& El oSS TN I
- 4 & Scopus B R B 01
‘a ,- I DOAJ M hEAHE DI FICSTPCD
MEBSCO

M EE DA B FIRCCSE
SCIENCE AND TECHNOLOGY OF FOOD INDUSTRY MCA o ST % (WICT) 4%
M FSTA M SRR S TR R R B O 4 % H SR 45— Ji BE T
HF ISSN 1002-0306  CN 11-1759/TS ZIST

SRR RS BRI B T A AL /N SURF IR SR AR 4 2
M, WhiFkE, Batd, BERI, ASE, SR, HIRE, B, MR, H oK
Effect of Sciadonic Acid on Hepatic Lipid Metabolism in Obese Mice Induced by A High-fat Diet

YANG Xingwen, YAO Shiwei, LU Hongling, JIANG Chenkai, HU Wenjun, FENG Yongcai, CHEN Zhenbin, SHEN Guoxin, XIANG Xingwei, and
CHEN Lin

TEZR R View online: https:/doi.org/10.13386/j.issn1002-0306.2023040023

FAT RIS HA SO

Articles you may be interested in

IR 0k i B 5 AL /N B AP RE ST IIERE IS AT . AEEHACM A 2
Effect of Resveratrol on Growth Performance, Hepatic Glycolipid Metabolism and Energy Metabolism in Mice Fed with High Fat Diet
B TR 2018, 39(19): 302-308  https://doi.org/10.13386/j.issn1002-0306.2018.19.053

REAEVERE A AR IR TR TN B A4 3875 4

Preventive Effect of Soybean Insoluble Dietary Fiber on High Fat Diet Induced Obesity in Mice

B R 2020, 41(23): 295-301,314  https:/doi.org/10.13386/1.issn1002-0306.2020020008

o NSRS 5 JUREXT i R TR 7 S I AR R B B £ Qs B M e B 5 ) A2

Improving Effect of the Composite Granules of Bitter Melon and Mulberry Leaf on Lipid—Glucose Metabolism and Abnormal Intestinal
Mucosal Barrier in High—Fat Diet-Induced Obese Rats

B TR 2021, 42(15): 337-342  https://doi.org/10.13386/j.issn1002-0306.2020110096

SR SR AR AN B R R A AR
The Prevention Effect of Elacagnus mollis Oil on High—fat Diet Induced Obesity in Mice
B TR 2020, 41(5): 293-298  hitps://doi.org/10.13386/j.issn1002-0306.2020.05.048

SRR A 48z S0 s iR RN BRI B 3R L TP INE AR AR 3R B s
Samara Oil with Aerobic Exercise Ameliorates Lipid Metabolism Disorders and Hepatic Lipid Accumulation in High Fat Diet—fed
Mice

i Tl RHE. 2018, 39(14): 270-274,281  https://doi.org/10.13386/1.is5n1002-0306.2018.14.051
TEYIFUAT R KFY 02 % BT T X6 s R AR /N BRUTE PR Ay 4 il 4 FH i 38 AT 15 1 FH

Inhibitory Effect of Lactobacillus plantarum KFY02 Fermented Lemon Juice on Obesity and Intestinal Regulation in Mice Fed with
High—fat Diet
B hin TR, 2021, 42(24): 354-362  https://doi.org/10.13386/j.issn1002-0306.2021080116


http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2023040023
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.19.053
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020020008
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020110096
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2020.05.048
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2018.14.051
http://www.spgykj.com//article/doi/10.13386/j.issn1002-0306.2021080116

fd& \

PSE



5 45 % 4 6 ] i Tl B Vol. 45 No. 6
2024 4 3 H Science and Technology of Food Industry Mar. 2024

W40, WhIHE, P ALAY, A5 BRI I R B S T B HE /N BRURFIE i S A QIS A2 il (0], B kB, 2024, 45(6): 304-312.
doi: 10.13386/j.issn11002-0306.2023040023

YANG Xingwen, YAO Shiwei, LU Hongling, et al. Effect of Sciadonic Acid on Hepatic Lipid Metabolism in Obese Mice Induced by
A High-fat Diet[J]. Science and Technology of Food Industry, 2024, 45(6): 304—312. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2023040023

R SR

SRR R IR R R FRIAE R/ U AR B
wZili) -2

s, WiFiE' 2, AR, RPN, AR, Bk A0, BRIRIE®, L EF, #B34F %, Bk >
(1L.Arr Tk K FRBAFE TAFRE, M 3132005
2T B R VA F e 2 5 Rt BT, A 3100215
3.8 LR A AR TR ], T 233% 311800)

W OE: 88 AR EAERITEMLE (sciadonic acid, SA) M ZEEM R A F DRI K EERN. Fik: ¥
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LA KX ARG ERF AT IR TERBR AT R DB RARFOELENG . 2LV, aHELRH
FHACRE D B B Mk iF P B IEEEE (TC) . H%=85 (TG) . IKEANEalREE (LDL-C) 4%, ¥
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Abstract: Objective: To investigate the potential beneficial effects of sciadonic acid (SA) on improving obesity induced by
a high-fat diet in mice. Methods: Forty-eight male C57BL/6 mice were adaptively fed for one week and then randomly
divided into the following groups: Control group (C), positive control group (S), model group (M), low-dose sciadonic acid
group (LSA), medium-dose sciadonic acid group (MSA), and high-dose sciadonic acid group (HSA). The modeling process
lasted for 16 weeks, and the low and high-dose groups were orally administered different doses of SA solution at a fixed

time each day. After the modeling period, potential mechanisms of SA in regulating lipid metabolism in obese mice were
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explored, including aspects such as blood lipid metabolism, hepatic fat metabolism, hepatic oxidative stress, hepatic lipid

synthesis, and expression of metabolism-related genes. Results: The high-dose SA intervention in obese mice significantly

decreased the levels of total cholesterol (TC), triglycerides (TG), and low-density lipoprotein cholesterol (LDL-C) in serum,

while increasing high-density lipoprotein cholesterol (HDL-C) (P<0.05). It inhibited weight gain, reduced epididymal fat

accumulation, and improved liver tissue damage. Additionally, SA significantly increased the activities of antioxidant

enzymes such as superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) in mice (P<0.05), and significantly

reduced the production of oxidative end products MDA (P<0.05), alleviated oxidative stress in vivo, and inhibited lipid

synthesis by regulating the expression of genes related to lipid metabolism to improve lipid metabolism. Conclusion: SA

could improve lipid metabolism disorders in obese mice by suppressing fat accumulation, alleviate oxidative stress, regulate

lipid synthesis and metabolism.

