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(WE] BM FIHLEDEBAHARER NIRRT 3 Wistar K B BLAIUERRTT R 19 BLAARAL
. Ak YEESPF 2% Wistar HEVE K B 4 H(300 ~ 350 o), HEPE K EL8 H.(200 ~ 250 g), T8 ~ 10 JE KM
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[ Abstract] Objective To explore the mechanism of valproate-induced autism-like behavior in Wistar
mice based on bioinformatics technique. Methods A total of 4 SPF grade Wistar male mice (300-350 g) and
8 female mice (200-250 g) were selected. The female and male mice were caged overnight at a ratio of 2 : 1
in 8—10 weeks. The female mice were intraperitoneally injected with 600 mg/kg valproate on the 12.5 days of
pregnancy. The newborn mice were included in the valproate group. Open field test, elevated cross maze test,
new object recognition test and bead embedding experiment were used to evaluate the success of the model at
the 35th day after birth. Another 4 pregnant mice were randomly selected to inject the same amount of normal
saline once, and the newborn mice were included in the healthy control group. GSE42904 data set was used to
search for genes with different expressions in the brain tissues of mice receiving valproate and methylcellulose.
Genetic ontology (GO), Kyoto Encyclopedia of Genes and Genome (KEGG), GO/KEGG (combined with LogFC)
and Gene Set Enrichment Analysis (GSEA) were used for enrichment analysis of differential genes. Quantitative

real-time polymerase chain lock reaction (Q-PCR) was used to verify the expression of differential genes in the
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brain tissue of model mice in valproate group. Finally, 14 young mice in the valproate group and 7 young mice
in the healthy control group were included. Results Compared with the control group, the time of entering the
central area and the number of body extensions decreased in the open field experiment, the recognition index
decreased in the new object recognition experiment, and the number of buried beads increased in the bead
embedding experiment, and all the differences were statistically significant (P < 0.05). In the elevated cross
maze test, there was no statistically significant difference between the valproate group and the healthy control
group in the number of times of entering the open arm and the total distance of movement (P > 0.05), indicating successful
modeling. According to the analysis of GSE42904 data set, there are 267 genes in line with | Log, (FC) | > 1
and P < 0.05, and these differential genes are mainly concentrated in metabolic pathway. The differential
genes glutathione S-transferase o 3(Gsta 3), gamma-glutamyl transferase 7(Ggt 7) and glucose-6-phosphate
dehydrogenase (G6pd) in the glutathione metabolic pathway were verified. It was found that there was no
statistical significance in the difference in mRNA expressions between Gsta 3 and Ggt 7 (P > 0.05). The mRNA
expression level of G6pd gene in valproate group was significantly lower than that in healthy control group, and
the difference was statistically significant (P < 0.05). Conclusions There are differences in the expression of
G6pd gene in the valproate rat model, and the change in the expression of G6pd gene may be a pathogenic factor

of autism spectrum disorder.
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PRMAERE 2R 255 (autism spectrum disorder, ASD)
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{4300 3 5 0461 1 GSE42904 i 4 ) (A IR
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2. BB AL AR TR R (Sigma 2
A), 2, M2 RNA R BRI & | i d% S0 DAL
q-PCR SYBR (g St i MERE A= R A FRA R LK H
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3. B W B 4% 5 43 2H . 22 IR Schneider 2511
775, 4 8 ~ 10 JEI AR ME L HER BR A2 « 1 Ll & 58
I, R H RLRATHE R TR bR Aok, R IR
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AR ER ) B 14 H @R R 4 B 7 .

