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IntroductIon
Postoperative nausea and vomiting (PONV) is a frequent 
complication after emergence from general anesthesia. Al-
though sevoflurane anesthesia is known to be a risk factor 
for PONV (Kanaya et al., 2014), its molecular mechanism 
has not been fully elucidated. Emerging data from recent 
research revealed the brain functions underlying the mecha-
nism of PONV development (Carpenter, 1990; Gan, 2007). 
The occurrence of PONV involves the vomiting center 
and chemoreceptor trigger zone (i.e., the area postrema 
and nucleus tractus solitarii); a recent study has suggested 
that other brain areas, such as the hippocampus, are also 
related to the pathogenic mechanisms of emesis (Napadow 
et al., 2013). 

RESEARCH ARTICLE

Dopamine receptor antagonists, which alter the amount of 
cyclic adenosine monophosphate within neurons located in 
the area postrema and nucleus tractus solitarii, play a role in 
preventing nausea and emesis (Hyde et al., 1996; Sanger and 
Andrews, 2006). Neurons of the hippocampus are projected 
through dopaminergic neurons (Mattis et al., 2014; Yu et 
al,. 2014). The neurotransmitter, dopamine, is known to 
be the trigger of PONV in the chemoreceptor trigger zone, 
with the levels of catecholamines in the hippocampus and 
area postrema varying in conjunction with dopamine levels 
(Waters et al., 2005). Although the effects of anesthetic 
agents on electrical activity in the hippocampus have also 
been studied in detail (Ma and Leung, 2006), changes in the 
comprehensive mRNA profile of the hippocampus remain 
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elusive. Several animal models have been used to assess the 
mechanisms of PONV. Although rodents are of little use in 
studying the neural systems related to the development of 
PONV because they lack an emetic reflex, they are affected 
by emetic stimuli, such as radiation and chemotherapy 
(Yamamoto et al., 2005). 

In human studies, surgical operation per se appears to 
be the one consistent independent risk factor for PONV 
(Koivuranta et al., 1997; Sinclair et al., 1999). Possible 
associations between tissue trauma, inflammation, and 
PONV have been hypothesised in the setting of abdominal 
surgeries that lead to the release of substance P and sero-
tonin (Horn et al., 2014). This speculation was supported 
by several studies evaluating whether anti-emetics used 
to control PONV are also anti-inflammatory in nature 
(Duffy, 2004; Faerber et al., 2007). Hence, a simple general 
anesthesia mouse model of PONV is needed to clearly 
determine the mechanism of PONV, because surgical 
procedures might bias results. 

The recent progress in genomics enables us to compre-
hensively describe and analyze cellular modifications at the 
gene expression level using transcriptome-wide analysis. 
The DNA microarray technique has uncovered the changes 
in mRNA expression induced by sevoflurane in several 
tissues (e.g., the lung, spleen, heart, kidney, whole brain, 
liver, and blood); however, there is no study regarding 
the hippocampus by transcriptome-wide association study 
(Sakamoto et al., 2005). We hypothesised that sevoflurane 
induces changes in the mRNA profile of neurons in the 
hippocampus and triggers PONV. The aim of this study 
was to determine the influence of sevoflurane anesthesia on 
the comprehensive mRNA expression profile of the mouse 
hippocampus using transcriptome analysis. 

materIalS and methodS   
Animals
With approval from Sapporo Medical University School of 
Medicine animal ethics committee (project number: 12-033) 
for this study, male C57/BL6 mice (8 weeks of age, 20–25 
g of body weight) were purchased from Japan SLC, Inc. 
(Hamamatsu, Japan) and housed at 22˚C under controlled 
lighting (12:12-hour light/dark cycle), with food and water 
provided ad libitum. Eight male mice (8 weeks of age) were 
assigned to two groups: a naive group (Naive group, n = 4) 
and an inhalation anesthetic group (Sev group, n = 4). In the 
Sev group, 3.5% sevoflurane (Maruishi Co., Ltd. Shizuoka, 
Japan) in 100% oxygen was provided to mice in a plastic 
chamber for 1 hour.

