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* Horx!' kes' 2E? Em' ER' ZkE (L TPPEZ R EILRENS ML K R
g/ TEPEE PR R A Y2 E S SIS B S 330004 5 2 TEPH TP 2242588 FE 330004 )

[(EE] BH: A THIERRAPIRZ SRR H FARMIE AT 69 A puh] . FTik: 20 R SD XK AMALTFH oAb = G4,
BAW, FOBLTEBA, BERAS T ZHEAM. 28 AE, REARERXK, BN alk, hiEEXIE4R, W0 E
BRI B B &S LC-Q-TOF/MS Al X ZAFAERS i, % it o706 ik £ 715 AR, Metabo Analyst & 45
R RAREHARMESS, ER. b gk, AKX RARE, b8, SM AL ZRREHEF, S, 2T ERK
FOREBATLHEER, ML 0 LELTEANMRAITRAERSHHE. MRAFEREF, 2945884 X R 5 R
R BRAERN R EF, PLS-DA 54 Z I 29 N AERSAREY, P 19 ANBERMFEDERR LT ETY, 225
R BEALA . Bk 5 BE L BF e . BEARBEALER KRGS, %90 10 NEBEAR 28 Lb, 2 R #hakfls | AV SR, Hib =8 s, @Ry
LM BT, BAERMAFED T B BB REARM . T B FIRARME 6 ZARMER, P H b AR AR A R TR
WA, EI: FRPCR T AL A H b A IR A SRR R 52 IS A AT 4827 A R A L B AR MR ARG - BUH i B AT AR
[ R ] BRAAs; SRR, REtRIE AT Ristir &4

FESES: R285 XHERFRERD: A

FRHHERE I PERTHE ( MAFLD ) , tBRAVEA RS
PERR D PE T , S —Ff 5 AR 2 ELAH S 9 s
R RGBTk AR R N I LA 12
PPz — 2 R, 2Bk MAFLD f 0 5%
N 6%~35% , X — B e AW 71 e,
AR NI MAFLD S5 38 0 2 5136 29.2%, 7EME IR
g FAE JE A BE v, X — e R 2 5T T 70% 4,
WA G TE I &, MAFLD A 8854k, RIRH
WP e B E AT . th T MAFLD R840 %
S HILTH i o 52 A W B, B AR YT SR MG £ 4R h
TE VR A TG 7 20, TEACHLR MAFLD A9 % 95 L
S H A2 S T 5 A AN o AR5 I
ve AR AR S AR A 0 O RS, R B o
2 25 H AR A3 A I 2 20 g A R i b s 1 B A 6
FRIHE R, LAY MAFLD B4 - L SR Rl 7
WA
1
1.1 XA

H s 20 (% 5 Merck 2y #], HPLC 2% ) ;
R (Sigma-aldrich 22 7] ) o & 5 1 &L 4 60% Jg
05 LR CYEIRIIA A F], it D12492 ) 5 b
A CT IS EA, A5 GL8322) 5 IMLyE k5 &K
ELISA 177 & ( Andygene 23], $1t5 201810) .
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5 JE SPF ZfEbE SD KR 20 2, 4~5 JEi, &
Jit (180£20) g, WKLY R 25 KL i)
B, 34 RHIES - SCXK (# ) 2018-0003.
13 ME&EE

P I ACCU-CHEK I ; 53X sl 7R 15 0
HL ( SE[E Thermofisher A W] ) 5 B4 248 (3£
Thermofisher 23] ) 3 LC-QTOF-MS =5 &5 i AF {7133 i
TP (&1 Waters 23 A ) 5 A3 A ACQUITY
UPLC CSH Cyg #F (2.1 mm x 100 mm, 1.7 pm) ; 5
e ets Progensis QI ( £H Waters 4] ) o
2 FHiE
2.1 AT

N R VR U111 W O 7 N EN S R 3B S
RV AR H AL, 1E R 2R BRZS T i i ), A2
KRS T e gk, BmFE T B2 R 750
YRR RS, AR 28 i L s
SEYR VLI R 2R S R RS D o, Zh
IS (JZSYDWLL-20200828 ) , AHIESZ5 5
PRAEH HEBL 2= R R A& 1) (5L 58 sh Py B4k 151 )
(2017 hit ) ZERPFEAT
22 — AT ik

