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Abstract: Objective: This study aimed to investigate the effects of Dexmedetomidine combined with Dezo-
cine on the cognition and hippocampal microglia activation of rats. Methods: Laparotomy was successfully per-
formed in 48 rats which were then divided into Dexmedetomidine+Dezocine group and Dezocine group. Rats in 
Dexmedetomidine+dezocine group were infused with Dexmedetomidine and dezocine via the tail vein after an-
esthesia; rats in Dezocine group were infused with dezocine via the tail vein. After surgery, rats underwent detec-
tion of learning and memory functions at 1, 3, and 7 days after surgery, and the neuroglobin and norepinephrine 
expression was detected in the hippocampal microglia at the same time points. Results: 1, 3 and 7 days after 
surgery, the latency to escape in Dexmedetomidine+Dezocine group was significantly shorter than that in Dezocine 
group, and the number of cells positive for neuroglobin or norepinephrine in the CAL region of hippocampus of 
Dexmedetomidine+Dezocine group was also markedly higher than that of Dezocine group (P < 0.05). Conclusion: 
Surgery and anesthesia have influence on the cognition of rats to a certain degree, and dexmedetomidine combined 
with dezocine can effectively improve the impaired cognition due to surgery and anesthesia, which may be attrib-
uted to the increase in the protective neuroglobin and norepinephrine in the hippocampus. 
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Introduction

Clinical epidemiological studies have shown 
that the incidence of impaired cognition is at a 
high level after surgery, especially after major 
surgeries such as brain surgery, heart surgery 
and chest/abdominal surgery [1, 2]. The cogni-
tion is compromised gradually, accompanied by 
reduction in indicators of nervous system, and 
especially, the manifestations of hippocampus 
and temporal cortex are obvious. Biologically, 
hippocampus is important for the higher ner-
vous activities such as learning and memory 
and a crucial component for the maintenance 
of central nervous system (CNS) function [3, 4]. 
Different brain regions of the CNS are innervat-
ed by norepinephrine (NE). In patients with 
impaired cognition, the number of neurons 
reduces by more than 50%, which may directly 
influence the NE content and has detrimental 
effects on relevant activities such as learning 

and memory [2, 5]. Dezocine is an alkyl deriva-
tive of benzene morphine and an antagonist of 
mixed opioid receptor excitation [6]. Dezocine 
has been used in the anesthesia under major 
surgeries. In animal studies, the anesthetic 
effect of dezocine is better than that of mor-
phine, and has no adverse effects on the car-
diovascular system and respiratory system. 
Dexmedetomidine hydrochloride is a new ago-
nist of α2-adrenergic receptor (α2-AR) and may 
inhibit the release of NE and induce the sympa-
thetic nervous system torpescence. It has rela-
tive selectivity and high efficiency and may 
exert sedative and antalgic effects [7]. In the 
study of Kat and Wacker, results showed the 
activation of α2-AR could influence the space 
navigation capability of animals in water maze 
[8, 9]. On the basis of above findings, we inves-
tigated the influences of dexmedetomidine 
combined with dezocine on the cognition and 
hippocampal microglia activation, and explored 
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the potential mechanisms. Our findings may 
provide evidence for the medication in clinical 
anesthesia.

Materials and methods

Animals

A total of 48 rats weighing 400-500 g were pur-
chased and housed in a specific pathogen free 
and quiet environment with ventilation and 
12/12 light/dark cycle at a temperature of 
20°C-28°C and a humidity of 50%. Rats were 
given ad libitum access to water and food and 
4 rats were housed in a cage.

Instrument and reagents

ZH0065 Morris water maze video analysis sys-
tem (Beijing Shuolinyuan Technology Co., Ltd.), 
Ultra-low temperature refrigerator (SANY, Ja- 
pan), light microscope (Olympus, Japan), dex-
medetomidine hydrochloride injection (101- 
10334; Jiangsu Hengrui Medicine Co., Ltd.), 
dezocine (13032221; Yangtze River Phar- 
maceutical Group Co., Ltd.), norepinephrine kit 
(Cusabio), neuroglobin (Ngb; Chinese Military 
Academy of Medical Sciences), standards, 
Horseradish peroxidase conjugated antibodies, 
Avidin-Biotin conjugated antibodies, and dilu-
ent for Biotin conjugated antibodies (Shanghai 
Sangon Biotech Co., Ltd.) were used in the pres-
ent study.

Establishment of animal model

Rats received food deprivation for 12 h and 
water deprivation for 6 h. Animals were anes-
thetized intraperitoneally, and an access to tail 
vein was established. After routine sterilization, 
rats were fixed on a table, and a longitudinal 
incision was made. The skin, subcutaneous 
and peritoneum were separated, and the 
abdominal cavity was sprayed with normal 
saline at 37°C to assure the moisture. After sur-
gery, the wound was closed. The success rate 
of surgery was 100% in this study, and there 
were no severe side effects. The time to regain-
ing consciousness was not prolonged.