Tissue and library preparation 
Mice were decapitated after being anesthetised with 3.5% 
sevoflurane. Then, the brain was immediately removed 

from the skull, frozen at –70˚C with 2-methylbutane, and 
placed into a Petri dish containing ice-cold phosphate-
buffered saline. The brain was cut along the longitudinal 
fissure of the cerebrum and the regions posterior to the 
lambda were cut off using tissue matrices (Brain Matrices, 
EM Japan, Tokyo, Japan). Thereafter, the brain was placed 
with the cortex of the left hemisphere facing down and any 
non-cortical forebrain tissue was removed. Tissue blocks 
containing hippocampal cells were obtained using Brain 
Matrices (EM Japan). Meningeal tissue was removed from 
the hemisphere according to a previously described method 
(Beaudoin et al., 2012). Finally, dissected hippocampal 
cells were homogenised and lysed into six samples for 
each mouse using the RNeasy® Plus Micro Kit (Qiagen, 
Hilden, Germany) and QIAcube (Qiagen). Quality control 
for isolated RNA was performed using the Agilent 2200 
TapeStation system (Agilent Technologies, Santa Clara, 
CA, USA). For samples to pass the initial quality control 
step, it was necessary to quantify > 1 µg of sample and 
to have an equivalent RNA integrity number (eRIN) of  ≥ 
8. Then, isolated RNA was pooled into four samples per 
group and labeled. The cDNA library preparation was per-
formed using TruSeq® RNA Library Prep Kits (Illumina, 
Inc., San Diego, CA, USA) according to the manufacturer’s 
instructions. The RNA-seq was performed in the paired-
end (100 cycles × 2) mode on an Illumina HiSeq 2500 
platform (Illumina, Inc.). 

Data analysis 
Base call (.bcl) files for each cycle of sequencing were gen-
erated by Illumina Real Time Analysis software (Illumina, 
Inc.), and were analyzed primarily and de-multiplexed into 
a FASTQ (.fastq) file using Illumina’s BCL2FASTQ con-
version software (ver. 1.8.4, Illumina, Inc.). Raw paired-
end RNA-seq reads in FASTQ formats were assessed for 
base call quality, cycle uniformity, and contamination 
using FastQC (http://www.bioinformatics.bbsrc.ad.uk/
projects/fastqc/). Mapping of the quality control-filtered 
paired-end reads to mouse genomes and quantification of 
the expression levels of each gene were performed using 
R software (ver. 3.1.1 with TCC package) (Robinson et 
al., 2010; Sun et al., 2013). The quality control-filtered 
paired-end reads were mapped to public mouse genome 
data that were published by UCSC (NCBI37/mm9, http://
genomes.UCSC.edu/). Differential gene sets were filtered 
to remove those with fold changes < 1.5 (up- or down-
regulated) and with a false discovery rate-corrected P value 
of > 0.05. Sample size was calculated with the following 
parameters: power ≥ 0.8, probability level < 0.05, and 
anticipated effect size = 14. 
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reSultS
All total RNA samples had a quantity ≥ 1 µg and eRIN 
value ≥ 8. The average called bases after primary filtration 
were 41,778,219 base pairs, and the average of mean qual-
ity score (Phred quality score) was 36.7. We investigated 
changes in expression levels of a total of 37,681 genes. 
Ten thousand, two hundred and fifty-two genes were 
filtered because they showed little changes in expression 
levels. Microarray plotting presented a total of 5,459 
genes that were expressed differentially after sevoflurane 
exposure (Figure 1). Three hundred and forty-five genes 
showed changes of log2 ratio with expression levels ≥ 3 
(i.e., highly up- or down-regulated, supplementary Table 
1 online). The Rtn4rl2 gene was the most up-regulated 
gene (Table 1). This gene is a member of the Nogo re-
ceptor family and may be involved in regulating axonal 
regeneration and plasticity in the adult central nervous 
system (Lauren et al., 2003). Notably, Chrm1, Chrm5, 
Tac1, Drd1a, and Drd2 genes showed expression levels 
of log2 ratio ≥ 3 (i.e., highly up-regulated). In contrast, 
serotonin-related genes, such as the 5htr3a gene, which 
are considered to be critically involved in PONV, showed 
no significant up- or down-regulation. The Lhx9 gene was 
the most down-regulated gene in the present study (Table 
2). This gene encodes a member of the LIM homeobox 
gene family of developmentally expressed transcription 
factors. The Lmx1a gene, which is also a member of the 
LIM-homeobox gene family, was highly down-regulated 
in the present study. 