SEE SRR (BW) . KREE R HeRG

ILETWH : VA AT TRHEIHE (G1J211237) 5 T1LVG P E 2R FR A A B Z R m B (CXTD22015 ) .
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23 HamEETiE

KRG JERKBEEBEALEIK 12 h, 10% KE
SRS T SRR . M6 B Bl BCR AR BRI, e
2h, BT 4 CE.LHL, 3500 r/min .0 10 min Ji7,
B ETEBOSE, T 80 CUKMHIRAT . 43 IH 2 41K
U IEAR R AL, — 3 TN 4% 22 58 W 11 7
FHTMEL 0 Yett; 55 —FR0RAF T -80 CUKAE, HH
FHeRA AT o
2.4 AALIFEARAEN Tk

SR FF L 1 s 4 A T A ot 3 S IR [ B (TC)
AKF- L H Y = T T A I I 3 R H R =g (TG)
IR FEIAHG b oy A it 37 v v 22 B Al A 1 R
i (HDL-C) FMIR% % M 85 H I [ B (LDL-C) |
CLBHPBEAASI 1 38 2= B % (FBG ) s i it
IR R (Fins ), HARBRAEY 2 BOH R 00 & i
B AR HEA T, A S R AL S £ (HOMMA-IR ) ,
TR = 2 E B (mmol/L) x I I fB &
REWE (nU/mL) /22,5,

25 AramaTaEy kT

R K VA R ARFR LG 12 1 2RI, 4 CokAR T
72 30 min, JEEFREUHFZL 50 mg, FHUE 2 mL 20
B, USIN 400 plL TR K . HUHZURES, IR
1 000 Hz, Bf[E] 5 min. 3% 5 22U Sl i A
BT B (MTBE ) 600 plL, iRHERS] 1 min, 5
10 min Ji5 , BORAEW , B0, %4424 15 000 r/min,
4 °C, 5Smin, B 150 uL, & 1.5 mL B0,
HABEOTRAGE T, TSR SER I 200 L
(SFNEE: OBk =2:1:1) ER. BEPLIERE,
FEAETRE 10 °C, PEREIAFH 3 uL,

2.6 LC-Q-TOF/MS 7 i

TSl A 24 0.1% FERFN 10 mmol HREL 2 -
7K (60:40), WahHH B A 0.1% H iR K 10 mM H iR
SN - B (90 2 10), A S5 C, FEMEIRE
20 °C, Wi 03 mL/min, BHEEVEML. VYRI5 0~2.0
min, 40% — 43%B; 2.0~2.1 min, 43% — 50%B;
2.1~12.0 min, 50% — 54%B; 12.0~12.1min, 54% —
70%B; 12.1~18.0 min, 70% — 99%B; 18.0~18.1 min,
99% — 40%B; 18.1~20.0 min, 40% — 40%B.

JE i SN IE B TR, B ARAE AL
B35 2 kV FT40 Vv U PR, B
F, T FIAEFL AL 2091k 2 kV 140 V., P8R 120°C,
RIS 450 Co R MSe #0547 Continuum
BHRRAE, —HANEFEN 100~2 000 Da, FAHHET
[ 0.2 s, Xf i A BEES 14 20~50 eV B RE S 4T

TLP R 24 2025 4 03 H 45 3 HLEE 56 #4507 1)

WS, RETABERFER .
2.7 HmREEH Tk

FrAEREA (QC) il 28 Hh BT A REAS 1 £ B 55
RBUR G BRI RT3 10
ul, WA, BIRERE S AR SR B () 5 8 M
AR 1K QC, ¥ QC FEf B T EHEE, ME
FE S R LR B S ] S AR R B, TPASAE o T i
28 “%itFuik

AACFERRBIE L) (x+5 ) R, PR
Graphpad 8.0 #4745 11534, 2 4HIR] R H ¢ K56,
Ph P<0.05 FnEFA GRS,

