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Abstract
Background: Sevo�urane is a commonly used inhalational anesthetic in clinic. Prolonged exposure to sevo�urane can induce signi�cant changes in lipid
metabolism and neuronal damage in the developing brain. However, the effect of sevo�urane exposure of clinical dose in pregnant rat remains unclear.

Results:  The following study was to explore lipidomics and transcriptomics changes related to 2% sevo�urane exposure for 6h in the developing brain of
newborn offspring rats. UPLC/TOF-MS(Ultra Performance Liquid Chromatography/Time-Of-Flight Mass Spectrometry) and RNA-seq analysis was used to
acquire metabolomics and transcriptomics pro�les. We used RNA sequencing (RNA-seq) to analyze the expression of the coding and non-coding transcripts in
neural cells of cerebral cortex. No signi�cant differences in arterial oxygen tension (PaO2), arterial carbon dioxide tension (PaCO2), arterial blood gas were
found between groups. RSDs(Relative Standard Deviation) of retention times were < 1.53%, and RSDs of peak areas ranged from 2.13% to 8.51%. BPC pro�les
showed no differences between groups. We evaluated the Partial Least Square-Discriminant Analysis (PLS-DA) model: in negative ion mode: R2X, over 70%:
R2Y, over 93%: Q2 (cum), over 80%; Cell apoptosis was not remarkably enhanced by TUNEL and HE staining in sevo�urane exposure in comparison to control
group(P>0.05). Glycerophospholipid and sphingolipid metabolism disturbance might have adverse in�uence on neurodevelopment in offspring. The
expression of mRNAs (Vcan gene, related to neuronal development, function, and repair) of sevo�urane group were signi�cantly increased in the differential
genes by qRT-PCR veri�cation.

Conclusions: glycerophospholipid and sphingolipid metabolism homeostasis may be potential therapeutic approaches against inhalational anesthetics-
induced neurodegenerative disorders. Meanwhile, sevo�urane induced Vcan changes, which indicate some lipidomics and transcriptomics changes was
happened even if neural cell apoptosis was not signi�cantly changed in usual clinical dose of sevo�urane exposure.

Introduction
Each year, over 10 million pregnant women in China implement anesthesia. Maternal sevo�urane exposure may present a possible risk for neurodevelopment
in her offspring [1]. Furthermore, preclinical studies have indicated that a prolonged exposure to inhalational anesthetics during brain synaptogenesis can hurt
the immature central nervous system leading to standing neurocognitive impairments [1]. Prolonged sevo�urane inhalation has shown to decrease
phosphatidylethanolamine, phosphatidylserine, and phosphatidylglycerol, and to increase 4-hydroxynonenal (relevant to stress and lipid); phosphatidylserine
is involved in signaling pathways relevant to neural cell synaptogenesis, survival and neurite growth[2–6]. Alpha-lipoic acid suppresses sevo�urane-
associated neural cell apoptosis by PI3K/Akt pathway [7].

In addition, sevo�urane with high concentration and long-term exposure have shown to alter metabolism of glucose, amino acid, and lipid, as well as
intracellular antioxidant and osmotic substance in developmental nerve [8]. Lipid changes may disturb phospholipid homeostasis, change the integrity,
orientation, permeability and function of the membrane, leading to neurological dysfunction and degeneration. Meanwhile, RNA-Seq can detect alterations of
expression of low abundance transcripts. Can sevo�urane exposure in pregnant rat induce potential neurotoxicity in the offspring including lipidomics and
RNA-Seq changes?

We hypothesized that sevo�urane exposure can induce lipidomics and transcriptomics changes of neurotoxicity in the developing brain in offspring rats after
birth. To the best of our knowledge, this is the �rst study to explore the lipid and transcriptomics changes of anesthetics-induced neurotoxicity in rats. As we
have known, it is the �rst study of neurotoxic lipid and transcriptional changes induced by anesthetics.

Methods
Animals 

All animal studies, containing rats euthanasia procedures, were approved and   complied with AALAC and IACUC guidelines and guidelines for institutional
animal care in Shanghai Jiao Tong University (Permit number: A2016077). Sixteen SD rats weighing 400-500 g within 18 days of gestation were bought from
IACUC of Shanghai Jiao Tong University. 