Table 1: Genes highly up-regulated by sevoflurane 
exposure  

Gene ID Gene name 
log2 
ratio 

Rtn4rl2 Reticulon 4 receptor-like 2 7.80 
Mas1 MAS1 oncogene 7.76 
Gpx6 Glutathione peroxidase 6 7.62 
Ovol2 Ovo-like 2 (Drosophila) 7.19 
Calcr Calcitonin receptor 6.81 
Impg1 Interphotoreceptor matrix proteoglycan 1 6.72 
Neurod6 Neurogenic differentiation 6 6.33 
Neurod2 Neurogenic differentiation 2 6.30 
Dio3 Deiodinase, iodothyronine type III 5.91 
Cd6 CD6 antigen 5.80 
Gucy2g Guanylate cyclase 2g 5.75 
Jsrp1 Junctional sarcoplasmic reticulum protein 1 5.56 
Slc38a4 Solute carrier family 38, member 4 5.51 
Tmprss6 Transmembrane serine protease 6 5.47 
Sh3rf2 SH3 domain containing ring finger 2 5.41 
Ccbp2 Chemokine binding protein 2 5.33 
Gprc5a G protein-coupled receptor, family C, group 5, member 

A 
5.27 

Clspn Claspin homolog (Xenopus laevis) 5.21 
Robo3 Roundabout homolog 3 (Drosophila) 5.21 
Figf C-fos induced growth factor 5.20 
Trpc6 Transient receptor potential cation channel, subfamily 

C, member 6 
5.19 

Adora2a Adenosine A2a receptor 5.12 
Tbx15 T-box 15 5.07 
Cdsn Corneodesmosin 5.02 
Cd4 CD4 antigen 5.02 
Col19a1 Collagen, type XIX, alpha 1 4.98 
Kcnh3 Potassium voltage-gated channel, subfamily H 

(eag-related), member 3 
4.94 

Gpr88 G-protein coupled receptor 88 4.90 
C1qtnf7 C1q and tumor necrosis factor related protein 7 4.88 
Serpina9 Serine (or cysteine) peptidase inhibitor, clade A (alpha-1 

antiproteinase, antitrypsin), member 9 
4.87 

Il20ra Interleukin 20 receptor, alpha 4.79 
Lrg1 Leucine-rich alpha-2-glycoprotein 1 4.78 
Rpe65 Retinal pigment epithelium 65 4.78 
Hs3st2 Heparan sulfate (glucosamine) 3-O-sulfotransferase 2 4.74 
Cyp2c44 Cytochrome P450, family 2, subfamily c, polypeptide 44 4.71 
Npc1l1 NPC1-like 1 4.71 
Spink8 Serine peptidase inhibitor, Kazal type 8 4.70 
Prss16 Protease, serine, 16 (thymus) 4.64 
Sim1 Single-minded homolog 1 (Drosophila) 4.64 
Sstr4 Somatostatin receptor 4 4.62 
Olfr1393 Olfactory receptor 1393 4.60 
Kcnv1 Potassium channel, subfamily V, member 1 4.60 
Kcnh4 Potassium voltage-gated channel, subfamily H (eag-

related), member 4 
4.57 

Ttc22 Tetratricopeptide repeat domain 22 4.55 
Olfr78 Olfactory receptor 78 4.55 

Figure 1: Changes in the expression levels of genes using microarray 
plotting.
The vertical axis represents the tendency of gene expression in the 
Sevoflurane group compared to the Naive group. The horizontal axis 
represents log ratios of the average expression in both groups. Grey closed 
circles indicate non-differentially expressed genes (i.e., false discovery rate 
≥ 0.05), and black closed circles indicate differentially expressed genes. 
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Table 1: Continued

Gene ID Gene name 
log2 
ratio 

Mtap4 Microtubule-associated protein 4 4.53 
Ly6g6e Lymphocyte antigen 6 complex, locus G6E 4.47 
Egr4 Early growth response 4 4.46 
Asb11 Ankyrin repeat and SOCS box-containing protein 11 4.45 
Slc17a7 Solute carrier family 17 (sodium-dependent 