JF 20 218 I 20 27 K ] Waters 23 &) fi b AL 504
Progenesis QI X Bt &4l #EA7 TR 3, 5 s 73
BrIEXT 55 | WERR I 10—k 55, Bl L LILEl)s,
KA EXCEL SEATEERTANRE , 1 e fas il B i i
TR ARSI, DL 80% JE I A, Milkkas
M 80% MYZAE &, LL QC 4l WEEARG A,
2 QC 78 5 2280 >30% 78, HROW Ol vE
TTUL 2 AR R E A8 e, TiiAb 385, >R SIMCA
14.1 47 e /N 3 - F 5B (PLS-DA ) 43-#r
s, RIBAF T HOS R, ST s R IR X S50 R B
JFLHZURE AR A R . HMDB 50808 22 XV 7 1Y
PR )8 AT Y€ . MetaboAnalyst 5.0 £ 4b 2
FH A TIE R T, I KEGG B ER R
SR BT A5 Tk X A 1) A b g A T AR
% K E R ST
3 H#R
3.1 FZHIERR A KR — AT A 0%

IEFHARREEGA . AL, EhmER
R BRIE KRNI FWTreE, H—E
RS ZEEE, BOARIETOL, SE, 3
Wb HEgg, IRk 1% 4 SRR R R IR
W FEEE T 2R
32 ERARRAT K Rl i85 AR KI5 AR M R

iR N, S5 gk, SARmeT I 28
JiJ5, KREWKE BW, FBG. HOMA-IR /KT,
HEfABEEE L., SEA4 e, SIETmX
B Fins KP4 R, (HEEASIAE L. 55H
YRS, TG BN, HDL-C /KRG, TC.
LDL-C /KB IEE 248 Lo WE 1,

33 hLT 0 F ETFM B AR R R IF ARG SR AR

SR IR, S AAUFIE IR, JCH R
T, ANAEAE B 00 N8 B UOR ;B2 4 i HLA O
WML, 1550 BT e i, A
EWRRRIR. WL 2.
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W S EHA R, P<0.05, TP<0.01,
A1 S st K R dE, g4 £ 354709 %0

A

ESIEER (s
B B AR A K RIS Wit AR e v (x40, ARR =
100 pm )
B JR AL B 25 R “

1 AL & EF iR

TE: AUEAERL; B,
H4 QCHEAEZBTAEAR

3.5 PCA
FEF N8 B R S B RO, XA L, A
Ve AIEE, Bt I EAT PCA S0 #r, 3RAS AT il s L Ay
B3 QCHALETAE R,X }0.75, O, 0.633, ViU R GEAE FRAF T

Xt QC BESLHEATIE . B TRUIE RStk TS AL BRI SRS B . A R

WM, SRR T R R e, 4y AREARSIRA S, IR A SRR SR A
BIRCRAE, VAT R A E A PR e PIR2E5, SRR IR Rz TR U2
SRR LI 3, e AR AR . WL 5,
342 BB R BB R I . o
4 A do QC RESE TERTE 10 B T, & . . .
G 7 R FEE AR DL, L 0 A R, R R . °
22 Sk, BOR B RS, 4B Qe REf L ¢ A i
A A BB TV I o T A, AR B o o .
[ A B — 5, B[] e 0 AR [ e -
(EEBRE. LR REY, fuiR g R 5 T T e
Y R, DI SR S A i AT TR 4 2 e ISP M,
T8 A5 #r#ksA
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3.6 EZFKRHAFEH ST

K ¢ K O e 25 AR I AR i, ARG T2
SR AR A PLS-DA BB, IR AR R IR AL
AR EY . S5 RIEET kIR & I 93 RIS &
PLS-DA #5781 R, X, R,Y J% O, {H/3 54 0.699 ., 0.948
F10.940, BB RMEE R . 0 T kR PLS-DA %

H: AAFSMHUSEL; B Permutation K45,

TLP PR 24 2025 4 03 H 45 3 M5 56 4 507 3]

HIE 304, % 20 1% Permutation test %) 455 A gE 17
ﬁﬁﬁl@ﬁ?\, SRR, R, O, HABKMFRE,
H R, ®IAEE R 0.05, O, BEFE/NT 0, 4551
BORUAAAAET LA, BET IR ] AT R0 B oA G
R, WA 6,

