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Abstract: [Objectives] Aggressive behavior represents a prevalent manifestation of mental disorders, with

severe violence posing detrimental consequences for the society. During the screening of CD-1 retired breeder
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mice, we found significant differences in aggression among individuals, and selecting those with higher

aggression is crucial for successfully establishing the model of depression induced by chronic social defeat

stress (CSDS). Therefore, this study investigates the metabolic pathways and related genes in CD-1 retired

breeder mice during aggressive behavior, aiming to reveal the mechanisms of aggressive behavior. [Methods]

During the screening phase of aggressive mice of the CSDS-induced depression model, CD-1 retired breeder

mice were housed in individual cages for a week to establish territorial awareness, and then attack and

non-attack mice were screened out through the resident-intruder test. Compound Discoverer 3.0 was used for

serum metabolomics based on ultra performance liquid chromatography-tandem mass spectrometry to identify

differential metabolites and metabolic pathways between the attack group and the non-attack group of mice.

Meanwhile, biological network analysis based on Cytoscape 3.9.1 software was performed to identify key

metabolic pathways and genes involved in the occurrence of aggressive behavior. Independent samples #-test

was performed to compare the aggressive behavior between the two groups. [Results] The serum

metabolomics (Appendix 1) screened out 12 differential metabolites between the attack group and non-attack

group of CD-1 retired breeder mice. Among them, DL-glutamic acid, N-acetyl-L-leucine, dehydroascorbic

acid, oleamide, trans-palmitoleate, choline, and

linoleamide were significantly increased, while

tetradecanoylcarnitine, cholic acid, 1-acyl-sn-glycero-3-phosphocholine, sn-glycero-3-phosphoethanolamine,

and octadecanoic acid were significantly decreased (P < 0.05). The results above, combined with those of

biological network analysis (Figs. 5, 6 and Table 3), show that glycerophospholipid metabolism is a key

pathway for aggressive behavior and Pld1, Pld2, Pla2g5, Pla2g3, Pla2g10, Lyplal, Lcat, Chka, and Chat in

the metabolic pathway may be key genes shared by aggressive behavior and differential metabolites (Table 4).

[Conclusion] The occurrence of aggressive behavior may be closely related to glycerophospholipid

metabolism, which is not only significant for elucidating the metabolome of aggressive behavior in CD-1

retired breeder mice but also of great value for the scientific research and standardization of the model of

CSDS-induced depression.

Key words: Aggressive behavior; Serum metabolomics; Biological network analysis; Glycerophospholipid

metabolism; CD-1 retired breeder mice
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Table 1 Descriptive statistics and z-test results for behavioral indicators between the attack group and non-attack

group of mice

WEista BTN, UGN gk
Behavioral indicator Non-attack group (n = 6) Attack group (n = 6) Result
3 min Toak
min HARH 2.00 % 1.00 63.00  1.00 {=- 98703, df= 10, P< 0.01
Number of attacks within 3 min
e TAr Tk AR J_{
BRA SR 82.50+3.83 433+1.37 t=47.041, df=10, P<0.01

Latency of the first attack (s)

HAR UL IME + SRR M df 0 AF0R (A K B B,

Data are expressed as mean + SD. ¢ and df indicate 7 value and degree of freedom of ¢ test.
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Fig. 1 Total ion current chromatograms of serum samples detected by ultra performance liquid

chromatography-tandem mass spectrometry in positive and negative modes
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Table 2 Stability of ultra performance liquid chromatography-tandem mass spectrometry for the quality

control sample

BT Rt it HIRIT LT A9 FRPHRRRAIE S AAThRE R 2
Ion number  Retention time (min) Mass-to-charge ratio Average relative peak area izr(;;z ?izilzli(aet‘irgs R?:ili‘;?i(s)rr(l‘i)%rd

