ##P<0.01, compared with the control group at the same time; ▲▲P<0.01, compared with 
the model group at the same time.

Figure 2. Results of spatial probe test. (A) The number of times of crossing the platform was measured in each group. (B) The target quadrant residence time 
in each group was recorded. **P<0.01 and ***P<0.001, compared with the control group; #P<0.05, ##P<0.01 and ###P<0.001, compared with the model group.
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statistically significant (P<0.001). Compared with the model 
group, the number of times of crossing the platform and the 
target quadrant residence time increased in the Dex, Eto and 
Dex‑Eto groups during the same period, among which the 
Dex‑Eto group presented the highest frequency of crossing the 
platform and the longest residence time in the target quadrant, 
and the differences were statistically significant (P<0.05) 
(Fig. 2).

Expression levels of IL‑17A and S‑100β. Since IL‑17A and 
S‑100β undergo significant changes during the POCD process, 
the levels of IL‑17A and S‑100β in serum and brain tissue of 
rats were detected. The higher the IL‑17A, the more obvious 
the inflammatory response in rats. The higher the S‑100β, the 
more severe the brain damage in rats.

Compared with the control group, the expression levels of 
IL‑17A and S‑100β in the model group increased significantly 
(P<0.001). Compared with the model group, the expression 
levels of IL‑17A and S‑100β decreased in the Dex, Eto and 

Dex‑Eto groups, among which the IL‑17A and S‑100β expres‑
sion levels in the Dex‑Eto group were the lowest, and the 
differences were statistically significant (P<0.05) (Fig. 3).

Expression levels of TNF‑α, IL‑6 and IL‑1β. In addition to 
assessing the inflammatory response using IL‑17A levels, the 
three common pro‑inflammatory cytokines TNF‑α, IL‑6 and 
IL‑1β were also detected.

The expression levels of TNF‑α, IL‑6 and IL‑1β increased 
in the model group compared with those in the control group, 
with statistically significant differences (P<0.001). Compared 
with the model group, TNF‑α, IL‑6 and IL‑1β expression 
levels decreased in the Dex, Eto and Dex‑Eto groups, of 
which the expression levels in the Dex‑Eto group were the 
lowest, and the differences were statistically significant 
(P<0.01) (Fig. 4).

Expression of NF‑κB p65. The NF‑κB pathway is closely 
related to the inflammatory response, so the detection of the 

Figure 4. TNF‑α, IL‑6 and IL‑1β expression levels in each group. The expression levels of (A) TNF‑α, (B) IL‑6 and (C) IL‑1β were detected by ELISA at the 
5th day after operation. ***P<0.001, compared with the control group; ##P<0.01 and ###P<0.001, compared with the model group. IL, interleukin.

Figure 3. IL‑17A and S‑100β expression levels in each group. The expression levels of (A) IL‑17A and (B) S‑100β were detected by ELISA at the 5th day after 
operation. ***P<0.001, compared with the control group; #P<0.05 and ##P<0.01, compared with the model group. IL, interleukin.
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expression of NF‑κB pathway‑associated protein p65 is also 
helpful in understanding the mechanism by which dexmedeto‑
midine combined with etomidate affects the inflammatory 
response.

Compared with the control group, the expression of NF‑κB 
p65 in the model group significantly increased (P<0.001). 
Compared with the model group, the expression of NF‑κB p65 
in the Dex, Eto and Dex‑Eto groups significantly decreased 
during the same period, with the lowest expression in the 
Dex‑Eto group (P<0.01) (Fig. 5).

Correlation of IL‑17A and S‑100β expression levels with NF‑κB 
p65, TNF‑α, IL‑6 and IL‑1β. Since IL‑17A, S‑100β, NF‑κB 
p65, TNF‑α, IL‑6 and IL‑1β all changed during POCD, the 
correlation of IL‑17A and S‑100β with p65, TNF‑α, IL‑6 and 
IL‑1β in the model group was analyzed. The results revealed 
that IL‑17A and S‑100β were positively correlated with p65, 
TNF‑α, IL‑6 and IL‑1β (Fig. 6), suggesting that a decrease in 
IL‑17A and S‑100β may cause decrease in p65, TNF‑α, IL‑6 
and IL‑1β expression levels.

Discussion

POCD is one of the most common postoperative complica‑
tions in elderly patients (21). Tissue damage during surgery 
stimulates the peripheral immune system activation and 
causes cytokine cascade and release of inflammatory 

mediators (22). IL‑17 protein family coordinates local tissue 
inflammation by inducing the release of pro‑inflammatory 
cytokines and neutrophil‑mobilizing cytokines (23). S‑100β 
plays an important role in the normal development and injury 
recovery of CNS (24). For patients with brain injury caused 
by symptoms, the concentration of S‑100β protein in blood 
and cerebrospinal fluid increases (25). Mercier et al (11) have 
suggested that S‑100β could be used to assess the degree 
of brain injury and to determine the long‑term prognosis in 
patients with moderate and severe traumatic brain injury. In 
the present study, dexmedetomidine combined with etomidate 
was administered to aged rats with POCD and the therapeutic 
effect of dexmedetomidine combined with etomidate was 
evaluated by the expression levels of IL‑17A and S‑100β in 
aged rats.