B6 PLS-DAZm45H

3.7 BT ST P LG i R N A 25 2 SRR 2 [a] A AR XHEL, 27l

FF PLS-DA Bif, DIAR s EPE R (VIP) W 454 HMDB i FE Y A5 B S SCHk g it
KT 1 BRHAAERE (P) XICAT 09 b5 BREBITRHMGIT., 12472 WA OB
e, ik 29 IR FAR Y S, Hid 19 428 B WA,
TERIHY AL R R, HoAy 10 AN B e 4l Tt ﬁ%

A1 BERRARE

T LR ITE] /min m/z VIP P bricy

MO1 4.60 907.529 5 1.18 0.98 PE (LTE4/20 : 2)

M02 6.47 861.548 3 1.20 0.98 PG (PGF2V121 : 0)

M03 5.65 847.531 4 1.20 0.98 PG (PGF2V1/20 : 0)

M04 433 784.490 6 1.20 0.96 PE (22:6/18 : 3)

M05 6.11 902.587 5 1.14 0.96 PC (22 : 3/PGJ2)

MO06 6.46 1619.106 0 1.17 0.96 A

M07 11.83 770.568 5 1.14 0.95 PC (18:2/17:0)

MO8 4.96 833.5173 1.16 0.95 PG (PGF2VI/19 : 0)

M09 421 857.5159 1.19 0.94 PG (20:5/19:0)

M10 4.49 881.5167 1.10 0.94 PI (18:1/20:3)

M11 451 764.521 4 1.20 0.94 PC (20:4/15:0)

M12 5.08 859.5313 1.14 0.94 PG (PGD2/19: 0)

M13 4.68 806.495 9 1.12 0.93 PC (22:6/14:1)

M14 5.53 898.487 3 1.15 0.93 PS (22:6/20:5)

M15 6.43 929.534 7 1.12 0.93 PE (LTE4/P-18 : 1)

M16 0.88 595.287 8 1.12 0.92 LysoPI (18 :2/0:0)

M17 4.98 901.509 6 1.11 0.92 PGP (20:4/20:2)

M18 493 1663.076 0 1.07 0.91 A

M19 4.49 949.502 7 1.04 0.90 PS (LTE4/20 : 3)

M20 1.06 1001.561 0 1.05 -0.90 lysoPE (20 : 4/0: 0)

M21 1.07 585.254 6 1.09 -0.91 tetrahydroaldosterone—3—glucuronide

M22 6.04 773.5777 1.09 -0.92 SM (d19: 1/18 : 1)

M23 13.27 877.698 4 1.13 -0.92 SM (d18 : 1/26 : 0)

M24 1.06 1023.543 0 1.09 -0.93 A

M25 11.43 636.556 0 1.10 -0.93 ARA

M26 8.58 608.524 9 1.09 -0.93 Cer (d18:1/18 : 1)

M27 13.27 945.685 8 1.13 -0.93 TG (18 : 1/18 : 0/18 : 4)

M28 1.75 283.263 7 1.15 -0.95 3—methylheptadecanoate

M29 1.07 1091.528 0 1.17 -0.97 A

. 61 .

https://www. cnki1. net

o
h
Z
i
3_["‘{"
o




°
h
7
i
?‘E
°

o LR

JIANGXI JOURNAL OF TRADITIONAL CHINESE MEDICINE

3.8 W@¥E RS

B VB AE A= W bR 5 A MetaboAnalyst 5.0 7£
28 N vk H ) Pathway analysis #55 B, 3F 17 38 0% &
b, R 6 AR B, 230 o H il s R X
i ( glycerophospholipid metabolism ) , V. i ik A 15
(linoleic acid metabolism ), o MEIHAER{RH (alpha—
Linolenic acid metabolism ) , GPI 4 £] & & ¥ £ i,
( glycosylphosphatidylinositol-anchorbiosynthesis ) ,
AR A (sphingolipid metabolism ) , 48 A VU 45 fid
8 (arachidonic acid metabolism ) o J H i i
PRARITIE % 08 2 AR die e B s DY de ok, R
LSRR Rei PSS St Bl At oY SN S AN SR
K19, %2,