1 23.799 282.279 02 7.423 x 1073 8.213 x 10+ 11.06

2 9.403 238.141 32 4313 x 103 2932 x 10 6.80

3 10.191 282.279 08 2.359 x 102 3.648 x 1073 5.47

4 10.723 250.177 72 5.366 x 1073 3.662 x 10+ 6.82

5 6.780 194.115 23 2.229 x 103 8.068 x 107 3.62

6 5.484 139.050 27 1.338 x 107 1.137 x 10" 8.50

7 9.660 299.110 06 1.104 x 103 1.215 x 10 11.00

8 5.595 132.102 02 8.872 x 10+ 1.232 x 10 13.89

9 15.012 111.020 47 3.955 x 10+ 6.308 x 107 15.95

10 12.185 302.305 42 8.950 x 10+ 1.241 x 103 13.87
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Fig. 2 Statistical analysis of data from ultra performance liquid chromatography-tandem mass spectrometry of

serum samples (n = 6)

a. SEIGALR GRS HI 2 A0 TR 3450 B b, BEEAMARKTE A IE S i —SRIEFIN MU B e RSB —aRIEFH 0

MERIBAIEIRT; d. IEA fhid /I — 3R] 7 T AE G R S-plot ]

a. Score plot of principal components analysis of experimental group and quality control group; b. Score plot of orthogonal partial least squares
discriminant analysis between attack group and non-attack group; c. Diagram of orthogonal partial least squares discriminant analysis model

validation; d. S-plot of orthogonal partial least squares discriminant analysis.
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1 WL (vascular smooth muscle contraction) «
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15 Ether lipid metabolism
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L 1 J
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Pathway impact

B4 Z=RABYEE T
Fig. 4 Differential metabolite pathway analysis
P g — A [l P AR — MR R, 15 ) PR RN s B AR E B b s SR A B R izl B P BT ECR, IR 12 E B
HAERAEIE BB . BIGRoR B, W B R R B A 25 MR, BNk,

Each circle in the figure represents a metabolic pathway. The size of the circle indicates the number of enriched metabolites in each metabolic

pathway/the total number of metabolites in that pathway. Larger size of the circle indicates greater proportion of metabolites enriched in the

pathway. The color indicates the level of significance, a redder circle represents stronger significance of the pathway and vice versa.
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P SRRRACE

Linolenic acid metabolism

Fc gamma RA- M FFTEVE
Fc gamma R-mediated phagocytosis

Al A
Pidl_Pld2 Ether lipid metabolism
Lyplal Ache

Cifa Plag3

Chkb ( 7 Pla2e10
Epiiil v N
Phosplol Glycerophospholipidsmetabolismp; ;0,

JE B {t EEJ Lcat S Pla2g6

Choline metabolism

NN T AL R
Fat digestion and absorption

Pla2g5 Pla2g4a

Chat

R L gt TEAE DU A

Linoleic acid metabolism Arachidonic acid metabolism

IKES Byl e

Vascular smooth muscle contraction

B 6 IMEERREYERTITAZEERK KEGG BELHT

Fig. 6 KEGG enrichment analysis of the genes shared by serum differential metabolites and aggressive behavior

KA PR E RS, /M BARER . A FREEARAMSCIB R 2 M) g ERIM R E IR, LA 27y BB RO RIX L@ ik o & B PRI fg
AR . HORE R D AER L ESE R 2 AU 55 —2045 Pldl F1 Pld2, %5 —2564% Pla2gl0. Pla2g2a. Pla2g3. Pla2gda. Pla2g5
A Pla2g6, 55=3EHE Chka 1 Chikbo Forfr, & G2 th 2 B R R BE b ic A SR O, SR8 ] o 820 = S (R ARl B e b R
B AEBIRI A T RE R KBRS IOV IE @, RN E RSP BN IL A S BRI AR

Large circles indicate pathways, and small circles indicate genes. Different colors represent different functions of enriched genes in the related
pathways, and the ones divided by a vertical line represent that these pathways involve two types of genes with different functions. The above
genes are classified into four categories according to their functions: the first category includes Pld1 andPld2, the second category includes
Pla2g10, Pla2g2a, Pla2g3, Pla2g4a, Pla2g5, and Pla2g6, the third category includes Chka and Chkb. Among them, the pathways enriched with
all the genes in the figure are marked as purple; the pathways enriched with at least three categories of genes in the figure are marked as orange;
the pathways enriched with the second category of genes in the figure are marked as blue; and the pathways enriched with at least two categories

of genes are marked as green with a dividing line.