Key words: sciadonic acid; mice; high-fat diet; lipid metabolism; obesity

AR IS H Al B0 A R ) i —,
FEIRMGERERA . THFE DL MAEAE Z 8] A1 BT
AP, PRHRIE, AU 2019 4F, BN Y
INABRERST A 2 11.5% F1 16.4%5, ZE4ERILH
PIAE AR SR o S BB T - G e R 2R AV R
L, MBS EURASET AEGE T 340 7, [H]
A, AR R R — R R I R R 2 —, AL FEO
ISR BRI 120 BT AR TR 7
AP AR 2R & AED A 2 9 ie !, DL R HoAth I &
e . MBS EEARE T ' IR FSMEFFAR
85, SR RPN 7 IR AR — 28 1Y M, an—iy i LA
W IRE, H AT GRS NI sAS RS20 . 244 1 Rl
VERIBCH I R, FARRES RN, JithFokZi 4
P i (W R S R S/ DT | S gIVAT SN

FFHE ( Torreya grandis) , &35 FE i) 25 & R IR &
i, B —E IR TR, B E T E, 2
— R SRR A, B AT T EDNE T BRI, DA
HAT & HAEFRE T R gt . Tk
ARSI E, 200 40%~65%""), FLE &AMk .
By (SRR RN, AR BT
Jagt el pEEART S i 2 AR B E

TAREA Y2 22 AN i T e iy B 4l ™), JHe
PR 52.58%~56.50%2", Horh LRIV B 3R] W
Z AR TR A EANA-5 27580 Z2 AR AINE T
TR R 3. ANV HH LR Wr 22 N AN As I R 61 % —FhRr
SR NG W5 FR—IIT 5,11,14— — -1 — s iz, B G 48 PR
(sciadonic acid, SA), & & N 6.68%~11.20%>'24,
HWFEFRE, SA REiE T/ RPN B EE0 = A 25 5
IR ANV TR, JmT i A AT MLy el I8
TP A BB TE PR . 325 P BE O AR IR S RS il A
MEFEHETGE A ARG 3G e, 2R PR /N B g 7K
S, BEEAUEN . BraRARS 5 R 0 S H v =R A
LU YIAE OCR, 5 SR SA VENFIE A9-ANify
FipiE SCD1 mFHI57], B BRI M3 v H ik = H5 %
g, PR s H Y = ER MUERY, ST eAGERERE . BRAR Y
AIWFFE R SA B —E s ABAVE A, (EXT B HERTE
P SA BMEEARREREIEY LRI T £

ARSCHE O AW R IEaE L, DL ig s ek iR

M C57BL/6J /INE, ST AR BRAR R, I 78 3 AR A% [R] Bk
A, =, /& = AR AY SA T T, 16 BG4
/N B AR REFIRR B AR DG A R A Ak AR bR, BTE
FIITRA ML 77 SA P S IR K &5 T 1 IR e /N B
FFERS A CIZRRLASYE LR, AT A BR RN s
HEIREE S I R SR SR
1 MRIEREE%E
1.1 MRS

FAECAIAE) T 2022 404 [ Wi VLA i B T i
TTIBEHMAERR AT BRA AL, FE TR A HEIX 2 A5 R
Jz FEER, S| B AR D Ez S st A A 1=, AR /K shs fa Ak
A, F5- 2 FFHEAT; MEPE C5S7BL/6 /N (B &4%
S5 20170005070777) PUJEES, (AR 18~22 g, it
AT A IR A B |l /NEUET AR R (45%) « ZINER
AL . ANERECBL IR SO SE B SRR R AT
BRA ] BAHEEL(TC) . Hh =Hl5(TG) | W NEiTg
(NEFA) . S22 ENEE A AFEEL(HDL-C) | B3 E R
HHNRERE(LDL-C) . RN AR AR (ALT) . 14
IR ST (AST) . EMYIEALAEF(SOD) . 4
TE(MDA) . A H G AR (GSH-Px ) 157 62
L AR Y TSR A3 6(IL-6) . I3
1B(IL-1p) 50 & NG RS Al & RNA
WBGRF & B XAYRI A RS F 5 S 5%
W& PPt PCR AHI & bt RARAIR
NN

LDO-101-5 U BVEIRGIX TS _BigIEER
IUBFREA A R AT ZYT-9028 HUMIHL 74 Best-
day AR F]; FA1004N BUS3HT K 11 FRAF S
BRI RN H]; 5425R AR S S A 25 OL

