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Abstract

Autism Spectrum Disorder (ASD) is associated with alterations in lipid metabolism,
particularly polyunsaturated fatty acids. These fatty acids are metabolized into epoxy fatty
acids by Cytochrome P450 (CYP) enzymes and further converted into dihydroxy fatty acids.
Given that this metabolic pathway may influence children’s intelligence quotient, this study
examined the relationship between CYP pathway metabolites in cord blood and children’s
intelligence quotient. The results indicated that dihydroxy fatty acids derived from arachidonic
acid in cord blood were associated with children’s intelligence quotient related to perceptual
reasoning. This study provides important insights into the role of dihydroxy fatty acids in
neurodevelopment, as well as the underlying mechanisms of ASD pathophysiology.
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BELEN

HEAZ~ 2 + 7 445 (Autism Spectrum Disorder: ASD) 13, 2 I 2=/ —3 3 v OEE, HIEDR
JE L E R - KENITE 2R e T2 MRREIETDH 2, ASD IFEBHNHERZ T A, BREER
DFELKE W (Bai et al., 2019), BHICEHF VT, TRPOWHTA»AIE~DIEE 2 ASD D 1
27 LR B L (Wiggs et al., 2020), #IRFICEELU LoRALHEL &, 200D ASD Y
2P ERT B L AR EN TS (Atladottir, Henriksen, Schendel, & Parner, 2012), Ml 2 C,
IR O~ ZICRIEWEFA P I A vORBE I B L, ASDKOTHIREED A 55 (Choi et al.,
2016), /A7 = —OHE ad— b+ KBIEZE ©IF, PariiEs X ORI o RHER I o %R
TR ASD V) 2 7 oL BE L Tuws 7z (Che et al., 2022), TNHD I &5, BHEGZEGNE
23 ASD DREAGIMEFCTH 2 L BRRBIND,

—JiT7 7% F v (Arachidonic Acid: AA) & % o M IC R E S N 2 % i A fa FIHE B i
(Polyunsaturated Fatty Acids: PUFA) 1%, HfZdiffi#@fRoEEL A A7 4 2 — % —TH Y (Poorani,
Bhatt, Dwarakanath, & Das, 2016),3 2D FEAMERE (7ot X7 F—¥, VREF L7 I —
¥, F b2 v—LP450 (Cytochrome P450: CYP) ##%) (1 & o CHfiid T3, Ffic CYP IZ X
2T, PIREMOERZR > =K% V5l (Epoxy Fatty Acids: EpFA) 234 E 7z b,
WAL ARFS Fe Fe 7 —+ (Soluble Epoxide Hydrolase: sEH) i€ X » TRIEMDOIEMAZ oY
Fw % o5 (Dihydroxy Fatty Acids: Diol) 28 & 412, EpFA i3, BHNKE T «B OENEER %
Wheezzeickd), WSOPDRIEWLEI A P A voERHEL, MAEAE L EHT 2
(Node et al., 1999), Diol 1¥, 7 E# 4 v TH 3 MCP-1 i Kb L CHEROEMIEZRMET 5 2 L ic
X0, RIEER%ZFREST 5 (Kundu et al., 2013), X 51C, AAHKD EpFA THEZ T RK* o 4 2
#+ b Uz g (Epoxyeicosatrienoic acid: EET) 1%, Il o itz icdF S L, FHMHER
TOHEE AR XN T3 (Oguro, Inoue, Kudoh, & Imaoka, 2018), 2% b, CYP i X
X, BHEGREEME AL L CEIRF OB ORF ICHEL 5 2 2 RN H 2 (Kikut, Komorniak,
Zietek, Palma, & Szczuko, 2020).

¥/, sEH#% a2 — F3 28T TH % EPHX2 mRNA © I A, ASD B3 D5 # M (Brodmann
area 9 & 40) THEHWVI EAWHEINT WS (Ma et al., 2019), & 5ic, HiRP & L ORI ICH
WEOZ) &Y — MCBFET 2 &, IR~ Y 207171 ASD BiTE) 234 U, MiE, misEaG e, #5,
MEtkics 1758, 9-EETL ~A DKL sEHL A D LR LD 5N S (Pu et al., 2020), 7'V
AP — MICHEHE L 2R~y AICsEHIHER 2 #5925 &, FHRO 7V — I v 7T oRmeila
WM AERDORE L Vo 72 ASD HOITHIRFESWEINDL L H/REINTWS (Pu et al.,, 2020).
Thbid, BAEBICE T 2 CYP BRIBIRHY 2, ASD 0 £ RICEELTwE L a2RBT
5, £ THRAIZIM, RMHAMUITEY KO %%, Wit o AA HE Dol TH % 11,
12-diHETYE 28 ® 5 © R D ASD JfEK & BUICHRE IS E T 2 2 & 2 L /- (Hirai et al., 2024),
COMBIZIRAEM O GHETE 23 i FE ICB G532 2 & 2R LTk Y, ASD IR JGHEBE D & 72
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O AIBETREICE D 2 AEETED E 2 b iz, KR, ASD R TIdfEERE (Working Memory Index:
WMI) & WL E EE (Processing Speed Index: PSI) 23K <, PSI @@ N 25 #E IR L MBI 92 C & b o
T\ % (Oliveras-Rentas, Kenworthy, Roberson, Martin, & Wallace, 2012a; Wilson, 2024), L 7=
2o TARWTECIE, 1) REOMAEIRL L ASD fEik s X CE IS AE D B 2338 £ D iF 98 TR & vz
R EFAKTH 2 2B Z R L, 2) Pl o AA gk CYP R RHY A, ZoRoREDOH
REFEBUIC B T 2 A MGEL 72,