BT Re AR E

F8 g Rl 5
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B9 Hd B ISR 8 58 R AR KRR
2 R oAt

KEGG ID Class Metabolite
Phosphatidyl
€00350 PE (LTE4/202)
ethanolamine
PE (22:6/18:3)
PE (LTE4/18 : 1)
C00157 Phosphatidyl choline PC (22 :3/PGJ2)
PC (18:2/17:0)
PC (20:4/15:0)
PC(22:6)/14:1)
C02737 Phosphatidylserine PS(22:6)/20:5)
C00344 Phosphatidyl glycerol PG (PGF2VI/21 : 0)
PG (PGF2VI/20: 0)
PG ( PGF2VI/19:0)
PG (20:5)/19:0)
PG (PGD2/19:0)
4 g

AT LA M Ak £ 6 AT I 7 T B s
I, 3 PR ST 2 7 AR R T I AR S s
W) B ARHE I, B 5 B A i SIS B s T 24
IR BTSSR R, R K AT | o
5 55 EHCHTE AL HIh = KOE BT,

B7E 13 N W SC IR R A A AR g 5 P P 9
SRR 0 BR BRI & B 93 ALl i
EAML A, T 20 AVETER T bR S, Ho
19 Fhy e AR 3 R, T R R I AR
EBE R WEIEGR . BN WA | BENSIE 2 e,
210 AR B bR E WA 2 B2 T, X [t
F ) B S S A B | P 2R TR I A H I = R
i, WPETERE B AR S A T I B T, &
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PRI Be b 5 W v K H I B IR AR BB A
W S R A A i

W JIE 7 240 R I v i e B AR b S 2 A
EFLBYIAC L 2B A W G A R
R, A (5] A 2R WA TR AR E R R
WEEE, 256 EA Y IEENEE RS E
/BT S =L A U R /s s e T E O = N1 1|
Sl AT SRR D A R UIAR G 2 &
HEHU B B M BRI , R 2B B,
M 3 55 R AN W AT B T I b B R
HF T i T AR P 285 O e K P v, O ] K A B
ZIbE U BRI RS A, b/ U S
PR LT Bl e 2 P T ) L AR A, o4
MEZE R INBE B T WG I5E AR 5 3L PRl e
2k 7 A I R TEL R G5t =2 1 R g O T 0,
MAFLD 25 A Al i 1 EL sl FD e s 1 < st e 7K
RRAR L RSB REI D AT B B, 2
I T FUEL B 215 245 90 A AR L G P8 45 24, ML T
g5 W Big TOE JIE A7 8 42 H b = TR A s RS g
SR A 5 1 BEIRBEUEAE RS S0 T, H
PR fisk A PN o R 7 38, s Big A gt , (it g iy
ARk 120 RBRSE R A U B S LB K E R
R, Ui AR RRBEALE I T BB S22 5 MAFLD R
A P 1 EE AL

T A IR IR B S S AR A 1 AR
F1z g B 2= B AR RN S04 1A A8 1
VELEAEIALE] . BFT S ST AR b H I = L
WA A H B RS S5 OCER AR B i o3 A A b E PR A
TENRFEEES T, WS H iy AU B NE se v e b 11
JEJE 105 A8 1 o A2 HIm s s )5 A g s i
Z BB 2R B AR IR, IRABFE HBE s e
FRIPERE 05 VR, AN RERS = XS Ag 105
PRALH], AT B8 R IT & B IR YT SR g A At S 2L (R
2FARIE

CEPL

[1] YOUNOSSI Z M, GOLABI P, DE AVILA L, et al. The global
epidemiology of NAFLD and NASH in patients with type 2 diabetes: a
systematic review and meta—analysis[J]. ] Hepatol, 2019, 71(4): 793—
801.

[2] ZHOU F, ZHOU J H, WANG W X, et al. Unexpected rapid increase in
the burden of NAFLD in China from 2008 to 2018: a systematic review
and meta—analysis[J]. Hepatology, 2019, 70(4): 1119-1133.