15= Eppendorf A FRZS 7l ; IX-24 UL &P i 2

1 A E 2N F]; Multiskan SkyHigh 22 D BEEFR
1 FEBR IR B2 4Y w5 TC-EA-B-48DA 7
PCR ¥ H44% o B Bl 824 BR 2 Al ; StepOne X
A 5édtE s PCR X 3E[HE Applied Biosystems 23 H] o
1.2 SEWHE
1.2.1 FFHEFFMHIS AR CE T 45 °C
HEFE g — B ], PR K S & B AE 5% LT,
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RIG RIS FRSE | A, KPP DI, SR FH IR IE AT
BFHEFF RN, # & 50205, 13 3E, T 10000 r/min &5
> 15 min, B3, BIFSFAHERFIH
1.2.2 SA MHEHL = BRE DR AP H & SA 7
15, IR XTS5 LAt Ak . BRIl 25
BWTR 2R PR R 2B & 6 h, IR LA ]
5 20 h,
1.2.3 A& S SreH o 48 H Uik C57BL/6
T /N BRAE S s s I PR SR 1 8, FE kTR Py
PUE 2SS VAN NEEA U T E iR VOIS [ SR ) I i = Y
IR FNHEMEE O, — 8 SRS BRBEALS A 6 40, 5351
TEEXTHRZH (C 2H) . AEREREAEZH (M 2H) . 3R] F1thfH
PEXT B 2H (S, 60 mg/kg) . K5I & SA T-HiZH (LSA,
250 mg/kg/d) . FFFIHE SA THizH (MSA, 500 mg/kg/
d) FEs - SA T 4H (HAS, 750 mg/kg/d), 40
8 W, SIS I 16 JE . C 4/ BRURMESLRliARL, H:
4% 5 ZH B4R v AR AR Rl EG O W3R 1), [RIAS X
SA T4 /NEAH B4 9 B2 0.1 mL/10 g/d 1Y5)
HREE SA M, C 4HH1 M Z4H /)N B B AR IR 50 A
HERIK S

F 1 EIREREC

Table 1 Formula of high-fat feed
BH BLLk(g) figte (keal)
7R 200 800
e 3 12
EX il 100 400
TR 172.8 691
AR S 50 0
i 25 225
K 177.5 1598
LR/ 10 0
ek 13 0
TRR S 55 0
FrEEIREN 16.5 0
HERERY 10 40
A AN 2 0
it 858.1 4057

JITAT S8 R BRI 35 T LA AR B4 B 5256
ity SPF 8 5 N, FRBEIREE 2242 °C . AEXT
PR 60%+5% . WIREASHE 12 h/12 h, BRI/ A
A/ BUS R B AL, I e N BB L N 3
BERAKOK, FEASEE RN RV AT A R AOK L IR,
A “ 3R LI 25T S 56 s NGl 3= OGRS, shts
FfEFEET 24tk 05 2022ZAASLAS6, 16 JE)T, e
FIEL PP Xk A 2 A X T 5 X 2] 7 A PR A R S A 1l
oy, DA SA T 2754 AR TR
1.2.4 IMIEFHLWEARINLE BRI EEE, /D
ERIEAEE IR EROK T L F 25 & 12 h(9:30 pm &
9:30 am), JFAEALFE/IN BT HAR TR HEATiC 5%, J5 I
WS 10% AR ER 17K & GHIEIS FLRR R, 1A 7 I8 s 7

Uk R i, FFKF A B IO R0 AR, THRATTS 2
4 °C BYES.CHLE 12000 r/min 2520 15 min, 2555 HY L
TEF T80 °C VKAH, FF i A= AbFehatdsim

I BG4 e, /N BRUBES0IAR BT, FH 75% ks T4
BrIH BRI VR TR, S0 B PR A SRR, R 2 Bhf 2
JE BN T LH R, 25 T0 PBS EIvE S Hue4ts 5%
PRV, JTHHRRFRER, 1e sk S RIAFHRIAERTIE YD B, FR
&S X 3T U E], Sy, i Ao B TR
4% ZRPEHFWRE OB P EE . FITE SCRE
AE T WAL EN, e T80 C vKAR & HI -
1.2.5 JEWiRATFREFEENE  RIE 1.2.4 HFRESH]
B4 P O R BFRE 52 i s B 28 1B A 2R 2805 BRF S A s

JHHE 2 50(%0) = R 38 /N BRAAEE % 100

S 22 g 5 22 50(%o) = BTS2 M A / /) B > 100

1.2.6 IMIGFAALFERIE Ao FIAE R, R G &
FEARPEAE =) U B R E 7 1k MR A=K
e /NS TC. TG, HDL-C., LDL-C &,
1.2.7 FFAESRERLELY] A EE TR A R A1
JFNEREATBY Y, S840 B v 5 Tk LB K fa , SR
FAOK A TiB B AL 38, V@V A IS A T3, S 48]
4 pm, Y) R G " H R | 53 GRS I U i s,
17 HE Ze oy (HAR Ty 72 BebR = 2500 T s B 2H 21
Kl A, SR IE Lok aBHHANTE, By s i
P T UM ZH RIE S IR RE

1.2.8 JEAALTERRIE 43 50FREL 1 g /N BRUFFIE,
TR PRI, A 9 AR A #ER K, il B
10%(m/V) JIFHEI5K, 35T 4 C TR IE.HLT,
12000 r/min B5.0> 10 min, W& E3FR, 2 185 &
5 B 45 90 2 BFHE TC. TG. NEFA. SOD. MDA 7
GSH-Px /K3,

1.2.9 AFEAEZEE T mRNA Fa/KFME  WIH
100 mg HAELH T IOIEE 0, INA 1 mL 414124
TRATF S , K whil A5 08 ) H e BEGE 7R B 1 B 15 B B
RNA., i#id TGem Plus & i K465t EiTHi+E
RNA FEAR MU BE o AR ¥R 2 T 57 12057 65 1) e B K
RNA 55555 cDNA, #34T PCR ¥, JHAEZAZN
P AR TR G 2R B - ( AMPK-0) . Z R4 14
A RALEGF 1(ACC-1) . BENTBR & il (FAS), [EEETT
TS5 5 5 - 1c(SREBP-1¢) . i S8 ALt i80S
Z-a(PPAR-a) | ¥4 H 3L 136 182 B 1k 400 19 30 i i
(HMGCR) WEEHE IR, 51 gAY TRAF A&
% TR 2. PG RN SR 95 °C THAR
P 308,95 °C A2 5 s, ANFIIRAKIREE 34 s, 65 °C 4
{1 min, VPG 40 ¥K, 65°C LEAH 10 min, EE
AEFSR FH 2744 ik B 19 3E K (B-actin) 4T AA XS 28
BT



