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Abstract Our aim is to investigate the effect of 1.5 and

3.0% sevoflurane on the expression of M1 acetylcholine

receptor (mAChR M1) in the hippocampus and the cogni-

tive function of aged rats. Forty Sprague–Dawley (SD) rats

of 12-month old were randomly divided into five groups.

All SD rats received 1.5 or 3.0% sevoflurane in a special

glass anesthesia box for 2 h, respectively, except for the

normal control group. Y-maze was used to test the ability

of learning and memory after being received sevoflurane

for 1 or 7 days at the same moment portion. The expression

of mAChR M1 in the hippocampus of rats was tested by

RT-PCR. The results showed that 3% sevoflurane induced

the decline of cognitive function and significantly

decreased the mAChR M1 expression at mRNA levels at

1 day in the 3.0% sevoflurane I group when compared with

the normal control group. However, there was no signifi-

cant difference among the other groups when compared

with normal control group. Therefore, administration of

sevoflurane might temporally affect the ability of cognitive

function of rats through suppressing the mAChR M1

expression at mRNA levels in hippocampus.
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Introduction

Several studies have given strong evidence to the hypoth-

esis that brain cholinergic systems were involved in the

process of memory and cognition [1–3]. Meanwhile, cho-

linergic stimulation facilitates learning and memory con-

solidation, while its blockade produces amnesia. Therefore,

administration of anticholinergic drugs could induce

learning deficits in a wide variety of tasks [2, 3]; while

treatment with enhanced cholinergic transmission could

improve memory [4–6]. The differential distribution of

muscarinic receptor subtypes in the brain suggests that the

M1 subtype may be particularly important in the process of

memory and cognition, since this receptor is rich in fore-

brain areas [7–9].

Recent studies indicate that doses of volatile anesthetic

agents around 0.3 minimum alveolar concentration (MAC)

inhibit learning and cause amnesia [10–15]. However,

some researchers demonstrated that a low-dose halothane

exposure (i.e., 0.1 MAC) during learning significantly

enhanced 24-h retention performance [17]. There were a

host of paradigms available for studying the effects of

anesthetics on cognitive function in both animals and

humans [13, 16, 18, 19]. All of these studies suggesting

that ketamine might have stronger effect on learning and

memory. However, the mechanism of the influence of

anesthetics on the neurological functions has not been

completely understood. However, we have not known that

whether or not sevoflurane have also an effect on learning

and memory.

In the present study, we selected the attempt to investigate

the effects of sevoflurane on cognitive function in aged SD

rats by training with Y-maze task. Since mAChR M1 played a

crucial role in the cognitive function, we also assessed the

effects of sevoflurane on mAChR M1 expression in the
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hippocampus. mRNA levels of mAChR M1 were measured

in the hippocampus.

Materials and methods

Animals

Forty SD rats, 12-month old and weighing from 500 to

650 g, were provided by the Laboratory Animal Center of

Hangzhou. The housing and treatment of the animals were

in accordance with institutional guidelines and approved by

the Institutional Animal Care and Use Committee. They

were randomly divided into five groups: the normal control

group (n = 8); 1.5% sevoflurane I group (be tested after

received 1.5% sevoflurane for 1 day) (n = 8); 1.5% sevo-

flurane II group (be tested after received 1.5% sevoflurane

for 7 day) (n = 8); 3.0% sevoflurane I (be tested after

received 3.0% sevoflurane for 1 day) (n = 8) and 3.0%

sevoflurane II group (be tested after received 3.0% sevo-

flurane for 7 day) (n = 8). All rats received 1.5 or 3.0%

sevoflurane in a special glass anesthesia box for 2 h,

respectively, except for the normal control group. Y-maze

was used to test the cognitive function of SD rats in dif-

ferent groups. mAChR M1 was tested by semi-quantitative

RT-PCR at mRNA level.

The test of cognitive function

As described in our previously published study [20], the

experiment of learning and memory was performed using

Y-maze in the quiet, low-light situations in the afternoon.

The operation for the Y-maze and the assessment for the

behavior of rats were conducted by the fixed personnel,

which could exclude the interference with the experi-

mental results by the noise and time factors, and so on.

The bottom of Y-Maze is the copper grid interval, the end

of each arm have lights, the copper grid in the bottom of

Y-Maze with lights bright of one arm has no current,

while no light source of two-arms and three-arms were

electrified. Adapting the maze for 5 min before the test,

the test stimulation voltage was regulated to ensure that

rats could run to escape within 10 s. It was considered the

correct response that the rats ran directly to the security

place after the electric shock, otherwise an error response.