[ 3] CHALASANI N, YOUNOSSI Z, LAVINE ] E, et al. The diagnosis and
management of nonalcoholic fatty liver disease: practice guidance from
the American Association for the Study of Liver Diseases[J]. Hepatology,
2018, 67(1): 328-357.

[ 3] YOUNOSSI Z, ANSTEE Q M, MARIETTI M, et al. Global burden of

TLP R 24 2025 4 03 H 45 3 HLEE 56 #4507 1)

NAFLD and NASH: trends, predictions, risk factors and prevention[J].
Nat Rev Gastroenterol Hepatol, 2018, 15(1): 11-20.

[ 5] SBERNA A L, BOUILLET B, ROULAND A, et al. European Association
for the Study of the Liver (EASL), European Association for the Study
of Diabetes (EASD) and European Association for the Study of Obesity
(EASO) clinical practice recommendations for the management of non—
alcoholic fatty liver disease: evaluation of their application in people with
Type 2 diabetes[J]. Diabet Med, 2018, 35(3): 368-375.

[6] FHAM, FEM, 2, % . IREE AR R I s
IR HERE [J]. b A B 22 |, 2023, 33(12): 93-96.

[7]1GIL A, ZHANG W X, WOLTERS J C, et al. One— vs two—phase
extraction: re—evaluation of sample preparation procedures for untargeted
lipidomics in plasma samples[J]. Anal Bioanal Chem, 2018, 410(23):
5859-5870.

[ 8 ] ISAAC G, MCMONALD S, ASTARITA G. Lipid separation using UPLC
with charged surface hybrid technology[J]. Waters Corp, 2011(10): 1-8.

[9] ESLAM M, SANYAL A J, GEORGE J. MAFLD: a consensus—driven
proposed nomenclature for metabolic associated fatty liver disease[J].
Gastroenterology, 2020, 158(7): 1999-2014.e1.

[ 11 ] FABBRINI E, MAGKOS F. Hepatic steatosis as a marker of metabolic
dysfunction[J]. Nutrients, 2015, 7(6): 4995-5019.

[ 10 ] PIPITONE R M, CICCIOLI C, INFANTINO G, et al. MAFLD: a
multisystem disease[J]. Ther Adv Endocrinol Metab, 2023, 14:
20420188221145549.

[ 11 ] BORODZICZ S, CZARZASTA K, KUCH M, et al. Sphingolipids in
cardiovascular diseases and metabolic disorders[J]. Lipids Health Dis,
2015, 14: 55.

[ 12 ] GRECO D, KOTRONEN A, WESTERBACKA J, et al. Gene expression
in human NAFLD[J]. American Journal of Physiology—Gastrointestinal
and Liver Physiology, 2008, 294(5): 1281-1287.

[ 13 ] KOLAK M, WESTERBACKA J, VELAGAPUDI V R, et al. Adipose
tissue inflammation and increased ceramide content characterize
subjects with high liver fat content independent of obesity[J]. Diabetes,
2007, 56(8): 1960-1968.

[ 14 ] ILAN Y. Compounds of the sphingomyelin—ceramide—glycosphingolipid
pathways as secondary messenger molecules: new targets for novel
therapies for fatty liver disease and insulin resistance[J]. Am J Physiol
Gastrointest Liver Physiol, 2016, 310(11): G1102-G1117.

[ 15 ] GRAMMATIKOS G, MUHLE C, FERREIROS N, et al. Serum acid

[

sphingomyelinase is upregulated in chronic hepatitis C infection and
non alcoholic fatty liver disease[J]. Biochim Biophys Acta, 2014,
1841(7): 1012-1020.

[16 ] YETUKURI L, KATAJAMAA M, MEDINA-GOMEZ G, et al.
Bioinformatics strategies for lipidomics analysis: characterization of
obesity related hepatic steatosis[J]. BMC Syst Biol, 2007, 1: 12.

[ 17 ] IQBAL J, WALSH M T, HAMMAD S M, et al. Sphingolipids and

lipoproteins in health and metabolic disorders|J]. Trends Endocrinol

Metab, 2017, 28(7): 506-518.