%458 % o

Wesc, S BRMRXTE R

ST AIALRE N TR B G e - 307 -

#2  AMIERDIYIFES

Table 2 Primer sequence of target gene

519751
A - —
EmEY B 1514

amph-al 5 -CGAGTGTTCGGAGGAGGAGGTC-3’ 5 -GTGGGCTGGTTGCTAGGTAGAAATC-3’

ace-1 5°-CCCAGAGATGTTTCGGCAGTCAC-3’ 5.GTCAGGATGTCGGAAGGCAAAGG-3’

fas 5-GGATATTGTCGCTCTGAGGCTGTTG-3’ 5. TGCTCCTTGCTGCCATCTGTATTG-3’
srebp-1c 5. TGCTGGCTTGGTGATGCTATGTTG-3’ 5-GAGGGCTGGAAGGCAAAGGAAC-3°
ppar-a 5°-CCTCCTCCCTGTCTTCTGTCCTTC-3’ 5-GATGACTTGCTCTGCCCTCTGATTC-3°

hmgcer 5’-GACCAACCTTCTACCTCAGCAAGC-3’
5’-AGTGTGACGTTGACATCCGT-3’

S-actin

5’-CCAGCCATCACAGTGCCACATAC-3’
5’-GCAGCTCAGTAACAGTCCGC-3’

1.3 HUBAIE
>R SPSS 23.0 A X AT R A T R R Ty
FZESYHT RN ¢ Ko B, 45 R DUV Y Hhr fE 22 R OR, P<
0.05 FrRZEFHAGIT#E L. 5 H GraphPad
Prism 8.0.2 Z /A T4 E,
2 BERSH
2.1 SA FMRAEFRREAIEN
7INBRUPAAAR TR T 00 14 5 e B 2 A A A R
AP, PRI SA X BB AR B /)N BRAEHE 0% T AL
o i 1a s, 7E0E B SE50 2/, 6 2/ NEIRIAE
PR ER 2 [a) JG B B 22 50, X RS R A A . A
16 JEMREY , 254/ BRI S 2 T s, HE H e
fR IR KA, B R EPE, IESL T /N BRUIR S5 Ry
A,

0 2 4 6 8 10 12 14 16

i FER A ()
byso .
*C » LSA
=M +MSA
w125+ *S HSA
i -
@X <
gy 100 &5
B
< 75
50

0 2 4 6 8 10 12 14 16
TR i) (&)

BT MR )M o R AT/ N B SRR B A R
Fig.1 Effect of sciadonic acid on body weight and food intake
of mice fed high-fat diet

TE: a ANBURT T INZS b /NS A i Ze .

*F 16 JE LSk /N B 44 d AR A R4 T Lh 3 R B,
M H /N ERAREE (41.20£1.15) g R WFES T CH

(29.07+0.62) g(P<0.05), H WAL [a] {45 22 55 [l v
B TET A TS, D6 IE A A e 7 p )™,
BAIK. . &= FE SA X/ B B —
FE A AR (A 3 53 501 A 39.86+£0.63 . 38.67+
0.55. 32.80+1.33 g), HAEFHRCR 2 3% A B W (4 5]
AR, [FET S 2H/NFRAAE (35.640.62) g 5 idis
ZHAH Ee g B ARG, TIEBH 254923697 A SA T RT
] s R AR B /s B E i 358 n, HL A 7 IR R 1)
R

(R i, 30 of Fh e 45 4 /N BURE R i IR i A i
(FE 10) K80, 525840130, 4521/ B e B p B hin An i
(AR B, S3 AT I T BRI 7 B e e /N ER
FEAE T AN P, AHAEREAN SR R T C ZH/NER
MR R AR (118.15 g) & T H A A2, LSA 4H .
MSA ZHA0 HSA ZH/NERAEES T C B8R E 4530
B T 7.68%. 12.79% Fil 15.83%, Ui SA Xt /N E
AR B AR R BH S A E e, FLVE R &
B A . LA 25 SRR SA R n] fEiE I 1 i
7N BB AR D AR B AL, AT T s ik & s |
AL AR TGN, IX AT HESE SA F5H /IS BEUIE Rk frt o 22
H=z—.
2.2 SA XP/NERMEREBR R ATBE e A9

IS BRUAAS P9 E DRI BEE S22 0 1D J5 d, HFJUE R 6 52 g
J5 Z2 250 AR A B R R EE AR AR D, 2 BRI
FANG . s R SA IR BEIAYT 16 )
J& . FFE AR S2 08 V7 00 3 AR Ak an 15 2a FE 2b JF
N, 5 C AL M ZH )N BRI 2R S A0 P S2 A D B e
¥y i 2 T (P<0.05), 2925 C UM 4.64 £%5F1 4.10
1%, X 5 SR S E Y R AT AT B R . T
5 M 4iAH L, SR EALIAY T A SA T I SRR T
IR R E /N U RS2 B D 4H 4 i (P<0.05),
1 HSA ZH 2030 5 o B 2 (P<0.05), 55l FEAR T
39.11% F 48.86%. LSA £HF1 MSA ZH /)N BT HE Al
B =2 A5 B S S ZHAH HbAa 255 22 5 (P<0.05), i
HSA HiFIEE RS S 4HAH LIt B 322 5 (P>0.05),
HEMFE AT RESE SA SR AbyE T AR B CIST, WAk
EHOIALHIALL, BLERlE SA FEFZSER S5 1kdih
VT EEAHI .

FFIE ZR B8O S2 A D7 22 25000 A8 Ak B 40 o A
feFaBAHE AN 2¢ MK 2d Bras, M 270N B A
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Fig.2 Effect of sciadonic acid on the weight and coefficient of
liver and epididymal fat in mice fed high-fat diet

e a ANBUFBEE I b, /N ERFF 208 15 8 a5 o /NP R 5
d. /NER RS RR G 250G AR R 2257 8.3 (P<0.05) .