All rats did not carry viruses, bacteria and parasites. Animal health were continuously recorded by a sentinel program. Rats were kept in Individual
ventilated plastic cages (420mm X 250mm X 230mm). A standard cardbox house was provided, autoclaved hay (about 8 12 g/cage) and two
Nestlets™ (about 5 × 5 cm) were supplied. Rats were fed a pelleted rat diet by Jiangsu cooperative medical bio-engineering co..LTD and ordinary pure water
after high temperature sterilization. The rats were housed in an environment with temperature of 23±2°C, relative humidity of 50 ±15% and a light/dark cycle
of 12/12hr(approximately 20 lx in the cage), the air pressure was controlled at 10 Pa. HPLC(High Performance Liquid Chromatography)-grade acetonitrile and
formic acid were purchased from Merck (USA), calibration solution for TOF-MS was bought from AB SCIEX (AB SCIEX,Foster City, USA), ultra-pure water was
generated by a Milli-Q pure water system (Millipore,USA).

 Experimental Protocol

 Sprague Dawley (SD) pregnant rats, 3 months old, 400-500g weighing, were randomly divided in: sevo�urane group (S) or a control group (C) at gestational
day (G) 18. Eight pregnant rats in each group were kept in a temperature humidity -controlled room with a 12-hour period of light and darkness from 3:00 to
15:00, The anesthesia chamber was given 2% sevo�urane and 100% oxygen for 6 hours in sevo�urane group. Control group was given 100% oxygen at the
same �ow rate in the same chamber for 6 hours. Parameter setting is 400 ml/min as the total gas �ow. A gas analyzer (Drager, Lubeck, Germany) sustained to
monitor oxygen, carbon dioxide and sevo�urane concentration. The rats kept with spontaneous breath. After sevo�urane termination, the rats were placed in a
chamber containing 100% oxygen for 20 min. Pregnant mice arterial blood sample were collected and analyzed by i-STAT 1 Analyzer (MN: 300-G, Abbott Park,
USA) immediately after termination of anesthesia. The control group (C) received 100% oxygen at an identical �ow rate for 6 h in an identical chamber.
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Remaining rats were kept in the chamber for delivery, the offspring of sevo�urane group and control group were 40 and 42, respectively. A total of 24 (7-
postnatal) rats were randomly selected from offspring rats of two groups (n=12 in each). Serum samples of offspring rats were frozen at −80°C for next
analysis. In our study, the relevant details was as follows regarding the euthanization of study animals. Pregnant rats were sacri�ced by cutting off the
abdominal aorta under sevo�urane anesthesia or increasing the concentration of carbon dioxide in accordance with the animal laboratory's euthanasia
method when they were taken blood from the abdominal aorta directly, The newborn rats were placed in a anesthetic box with a concentration of about 3%
and then did decollation under anesthesia, Other rats of the experiments implemented euthanasia by increasing the concentration of carbon dioxide in
accordance with the animal laboratory's euthanasia method.

 Sample preparation and Ultra Performance Liquid Chromatography (UPLC) Analysis

Sample pretreatment requirement: 100 µl of neonatal rat serum (from sevo�urane and control group) was placed in a tube (pretreated with heparinization).
Adding paclitaxel storage solution (100 µg/ml) 15 µl as internal reference material, then got methanol 300 µl, vortex oscillation 3 min, high-speed
centrifugation (12000 r/min) centrifugation (4°C, 10 min), The supernatant of precision absorption was 200 µl, and the microporous �ltration membrane
(0.22 µm) was to be used. Chromatographic conditions: Waters Xterra MS C 8 column (2.1 × l00mm, 3.5 μ m). The mobile phase A: acetonitrile: isopropanol
(5:2, v/v) contains 2 mmol/L ammonium acetate, 0.1% formic acid and 0.1% formic acid aqueous solution containing 2 mmol/L ammonium acetate. Gradient
elution procedure: 0-1 min 10% A, 1 / 2 min 10-30% A, 2 / 4 min 30 / 50% A, 4 / 8 min 50 / 70% A, 8 / 12 min 70 / 100%, 1 / 2-24 min 100% A, 24-24.5 min 100-
10% A, 24.5-30 min 10% A. Flow rate: 0.35 mL/min. Column temperature: 40 ℃. Sample volume: 10 µL. The method was used to analyze other lipid
compounds (glyceryl ester, glycerol phospholipid, high abundance sphingolipid). The related substances were identi�ed by ultra-high performance liquid
chromatography (HPLC) with multi-reaction monitor.