&3 KEGG ERIE R HER
Table 3 KEGG enriched pathways and related genes

A HH B
Pathway Number Gene
bR 15 Ache, Chat, Chka, Chkb, Leat, Lyplal, Phosphol, Pla2g10, Pla2g2a,
Glycerophospholipid metabolism Pla2g3, Pla2g4a, Pla2g5, Pla2g6, Pld1, Pld2
fit /g fQ i Ether lipid metabolism 8 Pla2g10, Pla2g2a, Pla2g3, Pla2g4a, Pla2g5, Pla2g6, Pld1, Pld2

MPRRAR AV BRAIAE A DUAR R A

R N .. . . 6 Pla2g10, Pla2g2a, Pla2g3, Pla2g4a, Pla2g5, Pla2g6
Linolenic acid, linoleic acid, and arachidonic acid metabolism

13 P L4E Vascular smooth muscle contraction 6 Pla2g10, Pla2g2a, Pla2g3, Pla2g4a, Pla2g5, Pla2g6
JHFEA# Choline metabolism 6  Pldl, Pld2, Pla2g4a, Chka, Chkb, Lyplal

He i AL AT IR Fat digestion and absorption 4 Pla2g10, Pla2g2a, Pla2g3, Pla2g5

Fc gamma R /™2 (5 LEEH

. . 4 Pla2g4a, Pla2g6, Pld1, Pld2
Fc gamma R-mediated phagocytosis
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27 EAR-EARMAEEAME (protein-
protein interaction network, PPI) #)% f <48
H R %

¥ 20 NEGFEF N STRING Hds 2 jF
7 B A5 U ELAE 28 o A, Tl 22 £
DR g b5 %) 2 s 2 TR A BAE . i
Cytoscapee 3.0.9 & | — LA 18 M7 AL
46 S5AH EAE & B B -8 E UM BAE R N
“ZE (E D

K STRING Hoffe = 7 i 1) TSV A% 4
A Cytoscape 3.9.1 A4 F£H|H Centiscape 2.2 4
PR R R EE O BT O PR
S, 2l IR I HE P20 e e ) DG BRI A

W EIRIX 3 PR SR IO 5, 153
ILHH 9 NRBEEE (GR 4, N
D1 (phospholipase D1, Pld1) . W§fgh§ D2
(phospholipase D2, Pld2) . V il A2
(pospholipase A2 group V, Pla2g5)  IIH %
A& A2 (phospholipase A2 group III, Pla2g3)
X MRS A2 (phospholipase A2 group X,
Pla2g10) RT#1 a choline kinase alpha, Chka)-
B, O- Wt ##%8# (choline O-acetyltransferase,
Chat) ¥ ILBEAREE 1 (lysophospholipase 1,
Lyplal) FH R - H [ BP9 BL 54 5 B (lecithin-
cholesterol acyltransferase, Lcat) &K, FE4E
A T H B AR

PHOSPHOLI

PLA2G10

SLC27AS

BCHE

/4

ACOT2

ACHE

B 7 XEERKEOR-FEORELERME> T

Fig. 7 Protein-protein interaction network of overlapping genes

ACHE. ZPEIEHRASHE; ACOT2. WEILAHEG A BRIENE 2; ACOTS. BEALAHNG A BRNEAE 8; BCHE. T WEIHURASHE; CHAT. JHK O-Z Wt
Hi; CHKA. BHBRMNE o; CHKB. AHGEAG ps LCAT. SUBAS-HHBIBEMLIEFCRSME:; LYPLAL. ¥ILBHAEAS 1; PHOSPHOL. WHIEAE M BERL
B 1; PLA2G3. TIIEWEAREE A2: PLA2G4A. IVA RUBEARRE A2; PLA2GS. V TUBEAREE A2: PLA2G6. VI HUBE/EES A2; PLA2G10. X B4Rk
Nl A2; PLDI. ElEHE D1; PLD2. WfiEHF D2; SLC27AS. W IREIKSIK 27 B 5