TS N8 AT R B = TF C 4(P<0.05), HAr5 b
IEH BN T 69.45%F1 65.43%. 5 M 20 4H L,
S 2. SA AbFEL /NI S2RR T R W3 T
[ (P<0.05) , H. 1 700 250 SR 52 B 591) & 4K o 4, (R
LSA ZH. MSA £HF1 HSA 2H %} HTHE 22 A5 22 55
AN (P>0.05), Kl 2c 1, S 415 HSA HATHEREL

TR 225 (P>0.05). & 2d s, S ¢H5 HSA 4/
ERUH S2 AR T R B 22 5 0 25 (P<0.05){H 1] C ZH %%
¥ (P<0.05), ULEHAESZ I FIETEFE N SA XT3 L
MRS JTCHMVE ] o & TR, SA BENS i 5/
REARE/INERAAR I NE T &5 FR, S A IR B e i 1, A
R /DN BRLUPR] i IR AR 5 S AT LAAR AR e, L) ek
2.3 SA sHMRILESE WIsFRAIRN
RG4S il I R D A S 1 = AW -
T T2, I AR L 3m it X I L 75 A bR TG AT
BEFARRE . SR IUAE A6 2 W, X L a2 g
A B2 #E/E A, mig+s 4= TC. TG, HDL-C.
LDL-C 45 55 18 BE45 R A5 958 i) AH O 45 BUE
SzBU B 3ETH, 5 CAHAHE, M ZH TC. TG
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Fig.3 Effect of sciadonic acid on serum biochemical indexes in
mice fed high-fat diet
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Fig.5 Effect of sciadonic acid on liver biochemical parameters of mice fed high-fat diet

TE: a JTFAE A B 5 s b P H 3ol =835 15 ¢ JTPAAEAI B AR DT R 35 42k . R SR AR B A A 35 15 e A9 IOt H MR S Al 5 s

£ B i AR TR R 2257 835 (P<0.05) o




- 310 - 0 Tl B

2024 4 3 A

AN BRI ZEEL, TS RN BEARRERSY, 2 Sa~
El 5c Fias, M 4/NREYATIE TG, TC F1 NEFA 7K3F-
5 Cc4/hBAHE, B2 (P<0.05) H5 01T 1.80,
1.52 F1 2.99 £i%, UaHH @ IR AR & T RE 5 S HFE AR 5T 19
R, BFFEMA SA THS, #HEE M 41, LSA.
MSA. HSA 1 S 41 /NE AT HE TC. TG F1 NEFA 7K
SFEIA AN RIRRBEAREAR, Hoh S 2405 M H 2257 3
(P<0.05), H HSA #H TC. TG #1 NEFA /) il & &
5 S 4H/NhRIC R EFE2ER(P>0.05), Bl SA THIAT LA
BEEE R IR B S/ N BUHF BTN B AR 88, E T8 /)
ERIE I, G FRIE B, @l SA URML T HAh
.

RS H 3L (ROS) s =4 LU Bt sA Ak iE
FTHY T B R AR R E AL = A I AT REM LR =2 — o L
A 1) B 4D 2R G380 T LSS PN AR ER R e AR fT
TR, AE A i B IR B 25 5 B B I Al U Ay,
SN SR ROS FYFLE, T KA IT 2R B LA P
I FH K- S A0 R A B 2 A IE AR S ERY . SOD 244
PN LAY 4R ] PR ST BRI, X TR AR P S AR TGS
FIFEZAVEH; MDA J2R N Z AR iR A e
BRI =), B — 2 BN EETE, °T LA S AL Py
SEALITRRE I RS GSH-Px AR NP A AL 1)
RGN E B AR ST, BA IS RA R AMA Py [ 2R
TEAVERRY, InEl 5d~E 5 IR, M 2/ ER
JFHE SOD A1 GSH-Px 7K F- W 3K T+ C H/NEL (P<
0.05), 1 H: MDA 7K-F- 0] &2 2 75 T C 41 (P<0.05) .
ZLRRIEMBTHUS, S 44/l SOD . GSH-Px 1 MDA
K15 2 B 5 ok 32 (P<0.05) . LSA. MSA Fl1 HSA

N

n

N
)

g
o
T
w
T

—_
(=]
[\
T

—_
T

"IIIIIIIHIIHHWI\HHIHHCf

ACC-1 3:HmRNAMIN FiL o

Il
o

AMPK-10 FEImRNAMX ik o
(=)

oo}
d
—_
NS}
1

=N
T

<

o
T

8]
T

PPAR-oK:FImRNAAIX Fik 4
I >
W N

Z

e
C

=]

SREBP-1c¢ K mRNAAHR 35 o
N
=
o

S 5

X = A FEARAFE NS S R E], H S B R
AP, Hodr HSA 415 S 2 F A B3 (P>0.05)
27 I, SA gefig ¥ in/ AT IE SOD A1 GSH-Px i
771, [F)EsH i 2RI MDA ZKSF-, TV RN A H 2,
BB A AR IR, 2R/ N BUIERE
2.6 SA XP/NRATEEFEXEF mRNA FRiAK RIS

HLAAR NG BT & 8 A AR g3 % H , ACC-1. FAS.
SREBP-1c. PPAR-o.. HMGCR ZVH45 8258 56 1%
FAC I 1Y 6 4 3L K BT SREBP-1c W] 8 #5 FAS.
ACC-1. HGMCR ik LA, BIs TR LY & ik, fil
% FFHEBE 5 25 S, PPAR-o 4 IFELH. 40 & 383K,
HAAZ 5 P IR R A A G R GenyEs, - H
TENR AR5 I 18 & A Nk e it i vp Hog 2
Ho T AMPK-1a GEPNHING DT BRI R AR, {1 FAS.
ACC-1, SREBP-1c ik N, PPAR-o 351k 111/, ¢
BERR SRR