inorganic phosphate cotransporter), member 7
4.41

Gpr6 G protein-coupled receptor 6 4.40 
Wnt2 Wingless-related MMTV integration site 2 4.40 
Cabp5 Calcium binding protein 5 4.39 
Pthlh Parathyroid hormone-like peptide 4.39 
Rin1 Ras and Rab interactor 1 4.38 
Tmem16c Transmembrane protein 16C 4.37 
Chrna6 Cholinergic receptor, nicotinic, alpha polypeptide 6 4.34 
Insl6 Insulin-like 6 4.33 
Rprml Reprimo-like 4.32 
Hpse Heparanase 4.32 
Bcl11b B-cell leukemia/lymphoma 11B 4.31 
Igsf9 Immunoglobulin superfamily, member 9 4.29 
Nr4a2 Nuclear receptor subfamily 4, group A, member 2 4.29 
Lpl Lipoprotein lipase 4.27 
Nrgn Neurogranin 4.26 
Klf14 Kruppel-like factor 14 4.26 
Igbp1b Immunoglobulin (CD79A) binding protein 1b 4.25 
Vsig2 V-set and immunoglobulin domain containing 2 4.25 
Hoxa5 Homeo box A5 4.23 
Tac1 Tachykinin 1 4.22 
Agtr1a Angiotensin II receptor, type 1a 4.21 
Chrm1 Cholinergic receptor, muscarinic 1, CNS 4.20 
Rgs9 Regulator of G-protein signaling 9 4.19 
Rxrg Retinoid X receptor gamma 4.19 
Nxph2 Neurexophilin 2 4.17 
Icam5 Intercellular adhesion molecule 5, telencephalin 4.17 
Golt1a Golgi transport 1 homolog A (S. cerevisiae) 4.17 
Tmem40 Transmembrane protein 40 4.17 
Lct Lactase 4.16 
Ddn Dendrin 4.16 
Pkp1 Plakophilin 1 4.15 
Slc6a5 Solute carrier family 6 (neurotransmitter transporter, 

glycine), member 5 
4.15 

Serpinb8 Serine (or cysteine) peptdiase inhibitor, clade B, 
member 8 

4.12 

Lipg Lipase, endothelial 4.11 
Adamts13 A disintegrin-like and metallopeptidase (reprolysin 

type) with thrombospondin type 1 motif, 13
4.09 

Hpx Hemopexin 4.06 
Crh Corticotropin releasing hormone 4.04 
Alx4 Aristaless 4 4.04 
Slc17a8 Solute carrier family 17 (sodium-dependent 

inorganic phosphate cotransporter), member 8
4.03 

Chrm5 Cholinergic receptor, muscarinic 5 4.03 

Indo Indoleamine-pyrrole 2,3 dioxygenase 4.00 

Table 2: Genes highly down-regulated by sevoflurane 
exposure

Gene ID Gene name 
log2
ratio 

Lhx9 LIM homeobox protein 9 7.40 
Lmod2 Leiomodin 2 (cardiac) 6.09 
Lmx1a LIM homeobox transcription factor 1 alpha 5.89 
Gnb3 Guanine nucleotide binding protein, beta 3 5.68 
Otop1 Otopetrin 1 5.66 
Sh3bgr SH3-binding domain glutamic acid-rich protein 5.52 
Ldlrad2 Low density lipoprotein receptor A domain containing 

2 
5.36 

Calca Calcitonin/calcitonin-related polypeptide, alpha 5.30 
Foxb1 Forkhead box B1 5.10 
Pappa Pregnancy-associated plasma protein A 5.00 
Nr0b2 Nuclear receptor subfamily 0, group B, member 2 4.85 
Colq Collagen-like tail subunit (single strand of 

homotrimer) of asymmetric acetylcholinesterase
4.76 

Tcf7l2 Transcription factor 7-like 2, T-cell specific, 
HMG-box 

4.64 

Magix MAGI family member, X-linked 4.60 
Glra1 Glycine receptor, alpha 1 subunit 4.59 
Dmrt3 Doublesex and mab-3 related transcription factor 3 4.58 
Mogat1 Monoacylglycerol O-acyltransferase 1 4.58 
Zfp474 Zinc finger protein 474 4.52 
Fbxo40 F-box protein 40 4.48 
Tgtp T-cell specific GTPase 4.43 
Neurog2 Neurogenin 2 4.40 
Gdf2 Growth differentiation factor 2 4.40 
Ret Ret proto-oncogene 4.38 
Snai2 Snail homolog 2 (Drosophila) 4.38 
Clec12b C-type lectin domain family 12, member B 4.34 
Slc43a3 Solute carrier family 43, member 3 4.32 
Bhmt2 Betaine-homocysteine methyltransferase 2 4.32 
C1ql2 Complement component 1, q subcomponent-like 2 4.30 
Nrtn Neurturin 4.27 
Uncx4.1 Unc4.1 homeobox (C. elegans) 4.25 
Padi1 Peptidyl arginine deiminase, type I 4.25 
Opn4 Opsin 4 (melanopsin) 4.23 
Frem3 Fras1 related extracellular matrix protein 3 4.20 
Slc17a6 Solute carrier family 17 (sodium-dependent inorganic 