 Pattern recognition analysis based on PLS-DA

The score map was obtained by pattern recognition, and then the model was evaluated, the candidate heteron ions were added to the peptide segment. The
(VIP) value of the variable projection importance marker in the PLS-DA model was used to screen the candidate differential protein. The partial least squares
discriminant analysis (PLS-DA) was used to excavate the changes among different samples to determine the key ingredients. After dealing with the data, the
data matrix containing sample variables was obtained, and the next metabolite was further analyzed. Compounds with projected value p < 0.05 and > 1.0
could be identi�ed as potential biomarkers from the PLS-DA model.

Hematoxylin and Eosin (HE) Staining

HE staining was use to detect the neural cell apoptosis in both hippocampus and cerebral cortex of neonatal rats. HE staining: sections were separated, then
treated by hydration, hematoxylin staining, 1% ethanol hydrochloric acid alcohol differentiation for 1s and eosin staining. The stained slices were dehydrated,
encased in neutral balm, and covered with a coverslip. The microscope (Olympus) got the image at 400 x magni�cation.

TUNEL staining

Sections of the hippocampus and cerebral cortex of each group were frozen and soaked in 3% H2O2 phosphate buffer (PBS) to eliminate the endogenous
peroxidase reaction. Washed 3 times, and 5 min once, then 20% fetal bovine serum (FBS) and 3% FBS protein were put into it for 15 min. After the TUNEL
reaction solution was connected with �uorescein, the slices were placed in a humidifying box at 37 ℃ for 1 hour, then washed with PBS three times for 5
minutes. Then, the parts are re-evaluated. The termination solution at room temperature acted for 10 minutes, and the anti-digoxin peroxidase antibody acted
for 30 minutes at 37 °C. It was washed three times with PBS for 5 minutes. Afterwards, The slices were made by 3,3'-diaminobenzidine, dyed by HE,
transparent by xylene and sealed by neutral resin. The sections were then put down a �uorescence microscope. The TUNEL positive staining was observed
under the S BX 51 Upright �uorescence microscope ( 400-fold, USA). The experiment was repeated four times. The apoptotic rate was calculated. The formula
was that: apoptotic rate = TUNEL positive cells / the total cells. 

RNA-seq and Real-time PCR (RT-PCR) Veri�cation

The RNA was extracted by Trizol methods from the cortical cells (102 to 104) of the neonatal rats include sevo�urane group and control group, and we added
800 µ l TRIZOL reagent to the sample. After the sample was lysed, the samples were separated by adding chloroform. Before adding isopropanol to precipitate
RNA, 5-10 µg RNA-free glycogen was added as aqueous phase carrier. In order to reduce the viscosity of the solution, the sample was cut through the 26
needles twice before chloroform was added to cut the genomic DNA. After two-phase separation, glycogen was left in the aqueous phase and co-precipitated
with RNA. The real-time quantitative PCR reaction system consisted of 1µl cDNA, 1µl upstream and downstream primer mixture, 5µl premixed solution and 3 µl
actinase water. Follow-up database construction and sequence analysis of full transcript was set by Cloudseq Biotech (Shanghai) Co.,Ltd. Relevant test for
quality and RNA-seq sequencing was �nished by above-mentioned company. The target gene RT-PCR was detected in SYBR Green (TaKaRa) system
(LightCycler 480) when it was needed. Instruments included primer design software: Primer 5.0. and ViiA 7 Real-time PCR System (Applied Biosystems). The
expression of related genes was administrated by quantitative RT-PCR for the veri�cation of the signi�cant gene, which was performed by the relevant
instructions. To verify the accuracy based on the analysis of RNA-seq, the differential genes in relevant signaling pathway were tested in the samples. The
gene relative expression was calculated, and GAPDH was used as internal reference for relative quantitative analysis. 