ARSZEG K A RT-PCR A 52 i JFERIE AR B AR R
FEEYPHTT T mRNA A5, A 6a. B 6e AT
LB, 5 C dALk, M 28/ RTRRZHZUh AMPK-
Lo FIPE FRACHIAA S FL ] PPAR-o 1) mRNA k7K
S 3 2E AR (P<0.05) . MSA. HSA #H i 3 (P<0.05)
M2 T AMPK-1a Fll PPAR-o R ) mRNA Fik7K
S, AHXT T M ZHHFRIB SIS T 41.85%. 57.67%
F1 26.57%. 36.60%, AL 52 30 BH b 11 751 FL AR RS
P, Horr HSA 2H% PPAR-oo mRNA k7K HISE R
5 S ¢ #E 25 (P>0.05), Mik & 6b~K] 6d. &l 6f
T, Mgl /)N BT i 53 6 e AH DG 36 4CC-1
FAS. SREBP-1c. HMGCR mRNA K 2 ik 7K - #&¢

o
W
1

N

W
T

NS}
T

—_
T

FAS F:ImRNAAE 21k

(=)

HMGCR 3L mRNAMIN £k ™

K6 AR EARIKE /N U U mRNA FRIk/KF- 520
Fig.6 Effect of sciadonic acid on the mRNA expression levels of liver genes in mice on high-fat diet
E: a. AMPK-1 R3EKF5 b. ACC-1 3Rk IKF; ¢ FAS ik IKF-; d. SREBP-1c ik /K5 e. PPAR-a %3k K5 f. HMGCR 33k K

Wy AR FRER R 22573 B3 (P<0.05)



5458 ol Wesc, S BRMRXTE R

ST AIALRE N TR B G e

<311 -

C 4 E T (P<0.05) . 1 SA AT AN [A]F2 B 1
FEAR LSS BL P 19 mRNA Fik7KF, Hor L) HSA 21
RO h W35 (P<0.05), H A5 BHPEZGY) S 4HTC W3
225 (P>0.05) . Z5H IR, SA W3 I BE D M Sk
H A, BER AR AU R MG R I B IR TR T TS /)N
U A S 1 B, BT R 44 HAOIE RO o
3 itisELse

W Z WIS HAE MR R g SA HAT I 55T
DU, PEDERR B R a0V EH, e 22 i iR Qs E )
JIE R0, B R HAE FH LR 0 AT A . ASF SRR SE
i, mh | ERlEE SA T 16 JE S HREVNSE H HFD 75
SN EUA TR IN . AERS 093, I RIS iR
R AE L FEHR TG, TC F1 LDL-C 7K, [ B384 i
HDL-C 7K, Ho sl i 48O Fef

HFD [ate2s DEAFIEIRACSZEEL, AT BT
PR ZEELR 5 A MUl N8 U5 AR ST 25
MEAYSCHEE LRI . PRI, ASBIFIEIRER T SA 52 TR
N A BV FIAILE], 25 R ERH2: HFD i35S0/ il
JFREH AR B R AR R, HAHZUB WA A T W R RN
AF . SA ALPHEAT i RN BT IERR Bk, BT
NERR W ASPERORREE, [RI B s/ N UL R B R
WL AMPK-1a. PPAR-a 1) mRNA ik, FEARIE
Ji A M FE I ACC-1. FAS. SREBP-1c. HMGCR )
mRNA ik, BEEHUANR B CEZEEL, Tk 2 1Ry
BRURAE R H Y .

B N AR BN ZEELA T, LG # e PR
2 EACNIUSONE , Herb DAHEIE 8 S 0 38 o i 35,
SOD. GSH-Px #l1 MDA J&Aif A N S AL B BEOK P14
FEARPR . PR, SA T-TRHE W3R I B
JIEH SOD 1 GSH-Px % &, ]I REAR AL N 30 4
MDA 17K, A AL B /N B AR N U
LRAFITFHEZHZA

25 B PTiA, SA XS IR E T 0/ BB EAT —
FERISGEEAER, iZAE T Re SR 55 . fedEg
JARET . BRSSO SE L AT G

Sk

[1] WANGH, L1 Y, WANG R, et al. Chinese Torreya grandis cv.
Merrillii seed oil affects obesity through accumulation of sciadonic
acid and altering the composition of gut microbiota[J]. Food Sci-
ence and Human Wellness, 2022, 11(1): 58—67.
[2] KIM S, HENNEICKE H, L. CAVANAGH L, et al. Osteoblas-
tic glucocorticoid signaling exacerbates high-fat-diet induced bone
loss and obesity [J]. Bone Research, 2021, 9(4): 537-548.
[3] PAN X F, WANG L M, PAN A. Epidemiology and determi-
nants of obesity in Chinal[J]. The Lancet Diabetes & Endocrinolo-
gy, 2021, 9(6): 373-392.
[4] ME, BGFEH, Ewid, 5 FEAARRFFECE BB
By (1], ki E % ,2020,43(3): 129-164. [BUJ, CHEN Z W,
CUI X T, et al. Current status ot metabolic abnormality & treatment
of cardiovascular diseases in Chinese adults[J]. Shanghai Medical

& Pharmaceutical Journal, 2020, 43(3): 129-164. ]
[5] JOHN G K, WANG L, NANAVATI J, et al. Dietary alteration