Grouping

A total of 48 rats receiving laparotomy was ran-
domly divided into 2 groups: Dexmedeto- 
midine+Dezocine group and Dezocine group. 
Rats in Dexmedetomidine+Dezocine group 
were injected with dexmedetomidine at 10 μg/

kg/h for 1 h and dezocine at 5 μg/kg/h for 1 h 
via the tail vein. Rats in Dezocine group were 
injected with dezocine at 5 μg/kg/h for 1 h via 
the tail vein. At 1, 3 and 7 days, rats received 
cognition examination and then were sacrificed 
for biochemical analysis.

Examination of learning and memory

Morris water maze test was performed in these 
rats. The light intensity was moderate, and sub-
stances were placed at the same site during 
the examinations. One day before examination, 
rats were placed in water maze and allowed to 
find the platform within 120 s and stay on the 
platform for 30 s. At 24 h after surgery, exami-
nation was initiated. Water maze test was done 
at 8-9 am, and the swimming time and trajec-
tory were recorded within 120 s. When the rats 
found, climbed and stayed on the platform for 
longer than 5 s, we acknowledged that these 
rats found the platform. The escape latency 
was recorded from investigators placing rats 
into water to rats finding the platform. When 
the rats did not find the platform within 120 s, 
investigators placed these rats onto the plat-
form and allowed them to stay on the platform 
for 30 s, and the escape latency was recorded 
as 120 s.

Sample collection

At 2 h after examination of learning and memo-
ry, rats were intraperitoneally anesthetized and 
sacrificed by decapitation. The skull was 
removed, and the brain was exposed. The brain 
was harvested into and washed with cold nor-
mal saline. After removing cortex, the hippo-
campus was exposed, collected and stored at 
-80°C. Before detection, the hippocampus was 
homogenized in PBS (100 mg tissues/1 ml 
1×PBS), followed by centrifugation at 5000 
rpm/min for 5 min. The supernatant was col-
lected for further use.

Detection of Ngb expression

Immunohistochemistry was performed to 
detect the Ngb expression in the CAL region of 
hippocampus according to manufacturer’s 
instructions. Determination: Ngb positive cells 
had brown-yellow granules in the cytoplasm or 
both cytoplasm and nucleus, and quantifica-
tion was also done for Ngb expression.
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Detection of NE expression

ELISA was employed to detect the NE content 
in the hippocampus. The optical density (OD) 
was measured at 450 nm and the concentra-
tion of NE was calculated according to the stan-
dard curve.

Statistical analysis

SPSS version 19.0 was employed for statistical 
analysis. Qualitative data were expressed as 
percentages and compared with chi square 

test. Quantitative data were expressed as 
mean±standard deviation and compared with t 
test. A value of P < 0.05 was considered statis-
tically significant.

Results

Escape latency in different groups

Water maze test showed rats swam along the 
wall soon after placing into the water. After 
repeated examination, this phenomenon 
reduced and they began to find the platform, 

Table 1. Escape latency of rats at different time points after surgery
Group 1 d (n=8) 3 d (n=8) 7 d (n=8) F P
Dexmedetomidine+Dezocine 88.09±11.23 75.87±18.23 55.32±7.45 10.346 < 0.05
Dezocine 118.34±19.93 109.88±20.34 80.34±8.41 12.934 < 0.05
t 6.430 7.409 8.334
P < 0.05 < 0.05 < 0.05

Figure 1. Examination of learning and memory of rats in two groups. A. Swimming trajectory on day 1 in Dezocine 
group; B. Swimming trajectory on day 1 in Dexmedetomidine+Dezocine group; C. Swimming trajectory on day 7 in 
Dezocine group; D. Swimming trajectory on day 7 in Dexmedetomidine+Dezocine group.
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showing the reduction in escape latency. 
Statistical analysis showed the escape latency 
in Dexmedetomidine+Dezocine group was sig-
nificantly shorter than that in Dezocine group at 
1, 3 and 7 days after surgery (P < 0.05) (Table 
1 and Figure 1). 

Expression of Ngb in the hippocampus

Results showed the number of Ngb positive 
cells in the CAL region of hippocampus in 
Dexmedetomidine+Dezocine was significantly 
higher than that in Dezocine group at 1, 3 and 
7 days after surgery (P < 0.05) (Table 2).

NE concentration

According to the OD value of standards, the 
standard curve was delineated and the NE con-
centration of the hippocampus was calculated. 
Statistical analysis showed the NE concentra-
tion in the Dexmedetomidine+Dezocine group 
was significantly higher than that in the 
Dezocine group at 1, 3 and 7 days after surgery 
(P < 0.05) (Table 3).

Discussion

Surgery and anesthesia may induce intense 
stress for the body and cause significant 
change in the homeostasis, which may pro-
mote the impairment of cognition [10]. In 
respect of the mechanisms, the number of neu-
rons in the brain reduces and the growth of 
neurons and synapses decreases during the 
peri-operative period. In addition, the accumu-
lation of byproducts due to stress may signifi-
cantly reduce the ability of the brain to combat 
with stress, causing cognition impairment [11].