 Statistical Analysis

Data analyses were derived from using Graph Prism 5.0 software. Assumptions of normality and homogeneity of variance were �rst checked. Relevant data
were expressed as the mean ± standard deviation. The independent samples t-test were used to analyze the differences between groups for continuous
measures including Tunel or HE staining data. Multigroup comparisons of the means were carried out with Tukey post hoc tests. And a Partial Least Squares
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Discriminant Analysis (PLSDA) in MatLab (version 3.7.1) was used. There were statistically signi�cant differences at a standard of P 0.05, The target genes
candidates of DE miRNAs were used to KEGG enrichment analysis and pathway database [31-33]. Kobas [34] software is used to evaluate the statistical
enrichment of candidate genes of KEGG pathway. We used QValue [35] to adjust the P value. Qvalue < 0.01 and | log2 (Foldchange) | > 1 are set as the
standard of remarkably differential expression (DE). Pathways were identi�ed to be signi�cantly enriched when FDR<0.05.

Results
Arterial blood gas (ABG) test : Rats treated with sevo�urane in S group and C group performed ABG test here to eliminate the possibility of blood gas
alterations. As shown in Supplemental Table 1, PH value, partial pressure of oxygen (PaO2) and partial pressure of carbon dioxide (PaCO2) displayed no
signi�cant variance between two groups. Rats in S group were only affected by sevo�urane but not alterations in arterial blood gas caused by sevo�urane
anesthesia.  

UPLC/TOF-MS analysis of sevo�urane-induced potential neurotoxicity to acquire metabolomics pro�les 

UPLC/TOF-MS analysis was performed in both positive and negative ionization modes to acquire metabolomics pro�les. Representative base peak
chromatogram (BPC) was presented in Figure 1A and 1B. Method validation was conducted on six QC samples. Six common peaks in both negative and
positive ion mode (paired retention time M/Z) variances of the retention time and peach area of ten bio-markers (Supplemental Table 2) were randomly
selected and further examined for validation. Furthermore, RSDs of retention times were < 1.53% and RSDs of peak areas ranged from 2.13% to 8.51%, which
indicated that the proposed method of UPLC/TOF-MS pro�ling was acceptable. Variable importance in the projection (VIP) in PLS-DA is commonly used to
discover the relevant biomarkers of neurotoxicity. Ten endogenous metabolites were identi�ed as potential biomarkers in this study (Supplemental Table 2).
Most biomarkers have been reported to be associated with some neurodegenerative diseases or neurodevelopment impairment (Supplemental Table 2, related
pathways or diseases). Interestingly, these biomarkers were detected in the control (C) group , but not in the sevo�urane exposure (S) Group.

Partial least squares-discriminate analysis (PLS-DA) and Lipidic metabolic pathway analysis of sevo�urane treatment

Principal component analysis (PCA) was performed using UPLC/TOF-MS sample pro�les in both groups, nevertheless, poor separation was obtained (data not
shown). Consequently, partial least squares-discriminate analysis (PLS-DA), a supervised method, was then performed. A much better separation was
acquired in positive ion mode (Figure 2A). Three parameters were used to evaluate the performance of PLS-DA model: in positive ion mode: R2X=0.665,
R2Y=0.996, Q2=0.962, so PLS-DA model were acceptable. The identi�ed biomarkers were further analyzed with using MetaboAnalyst
(http://www.metaboanalyst.ca). Brie�y, glycerophospholipid metabolism was the most important metabolic pathway (Figure 2A). Furthermore, six metabolic
pathways, including glycerophospholipid metabolism, glycosylphosphatidylinositol (GPI)-anchor biosynthesis, linoleic acid metabolism, alpha-Linolenic acid
metabolism, sphingolipid metabolism and arachidonic acid metabolism were highlighted (Figure 2B). 

HE staining and Tunel staining 

Observation of TUNEL and HE staining for the morphological changes in each group (×400) was administrated, neuronal apoptosis was detected by TUNEL
and HE staining from hippocampi and cerebral cortex tissue of each offspring rat (Figure 3A, 3B). Cell apoptosis in the hippocampus and cerebral cortex
tissue of sevo�urane-induced offspring rats was detected, however, the number of apoptotic cells in Tunel staining was not signi�cantly increased in the
sevo�urane group compared with the control and blank group(P>0.05) (Figure 3C, 3D), which indicated cell apoptosis was happened in sevo�urane clinical
dosage, but there was no signi�cant difference in sevo�urane group in comparison with control group.