AT NS A6 TN IR SR 2 A g R X HE 2H %)
B AEJE 55 35 diF AT AT AR S, HAESCITT1 d
B4 BB A P A TSN o AE A R4l BRSE G
EWE T 75% O PSR A, S SRR N IR L
BT, (D5t K R4 RE T



Y SR A 2023422 H 20 HEE 23 555 28 Journal of Neuroscience and Mental Health, February 20, 2023, Vol.23, No.2 - 127 -

439 AN IE X 38 A 100 m x 100 m FF I 4L 1
PLAra IE 5 B X 38R ot X8, i EthovisionXT
LS BRAE 4 R 10 min YA G X BT |
SO B, DAPEAL 4 SRR = PR B v iy B i
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ik 15 100, 95 B T L ik B 0 AR 1) Uk SO B
PR 2 ~ 3 em it (Bl N IR KE BT [B], 7E24 h5 4% B
Pyt i C RS A BYIRAIR]), W B4l B
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MO0 SR T A S B R [ IR AR i
(i) — PR IH PR B B D)/ (R HT TR A 1 ST T])
100% 1 BFAG 40 BR2E ST ICAZRE ST . (4) BRERSEE '™,
FE R BANS em B FOKSHRL, BRI AR N
15 mm AR ERIA TR, ek, R s Wik 1, i
B AHRRRE R AR, 4 BURAZE D, $685 30 min, 3
AT > 50% LA _EWE A1, 2130 min i
HEPREC DA 4 B 200 A TR

5. RNA {5 2 AR IBURN G 56 2 S5 SE R« (TSGR
%ﬁ%%ﬁ*ﬁﬂﬁ(gene expression omnibus, GEO) T
Bt GSE42904 AR FAER , 15 H] GEOquery
F1L2.54.1 BRAS) T #4828 [ k548, SR 1
limma f11(3.42.2 R AS) o B AT 22 404>, fifi
geplot2 £1(3.3.3 It 4%) Fll ComplexHeatmap £,(2.2.0 it
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B BBk &l BRI PR 33k i s e, {0 R i B 4
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(16 HUNRCASCEEH o SR e R e S BE R Y PR,
*H Benjamini-Hochberg EiERE SR PE, L
log2FCl > 1 1P < 0.05 Jhpifisfii i 22 S HE

6. & 5 4 M it F 5L A A 1432 (gene ontology,
GO) HUHREE P 5 B K 2H F 4213 (Kyoto encyclopedia
of genes and genomes, KEGG), GO/KEGG (B &
LogFC) Yy -k an E’%ﬁ’*ﬁ(gene set enrichment
analysis, GSEA) X} 22 SN PEAT R 440 2 i
clusterProfiler £, (3.14.3 fiAY) #£47 GO . KEGG & 4
PrIFHIVERZ Rl GOplot42.(1.0.2 i AS) 1T
7580, RSl A GOplot f1(1.0.2 AR AS) Fil ggplot

2333 WL A%) 2 il 3% 81>, f# F clusterProfiler £
(3.14.3 i A) i 47 GSEA 73 #7, LA ¢2.cp.v7.2.symbols.
gmt[ Curated ] 2% HE K AL 2 LU 18], [R] it
FH 3 R EEH0 P8 i MSigDB Collections, PAGE 1R & B R
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I | B : é%0%(3):5’111AoezRik Group
@ 3 | | e S T et W xRl
< | | = = -kais‘g ; W sz
Vﬁ | 1 = - g ?19213 Bﬁllii 2
g g l B = R
= - oc1o§§2&e
: ! lorma 0
e i
J = = | %n 1 -1
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AL AT A - AR A N B JE ], NADPH
JEASIDEH A I A E BN — L — (R
Bl S Bon, 201 F PR FE L= Gopd RIS e H
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—o AN, HF Gopd FER A F X Jefafhk, E— 3%
Fi T ASD S B R R

Zx LT, U ET R R TR R 2 3 BOK Uk
221 Gopd FEH 1) mRNA 2235 7K - B AR . ASHIF 5%

B EYIE BeA R R S S s g &, UG BIRFoE
BERE TR, (AR SSAEAE AN I 22 Ak, B % 1)
T U ) R R R BTG, A TEAN R B Gopd FE
ASD [ EARMLE . AW 5T 0] kb 72, A Gopd2 1
k1 ASD FTEAE TR T s SR A4 B A I PR -
FIZSMRZE  SCREFTA (R LRI T SR AR 26 mhoe

