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Abstract: Vascular cognitive impairment, caused by vascular injury and inflammation, affects brain function. Present
treatment for vascular injury primarily relies on combination therapy of surgery with anesthesia. In this study, we
sought to determine the effects of anesthetics, sevoflurane and fentanyl, on long-term cognitive function in brain
tissue of rats, and potential correlations with inflammatory factors such as VEGF, IL-13, TNF-a. We used shuttle box
and water maze tests to study the cognitive function of Wistar rats. The results demonstrated that rats treated with
sevoflurane or fentanyl performed less shock times and more active escape times compared with rats model under-
going vascular cognitive impairment. Treatment of anesthetics also shortened the periods of learning and memory
incubation, suggesting a protective role in cognitive function. In addition, our results unraveled a reducing expres-
sion of TNF-a and IL-1f but an increasing level of VEGF in head tissues of rats implemented with anesthetics. These
findings underscore the improving role of sevoflurane and fentanyl in the recovery of vascular cognitive impairment
rats as well as the cognitive function in rats, by regulating the expression of inflammatory factors.
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sevoflurane by intervening vascular cognitie
impairment rats.

Introduction

Previous studies have confirmed that vascular
cognitive impairment is directly related to vas-
cular injury and inflammation, while the dam-
age degree is positively correlated with inflam-
mation and vascular injury [1]. Study on physi-
ological functions showed that brain plays its
own special role in cognitive functions [2].
Therefore, conprehensive brain protection may
contribute reduction of the vascular cognitive
impairment in case of acute myocardial isch-
emia-reperfusion injury. Sevoflurane played a

Materials and methods
Experimental animals

Eighty female Wistar rats weighted 300~350 g
were provided from the animal center of Anhui
Medical University. The rats were randomly
divided into four groups. Food, but not water,
was withdrawn 12 hours before the study start-
ed. The protocol was approved by the ani-
mal experiment ethical committee of Anhui

positive role against myocardial and cerebral
injury in this scenario, as it facilited to decrease
myocardial oxygen consumption, inhibit move-
ments of myocardial calcium ions, activate
mitochondrial signaling pathways and prevent
the generation of inflammatory factor [3].
However, there is no direct and systemic verifi-
cation in regard to its effect on the treatment of
vascular cognitive impairment. Thus, we intend
to investigate the cerebral protective effect of

Medical University.
Reagents and instruments

VEGF, IL-13, and TNF-a detection kits were pur-
chased from CapitalBio co., LTD (Beijing, China).
Pentobarbital sodium and Evans blue were sup-
plied by the Shanghai chemical reagent pur-
chasing and supply station. Sevoflurane and
fentanyl were manufactured by Nhwa pharma
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Table 1. Shuttle box test (Xt s)

in group D were intrave-

Shock times (/min)

Active escape times (/min)

nous injected with 50 ug/
kg fentanyl, then main-

Group (n)

Week 4 Week 8 Week 4 Week 8 tained with 2 pg/kgmin
GroupA(n) 55.4+81 52.0+9.0 824 +72 85.6+£8.1 intravenous infusion and
Group B (n) 92.2+8.3° 98.1+ 7.2 55.2 +4.8° 51.7 + 6.8° sustained 1 h for 5 consec-
Group C(n) 72.2+7.1%° 73.8+6.23>¢ 725 +6.3%>¢ 720+ 5.12b¢ utive days based on group
GroupD (n) 83.2+6.8*° 85.5+6.9%¢ 67.2+6.1%° 67.3 + 5.8%° B.

a, compared with group A, P < 0.05; *, compared withgroup D, P < 0.05; ¢, compared

with group B, P < 0.05.

Table 2. Water maze test (X + s)

Shuttle box and water maze
tests were applied to train
the cognitive function in
rats. The cognitive function

Learning incubation period (s) Memory incubation period (s)

was evaluated after treat-

Group (n)
Week 4 Week 8 Week 4 Week 8 ment for 4 weeks and 8
Group A (n 66.7 £5.8 64.1+5.1 60.2+4.3 58.3+6.0 weeks, respectively. The
148.7 + 7.8° hippocampus and cortex

(n)
GroupB(n) 172.4+6.3* 177.6+3.5* 153.4+11.7°
(n) 142.5 +8.3*>¢ 141.3 + 7.13>¢ 122.3 + 6.8%P°
Group D (n) 1573 +7.22¢ 155.7 +8.3*¢ 135.5 +6.7%°

Group C (n

were separated for brain
tissue specimen. ELISA was

117.3 £ 8.12b¢
129.3 + 8.3%°

a, compared with group A, P < 0.05; *, compared withgroup D, P < 0.05; ¢, compared

with group B, P < 0.05.

co., LTD (Jiangsu, China). The diving platform
and shuttle box were provided from the
Chongqing key laboratory of neurology. Small
animal breathing machine was from the United
States (Harvard type 638).