of the gut microbiome and its impact on weight and fat mass: A sys-
tematic review and meta-analysis[J]. Genes, 2018, 9(3): 167.
[6] LIS, ZHAO J H, LUAN J, et al. Genetic predisposition to obe-
sity leads to increased risk of type 2 diabetes [J]. Diabetologia, 2011,
54(4): 776-782.
[7] FUIJI R, PATTARO C. Genetically-instrumented public
health: Facing obesity to prevent chronic kidney disease[J]. Cardio-
vascular research, 2022, 18(5): 3013-3015.
[8] ANCA T, ADRIAN R, REMUS S, et al. Clinical and laborato-
ry characteristics of normal weight and obese individuals with non-
alcoholic fatty liver disease[J]. Diagnostics, 2022, 12(4): 801.
[9] CONNOLLY K, BATACAN R J, JACKSON D, et al.
Perindopril prevents development of obesity and hypertension in
middle aged diet-induced obese rat models of metabolic syndrome
[J]. Life Sciences, 2022, 314: 121291.
[10] TIM B, REBECCA L S. Body fatness as a cause of cancer:
Epidemiologic clues to biologic mechanisms[J]. Endocrine-related
cancer, 2015, 22(3): R125-R134.
[ 11] MOPURI R, ISLAM M S. Medicinal plants and phytochemi-
cals with anti-obesogenic potentials: A review[J]. Biomedicine &
Pharmacotherapy, 2017, 89: 1442—1452.
[12] LIUM, VERYSER C, LU J G, et al. Bioassay-guided isola-
tion of active substances from Semen Torreyae identifies two new
anthelmintic compounds with novel mechanism of action[J]. Jour-
nal of Ethnopharmacology, 2018, 224: 421-428.
[13] W4RE, STk, £, 5. FARAT 2T & ARG SD X A AE
Fr AR 09 % R AUEE [T]. F B b g, 2022, 47(3): 71-77. [ XI-
AO M H, HUANG M J, DONG J, et al. Effect of Torreya grandis
cv. Merrilli seed oil on lipid metabolism in SD rats fed with high fat
diet[J]. China Oils and Fats, 2022, 47(3): 71-77. |
[14] skAm, 2HM, ZRE, F. iz 5 FBAIAL BN E SR
B I]. B AR SR, 2019, 34(3): 67-73. [ZHU J L, CHAI Z
L, WU C R, et al. Comprehensive research on the quality of torreya
grandis and its oil in Zhejiang Province[J]. Journal of the Chinese
Cereals and Oils Association, 2019, 34(3): 67-73. |
[15] SHIL K, MAO J H, ZHENG L, et al. Chemical characteriza-
tion and free radical scavenging capacity of oils obtained from Tor-
reya grandis Fort. ex. Lindl. and Torreya grandis Fort. var. Merril-
lii: A comparative study using chemometrics[J]. Industrial Crops
and Products, 2018, 115: 250-260.
[16] F 4K, AAR = oh B R TR [T]. & B mAE4
% 3k ,2022,44(6): 1166—-1172. [ LI Z B. Progress in nutritional
property of Torreya grandis kernel oil[J]. Oil Crop Science, 2022,
44(6): 1166-1172. ]
[17] CHEN B Q, CUI X Y, ZHAO X, et al. Antioxidative and
acute antiinflammatory effects of Torreya grandis[J]. Fitoterapia,
2006, 77(4): 262-267.
[18] YOUJS, HE S C, CHEN L, et al. Analysis of pharmacologi-
cal activities and mechanisms of essential oil in leaves of C. grandis
'"Tomentosa' by GC-MS/MS and network pharmacology[J]. Com-
binatorial Chemistry & High Throughput Screening, 2023, 26(9):
1689—-1700.
[19] EA4TH, KR, & E2), 5. R F Sa b BARAT T i B by BLA
A vk 4 Bk 4 A I+ B i fig,2016,41(2): 101-105.
[ WANG Y B, LIUB T, QIN Y C, et al. Comparison of fruit char-
acteristics and fatty acid composition of different Torreya grandis
varieties [J]. China Oils and Fats, 2016, 41(2): 101-105. ]
[20] £ RA4E. Sfb = dodfohl ity T 2 2 HEAT i 2%, 249 % v [D].
A i@ K5, 2017. [ MAO J H. Effect of varieties, regions and


https://doi.org/10.1016/j.fshw.2021.07.007
https://doi.org/10.1016/j.fshw.2021.07.007
https://doi.org/10.1016/j.fshw.2021.07.007
https://doi.org/10.3390/genes9030167
https://doi.org/10.1007/s00125-011-2044-5
https://doi.org/10.3390/diagnostics12040801
https://doi.org/10.1016/j.jep.2018.06.026
https://doi.org/10.1016/j.jep.2018.06.026
https://doi.org/10.1016/j.indcrop.2018.02.037
https://doi.org/10.1016/j.indcrop.2018.02.037
https://doi.org/10.1016/j.fitote.2006.03.019

<312 - £ Tl B4

2024 4 3 A

production process on the component of Torreya grandis seed
0il[J]. Wuxi: Jiangnan University, 2017. ]

[21] ENDO Y, TSUNOKAKE K, IKEDA 1. Effects of non-
methylene-interrupted polyunsaturated fatty acid, sciadonic (all-cis-
5, 11, 14-eicosatrienoic acid) on lipid metabolism in rats[J]. Bio-
science, Biotechnology, and Biochemistry, 2009, 73(3): 577-581.
[22] WOLFF R L, PEDRONO F, PASQUIER E, et al. General
characteristics of Pinus spp. seed fatty acid compositions, and im-
portance of d5-olefinic acids in the taxonomy and phylogeny of the
genus[J]. Lipids, 2000, 35(1): 1-22.

[23] ECKEL R H. The complex metabolic mechanisms relating
obesity to hypertriglyceridemialZ]. Am Heart Assoc, 2011: 1946-8.
[24] PEDRONO F, BOULIER-MONTHEAN N, BOISSEL F, et
al. Sciadonic acid derived from pine nuts as a food component to re-
duce plasma triglycerides by inhibiting the rat hepatic A9-desat-
urase[J]. Scientific Reports, 2020, 10(1): 6223.

[25] BE%, U, T, 5 205 HepG2 40t ¥ ik =
B g Aey%oa [T]. F BA 524k, 2022, 37(11): 191-198. [ WEN
S S,LU Y C, DING J, et al. Effects of sciadonic acid on triglyceride
accumulation in HepG2 cells[J]. Journal of the Chinese Cereals and
Oils Association, 2022, 37(11): 191-198. |

[26] #7F. AKZK Rb] 3384 AHF C57/BL6 ) IR
b A R BALF R D], Lk ¥ = F EX4,2010. [LINN.
The preventive effect of paranoxsides Rb1 on diet-induced obese C57/
BL6 mice and its mechanism[D]. Shanghai: The Second Military
Medical University, 2010. ]

[27] 3FHE, 3w, foat-F, 5. R b S R4 Ko g
fe kA [J]. & 5 T A3, 2020, 41(5):293-298. [ GUO C X,
HAN L, QIAO J P, et al. The prevention effect of elacagnus mollis
oil on high-fat diet induced obesity in mice[J]. Science and Tech-
nology of Food Industry, 2020, 41(5): 293-298. ]