R IR R T L SR IR M E R
fEERBAERR  SCIRuet BRI M eI, e SCEIT N E K,
BARSHTONRSCE , LR T SRR, St R ST
IS SCH R A

2 £ X #t

(1] Yeargin-Allsopp M, Rice C, Karapurkar T, et al. Prevalence of
autism in a US metropolitan areal J ]. JAMA, 2003, 289(1): 49-
55. DOI: 10.1001/jama.289.1.49.

[2] Oakley B, Loth E, Murphy DG. Autism and mood disorders[ J ].
Int Rev Psychiatry, 2021, 33(3): 280-299. DOI: 10.1080/
09540261.2021.1872506.

[3] Maenner MJ, Shaw KA, Baio J, et al. Prevalence of autism
spectrum disorder among children aged 8 years - autism and
developmental disabilities monitoring network, 11 Sites, United
States, 2016 [ J]. MMWR Surveill Summ, 2020, 69(4): 1-12.
DOI: 10.15585/mmwr.ss6904al.

[4] Flax ], Gwin C, Wilson S, et al. Social (Pragmalic) communication
disorder;: another name for the broad autism phenntype?[ J 1 Autism,
2019, 23(8): 1982-1992. DOI: 10.1177/1362361318822503.

[5] Bhandari R, Paliwal JK, Kuhad A. Neuropsychopathology
of autism spectrum disorder: complex interplay of genetic,
epigenetic, and environmental factors] J ]. Adv Neurobiol, 2020,
24:97-141. DOI: 10.1007/978-3-030-30402-7_4.

[6] Mesdjian E, Ciesielski L, Valli M, et al. Sodium valproate :
kinetic profile and effects on GABA levels in various brain areas
of the rat[ J ]. Prog Neuropsychopharmacol Biol Psychiatry,
1982, 6(3): 223-233. DOI: 10.1016/s0278-5846(82)80172-3.

[7] VanDongen AM, VanErp MG, Voskuyl RA. Valproate reduces
excitability by blockage of sodium and potassium conductance] J |
Epilepsia, 1986, 27(3): 177-182. DOI: 10.1111/j.1528-1157.
1986.th03525 x.

[8] LiuH, TanM, Cheng B, et al. Valproic acid induces autism-like
synaptic and behavioral deficits by disrupting histone acetylation
of prefrontal cortex ALDH1A1 in rats[ J ]. Front Neurosci, 2021,
15: 641284. DOI: 10.3389/fnins.2021.641284.

[9] Chateauvieux S, Morceau F, Dicato M, et al. Molecular and
therapeutic potential and toxicity of valproic acid[ J ]. J Biomed
Biotechnol, 2010, 2010: 479364. DOI: 10.1155/2010/479364.

[10] Chomiak T, Turner N, Hu B. What we have learned about autism
spectrum disorder from valproic acid[ J ]. Patholog Res Int,
2013, 2013:712758. DOL: 10.1155/2013/712758.

[11] Rodier PM, Ingram JL, Tisdale B, et al. Embryological origin
for autism: developmental anomalies of the cranial nerve motor
nucleil J].J Comp Neurol, 1996, 370(2): 247-261. DOI:
10.1002/(SICI) 1096-9861(19960624)370: 2&It; 247: : AID-
CNE8&gt; 3.0.CO; 2-2.



© 132 -

[12]

Y SR DA 202342 H 20 HEE 23855 2 Journal of Neuroscience and Mental Health, February 20, 2023, Vol.23, No.2

Edgar R, Domrachev M, Lash AE. Gene Expression Omnibus:
NCBI gene expression and hybridization array data repositoryl J J.
Nucleic Acids Res, 2002, 30(1): 207-210. DOI: 10.1093/nar/
30.1.207.