Vcan gene RT-PCR changes and melting and ampli�cation curves.

Figure 4. Vcan gene RT-PCR changes(Figure 4A), included melting(Figure 4B), ampli�cation(Figure 4C) and standard curves(Figure 4D). The Vcan gene
provides instructions for making a protein called versican. Versican is a type of protein known as a proteoglycan, which means it has several sugar molecules
attached to it. The overexpression have implications for understanding how Vcan regulates the toxicity of cerebral cortex including neural development,
function, and repair. 

Signi�cantly differentially expressed gene cluster thermogram

We investigated differential expression gene cluster map(Figure 5A), Hierarchical clustering is a clustering method that is widely applied to gene expression
data. Genes with similar expression patterns and samples with similar biological properties converge into a cluster. FPKM values of signi�cantly expressed
genes obtained by comparison between groups are used for cluster analysis, mRNA scatter diagram (Figure 5B) Pearson correlation 0.954. Up-regulated genes
(640), not differential expression(10377), down-regulated genes(1810) for sevo�urane group and control group, Six hundred and forty genes were increased
and 1810 genes were decreased in sevo�urane group compared with control group, mRNA Volcanic map(Figure 5C), Up-regulated genes (589), not differential
expression(10531), down-regulated genes(1707) for sevo�urane group and control group,  Red represents upregulation of signi�cantly differentially expressed
genes, while green represents down-regulation of signi�cantly differentially expressed genes. RNA-seq experimental �ow chart was shown in Figure 5D .

Enrichment analysis of KEGG Pathway

Figure 3.6. The �rst 20 KEGG pathways enriched by target genes of differentially expressed(DE) miRNA in 2 groups(Figure 6A),  indicating that the RNA
transport was shown a signi�cant change by sevo�urane exposure. The terms of GO enrichment in Up signal pathway of DE gene exhibited signi�cant
differences for sevo�urane group and control group. Down signal pathway of DE gene was shown for sevo�urane group and control group(Figure 6B). Up
Differentially Expressed Genes KEGG Pathway (Figure 6C) included IL-17 signaling pathway, Malaria, Osteoclast_differentiation, Pertussis, Salmonella
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infection, Spliceosome, Ribosome, RNA transport, Alzheimer’s disease and NOD-like receptor signaling pathway.  KEGG (Kyoto Encyclopedia of Genes and
Genomes) results showed that relevant genes were differently expressed. KEGG pathway enrichment analysis was conducted to functionally categorize the
target genes. All the putative target genes for DE miRNAs were enriched to the KEGG pathway. Every target gene of DE miRNAs was enriched into the KEGG
pathway by functional classi�cation of the target gene through KEGG pathway enrichment analysis. We used RNA-seq detection of transcriptomics technique
to explore gene expression to supply with novel perspectives of the relevant signal pathway of sevo�urane exposure, which led to widespread and statistically
signi�cant gene changes to numerous transcripts involved in diverse pathways. 

Discussion
Our data demonstrates that glycerophospholipid is an important biomarker, which comes from glycerophospholipid(http://www.genome.jp/dbget-bin) in
glycerophospholipid metabolic process. Glycerophospholipids (GP) contain the main lipid category of mammalian cell membranes [9] which play an
important role in cellular functions. The deregulation of lipids has shown to be associated with Alzheimer’s, Parkinson’s and Huntington diseases [10]. In our
previous studies, we have demonstrated that sevo�urane induces signi�cant damage in neural stem cells (FNSCs)[11]. Iso�urane induces cell apoptosis when
used in high concentrations [12]. Sevo�urane exposure had harmful in�uences on neural development during embryonic phase [13-15]. Another study have
also shown that neurotoxicity emerges from lysosphingolipids inhibiting PKC(Protein Kinase C). Membrane lipids, such as gangliosides and sphingolipids, are
known to interact with both soluble Aβ  [16] and insoluble forms [17] and to affect Aβ neural toxicity.