phosphate cotransporter), member 6
4.18 

Krt18 Keratin 18 4.17 
Zfp750 Zinc finger protein 750 4.17 
Ccdc11 Coiled-coil domain containing 11 4.16 
Pp11r Placental protein 11 related 4.16 
Irx3 Iroquois related homeobox 3 (Drosophila) 4.07 
Uts2r Urotensin 2 receptor 4.05 
Kcne2 Potassium voltage-gated channel, Isk-related 

subfamily, gene 2 
4.03 

Gpr174 G protein-coupled receptor 174 4.03 
Adamts14 A disintegrin-like and metallopeptidase (reprolysin 

type) with thrombospondin type 1 motif, 14
4.01 

Cldn19 Claudin 19 4.00 
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dIScuSSIon 
We initially confirmed the quality of isolated RNA 
samples to confirm that all samples passed the primary 
quality control using the TapeStation system (i.e., total 
quantity > 1 µg and eRIN ≥ 8). The eRIN determined by 
2500 Bioanalyzer Instruments (Agilent Technologies) has 
been reported to provide accurate information (Eger et al., 
1965). Next, we demonstrated the changes in the compre-
hensive mRNA expression profile induced by sevoflurane 
exposure, and found that large numbers of genes in the 
hippocampus were up- or down-regulated by sevoflurane 
treatment for 1 hour. Notably, over 5,000 genes were sig-
nificantly up- or down-regulated by sevoflurane. As seen 
in clinical situations, volatile anesthetics show minimal 
inter-individual differences in efficacy. This effect in the 
clinical setting might be due to the fact that volatile an-
aesthetics act via multimodal cell signalling (Schroeder 
et al., 2006). Our data showed that the Rtn4rl2 gene was 
the most up-regulated gene after sevoflurane exposure. 
The Nogo receptor, which is encoded by the Rtn4rl2 gene, 
is reportedly involved in the adhesion of dendritic cells 
to myelin in the central nervous system (McDonald et 
al., 2011). This data might reinforce the fact that general 
anesthesia induces neuronal inflammation in rodents, and 
the current concerns about the harm caused by general 
anesthesia to the developing brain (Shen et al., 2013). 
Further studies that uncover the molecular basis for this 
are needed to confirm the neuronal inflammation induced 
by the Nogo receptor family. 

Although our data indicated that the Tac1, Drd1a, 
and Drd2 genes were highly up-regulated by exposure 
to sevoflurane, serotonin receptor families were not 
affected. This data supported our speculation that the 
hippocampus is related to PONV via the dopaminergic 
system. As mentioned above, the hippocampal neurons 
are projected through dopaminergic neurons (DiGruccio 
et al., 2015); our data also indicated that the hippocampal 
dopaminergic neurons might be susceptible to dopamine 
stimulation via sevoflurane exposure. Moreover, neuro-
kinin1, which is encoded by the Tac1 gene, is also known 
to trigger PONV (Diemunsch et al., 2009). According to 
our data, neurokinin1 receptor antagonists and dopamine 
receptor antagonists might be useful for the treatment 
of PONV. Although our data did not provide evidence 
of the efficacy of serotonin receptor antagonists for the 
treatment of PONV, serotonin receptor antagonists are 
frequently used and have been recognized for their use-
fulness in clinical settings (Candiotti et al., 2014). We 
opined that this discordance is caused by the mechanism 
of serotonin-induced PONV. Surgical procedures directly 
induce serotonin secretion by enterochromaffin cells, and 

activate vagal afferent nerves connected to the nucleus 
tractus solitarii and area postrema (Bunce and Tyers, 
1992; Fukui et al., 1992; Minami et al., 1996). We simply 
exposed the mice to sevoflurane for 1 hour in the present 
study in order to confirm the changes in the comprehen-
sive mRNA expression profile induced by sevoflurane. 
We did not perform any surgical procedures on the mice 
to avoid surgical effects on the regulation of serotonin 
receptor families. A precise surgical mouse model is 
needed to confirm the relationship between serotonin 
receptor families and surgical procedures. 