Nilsson S, Helou K, Walentinsson A, et al. Rat-mouse and rat-
human comparative maps based on gene homology and high-
resolution zoo-FISH[ J ]. Genomics, 2001, 74(3): 287-298. DOI ;
10.1006/geno.2001.6550.

Schneider T, Przewlocki R. Behavioral alterations in rats
prenatally exposed to valproic acid: animal model of autism[ J ].
Neuropsychopharmacology, 2005, 30(1): 80-89. DOI: 10.1038/
sj.npp.1300518.

Dellu F, Piazza PV, Mayo W, et al. Novelty-seeking in rats-
biobehavioral characteristics and possible relationship with the
sensation-seeking trait in man[ J |. Neuropsychobiology, 1996,
34(3): 136-145. DOT: 10.1159/000119305.

Walf AA, Frye CA. The use of the elevated plus maze as an assay
of anxiety-related hehavior in rodents| J ]. Nat Protoc,2007,2(2):
322-328. DOI: 10.1038/nprot.2007.44.

Reger ML, Hovda DA, Giza CC. Ontogeny of Rat Recognition
Memory measured by the novel object recognition task[ J ]. Dev
Psychobiol , 2009, 51(8): 672-678. DOI: 10.1002/dev.20402.

de Brouwer G, Wolmarans W. Back to basics: a methodological
perspective on marble-burying behavior as a screening test for
psychiatric illness[ J ]. Behav Processes, 2018, 157: 590-600.
DOI: 10.1016/j.beproc.2018.04.011.

Davis S, Meltzer PS. GEOquery: a bridge between the
Gene Expression Omnibus (GEO) and BioConductor[ J ].
Bioinformatics, 2007, 23(14): 1846-1847. DOI: 10.1093/
bioinformatics/btm254.

Xia X, McClelland M, Wang Y. WebArray: an online platform
for microarray data analysis[ J ]. BMC Bioinformatics, 2005, 6:
306. DOI: 10.1186/1471-2105-6-306.

Gu Z, Eils R, Schlesner M. Complex heatmaps reveal patterns
and correlations in multidimensional genomic datal J ].
Bioinformatics, 2016, 32(18): 2847-2849. DOI: 10.1093/
bioinformatics/htw313.

Huang da W, Sherman BT, Lempicki RA. Systematic and
integrative analysis of large gene lists using DAVID bioinformatics
resources| J ]. Nat Protoc, 2009, 4(1): 44-57. DOI: 10.1038/
nprot.2008.211.

Yu G, Wang LG, Han'Y, et al. clusterProfiler: an R package for
comparing biological themes among gene clusters ] ]. OMICS,
2012, 16(5): 284-287. DOI: 10.1089/0mi.2011.0118.

Walter W, Sanchez-Cabo F, Ricote M. GOplot: an R package
for visually combining expression data with functional analysis[ J ].
Bioinformatics, 2015, 31(17): 2912-2914. DOI: 10.1093/
bioinformatics/btv300.

Subramanian A, Tamayo P, Mootha VK, et al. Gene set
enrichment analysis: a knowledge-based approach for interpreting
genome-wide expression profiles[ J ]. Proc Natl Acad Sci U S A,
2005, 102(43): 15545-15550. DOI: 10.1073/pnas.0506580102.
Szklarczyk D, Morris JH, Cook H, et al. The STRING database
in 2017 quality-controlled protein-protein association networks,
made broadly accessible[ J ]. Nucleic Acids Res, 2017, 45(D1):
D362-D368. DOI: 10.1093/nar/gkw937.