In our study, systems of MetaboAnalyst(http://www.metaboanalyst.ca) was used to analyzed further pathways of the identi�ed biomarkers. Six metabolic
pathways were highlighted, including glycerophospholipid metabolism, glycosylphosphatidylinositol (GPI)-anchor biosynthesis, linoleic acid metabolism,
alpha-Linolenic acid metabolism, sphingolipid metabolism and arachidonic acid metabolism. A combination of these methods with stable isotope labeling is
perfectly suitable for analyzing the metabolism of lipid species [18]. Meanwhile, we found some morphological changes in histopathological and
immunohistochemical evaluation of hippocampi and cerebral cortex tissue of each offspring rat by HE and Tunel staining in sevo�urane group, however, the
number of apoptotic cells was not signi�cantly increased by TUNEL staining compared with the control group, which indicate that the neural cell apoptosis is
not very obvious in usual dose of clinical use even if some lipidomics changes were happened.

Glycerophospholipids (GP) are among the most important lipid forming mammalian cell membranes. Deregulation of phospholipids can lead to many
diseases [19-20]. Disruption of the phosphatidylcholine (PC) homeostasis is found in many neurodegenerative disorders [21]. These results suggest that the
control of cellular phosphatidylcholine (PC) content, but not phosphotidylserine (PS) content, may be useful in the prevention or treatment of Alzheimer's
disease [22]. Disrupted phospholipid homeostasis in ER(Endoplasmic reticulum) can lead to many neurological disorders, including schizophrenia and
neurodegenerative diseases such as Alzheimer’s, Parkinson’s and Huntington diseases [23-24]. Sphingolipids, are a diverse class of lipids composed of free
sphingoid bases and their phosphates, ceramides, and sphingomyelins, as well as complicated glycosphingolipids [25-26], which can be detected in
miscellaneous diseases, including neurological diseases  [27] and metabolic disorders [28]. The present data may provide a novel strategy for further
exploration of the mechanism underlying inhalational anesthetics-evoked potential neurotoxicity in developing brain.

In our study, RNA sequencing (RNA-Seq) does not rely on a predesigned probe and enables rapid pro�ling and deep investigation of the transcriptome, for any
tissues or species. GO(Gene Ontology) provides a systematic language to describe the attributes of genes, which are classi�ed by cellular
component, molecular function and biological process. This is the �rst report to evaluate RNA-seq changes in pregnant women for anesthetics exposure
associated biomarkers. The qRT-PCR veri�cation results indicated that Vcan was increased signi�cantly in sevo�urane group, which indicate some
transcriptomics changes was happened even if neural cell apoptosis was not signi�cantly changed in sevo�urane group in comparison with control group in
clinical use. Vcan were related with nervous system development [29]. Vcan may be capable of enhancing axonal and/or plasma membrane
viability in culture, the complex microenvironment present in the stroked brain determines which genes are translated and tra�cked accordingly [30]. Four
different versions (isoforms) of the versican protein are produced from the Vcan gene. This versican protein likely helps regulate cell growth and division, the
attachment of cells to one another (cell adhesion), and cell movement (migration). Studies suggest that versican plays a role in forming new blood vessels
(angiogenesis) and in�ammation. Versican also regulates the activity of several growth factors, which control a diverse range of processes important for cell
growth.These isoforms (called V0, V1, V2, and V3) vary by size and by their location within the body. Versican interacts with many proteins and molecules to
facilitate the assembly of the extracellular matrix and ensure its stability [30]. 

So UPLC/TOF-MS based lipidomics and RNA-seq provided comprehensive information for understanding pathological process of potential neurotoxicity
caused by prenatal exposure to sevo�urane. Although further evidence is required, abnormal glycerophospholipid and sphingolipid metabolism may be used
as an alternative way to understand the mechanism underlying inhalational anesthetics-induced neurotoxicity. Regulating glycerophospholipid and
sphingolipid metabolism may be used as the potential therapeutic treatment for preventing inhalational anesthetics from potential impairing
neurodevelopment. Meanwhile, Vcan gene change of sevo�urane group were signi�cantly increased in the differential genes by qRT-PCR veri�cation in
offspring cerebral cortex.