ACHE. Acetylcholinesterase; ACOT2. Acyl-CoA thioesterase 2; ACOTS8. Acyl-CoA thioesterase 8; BCHE. Butyrylcholinesterase; CHAT. Choline
O-acetyltransferase; CHKA. Choline kinase alpha; CHKB. Choline kinase beta; LCAT. Lecithin-cholesterol acyltransferase; LYPLAI.
Lysophospholipase 1; PHOSPHOI. Phosphocholine phosphatase 1; PLA2G3. Phospholipase A2 group III; PLA2G4A. Phospholipase A2 group
IVA; PLA2GS. Pospholipase A2 group V; PLA2G6. Phospholipase A2 group VI; PLA2G10. Phospholipase A2 group X; PLD1. Phospholipase D1;
PLD2. Phospholipase D2; SLC27AS5. Solute carrier family 27 member 5
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R4 BAAT AT ERRGYH SR ER

Table 4 Key genes related to differential metabolites in aggressive behavior

R e A e B0 e
Degree Gene Betweenness Gene Closeness Gene
8 Pld1 120.000 Chka 0.033 Pld1
8 Pld2 86.667 Lcat 0.033 Pld2
8 Pla2g5 68.000 Pld1 0.029 Chka
7 Pla2g10 68.000 Pld2 0.029 Pla2g5
7 Pla2g3 60.000 Slc27a5 0.028 Lcat
7 Pla2g6 32.000 Chat 0.026 Pla2g10
7 Pla2g4a 32.000 Acot8 0.026 Pla2g3
6 Chka 10.667 Pla2gs 0.026 Pla2g6
6 Lyplal 8.000 Lyplal 0.026 Pla2gda
5 Chat 2.667 Pla2g10 0.023 Lyplal
5 Lcat 2.667 Pla2g3 0.022 Chat

IR IR I I 15 B SR Kl . The bolded genes are the selected key genes.

28 BEEAT AR S ZRNWYRIERE
FHRMES BT

JEIETFE N R 2 (Spearman) IS R
#, WHRBGEEAT N in S 2 A 18] )
EIEASME (> 0.6) o 5FR, WImEERZ .
JEBE  N- 2 -L- 8 2 B A e A -AR T iR 5 3
min BB R IEAEDG, IEERRS 3 min
WBGH R B2 TSR AU R
-FRAEHIR . WimEz . DL- &K JHRA
N- O -L-5E 2R 5 B AR 2 3 1
IR, BEARMR S R BGHE AR 5 B35 TEAH R
(B8 o Bl 3 min Bl /R E E B3E IEAHOC HL
5 R v R 5 8 2 DO DS 22 A
HIEm LG B8, N-Z-L-r 2 R -
FRHEHIT o

3 Wi

AT R RGN B W L AT R
Bz —, ENEIBEAT AR IE
SR . ROE AT AR R AR IR R R 2 BB
2, (AMRBGAT AP RS R R IUE
Ko f£ CD-1 IBBFP R IAER B BATAIL
b EA MR Z BFEZE S, P B AT R
TGty {2 P9 AR A0 o Bt 0 A A 5 4 7 5 AT AT
(CSDS) MR [ T & il B AT EEAAE