[27]

[28]

[33]

[39]

Chin CH, Chen SH, Wu HH, et al. cytoHubba: identifying hub
objects and sub-networks from complex interactome[ J ]. BMC Syst
Biol, 2014, 8 Suppl 4: S11. DOI: 10.1186/1752-0509-8-S4-S11.
Mabunga DF, Gonzales EL, Kim JW, et al. Exploring the validity
of valproic acid animal model of autism[ J . Exp Neurobiol,
2015, 24(4): 285-300. DOI: 10.5607/en.2015.24.4.285.
Kataoka S, Takuma K, Hara Y, et al. Autism-like behaviours
with transient histone hyperacetylation in mice treated prenatally
with valproic acid J].IntJ N europsychopharmacol,, 2013, 16(1):
91-103. DOI: 10.1017/S1461145711001714.
Munji RN, Choe Y, Li G, et al. Wnt signaling regulates
neuronal differentiation of cortical intermediate progenitors| J |.
J Neurosci, 2011, 31(5): 1676-1687. DOI: 10.1523/JNEUROSCL
5404-10.2011.
Jung GA, Yoon JY, Moon BS, et al. Valproic acid induces
differentiation and inhibition of proliferation in neural progenitor
cells via the beta-catenin-Ras-ERK-p21Cip/WAF1 pathway[ J ].
BMC Cell Biol, 2008, 9: 66. DOI: 10.1186/1471-2121-9-66.
Ben-Ari Y, Gaiarsa JL, Tyzio R, et al. GABA: a pioneer
transmitter that excites immature neurons and generates primitive
oscillations[ J |. Physiol Rev, 2007, 87(4): 1215-1284. DOI:
10.1152/physrev.00017.2006
Ilic Z, Mondal TK, Guest I, et al. Participation of liver stem cells
in cholangiocarcinogenesis after aflatoxin B(1) exposure of glutathione
S-transferase A3 knockout mice[ J ]. Tumour Biol, 2018, 40(5):
1010428318777344. DOIL: 10.1177/1010428318777344.
Wang X, Zhang L., Chan F, et al. Gamma-glutamyltransferase 7
suppresses gastric cancer by cooperating with RAB7 to induce
mitophagy[ T]. Oncogene, 2022, 41 (26): 3485-3497. DOI:
10.1038/541388-022-02339-1.
Ross MA. Could oxidative stress be a factor in neurodevelopmental
disorders?[ J ]. Prostaglandins Leukot Essent Fatty Acids, 2000,
63(1/2): 61-63. DOL: 10.1054/plef.2000.0192.
Mondal A, Mukherjee S, Dar W, et al. Role of glucose 6-phosphate
dehydrogenase (G6PD) deficiency and its association to Autism
Spectrum Disorders[ J |. Biochim Biophys Acta Mol Basis Dis,
2021, 1867(10): 166185. DOI: 10.1016/j.bbadis.2021.166185.
James SJ, Cutler P, Melnyk S, et al. Metabolic biomarkers of
increased oxidative stress and impaired methylation capacity in
children with autism[ J ]. Am J Clin Nutr, 2004, 80(6): 1611-
1617. DOI: 10.1093/ajen/80.6.1611.
Al-Amin MM, Rahman MM, Khan FR, et al. Astaxanthin
improves behavioral disorder and oxidative stress in prenatal
valproic acid-induced mice model of autism[ J |. Behav Brain
Res, 2015, 286: 112-121. DOI: 10.1016/j.bbr.2015.02.041.
Allahverdiyev AM, Bagirova M, Elcicek S, et al. Glucose-6-
phosphate dehydrogenase deficiency and malaria: a method
to detect primaquine-induced hemolysis in vitro[ EB/OL ].
(2012-11-14) [ 2022-05-01 ]. https: //www.intechopen.com/
chapters/40928.
Al-Salehi SM, Ghaziuddin M. G6PD deficiency in autism: a case-
series from Saudi Arabial J ]. Eur Child Adolesc Psychiatry,
2009, 18(4): 227-230. DOI: 10.1007/s00787-008-0721-9.

(ki H 4 : 2022-07-04)

(RSt - X4 2%)