Conclusions
In conclusion, the results of this study suggested lipid and RNA-seq changes associated with sevo�urane exposure during pregnancy and provides a better
understanding of the risk in offspring exposed to sevo�urane even if there is no signi�cant cell apoptosis changes in clinical dosage.

Abbreviations
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HPLC, high performance liquid chromatography, UPLC, ultra performance liquid chromatography, TOF-MS, time-of-�ight mass spectrometry, PaO2, arterial
partial pressure of oxygen, PaCO2, arterial partial pressure of carbon dioxide, RSDs, relative standard deviation, HEPA, high e�ciency particulate air �lter, ESI,
electrospray ionization, MRM, multiple reaction monitoring, PLS-DA, partial least square-discriminant analysis, HE, hematoxylin and eosin staining, PBS,
phosphate-buffered saline, FBS, fetal bovine serum, DAB, diaminobenzidine, BPC, base peak chromatogram, VIP, variable importance in the projection, PCA,
principal component analysis, GPI, glycosylphosphatidylinositol, CNS, Central Nervous System, FNSCs, fetal neural stem cells, PKC, Protein Kinase C, GPL,
glycerophospholipid, GP, glycerophospholipids, PC, phosphatidylcholine, PS, phosphotidylserine, RNA-seq, RNA sequencing, KEGG, Kyoto Encyclopedia of
Genes and Genomes,
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Tables
Table 1. Arterial blood gas analysis for two groups.

  C group(n=8) S group(n=8)

PH 7.37 ±0.03 7.41 ±0.01

PaCO2(mmHg) 43.80±3.50 46.97±4.25

PaO2 (mmHg) 116.0±12.66 124.3±19.59

BE -0.33±1.53 4±1.0

HCO3 25.57±1.75 29.90±1.90

SaO2 (%) 98.33±0.58 100±0

Table 1. Arterial blood gas analysis for two groups. There are no signi�cance for two groups. PH value, partial pressure of oxygen (PaO2), partial pressure of
carbon dioxide (PaCO2), HCO3, BE and SaO2  are monitored. 
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Table 2 Potential bimarkers and related pathways or diseases.

No.   M/Z RT(min) Ion Metabolite  Related Pathways Related
Disease

1 1687 496.341 2.27 [M+H]+ LysoPC(16:0) glycerophospholipid
metabolism**

pancrea
cancer B
sgl
atherosc

2 2918 707.4991 2.96 [M+K]+ DG(20:1n9/0:0/20:5n3)    

3 3488 774.5638 7.86 [M+H]+ PE(22:6(4Z,7Z,10Z,13Z,16Z,19Z)/P-18:1(11Z)) glycerophospholipid
metabolism**

pancrea
cancer B
sgl

4 3037 728.5217 8.57 [M+Na]+ SM(d18:0/16:0) sphingolipid
metabolism**

atherosc

5 3929 808.5897 8.85 [M+H]+ PC(16:0/22:5(7Z,10Z,13Z,16Z,19Z)) glycerophospholipid
metabolism**

 

6 3897 806.5729 9.08 [M+Na]+ Galactosylceramide (d18:1/22:0) sphingolipid
metabolism**

Hidrade
suppura

7 3535 780.5505 9.13 [M+Na]+ CerP(d18:1/26:0)    

8 3238 756.5559 9.8 [M+Na]+ PC(16:0/16:0) glycerophospholipid
metabolism**

Adolesc
idiopath
scoliosis

9 5586 923.7476 22.92 [M+H]+ TG(20:5(5Z,8Z,11Z,14Z,17Z)/18:2(9Z,12Z)/20:5(5Z,8Z,11Z,14Z,17Z))    

10 4776 857.7568 23.98 [M+K]+ TG(14:0/20:1(11Z)/15:0)    

Table 2. RT: retention time(minute). M/Z: mass-to-charge ratio. VIP: variable importance in the projection. Student’s t-test was performed by Graph Prism
5.0, p-values were considered statistically signi�cant if they were *< 0.05, ** P < 0.01.

