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[Abstract] Objective To investigate potential toxicity in neuro development of the offspring induced
by sevoflurane exposure of pregnant rats on the base of lipidomics and transcriptome.  Methods

Twenty-eight pregnant rats were randomly and equally divided into sevoflurane prenatal exposure (S)
group and control (C) group at gestational day (G) 18;rats in S group received 2% sevoflurane with
98 % oxygen for 6 h in an anesthetizing chamber, while C group received 100% oxygen at an identical
flow rate for 6 h in an identical chamber. Partial least squares discriminant analysis (PLS-DA) , ultra

performance liquid chromatography/time-of-flight mass spectrometry (UPLC/TOF-MS) and MetaboAnalyst
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were used to analysis acquire metabolomics profiles, and immunohistochemical changes of neuronal

apoptosis in hippocampus and cortex of neonatal rats were also analyzed. Results  Potential
endogenous metabolites glycerol phospholipid and sphingomyelin were significantly changed in S group.
It was also found that glycerol phospholipid metabolism was the most important metabolic pathway
among the 6 metabolic pathways. The expression of mRNAs (Vcan gene, related to neuronal
development, function,and repair) of S group were significantly increased in the RNA-seq results. HE
and TUNEL staining results showed that the number of neuronal apoptosis mildly increased in S
Conclusions

group, but there was no significant difference compared with C group. Glycerophospholipid

and sphingolipid metabolism disturbance might impose potential adverse influence on the

neurodevelopment of the offspring. Meanwhile, sevoflurane induced high expression of Vcan gene in the

offspring. Their homeostasis may be as the potential therapeutic approaches for guarding against

2019 4F 11 H ,46(6)

inhalational anesthetics-induced neurodegenerative disorders.
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Tab 1

FMHZRXRIBEIH MK IR

Arterial blood gas analysis between two groups

Observation item C group (n=28) S group (n=28)

pH 7.37%0.03 7.41£0.01
PaCO, (mmHG) 43.80+3.50 46.97 + 4,25
BE (mmol/L) -0.33+1.53 4£1.0
HCO; (mmol/L) 25.57+1.75 29.90+ 1. 90
Sa0, (%) 98.33£0.58 100 £ 0

C group: Control group; S group: Sevoflurane prenatal exposure
group. pH :Potential of hydrogen;PaCQO, : Partial pressure of carbon
dioxide in arterial blood; HCOj; ; Carbonic acid hydrogen radical; BE:

Residual value of blood alkali; SaO, : Degree of blood oxygen saturation.

R & /N € F A 3 #7 (PLS-DA) - PR4L R ]
UPLC/TOF-MS #£ & &) m # 17 &£ 8 40 50 #r
(principal component analysis, PCA) fl PLS-DA
M. 7EIE 878120 AT 547 09 40 B ROR (B 2)
K3 ASH P RTERESEAT I . LS-DA 5
EEEFFEAT . R,X=0.665,R, Y =0.996,Q, =
0.962, [Nk FE PLS-DA # A,
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Tab 2 Sevoflurane induces neurotoxicity potential markers and associated pathways or diseases

in lipids of newborn rats in late pregnancy

RT Ch:
No. m/z . Ton Metabolite Related pathways Related diseases e
(min) trend
Gl hosph Pancreatic cancer,
ophospho
1687 496,341 0 2,27 [M*H]*  LysoPC (16:0) JYeerophosp Barth sgl, A
lipid metabolism .
Atherosclerosis
Pancreatic cancer,
2918 707.499 1 2.96 [M*K]* DG (20:1n9/0:0/20:5n3) Barth sgl, A
Atherosclerosis
PE (22:6(4Z2,72,102,13Z,  Glycerophospho Pancreatic cancer,
34 4. . M~ *
& AT LI L H] 16Z,192)/P—18:1(112)) lipid metabolism Barth sgl v
3037 728.5217  8.57 [M* Na]® SM (d18:0/16:0) Sphingolipid metabolism  Atherosclerosis v
PC (16:0/22:5 (7Z, 10Z,  Glycerophospho
3 929 808. 589 8.8 * * .
3897 > L4 ] 1372,162,1972)) lipid metabolism \
salactosylcerami Hidradenitis
3897 806.5729  9.08 e e Sphingolipid metabolism T Lozadenitis 0
(d18:1/22:0) suppurativa
3535  780.5505 9.13 [M*Na]*  CerP (d18:1/26:0) v
Gl hosph Adolescent
3238 756.5559 9.8 [M*Nal®  PC (16:0/16:0) JYeCroPhospio Coeseent v
lipid metabolism idiopathic scoliosis
TG (20.5(5Z,82,117Z,147Z,
5 586 923.747 6 22.92 [M*H]* 1772)/18:2(9Z, 127)/20: 5 A
(5Z,8Z,11Z,14Z,172))
TG (14:0/20:1(11
4776 857.756 8 23.98 [M*K]* & 02D 0