Animal model preparation

After pentobarbital anesthesia, the rats were
intubated endotracheally and connected to
breathing machine, with vital signs and electro-
cardiogram (ECG) being monitored. Femoral
artery was punctured and inserted with tube.
The chest and heart were initially exposed for
the ligation of left coronary artery. ECG was
observed after tightening the ligature. If the
ST-T segment decreased for more than half, it
revealed the appearance of myocardial isch-
emia. Myocardial ischemia occurred after the
ligature being clipped for 30 min. Myocardial
perfusion was evaluated by the observation of
myocardial color or reperfusion arrhythmia.
After 120 min reperfusion, the rats were
sutured and put back into the box.

Rats in group A received sham operation by
seton instead of ligation of the left coronary
artery. Rats in group B were set as a model of
vascular cognitive impairment. Rats in group C
inhaled 2% sevoflurane and sustained 2 h for 5
consecutive days on base of group B, and the
sevoflurane concentration was monitored. Rats
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used to determine the lev-
els of inflammatory cyto-
kines such as VEGF, IL-1[3,
and TNF-«, in the brain. The
shuttle box specification was 60 cm x 16 cm %
25 cm. A buzzer was carried out 20 s after the
rats were placed, then the electric shock at 30
V, 50 Hz was given after 5 s. The buzzer and
electric shock disappeared until the rats fled to
the other side. The number of shock times and
active escape times were recorded. The depth
and temperature of the water maze were 62
cm, 20°C, respectively. It was mainly used to
gather statistics of rats learning incubation
period and memory incubation period.

Statistical analysis

SPSS 19.0 statistical software (SPSS, Chicago,
IL, USA) was used for data analyses.
Measurement data were presented as mean +
S.D. F test was applied for multiple sets com-
parison, while N-K test was applied between
two groups with statistically significant differ-
ences defined as P < 0.05. Spearman correla-
tion analysis between the expression of inflam-
matory factor and cognitive function was
applied.

Results
Shuttle box test

The shock times in group B, C, D were signifi-
cantly higher than that of group A, while the
active escape times were significantly lower (P
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Table 3. Inflammatory factors expression (X * s)

Group (n) VEGF (ng/L) IL-1B (ng/L) TNF-a (ng/L)

Week 4 Week 8 Week 4 Week 8 Week 4 Week 8
Group A (n) 59.0+5.1 59.5 + 6.3 16.3+4.2 16.8+5.1 16.6 £+ 5.3 18.2+6.0
Group B (n) 81.3+6.0° 84.5+7.12 31.2+5.1° 31.5+4.22 38.7 +6.0° 38.4+5.12
Group C (n) 98.3 + 7.12P¢  104.3 +5.8%>¢ 23.3 +4.23bc 238+ 3.8*¢ 243+ 4.8%¢ 245 +6.7*P°
Group D (n) 90.1 £ 5.12° 92.3 + 6.14° 271 £ 4.12° 27.7 + 4.4  31.1+£5.8% 32.8+6.0%

a, compared with group A, P < 0.05; °, compared with group D, P < 0.05; ¢, compared with group B, P < 0.05.

< 0.001) both in week 4 and week 8. Rats in
group C and D received less shock times and
appeared more active escape times compared
with group B (P < 0.001). Of note, similar phe-
nomena were also observed when comparing
group C and group D (Table 1).

Water maze test

The results of water maze experiment present-
ed a trend similar to that in shuttle box test: in
each time point, data in group A exhibited the
optimal effect, followed by group C, group D
and group B. In comparison, there are statisti-
cally significant differences between two inde-
pendent groups (P < 0.05) (Table 2).

Inflammatory factors expression

The VEGF changes trend among each group is:
group C exhibited highest level in each time
point, followed by group D, group B and group A,
the difference had statistical significance (P <
0.01). However, the expression of IL-13 and
TNF- in group B showed highest level in each
time point, followed by group D, group C and
group A (P < 0.05) (Table 3).