HAMMERSCHMIDT P, BRUNING J C. Contribution of specific

—
—_
oo

[

ceramides to obesity-associated metabolic diseases[J]. Cell Mol Life
Sei, 2022, 79(8): 395.

[19] LI Z Y, AGELLON L B, ALLEN T M, et al. The ratio of
phosphatidylcholine to phosphatidylethanolamine influences membrane

integrity and steatohepatitis[J]. Cell Metab, 2006, ( F#:% 69 R )

« 63 -

https://www. cnki1. net

o
h
Z
i
g"t
o




o LR

R E 25257 | 2021, 46(16): 4083-4088.

[3 ] JHJL, 2RO, B0, 45 L I Pk D R T 7 P S 2R AL T
LRIEIR | SRIGR | B4R IGURR | 4R AR B SRERIR CLI). 29834
HF5E , 2023, 46(4): 703-710.

[4] SILVA N C, ALVAREZ A M, DEOCESANO-PEREIRA C, et al.
Catalytically active phospholipase A2 myotoxin from Crotalus durissus
terrificus induces proliferation and differentiation of myoblasts dependent
on prostaglandins produced by both COX-1 and COX-2 pathways[J]. Int
J Biol Macromol, 2021, 187: 603-613.

[5] XU Q, WANG M M, LI X Y, et al. Antioxidant and anti-inflammatory
activities and action mechanisms of exopolysaccharides from
Lactiplantibacillus plantarum Z—-1[J]. Food Biosci, 2024, 62: 105247.

[ 6] BAGDAS D, 0ZBOLUK H Y, CINKILIC N, et al. Antinociceptive effect
of chlorogenic acid in rats with painful diabetic neuropathy[J]. J Med
Food, 2014, 17(6): 730-732.

[7] A, y5zs , BRI, 45 )2 Hmk H T 25 5 i T 2
RYZABFRAE ST [J]. TR 2G2%5K |, 2008, 33(4): 372-374.

[8 ] 25l , ¥y, BAEAE, 5 . JET AR IR 45 B R Bk -
P I IE 28 S 0F 5 IE B PR 2 ST 2 0. P R T 2 Ak
2024, 33(17): 1813-1823.

(91230, s , W%, &5 . & TWa R R4S S A0 L (e DURE (K
DUY T2 [0 T E AR FH 225 | 2024, 41(14): 1965-1971.
(10 el plobkie , BI9RT, 4% . LTI UHT — WAL 0 1oz

TEAALBAD S I T2 ). T 2bE 2024, 47(5): 1141-1146.

[0 ] skoRte | Wikeid, BRAZR | &5 . B T HESCIRE A AHP- AT
b2 3044 77 IR JFAR I ER T2 ()], RIS E R 24, 2024, 35(3):
612-615.

[ 12 ] 5KF5T7 , SRer , XUMIR | 45 | T AASs 5 i oy T2 AL 7 A
Gt ST 2 1)) BB TIZS 2 , 2022, 39(14): 1848-1855.

[13] T, R0y, SRR | 45 L JET2RR AT — WAL AN 45 25 3
A BT I 38 T AR ST (1], T E TR 225, 2021, 46(21): 5545-
5554.

[ 14 ] AN, BREEER SRR |, 55 R TZUOMT - IR Y 2 i
bR HRRI R —— AT 25 T R0 R ) [0, 2527240
2021, 56(1): 296-305.

TLP PR 24 2025 4 03 H 45 3 M5 56 4 507 3]

[15 ] VFW], BHBEN . VLA | 45 L )2 M L R AR 2 RIE
FRAEIZWHE bR ACE T AR (0], SRR HOR - ih 2y AL
2019, 21(10): 2027-2031.

[16] s, AW, HETR , & . I THIALE5 5 Box—Behnken I
Jof T VA A AR 75 006 I A SR BT 20 (). TR 2544, 2024, 47(9): 2302
2306.

[17] MR, 2208, Jy g, 5 . J% T R i AR RS Pk SR oL Y
PRICT 2 (7], BE25 241, 2024, 43(5): 778-785.