HHRE

KWFZE1E, 200 ANOREE 2 DR EZRE LRI E 3k — MR CTH 2IMEE TOHAE S
F— FHF%E (HBC Study) @ % 7% v b ZH w7, HBC Study 12, 2007 4 11 H2 5 2011 4 3 H
FCICERERKREREE L IME~2 =742 )=y 7 2Z2 LEMIRE1 ML 2135 2ok
HEHNRELTEY, oD AN ENT -2 5 XOREHT — 213, HRO—REMICEH T2
FHT¥D7—% LM% TH2 (Takagai et al., 2016),

BHEOLOY TV 2T LBF

WA ERE, EERIK2 5> 10-30mL DI 2 AL 72, & v 7T 3 =i < 30 70 B fr$r L 72 14,
3500rpm T 10 r[HiE LML 72, B o biF (200 p L) ZPFFMMEE LaoEL 2%, o0
% T -80°CTHMERIE L 72, IEHMMTET O CYPRMNA#MMEERT 2201C, Wilksu~t 27
74 —HBONMES o T,

FNEEIE BB &L U ASD FEIK, B SHEEE D ST

HIBEHEBUE, vz 27— WHEHHABEMR AR 4 ) (Wechsler Intelligence Scales for Children-
IV: WISC-IV) % Fl v T, W # 23 8% @ W 5 TH i & 17z, WISC-IV 1E, 5 38 H fi# (Verbal
Comprehension Index:VCI), J1&H #£# (Perceptual Reasoning Index:PRI), WMI, PSI ® Ff{itt, ¥
L "2/ 1Q (Full-scale Intelligence Quotient:FSIQ) A 2 7 THEL & T v E 3,

ASD IR IF, HEAEZWIBI% 27 ¥ = — v (Autism Diagnostic Observation Schedule, Module 3 for
the Generic or Second Edition:ADOS-2) % F\»T (Pu et al., 2020), 6 & CHEfi X L7z, EFH0
LEEH XN 2 10 Bl o lLikfS M (Calibrated Severity Scores: CSS) 12 X » T, 4 S0 wE
% ZAFIT < v ASD SEtR 23 3T & 7z,

T JSBERE 13, Vineland-I1#GfTEI R E (Vineland Adaptive Behaviors Scales, Second Edition:VABS-
) %M C (Sparrow, Cicchetti, & Balla, 2005), 6 W THE s iz, RS, ZESH HTFO
BENZWK ST 22 2=F—va v, Mg, e, HAZHKS 2 HE LS $ 58, X
A F v, wFABGR, B, RIREREK S 2 th e, HRHES) 3 X Rl E) 2 k3 2 #HE) =
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FAGHE D 4 D OFEI AT & e,
RIEMERE

ALY Y FESICHEY, RIFRFIERER KB L OREREGERZES (5B 20-82 5, & 21-
114 5, % 22-29 5, % 24-67 5, B 24-237 %5, # 25-143 %5, ¥ 25-283 5, E14-062 5,
% 17-037 %, ¥ 17-037-3 %, %5 20-233 %) BLXUOWHARANEMEZERO KR 2157,

T ERR

HIBETE R & ASD eIk, HEISHERE, AA Hisk o CYP #i#HY &L o HBEBEREZ, Rv 7~ v DJEN
HEIRE IS X o T L7, Mt AERKIER, LEEOMBELZEEL T, pfEO0.01 IKREL %,
T RCO5HriE, IBM SPSS Statistics version 28 (IBM Corp., Armonk, NY, USA) %#f{HMH L 7,

w R
HRE

HIRETE R, ASDIJEIR I X CHEIGHEEE DM #5E T L 72 200 Z O & 20 RE, ZnZh 2004
B RET o7, NWEHFEOREELR 1 ITRT,

xR1 MREOFH

n =200
REBLO R
ki 32.3 (5.0)
IR 1 D BMI 25.4 (3.7)
HEE vk
B Rk 157 (78.5%)
W EYIBH 43 (21.5%)
IR 39.1 (1.2)
HPEREER
HIPE 100 (50%)
i 100 (50%)
RO
HAMRE (g) 2995.4 (394.8)
P
BIR 106 (53%)
7R 94 (47%)
WISC-IV
FSIQ 100 (14.0)
VCI 103 (15.1)
PRI 100 (14.5)
WMI 95 (14.6)
PSI 99 (12.9)

BB T (BEERZE) & LSIEN (%).