When the rats ran to a safe place the light bright was

continued to 15 s, then turn off the lights for 45 s, across

the next test. The direction of lighting appeared in

accordance with I ? II ? III ? I sequence of transfor-

mations, there shall be to reach the learning criteria until

nine times correct response of the 10 consecutive

responses. The total number of learning and the total of

time were recorded.

mAChR M1 expression by Semi-quantitative

RT-PCR analysis

After anesthetizing with a solution of chloral hydrate

(0.4 ml/100 g, i.p.), mice were perfused transcardially with

40 ml of normal saline followed by 30 ml of 4% formal-

dehyde in PBS (pH 7.4). The brain was fixed in 4%

formaldehyde at 4 for 6 h and kept in a 25% sucrose

solution overnight. With reference to the former studies

[21], the total RNA was isolated using Trizol reagent

(Invitrogen). cDNA was synthesized using the QuantiTect

Reverse Transcription kit (Qiagen, USA) according to

manufacturer’s instructions. The primer sequences and the

expected sizes of PCR products were as follows: mAChR

M1: (sense) 50-GCACAGGCACCCACCAAGCAG-30 and

(antisense) 5-AGAGCAGCAGCAGGCGGAACG-3 (373 bp);

b-actin: (sense) 50-TGGTGGGTATGGGTCAGAAGGAC

TC-30 and (antisense) 5-CATGGCTGGGGTGTTGAAGGT

CTCA-30 (265 bp). Total RNA was extracted using Trizol

reagent (Invitrogen, USA) and RT-PCR was performed with

conditions as follows: reverse transcription at 48�C for 30 min

and denaturation at 94�C for 2 min; then amplification for 30

cycles at 94�C for 0.5 min, annealing at 60�C for 0.5 min, and

extension at 72�C for 0.5 min; then terminal elongation step at

72�C for 10 min and a final holding stage at 4�C.

Statistical analysis

All statistical analyses were done by the computer program

SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Data were

expressed as mean ± SD. P values\0.05 were considered

as statistically significant.

Results

Cognitive function

To evaluate cognitive function in the subjects, a Y-maze test

was conducted. In this task, rats had to learn and remember

an association between the light and escape. As is shown in

Table 1, the effect of different doses of sevoflurane on

cognitive function of rats showed that the time of learning

and number of training of rats in 3% sevoflurane I group (be

tested after received 3.0% sevoflurane for 1 day) was sig-

nificantly increased compared with the normal saline group

(P \ 0.05). However, there was no significant difference in

1.5% sevoflurane I group (be tested after received 1.5%

sevoflurane for 1 day), 1.5% sevoflurane II group (be tested

after received 1.5% sevoflurane for 7 days) and 3.0% sevo-

flurane II group (be tested after received 3.0% sevoflurane

for 7 days) when compared with the cognitive function of

rats in normal saline group (P [ 0.05).
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Analysis of mAChR M1 expression by RT-PCR

Next, we determined whether the cognitive function

impairment was associated with the mAChR M1 expression

levels. The altered expression of mAChR M1 in the hippo-

campus was carried out to compare its transcripts by RT-

PCR analysis. As is shown in Fig. 1, the results showed that

3% sevoflurane induced the decline of cognitive function and

significantly deceased the mAChR M1 expression at mRNA

levels at 1 day in the 3.0% sevoflurane I group (be tested after

received 3.0% sevoflurane for 1 day) when compared with

the normal control group (P \ 0.05). However, there was no

significant difference in 1.5% sevoflurane I group (be tested

after received 1.5% sevoflurane for 1 day), 1.5% sevoflurane

II group (be tested after received 1.5% sevoflurane for

7 days) and 3.0% sevoflurane II group (be tested after

received 3.0% sevoflurane for 7 days) when compared with

mAChR M1 expression the of rats in normal saline group

(P [ 0.05). Therefore, administration of sevoflurane may

temporally affect the ability of cognitive function of rats

through suppressing the mAChR M1 expression at mRNA

levels in hippocampus.

Discussion

In the present study, the pharmacological characteristics of

sevoflurane as the theoretical basis to further explore the

effect of sevoflurane on the cognitive function in

12-month-old SD rats and its possible mechanisms. The

results demonstrated that administration of sevoflurane

might temporally affect the ability of cognitive function of

rats through suppressing the mAChR M1 expression at

mRNA levels in hippocampus.

Using the Y-maze test, we found that the effect of dif-

ferent doses of sevoflurane on cognitive function of rats

showed that the cognitive function of rats in 3% sevoflu-

rane I group was lower than in normal saline group.