[18 ] AfETT , Nig . BN B ZERN T S g0 25 A 1 v 5 TS 20 b 11
PRICTZ (1] 1L 7P R 2438 |, 2014, 41(10): 2190-2193.

[ 19 ] &ukity , PR, 48R0 E | 55 . 952 — SN2 R T A58 [1].
FHEZG 57, 2024, 35(7): 793-800.

[20 ] E30E . 3R E AL Y 4 125 KT R ST (D] 2RI - i
e EEZG R | 2021,

[21] BR&L, EWR, 5kA% , & . FET Box—Behnken I 1 AT E: 45 A JZ K
GIMTE - AGE KRS NS T2 (1], BB E EEE 2 |, 2023,
34(6): 1384-1388.

[22] A7e7e, BEZR , SkFMT . 5 5T HLMESCHEEE Al FAHP- B AL
LEGA AL AT ROT AR Z )] W EEE 2, 2023,
34(4):887-891.

[23] Bk, KRB, FHE | % . Box—Behnken i3 Wivk LA 2
B T2 ()] P EBEEZ | 2024, 35(2): 352-355.

[24 ] BE5FWT , 0N , 254648 , 25 . Box—Behnken HiiJ37 [ 45 4 JE 1 S
FER AHP- BAE AL 2 48 7 2R F SO 4R U2 ()],
25,2022, 53(21): 6716-6725.

[25] JAu, 2l e, 45 ORIl 300 b 2202 o R AF 5 IR
3T (0] HREEZG | 2022, 53(15): 4882-4894.

[26] T4, HRRA ., T, % . IR AHP fll GA-BP #hiZeM45
efbts BB 1220 (). HEZ 55, 2024, 35(3): 327-332.

[27 ] skl | dkake | skAAHy , 45 . SO DIRLEERE (1), i S
BB , 2023, 39(4): 37-43.

[28 ] RZ525 . 0BRA . BRAR 55 . ZENTAE B 2400 it 1o FHAMEDE [7]. v
BURHIZY |, 2023, 25(6): 1358-1365.

(N&A5 8 #1: 2024-10-09 ) %8 Fdmik

IDPNIPNIPNIDNIPNLDNIDNLPNLD NP IDNLDNIPNLD LD NPLD NI NI NPT NI LPNIDNIPIDNLDNIPIDNIPLPNLDNIIDNTDNIPIONTI

(k3% 63 1)
3(5): 321-331.

[20 ] NIEBERGALL L J, JACOBS R L, CHABA T, et al. Phosphatidylcholine
protects against steatosis in mice but not non—alcoholic steatohepatitis|J].
Biochim Biophys Acta, 2011, 1811(12): 1177-1185.

[21] PURI P, BAILLIE R A, WIEST M M, et al. A lipidomic analysis of
nonalcoholic fatty liver disease[J]. Hepatology, 2007, 46(4): 1081-1090.

[22] CAT Z N, MAT K S, AT Q H. Regulation of hepatic lipid deposition by
phospholipid in large yellow croaker|J]. Br J Nutr, 2017, 118(12): 999-
1009.

[23 ] B A , ki, BUREH . KRBTGS 2R BEIR BEARm0A YT AE

S PERR WG RBFSE (0] BiHh 5 |, 2020, 52(19): 81-84.
[24 ] Wby , B , etk . SEETITIRSENCS 2R BRI IE I B 2 16 7 JF
RS PERR DT IR IG RBIFE ). Fefl a2 2% 2022,11(2):110-113.
(25 ] B, B0 , X3, 45 . FO BUDE & Z IR BENR L ARG HE PR 1
B MR AY I RS 1], e rh B 252711, 2020, 38(6): 190-193.
[26] QIU H, JIN M, LI Y, et al. Dietary lipid sources influence fatty acid
composition in tissue of large yellow croaker (larmichthys crocea) by
regulating triacylglycerol synthesis and catabolism at the transcriptional

level[J]. PLoS One, 2017, 12(1): e0169985.
(A B 4 2024-09-26 ) 4. Ridth

.69.

https://www. cnki1. net

[
mh
74
51
g_‘E
o