Correlation analysis between inflammatory fac-
tors and cognitive function

Correlation analysis was only performed among
rats in group B, C, D that showed vascular cog-
nitive impairment. VEGF presented being nega-
tive correlated with number of shock times,
learning and memory incubation period (r =
-0.314,-0.381, -0.31), while positive correlated
with the number of active escape times (r =
0.411). Both IL-1B and TNF-a showed positive
correlation with the number of shock times,
learning and memory incubation period (r =
0.417, 0.455, 0.417; 0.381, 0.355, 0.321), but
a negative correlation with the number of active
escape times (r = -0.505; -0.417). The differ-
ences were likewise statistically significant (P <
0.05).
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Discussion

Reperfusion of ischemic tissues associated
with microvascular injury is caused by direct
consequence of activation of the inflammatory
response. The present clinical remedy for vas-
cular injury is mainly surgery, with the combina-
tion of anesthesia. However, conventional
anaesthetics such as propofol may cause inde-
pendent cognitive dysfunction, which is not
conducive to the recovery of vascular cognitive
impairment [4, 5]. Based on this, we attempted
to find out whether the anesthesia scheme
favors the cognitive function recovery by using
shuttle box test and water maze experiment.
Our data illuminated that sevoflurane and fen-
tanyl may both have a certain effect, while the
former shows preferable profiles for treatment.
Shuttle box test results confirmed that firstly,
cognitive function in group B, C, D was severely
damaged compared to that in group A; second-
ly, cognitive impairment was partly eased in
group C and D after using anesthetics; lastly,
cognitive impairment in group C was lighter
than in group D. Water maze experiment results
also showed in a similar fashion, which sug-
gested that sevoflurane and fentanyl reduce
the damage of cognitive function in rats caused
by myocardial ischemia reperfusion. The com-
parison among groups in each time point fur-
ther illustrated that there was a dramatic
decline in rats’ cognition as time went by.
Eberspacher E also suggested that sevoflurane
might have a positive impact on motor function
and histopathology index of the rats after cere-
bral ischemia [6, 7].

A wide range of studies on protective and pre-
processing protective roles demonstrated
sevoflurane in vitro suppresses the production
of inflammatory cytokines and reduces the
area of myocardial infarction caused by isch-
emic reperfusion injury [8, 9]. However, the
association between inflammatory mediators
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and damaged cogpnitive function still need to be
further investigated. In our cognitive function
study, we found that myocardial ischemia
reperfusion led to cognitive function impair-
ment in rats; meanwhile, both sevoflurane and
fentanyl alleviated the relevant damage. To
explore its mechanism, we focused on the tra-
ditional inflammatory factor TNF-a and IL-1p
and found the expressions of these cytokines
in brain tissue were inhibited by sevoflurane
[10, 11]. Previous research indicated TNF-a
and IL-1 as the first identified inflammatory
cytokines related to the disease [12, 13]. Some
studies have pointed out that intraventricular
injection IL-1B ameliorated the impairment of
rat spatial learning ability [14], while the
increasing level of TNF-a is associated with pro-
gressive cognitive deficits in chronic stress
reaction [15]. In accordance with the above
conclusion, our results also revealed that the
inhibitory expression of TNF-a« and IL-13 per-
forms a reduction of the cognitive function
damage in rats with ischemic injury, indicating
a certain correlation between inflammatory
cytokines and cognitive function, which is also
in line with previous studies [16, 17]. There is
no evidence showing that impeding the expres-
sion of inflammatory cytokines decreases cog-
nitive impairment and promotes its natural
recovery at the same time. To further investi-
gate the lightening role of sevoflurane on rats’
cognitive impairment, we focused the study on
the VEGF, a growth factor, to promote the
growth of blood vessels and the establishment
of collateral circulation, and prevent vascular
injuries caused by myocardial infarction [18].
Its elevated level contributed to the recovery of
brain damage [19]. An increase of VEGF expres-
sion is elicited in the body’s response to stress
after the formation of cognitive impairment,
while in our findings, higher level of sevoflurane
in group C increments VEGF level for the recov-
ery of brain tissue damage. Chen et al. also had
shown that VEGF have a certain brain protec-
tion function [18, 20]. Thus, we speculated that
sevoflurane might play protective function by
promoting the expression of VEGF. Taken
together, we conclude that sevoflurane and fen-
tanyl may contribute to the recovery of cogni-
tive function caused by vascular cognitive
impairment in rats, in achieving a higher level of
VEGF but lower levels of TNF-a and IL-1f3
expression.
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