AR AR A B AR Y
sl 1~ Fek s~ H I -3 - B3 P B Bl R drl Tl T < 1
o B RCHTARE , IS 1-1EJE-sn-H- il -3-
BRAETR NERRSA Y T B AR e AE Bl AR K
1-Pt s -sn-H I -3- W R AR A5 H il Bk L B
5152 15 LA A T 2 05 7K~ R S

i D (phospholipase D, PLD) J&—#¥
KB NEIE 5707, FEATTH B ik
TR HURIEFREE /K iR (Ke etal. 2024) ; fIHFH
. Wt 3 ¥ F2 B ( cholineacetyltransferase ,
CHAT) 5 LBEBH & B VIS, LBiE
B 48 A 5 A 33 v 1R 4 P AT e ) 43 5 i T
s AR AR (Wiktelius et al. 2021) ; JHB
% a (choline kinase alpha, CHKA) &/ JI5
BB B B8 — 2, AT LK IR BB R A A T IR
JIEBS A T 4B B T2 . (Liu et al. 2021) .
I, T 4L/ SR RS T, — 7
Al RE & B T BEfEEE D1 (phospholipase D1,
PLD1) F fE & D2 (phospholipase D2, PLD2)
FEIRHEI, AR MR AL R I K (Onono et
al. 20200 o F3—J7 ] BEAE H T AEAR £
Rl (CHAT) MHBL#EE o (CHKA) %
Kk, AE B ARG B R & 2 B, S
HHE BURP RG22 (Kldckner et al. 2022,
Lin et al. 2024a) »
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Fig.8 Heatmap of the correlations between aggression behavioral indicators and differential metabolites

PSR PR BT A AR R 5 2 R BRI, B OFORIEM R, SOFRMMX.

The color intensity represents the degree of association between the aggressive behavioral indicators and differential metabolites. Blue indicates a

positive correlation, and green indicates a negative correlation.

HM WS LR s T — AR, W52

TSR] K B AL RN B2 1 AR T FR 45 & (Morel et al.

2021) W FTEEH, MRS (lysophospholipase,
LYPLA) 5% itk i 15 < e i AN 1 46k g 15 JIE
/KA (Zhang et al. 2017) . Kk, K&
2R/ BRI VTSR L BEROK ST FRAIG, TR
Pl == = IR T R A e S ol el R (1 e
(LYPLA) FKi&ib, S 1-Midk-sn-Hi-3-
T IR I IV 5 fif AR 52 BHL o
1-19 JE-sn-H il -3-BE R AR B2 — PR, N
2 B JBE ) 32 B RY 4> 2 —  (Alberghina et al.
1995) . WfiEHE A2 (phospholipase A2, PLA2)
152 Fhab i f B R Ok 55 RO MR,

FEWERAW . 8 R MAE S S E TR
(Murakami et al. 2017) . Rk, Zrdi4H /5
MiEH 1-FFE -sn-H Il -3-B FR R AAe FE BRI
AR T HEEEE A2 (PLA2) Fikim/MEims
I EEREA /K fift 52 B

JE I R A= )6 1 b PRI 7= 4 0, 4 e R T
fiie SRR AT R A RS R R - MR UK
THERTR L AGE AR IR Y 5 AR . R L5
AR ARRACU A

TR A —Fh IR IR R Bk e, A Rk
FG3 i AT Bl B 2 FERR AR AR DG BE AT IR A%, R
HZMmaid i B RN, BAA BRI
F (Mueller et al. 2009) . ZIEFR N-BEEL %R
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M (aminoacyltransferase, AAT) Z 515 IHIR T
AT, R AERPALAA R 5T T A e AR =
K EHE (Collins et al. 2023, Liao et al. 2024) .
DRI, Tt 2H /) BRI PR 19k i /K~ Tt 1
ARG T2 AR N-I IR (AAT) R
s, RAAEHRARET — RY B
THEREN -