15:0)

RT:Retention time (min) ; m/z: Mass-to-charge ratio. The independent ¢ test was verified by Graph Prism 5. 0 in serum of group S and group

C. P<<0.05. 4 . Up regulation. y :Down regulation.
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A ESI positive mode; B: ESI negative mode. The UPLC/TOF-MS ana

lysis was performed using an Acquity TMUPLC system coupled to a

SynaptTMG2 high-definition time-of-flight mass spectrometry system with ESI positive and negative modes. In both positive and negative ion

modes ., basic peak chromatogram profiles displayed no difference between S and C groups. ESI: Electrospray ionization.

1 E-F UPLC/TOF-MS % #7 #7 £ K B M %5 PRI 70 BA 1% EST #Y 22 B KL 1 58 B 2 % B
Fig 1 Typical base peak intensity chromatogram of the rat serum obtained in ESI positive and

negative mode based on UPLC/TOF-MS analysis
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C: PLS-DA in negative ion mode. S: PLS-DA in positive ion

mode.
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Fig 2 The serum of neonatal rats analyzed by PLS-DA
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Pathway analysis on biomarkers of sevoflurane-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.
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Fig 3 The pathway analysis of biological markers of the

neurodegeneration disease model induced by sevoflurane
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The experiment was repeated 3 times. Apoptosis in hippocampus and cerebral cortex was detected by TUNEL and HE staining. Blank:
Blank group;Control:Control group; Hippocampus: Hippocampus group; Cortex: Cortex group. A and B: The black arrows indicate apoptotic
cells. Observation of HE and TUNEL staining for the hippocampus and cerebral cortex tissue in morphological changes in each group (scale
bar =20 pm). C and D: The statistical analysis of neural cell apoptosis was detected by TUNEL and HE staining from hippocampi and cerebral
cortex tissue of each offspring rat.

4 FHEBIDMAREEAR HE £ &5 TUNEL £ &EHEE K (X 400)
Fig 4 HE and TUNEL staining for the hippocampus and cerebral cortex tissue in morphological changes of each group ( X400)
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A: The change of Vcan gene by RT-PCR;B: The melting point curve for drawing;C: The expansion region Vean gene. D: As the standard curve.
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Fig5 Vcan gene PCR RT-PCR changes, melting and amplification curves
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Pathway results of differentially expressed significant genes

ID Term

hsa04657 1L-17_signal ing_pathway
hsa05144 Malaria

hsa04380 Osteoclast differentiation
hsa05133 Pertussis

hsa05132 Salmonella_infection

hsa03040 Spliceosome
hsa03010 Ribosome

hsa03013 RNA_transport
hsa05010 Alzheimer's_disease
hsa04621 NOD-like receptor signaling_pathway

Count P FDR
5 3.43e-05  3.36e-03
3 1.03e-03  5.06e-02
4 1.72e-03  5.63¢-02
3 3.66e-03  8.96e-02
3 5.18e-03 1.01e-01
70 2.02e-21  6.19¢-19
72 1.20e-18  1.84e-16
64 4.22e-11  0.30e-09
61 1.15e-09  8.79¢-08
58 1.19e-08  7.30e-07

A and 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 first 5 Pathway of up and down significantly 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 significance of the pathway correlated to the conditions. Lower the P-value, more significant is the pathway. The recommend

P-value cut-off is 0. 05. Upregulated differential expression gene KEGG pathway analysis results folder; Down-regulated differential expression

gene KEGG pathway analysis results folder. DE: Differentially expressed.
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Fig 6 Signal pathway of differentially expressed genes and pathway results of differentially expressed significant genes
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