Chrm1 and Chrm5 genes were also highly up-regulated 
in the present study. Chrm1 and Chrm5 genes encode mus-
carinic cholinergic receptors 1 and 5, respectively. The 
muscarinic cholinergic receptor is known to be involved 
in the emetic pathway (Herrstedt et al., 1993), and recent 
human genome-wide association studies have indicated 
that the Chrm3 gene, which encodes the muscarinic 
cholinergic receptor 3, is the gene that is most associ-
ated with PONV (Janicki et al., 2011). Our results might 
support the fact that sevoflurane also potentiates PONV 
via the cholinergic pathway. Emerging data regarding 
the association between memory impairment and aging 
have shown that cholinergic fibers in the hippocampus are 
related to cognitive function or learning (He et al., 2014). 
The selective control of neural stem cell differentiation 
is expected to have therapeutic potential in cases with 
impaired memory or cognitive dysfunction (Gu et al., 
2015). Our results might reflect the neuronal inflamma-
tion induced by sevoflurane and the effect on the repair 
mechanism. Therefore, further comprehensive mRNA 
expression profile studies in other nuclei, such as the 
nucleus tractus solitarii and area postrema, are needed to 
confirm our speculations, and the influence of duration 
of sevoflurane exposure on the mRNA expression profile 
also needs to be determined. 

Regarding down-regulated genes, Lhx9 gene was the most 
down-regulated gene in the present study. The Lhx9 gene 
encodes a LIM-homeodomain factor, which is essential for 
the development of gonads, spinal cord interneurons, and 
thalamic neurons (Retaux et al., 1999; Birk et al., 2000; 
Failli et al., 2000). A recent study reported that the thala-
mocortical network shows hyperexcitability after exposure 
to general anesthesia during brain development (Todorovic; 
DiGruccio et al., 2015). Sevoflurane might suppress brain 
development via LIM-homeodomain factors, or compensate 
for the hyperexcitability of the thalamocortical network 
by suppressing LIM-homeodomain factors. Although we 
could not determine whether sevoflurane is harmful for 
the developing brain, sevoflurane might not improve neu-
ronal inflammation, as indicated by the up-regulation of 
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the Rtn4rl2 gene, the down-regulation of the Lhx9 gene, 
and previously reported neuronal inflammation pathways 
(Koivuranta et al., 1997). The Lmx1a gene was also highly 
down-regulated after sevoflurane exposure. This gene also 
encodes a LIM-homeodomain factor and is related to cell 
differentiation, especially of dopaminergic neurons (Fathi 
et al., 2015). Our data suggested that sevoflurane suppresses 
the differentiation of stem cells into dopaminergic neurons 
in the hippocampus. The difference between the risk factors 
of PONV in adults and children might be potentially related 
to the direct effect of general anesthesia on the differentia-
tion of stem cells in the central nervous system (Eberhart 
et al., 2004). 

Although we assessed the mRNA expression profile in 
the mouse hippocampus after sevoflurane exposure for 1 
hour, this period of exposure corresponds to a relatively 
long surgery in humans. We did not examine the role of 
duration of sevoflurane exposure on the mRNA expression 
profile in the present study, and we could not determine 
whether the changes in the mRNA expression levels of 
individual genes were caused by sevoflurane per se or 
other pathways. However, our data indicated that the 
there was high variation in the mRNA expression pro-
file after sevoflurane exposure. Although the molecular 
mechanisms of PONV after sevoflurane exposure were 
predicted in the present study, further experiments based 
on the regulation of individual genes are needed to con-
firm our speculations. Furthermore, we did not examine 
the behaviors of the animals that might suggest a feeling 
of nausea, because, although rodents are susceptible to 
emetic stimuli such as chemotherapy, mice lack an emetic 
response. While our data cannot be directly extrapolated 
to humans, they might provide clues for the molecular 
mechanism of PONV. In addition, the sample size was 
small in this study, despite having been determined to 
obtain a power of  ≥ 0.8, and we overlooked changes in 
the expression of genes that were expressed at low levels. 
Further studies containing greater numbers of samples are 
needed to confirm the changes in genes that are expressed 
at low levels. 

In conclusion, the expression of dopamine receptor 
and tachykinin genes was highly up-regulated in the hip-
pocampus after exposure of mice to sevoflurane for 1 
hour, suggesting that sevoflurane stimulates hippocampal 
dopaminergic neurons; these findings may be useful for 
exploring the molecular mechanisms of PONV. We found 
that sevoflurane regulated the genes involved in neuronal 
stem cell differentiation, which may be useful for exploring 
the molecular mechanisms of neuronal inflammation after 
general anesthesia. 
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