B A R A — b )32 o A K BE AN I 7 1R
(Grundy 1994) . AWFFERE, KEFHKEE
NEWTBR R ma Ks Dh e 3 547 8 E K, A
P& A B Rl ARSI /IN R SR AT N FE R e v 12 2%
ZERE ARG5S (Lietal 2020a) « ARSI,
ek 20/ BRUMIE IR BR/K BRI, PTRE A2 H
T 0 BE A B A K R B stearoyl-CoA
hydrolase) Fi&yk/b, fEEAGHLHNE A & Rfl
NEMRIEAE 2 PH o DRI, AR o 26 /) BRI 3 R
T T R & & PR A AT Re 2> Kb 2 IR i) &
Bk D, 355N BT AR U 4, kT H B
HAT N

AR R 2R N I — R TR, &5
FH s AR R e ek A D ) 28 A S S i, i
BT AN R AREHEFE (Jaudszus et al. 2014) .
AR, BT R BT AR 4 B TR R K S 4
Jd AR AR 1) & B AH G, R KRR 7] LA
U TN PR A R i A0 A (Suzuki et al,
2012) . il G MEA S A LA 1 (stearoyl-CoA
desaturase 1, SCD-1) &I /I BRACH! 1 (1) S H
Wilg, 3BT RE AL MO AN NG TR e A0 9 FR AN TN
NEWTER , % i 107 B AU B A 22520 (Lam et al.
2022, Senetal.2023) . [k, Brdd N
18 s R AR T R K P B 2 i T AR B 4
B, FIEER T REGMEAH G A ZIBFIEE 1
(SCD-1) FIEHGI, fEFHRR K& G R -
FRAEH R o

SV B R 2 MM R AR T . SRR BR AR AN AE
A DY ERACHNSE A ) — N . 1N
— PR N EPEAR T BRI, HAEAR N & a3 2
J B IR S Bl B R (1Y) ) B, (Huang et al.
2001) o MEJHERAEZN ML N 22 BB A £

(acyl-CoA synthetase) [P AT & et
RN BEAEE A (linoleoyl-CoA) , HETL4F
SEMERE A S (amide synthetase) FITEF T4
FH L ) A B B 2 ( Yamamoto et al.
2017) o [RIRF, Sy Rt AT DASE R 2 v A il

(A6-desaturase fll AS-desaturase) 1EH F#%
WONTEAEDUGIR (EREREE 2023) « I,
20 /N BRI RO B K S T sy, — 7 T AT
AT BT R AR A Hh It AL Sl il A & R

(acyl-CoA synthetase ) H14F & Bt i & BX g

(amide synthetase) 1A% 1A%V B i 7K~
EF 7 AT R BT RRRR AR AN e AR
VO R AR IS A2 AH S BB A B R IS b, {8
A DU TR s b, (At R K BRIV I
Pz o

ERR . BAR. L@ RS 2 i A
o AT =) L FE BB N- L BE-L-2 2 B A
DL-% 21 -

R BRI R4 A2 2% BT, fE AR 2hd il
W ER A R R A T FEAE R, A —Fh
JHAIE & S 21, KRB IDTIR B-E AL
Mg AR KHERERE/EMH (Guarnieri
2015, HSFH 20160 o —AMLIE R IR G M

(dihydrodipicolinate synthase, DHDPS) & #fi
AR EY G MBI R K EE (Soares et al.
2016) o 2R O-BEAE4 0 (homoserine
O-acyltransferase, HAT) fEERZAMR G HUSHKH
IS AR 2 AR R A IR AR AL, T
FRIM 2R e 1 & O R CUIRRAF S 2019)
DRI, TACte 2 /)N BRI H P BBk B I, AT
e BT A nE —RIRGEE (DHDPS) Al
225 R O-TE LRl (HAT) RIEW DA
A 0 2 R A FR I 2 R KT BRI B

N- L PE-L- 58 28 R A& A2 W s A 1) — b B 22
M FEIRATAEY), R L2 B AIE AT R i
Wi — RV RN A ). $HREM, N-&
Pt - -2 22 R P DA 53 00 4 2 i 45497 /) B P s
FIFNEGE R, AT OCE S fE A A D) RE