Morris water maze test revealed that the cognitive function 
of aged rats with POCD was impaired, while restored to some 
extent after dexmedetomidine treatment. Xiong et al (26) 
studied the effect of dexmedetomidine on POCD aged rats and 
showed that the rats treated with dexmedetomidine presented 
a certain degree of cognitive recovery in water maze test, 
which was consistent with the findings presented in this study. 
It is worth mentioning that the present study also explored the 
performance of dexmedetomidine alone and dexmedetomi‑
dine combined with etomidate using water maze test, and the 
results demonstrated that the combination of dexmedetomi‑
dine and etomidate has a better therapeutic effect. This may be 

Figure 5. Expression of NF‑κB p65 in each group. **P<0.01 and ***P<0.001, compared with the control group; #P<0.05 and ###P<0.001, compared with the model 
group.

Figure 6. Pearson's correlation analysis. (A) IL‑17A and (B) S‑100β were positively correlated with TNF‑α, IL‑6, IL‑1β and NF‑κB p65 in the model group. 
IL, interleukin.
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due to the fact that both dexmedetomidine and etomidate can 
protect the brain to some extent (27,28).

In addition, the test results revealed that the expression 
levels of TNF‑α, IL‑6 and IL‑1β were increased in aged rats 
with POCD, whereas decreased after drug treatment. The 
lowest expression levels in Dex‑Eto group indicated that 
compared with the simple treatment with dexmedetomidine 
alone, dexmedetomidine combined with etomidate had more 
significant inhibition on inflammatory cytokines. In the study 
of Wang et al (4), dexmedetomidine was reported to be able 
to reduce TNF‑α, IL‑6, IL‑1β and other expression levels, and 
thus reduce inflammation; whereas Liu et al (18) reported that 
etomidate could inhibit the production of pro‑inflammatory 
cytokines in rat macrophages, so dexmedetomidine and etomi‑
date may play a joint role in downregulating TNF‑α, IL‑6 and 
IL‑1β without eliminating each other.

Furthermore, as IL‑17A may be involved in the process 
of brain injury (29) and S‑100β can be used to evaluate the 
degree of brain injury (11), the expression levels of IL‑17A 
and S‑100β in each group were compared in the present study. 
The results revealed that the expression levels of IL‑17A and 
S‑100β in aged rats with POCD increased, but decreased 
after drug treatment. The IL‑17A and S‑100β expression 
levels in the Dex‑Eto group were the lowest, indicating that 
the inhibition effect of dexmedetomidine combined with 
etomidate on IL‑17A and S‑100β was the most obvious. 
Yang et al (29) reported that anti‑IL‑17A treatment could 
improve neuroinflammation and oxidative stress, thereby 
relieving cognitive dysfunction in aged rats, and it was also 
believed that this mechanism was involved in the reduction of 
NF‑κB pathway. On this basis, the expression of NF‑κB p65 
in the hippocampus of each group was studied, and the results 
indicated that the expression of NF‑κB p65 was increased in 
the hippocampus of aged rats with POCD in Morris water 
maze test, but decreased after drug treatment, with that of the 
Dex‑Eto group being the lowest. This may be due to the fact 
that dexmedetomidine and etomidate co‑inhibit NF‑κB in 
order to alleviate inflammation (18,30), with no elimination 
effect on each other. In addition, by analyzing the correla‑
tion of the above factors, it was shown that the decrease of 
IL‑17A and S‑100β may cause the decrease of NF‑κB p65, 
TNF‑α, IL‑6 and IL‑1β. Therefore, the treatment of IL‑17A 
and S‑100β with dexmedetomidine combined with etomidate 
can alleviate the condition of rats with POCD.

In the present study, the combined treatment with 
dexmedetomidine and etomidate in aged rats with POCD 
was investigated, and its effects on IL‑17A and S‑100β were 
explored. However, the test results concerning the expression 
levels of IL‑17A and S‑100β were only collected at the end of 
T3, without the reference results of T1 and T2. Thus, the dynamic 
effects of dexmedetomidine combined with etomidate on 
IL‑17A and S‑100β remain to be further investigated. The 
purpose of this study was to explore the changes in IL‑17A and 
S‑100β. Therefore, only the changes of NF‑κB were detected by 
western blot analysis, and the immunofluorescence analysis of 
NF‑κB was not considered. This is the limitation of the present 
study. Since dexmedetomidine and etomidate can be used to 
regulate the expression of p65, NF‑κB will be systematically 
analyzed in our future studies. The effect of NF‑κB nuclear 
translocation will be the aim of our future experiments.

In conclusion, compared with the simple treatment with 
dexmedetomidine or etomidate, dexmedetomidine combined 
with etomidate has a better therapeutic effect on aged rats with 
POCD, which can effectively improve cognitive dysfunction 
and alleviate stress inflammation.
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