BMI = Body Mass Index, FSIQ = Full Scale Intelligence Quotient,
VCI = Verbal Comprehension Index, PRI = Perceptual Reasoning
Index, WMI = Working Memory Index, PSI = Processing Speed
Index.
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FIREIE# & ASD fE1R, JBICHEE D BEE
R D HIBESE 8 ASD SEIR L HHBE T 2 222 RAF L 72 & 2 A, ADOS-2 CSS & WISC-IV @ T fi 7 s
THBEVCIILEWTDOA, FEAADHMABZED b7 (r=—0.213, p=0.003),

x2 HHEEIEH & ASD EIRDIERS

ADOS-2 CSS
r 95% CI p
WISC-IV
FSIQ -0.160 -0.296 to -0.018  0.023
VCI -0.213 -0.345 t0 -0.072  0.003*
PRI -0.066 -0.207 t0 0.077 0.352
WMI -0.073 -0.214 to 0.070 0.302
PSI -0.094 -0.233 to 0.050 0.188

*ldp <0.01 2R3,

95% CI = 95% confidence interval, ADOS-2 CSS = Autism
Diagnostic Observation Schedule calibrated severity scores, FSIQ =
Full Scale Intelligence Quotient, VCI = Verbal Comprehension Index,
PRI = Perceptual Reasoning Index, WMI = Working Memory Index,
PSI = Processing Speed Index.

K THIBEIS R L BICHBE D MBI IC 5\ C, $IC VABS-IL ® 2 3 =2 =% — v = vHEE <, FSIQ,
VCI, PRI, WMI, PSI @ _CoO Ml & FEALEOMHELNZED b7z (r =0.475, p<0.001; r
=0.404, p < 0.001;r = 0.336, p < 0.001; r = 0.407, p < 0.001; r = 0.225, p < 0.001),
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HMEEIE S & AA H3RD CYP BBA B D EE

AA Hisk D CYP #ES& (L) 23 ASD ik &SRB IC R E T 2 L w i Rz 2, 2o
HY) L HBEIRE L OB IC O W TREE L 72, % 0GR, BUH M 2= W58 % i o 72 RV AE ) % WIE 5
2151 <H % PRIICH T, AA Hi3E Diol D 14, 15-diHETYE ¢ G E 2 IEOHARRD b/, (=
0.185, p = 0.009),
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z B

ARIFIETIE, 5B 7 Rk #1253l & L 5 VCI 28 ASD JEdk & & D MHBAREfRIcH b, VCI &
ADOS-2 TR I N 24 EM IR & OB % R Tl E O & Rk RS 5 7 (Oliveras-
Rentas, Kenworthy, Roberson, Martin, & Wallace, 2012b). JEICHEREIC v Cld, (&ML H
WA E TR L BA ) EOMBEPIEOONZdOD, 33 2= — a v TR ICHIEE
BB E DIEOMHBEDBHERINE L WS HIZINETTCOWNELLFET 55 DTH o7z (Oliveras-Rentas
et al., 2012b), @& LT, RWFETREI N WISC-IV 7'u 7 7 [ VICH T 5 ASD fER B L O3
JEHERE & OBAfRIZEITIIEE — L CH D, HHEOHZHATH > 72 2 LB HER S N,

Zo LT, HEBERICEIRS W PRIMIC s T2 AA Bk CYP BEEIRHY & V2 o KL ko BE
EMEEL 72 25, 14, 15-diHETYE 28, o b O ED PRI LB L T3 Z AR &Nz, 2FE D,
AT o 14, 15-diHETYE 23 E{ECH 213 &, 8 jlRFs o W TId 5 3N R A1 ISR F L 22 W RE
fRIRREN ORRIEAE W E LIRSS O, 2 0IF, BEHO WHETE 23 iR FEIc B L L T v
2 Al (Hirai et al., 2024) # X V3 Zb DL T 2HMATHZ, LA LHABETZZ, AWk
B 5 14, 15-diHETYE o &%#l1x, MEMEEZR%R LT3 2 L TH %, dAHETE 13 & EM:
DEBEEETIZERILLMONTEHY, Fodcid 14, 15-dHETE » & ¥ N 3 (Kundu et al.,
2018), 7272—75C, K¢ & [AERIC 14, 15-diHETYE D HTLIEMH DM % 2 R85 33E D H Y (Fang
et al., 2006; Liu et al., 2005), diHETrE © 5 1CBb 2 EWiEMIcBIL <it, 574555
BRDLND,

REBERMFEORAEIL, H—ic, HEIEEOHBLE BE—DERrLEohzboTH Y, —Miic
RAHH 5, =2Ic, AA H¥K EpFA T» 5% EET 13 iiHETYE & Hi L THRHIRFALU T2 % A6 h
7zo Z#uiE, EET # diHETYE X Y 3 fEEMICRLE TH 0 MK -CHALETTRIG &2 Z T3 2
&, EET 7 2 o REEH O RBIRHMM T 2 720, BRAEBYTH 2 WHETIE iIC2 ) 3T »wT &
HireLcEAOND, BE2o, A%, BAEHDO AHETE O MREEFEICD 72 5 F&EH Iz,
BEAR S0 iE L 1Ic B D % ASD DIRIEA 1 = X L~ BEE R FEZRMEL 5 2,
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