(Tifft 2024) . 748 i S 8§ (pyruvate
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dehydrogenase, PDH) &2 FEER A FH 47 EE
B, BeS RGN RRE N S B A,
MITHE TCA G50 B DL S R D5 AN 2 R
BT R K (Zhang et al. 2022) . Kk, K
A /N RIS N- - 20 7K P e o]
e /& BT PDH FRI&HG 0, {58 FL AT it £ 14
B A S& BT
5-F % (5-hydroxytryptamine, 5-HT)

( Saxbe et al. 2018) . X H B\ kg &
(M 5 PESE 2021) .
B (glutamic acid, Glu)
2020) UL} y-2 2 T (gamma-aminobutyric
acid, GABA) (Lietal. 2020b) 252 Rz %
i35 %501 R BEAT NI OG . b, BER
Fe PRI A R4 E R i i . AT
FRIN, MR GluA3-AMPA 2R S H W47 A4
I, T GluA3 E55T A 21 P I A A -
FZJZ (medial prefrontal cortex, mPFC) U A]
I3 ik R R o /N BB 547 4 (Peng et al.
2022) » BEIRNIENE (glutamate dehydrogenase,
GDH) AL 2 13 — RN 43 2 B2 < [B) 1Y) w3 e
1, FERFIRRACH R A HEAEH (Ge
etal. 2022) . Ptt, HKilidl/ b RiiES DL-4
AR, IR mT 2-FH K RRAE IR
%l (glutamate dehydrogenase, GDH) [fIfiE{L
EHR, KREAW DL-AZ IR H A H R,
SHLEN DL-AARRLS G2 DN RMEZ
e, WORPRE TTIE B .

PR MR AN S PTIR IER A2 4R AR 25 C I

g, ENE RN B B AR B
FARIAH B A B R . erhr, i SR I R
— Ry DL g ok o 1 B B ) A i R AR Ak Y

(Deutsch 2000) . HIIRIMERE I (ascorbate
oxidase, AAO) &M HAE, 1EA %%

(norepinephrine, NE)

(Hafeman et al.

TR MR AN NI SR AR (Lin et al.

2024b) o Ft, FeasgH s R myE b S ST
Bg K P % v AT R R BT P AR i R AR AL i

(AAO) Rk RS
PR P Fe ] A i PF 400 L e e R ] s ot 7

FAFFARE RGN, HZMiES 51T,
HRRRAE AR I LR 5y 2 —, TR T WA
IR, VAR RN EEE R, Refedixd fG2
Yy AL AU (Bhattacharya et al. 2023)
FEAETRRAETN, KB W NE I IR A2 HH JIH [
7o- 2 1L B ( cholesterol 7o-hydroxylase ,
CYP7AD) A& 1), Hr, [
120-F21LEE (sterol 12a-hydroxylase, CYP8B1)
YeoE JHER AN RS 25 S IR () F= 2 (Perino et al.
2022) o [Al, Tk 40N BT IR M L A1,
AREE T 88 120-F210BF (CYP8BI) ik
I3/ D T IR [ 5 RS H PR3 4% 32 B

gi b, NIRRT AR N R FE ) D e
T AR AR s R ) AR AT A, EAT
() PR AH BLAE S 5 & P AR B R . IR T
CD-1 B BRAEAT AR E 5 A FHL
i, AW FUEE T M AR 2H 2 N AR W) X 25 0 A
B TR R I W AR A AT B R Mt AT vk
A SCEEE M, Pldl. Pld2. Pla2g5. Pla2g3-
Pla2g10. Lyplal. Lcat. Chka 1 Chat iX 9 4~
B[R] e R M A7 v 5 2 AR se SRR R vh
PICBERER . (Rtk, FEJE St Fuid fE v, JRA)
W 20 97 326 HH 1) S B % DG B (R A T S
BouE, DUHAREZRA LGS CD-1 B4 Fh F Bt AT
AL AT HIAT .
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