 

Figures

Figure 1

Typical base peak intensity (BPI) chromatogram of the rat serum obtained in ESI positive and negative mode based on UPLC/TOF–MS analysis. (a, b)
Representative BPI chromatogram of rat serum in ESI positive and negative mode, respectively. The UPLC/TOF-MS analysis was performed using an Acquity
TMUPLC system (Waters Corporation) coupled to a SynaptTMG2 High-De�nition Time-of-Flight Mass Spectrometry system (WatersCorporation) with
electrospray ionization (ESI) in positive and negative modes. In both positive and negative ion modes, BPC pro�les display no difference between S and C
groups.
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Figure 2

2a. C: PLS-DA in negative ion mode. S: PLS-DA in positive ion mode. In Cand S panel, the black boxes (.) represent samples from C group, the open triangles
(△) represent samples from S group. 2b. Pathway analysis on biomarkers of sevo�urane-induced neurogenerative disease model. All matched pathways were
acquired according to p-values from pathway enrichment analysis and pathway impact values from pathway topology analysis, using pathway library of
Rattus norvegicus (rat). A. Glycerophospholipid metabolism, B.Glycosylphos phatidylinositol (GPI)-anchor biosynthesis Linoleic acid metabolism, C. Alpha-
Linolenic acid metabolism, D. Sphingolipid metabolism, E. Arachidonic acid metabolism.

Figure 3
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Observation of HE and TUNEL staining for the hippocampus and cerebral cortex tissue in morphological changes in each group (×400)( 3a, 3b).. Scale bar =
200 μm. The statistical analysis of neural cell apoptosis was detected by TUNEL and HE staining from hippocampi and cerebral cortex tissue of each
offspring rat( 3c, 3d). All data were derived from Tunel staining results of independent experiments. Values are the mean ± S.D. of triplicate experiments, and
analyzed by ANOVA with Tukey post hoc tests. *P 0.05 compared to control group.

Figure 4

Vcan gene RT-PCR changes, included melting, ampli�cation and standard curves. 4a for RT-PCR changes of Vcan gene, 4b for Melt Curve Plot Vcan, 4c for
Ampli�cation Plot Vcan, and 4d for Standard Curve Vcan. Values are the mean ± S.D. of triplicate experiments, and analyzed by ANOVA with Tukey post hoc
tests. *P 0.05 compared to control group.
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Figure 5

5a, Signi�cantly differentially expressed gene cluster thermogram. Differential expression gene cluster map. Each row represents a gene and each column
represents a sample. Red represents upregulation of signi�cantly differentially expressed genes, while green represents down-regulation of signi�cantly
differentially expressed genes. 5b, mRNA scatter diagram . The x axis and y axis indicated the average FPKM value (log2 transformation) of the samples, the
red dots upregulated the differentially expressed genes, the green dots down-regulated the differentially expressed genes, and the gray dots represented no
differentially expressed genes. Two oblique dotted lines were divided into upper, down-regulated genes (1.5 times difference) and unaltered genes. 5c, mRNA
Volcanic map, The x axis represents the log2Fold_Change value, and the y axis denotes-log10p_value. The vertical two green lines were up-regulated (right)
and down-regulated (left), respectively. The green parallel line corresponded to p-value threshold. Green dots represent differentially down-regulated genes, red
dots represent differentially up-regulated genes, and gray spots represent non-signi�cant differentially differentiated genes. 5d. RNA-seq experimental �ow
chart.
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Figure 6

Enrichment analysis of KEGG Pathway. a. b. The KEGG pathway analyzed the top 10 item bar diagrams. In p-value order from low to high, the ordinate
represents P-value (- log10 transformation) c. Pathway Analysis of the �rst 5 Pathway of up and down signi�cantly differentially expressed genes KEGG
Pathway. Pathway analysis is a functional analysis mapping genes to KEGG pathways. The p-value (EASE-score, Fisher-P value or Hypergeometric-P value)
denotes the signi�cance of the Pathway correlated to the conditions. Lower the p-value, more signi�cant is the Pathway. (The recommend p-value cut-off is
0.05.) Upregulated differential expression Gene KEGG Pathway Analysis results folder: Up, down-regulated differential expression Gene KEGG Pathway
Analysis results folder: Down.
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