However, there was no significant difference in 1.5%

Table 1 The test results of cognitive function in each group of SD

rats

Group Cases Time of training

(min)

Number of

training

Normal control group 8 38.24 ± 0.68 33.50 ± 4.80

1.5% sevoflurane I group 8 39.55 ± 1.40 34.67 ± 3.84

1.5% sevoflurane II

group

8 39.43 ± 0.87 34.50 ± 3.58

3.0% sevoflurane I group 8 48.76 ± 1.24* 41.83 ± 4.30*

3.0% sevoflurane II

group

8 38.49 ± 0.73 34.46 ± 3.83

Compared with normal control group, *P \ 0.05

Fig. 1 Analysis of mAChR M1

expression by semi-quantitative

RT-PCR. 3% sevoflurane

induced the decline of cognitive

function and significantly

deceased the mAChR M1

expression at mRNA levels at

1 day in the 3.0% sevoflurane I

group (be tested after received

3.0% sevoflurane for 1 day)

when compared with the normal

control group (P \ 0.05). There

was no significant difference in

1.5% sevoflurane I group (be

tested after received 1.5%

sevoflurane for 1 day), 1.5%

sevoflurane II group (be tested

after received 1.5% sevoflurane

for 7 days) and 3.0%

sevoflurane II group (be tested

after received 3.0% sevoflurane

for 7 days) when compared with

mAChR M1 expression the of

rats in normal saline group

(P [ 0.05)
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sevoflurane I group, 1.5% sevoflurane II group and 3.0%

sevoflurane II group when compared with the cognitive

function of rats in normal saline group. As expected, the

changes in cognitive function of SD rats are in parallel with

the variations of the mAChR M1 expression; i.e., reduced

cognitive function of SD rats upon administration of 3.0%

sevoflurane I group is accompanied by decreased expres-

sion of the mAChR M1. The mAChR M1 expression of

pseudotraining group was higher than those in the normal

control group; however, there was no significant difference

in 1.5% sevoflurane I group, 1.5% sevoflurane II group and

3.0% sevoflurane II group when compared with mAChR

M1 expression the of rats in normal saline group. This

finding suggests that mAChR M1 expression may be

involved in the mechanical stress-induced and sevoflurane-

induced cognitive impairment.

The decrease in mAChR M1 mRNA we observed might be

due to specific downregulation of transcription of the

mAChR M1 gene. Several researches have demonstrated that

the disrupting effects of intracerebral application of piren-

zepine, a relatively selective M1 antagonist, on acquisition of

inhibitory avoidance response in mice [22] as well as on

spatial learning [23, 24], and representational memory in rats

[25, 26]. Bymaster et al. [27] have confirmed a clear rela-

tionship between the neurochemical anticholinergic activity

of subcutaneous administration of pirenzepine and trihexy-

phenidyl with the behavioral blockade of working memory

performance in rats. Meanwhile, Roldán et al. [28] have

revealed that selective blockade of the M1 muscarinic

receptor subtype produced a dose-related impairment in

memory consolidation of inhibitory avoidance, which indi-

cated that the selective blockade of the central M1 musca-

rinic receptors interfered with memory consolidation of

inhibitory avoidance and suggested that this receptor subtype

was important involved in mnemonic functions. The effect of

sevoflurane on the cognitive function was associated with the

expression of mAChR M1, which observed in the present

study was expected. Recently, it has been reported that

voltage-gated sodium channels have important roles in

anesthetic mechanisms. Much attention has been paid to the

effects of sevoflurane on voltage-dependent sodium chan-

nels. To elucidate this, Yokoyama et al. [29] have examined

the effects of sevoflurane on Na(v) 1.8, Na(v) 1.4, and

Na(v) 1.7 expressed in Xenopus oocytes. The effects of

sevoflurane on Na(v) 1.8, Na(v) 1.4, and Na(v) 1.7 sodium

channels were studied by an electrophysiology method using

whole-cell, two-electrode voltage-clamp techniques in

Xenopus oocytes. The results revealed that sevoflurane

appears to have inhibitory effects on Na(v)1.8, Na(v)1.4, and

Na(v) 1.7 by PKC pathways. However, it is still unknown to

what the extent of mAChR M1 expression participates in this

process. Therefore, further research needs to be done to

unravel the underlying mechanisms.

In our current study, the results demonstrate that

administration of over-anesthetic sevoflurane may impair

cognitive function of old rats. mAChR M1 expression may

be involved in the cognitive function. The decreased levels

of mAChR M1 expression may be one of the mechanisms

of the impairment of cognitive function by sevoflurane.

However, whether or not other factors were also involved

the process needed to be investigated in the future

researches.
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