Morris water maze test is a widely accepted 
tool for the evaluation of learning and memory 
of rodents in studies. In this test, animals are 
obligated to find the platform hidden in the 
water, aiming to examine the spatial position 
sense and direction sense [12]. In the present 
study, the Morris water maze system was con-
nected to a computer which could automatical-
ly and synchronously record the trajectory and 
the time to finding the platform, which is helpful 
for the determination of cognition function. In 
our study, rats swam along the wall in early 
phase of examination. After repeated examina-
tions, the swimming along the wall reduced, 
and rats tended to find the platform, showing 
the shortened escape latency.

Dezocine is an agonist of κ receptor and an 
antagonist of μ receptor. Its receptor is widely 
distributed in the brain, brainstem and spinal 
cord and dezocine may induce spinal analgesia 
and mild sedation, leading to the impairment of 
cognition. Dezocine has mild addiction and 
thus has been classified as a non-narcotic [13]. 
Although dexmedetomidine may blunt the sym-
pathetic nervous system and induce related 
effects, it has relatively high safety [14]. In addi-
tion, dexmedetomidine may bind to the glucuro-
nide in the liver and is involved in the redox 
reaction in the presence of cytochrome P-450 
enzyme system. Thus, dexmedetomidine may 
attenuate the hemodynamic disorders (such as 
increase in heart rhythm) due to tracheal intu-
bation and provide favorable sedation when 
the consciousness is required during surgery or 
non-invasive operation, which may provide a 
better anesthesia [15]. In the present, results 
showed the escape latency in Dezocine group 

Table 2. Ngb expression in the hippocampus at different time points (n/mm2)
Group 1 d (n=8) 3 d (n=8) 7 d (n=8) F P
Dexmedetomidine+Dezocine 68.50±4.37 91.17±3.60 97.83±3.54 8.347 < 0.05
Dezocine 34.67±6.12 44.83±2.48 55.33±3.27 6.443 < 0.05
t 6.440 18.345 12.981
P < 0.05 < 0.05 < 0.05

Table 3. NE concentration of the hippocampus at different time points
Group 1 d (n=8) 3 d (n=8) 7 d (n=8) F P
Dexmedetomidine+Dezocine 134.34±33.43 167.34±29.88 199.78±30.24 9.004 < 0.05
Dezocine 91.78±28.99 115.60±30.20 136.89±32.32 8.457 < 0.05
t 7.884 8.456 10.389
P < 0.05 < 0.05 < 0.05
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at 1, 3 and 7 days after surgery was significant-
ly longer than that in Dexmedetomidine+Dezocine 
group (P < 0.05). This suggests that dexme-
detomidine combined with dezocine may atten-
uate the detrimental influence of anesthesia on 
the memory of rats.

Learning and memory are usually employed to 
evaluate the development of intelligence in 
humans. Currently, studies have shown that the 
hippocampus of the limbic system is important 
for the generation of higher nervous activities 
(such as learning and memory) [16]. NE is the 
first identified monoamine neurotransmitter. 
When the nerve impulses reach the presynap-
tic membrane, NE may be excreted into synap-
tic clefts via the synaptic vesicles, inducing a 
series of biological responses such as learning 
and memory. In the presence of surgery 
induced stress, the NE concentration reduces 
in the hippocampus, which may cause presyn-
aptic inhibition, resulting in reduction in synap-
tic activity. This may influence the release of 
downstream neurotransmitters, which may 
impair the memory of animals. This suggests 
that NE in the central nervous system is 
involved in the learning and memory [17]. In our 
study, the NE concentration of the CAL region 
of hippocampus in Dexmedetomidine+Dezocine 
group was significantly higher than that in 
Dezocine group at 1, 3 and 7 days after surgery 
(P < 0.05). This suggests that dexmedetomi-
dine may attenuate the reduction in NE concen-
tration of the hippocampus and relatively 
increase the NE concentration to affect the 
release of downstream neurotransmitters.

Ngb is a new endogenous neuroprotective fac-
tor and has a potent neuroprotective effect. In 
recent years, Ngb has been extensively studied 
because it has a high affinity to oxygen and is 
specifically expressed in the nervous system. 
Studies have confirmed that the extent of Ngb 
expression in different regions of the brain is 
negatively related to the extent of ischemia/
hypoxia [18]. Dexmedetomidine may activate 
the NE receptor in the nucleus ceruleus and is 
closely associated with the activation of recep-
tor coupled G1/G0 signaling system. In the 
present study, the number of cells positive for 
Ngb in the CAL region of the hippocampus in 
Dexmedetomidine+Dezocine group was signifi-
cantly higher than that in Dezocine group at 1, 
3 and 7 days after surgery (P < 0.05). This sug-
gests that dexmedetomidine can elevate the 

Ngb expression to reduce the incidence of neu-
rological sequelae.

Taken together, surgery and anesthesia has 
influence on the cognition of rats to different 
extents, and dexmedetomidine combined with 
dezocine may attenuate the cognition impair-
ment due to anesthesia, which is attributed to 
the increases in the Ngb expression and NE 
concentration in the hippocampus.
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