(28] M, $A#rF, ikia, . MA AR ACH D SR BS 1F A 49
Ao [J]. F B h F 4R, 2013,28(2):15-21. [XUY,HU X Z,
ZHANG H, et al. The function of oat-rice in reducing obesity and
blood lipids of obese mice[J]. Journal of the Chinese Cereals and
Oils Association, 2013, 28(2): 15-21. |

[29] THE, AmE, KA 2RALEFHFBRDBEATRM
s A A R AR A2 AE R 69 e 547 T]. AR R s A3,
2022,38(6):37-45,83. [YUZH,ZHOUL Y, ZHU Y C. Compar-
ative analysis of effects of whole egg and substitute of egg yolk con-
sumption on lipid metabolism in mice with metabolic syndrome[J].
Modern Food Science & Technology, 2022, 38(6): 37-45,83. |
[30] LR, B, FREH, 5. 764 b HBE b Fo il 2 K
s fg K RERE B S By BV 8 B AT (], B ik A, 2019,
44(8):96-101. [ KONG Q W, WEI K Z, ZHANG S Y, et al. Ef-
fects of peanut oil, olive oil and lard on serum lipid level, obesity
and diabetes susceptibility in mice[J]. China Oils and Fats, 2019, 44
(8):96-101. ]

[31] WANG D X, QING S L, MIAO Z W, et al. Hepatic nampt
deficiency aggravates dyslipidemia and fatty liver in high fat diet fed

mice[J]. Cells, 2023, 12: 568.
[32] Fesk, FoAd, R—8, & St F R T SHIE A Ko
fig & H B8 W AR 6 e [T]. R0 5 A B Tk, 2023, 49(14); 242-
249. [CHEN M, YINM Y, ZHAO Y M, et al. Effects of stevia ex-
tract on blood lipids and intestinal flora in mice fed with high sugar
and fat diet[J]. Food and Fermentation Industries, 2023,49(14):
242-249. ]
[33] PANCHAL S K, POUDYAL H, IYER A, et al. High-carbo-
hydrate, high-fat diet—induced metabolic syndrome and cardiovascu-
lar remodeling in rats[J]. Journal of Cardiovascular Pharmacology,
2011, 57(5): 51-64.
[34] CLARA L, MALOU F P, ROBERTO P R, et al. Mitochon-
drial oxidative stress in obesity: Role of the mineralocorticoid recep-
tor[J]. The Journal of Endocrinology, 2018, 238(3): R143—R159.
[35] ke, REE, A4, F. L F Z AR g > Ko f5
W Fe B EACAE A 89 BT L] b B AR AR, 2020, 35(3): 37-44.
[ ZHANG J L, ZHANG A X, ZHAO W, et al. Effects of germinat-
ed millet on blood lipid and antioxidation in hyperlipidemia mice
[J]. Journal of the Chinese Cereals and Oils Association, 2020,
35(3):37-44.]
[36] WANGJ, YANG R W, LIU J B, et al. Effects of soybean an-
tioxidant peptides (SAP) on SOD, GSH-Px, CAT activity and MDA
level in vivo [J]. Advanced Materials Research, 2014, 3482(1025—
1026).
[37 ] XNk, F484K, £V, . PR A RIS &G E LR AR
A R, o fig A AMPK/SREBP i % %9 % »f1 [J]. & & ¥ &, 2021,
42(11):1531-5. [LI X W, LI J E, JIANG X F, et al. Effects of
piper betel tablets on blood lipids and AMPK/SREBP pathway in
ApoE knockout mice [J]. Shaanxi Journal of Traditional Chinese
Medicine, 2021, 42(11): 1531-1535. ]
[38] LIXJ,XUZM, WANG S J, et al. Emodin ameliorates hep-
atic steatosis through endoplasmic reticulum-stress sterol regulatory
element-binding protein lc pathway in liquid fructose-feeding rats
[J]. Hepatology Research:The official journal of the Japan Society
of Hepatology, 2016, 46(3): 12538.
[39] §mR BAET BRI FHIRARHF a9 SR 42
AL [D]. K KA K F, 2020. [ ZENG L R. The mecha-
nism of dietary tannic acid prevents high-fat-diet induced obesity in
mice [D]. Wuhan: Wuhan University of Technology, 2020. ]
[40] CHEN L, JIANG Q H, JIANG C K, et al. Sciadonic acid at-
tenuates high-fat diet-induced obesity in mice with alterations in the
gut microbiota[J]. Food & Function, 2023, 14(6): 2870—2880.
[41] XUMX, GECX,QINY T, et al. Activated TNF-a/RIPK3
signaling is involved in prolonged high fat diet-stimulated hepatic
inflammation and lipid accumulation: Inhibition by dietary fisetin in-
tervention [J]. Food & Function, 2019, 10(3): 1302—1316.
[42] GAO QY, LUO Z, MA S, et al. Microbe-derived antioxi-
dants alleviate liver and adipose tissue lipid disorders and metabolic
inflammation induced by high fat diet in mice[J]. International Jour-
nal of Molecular Sciences, 2023, 24(4): 3269.


https://doi.org/10.1271/bbb.80646
https://doi.org/10.1271/bbb.80646
https://doi.org/10.1007/s11745-000-0489-y
https://doi.org/10.1038/s41598-020-63301-3
https://doi.org/10.1530/JOE-18-0163
https://doi.org/10.3390/ijms24043269
https://doi.org/10.3390/ijms24043269
https://doi.org/10.3390/ijms24043269

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 香榧籽油的制备
	1.2.2 SA的提取
	1.2.3 模型制备及分组
	1.2.4 血清和组织样本的收集
	1.2.5 脂肪及肝脏指数测定
	1.2.6 血清生化指标测定
	1.2.7 肝脏病理组织切片观察
	1.2.8 肝脏生化指标测定
	1.2.9 肝脏相关因子 mRNA 表达水平测定

	1.3 数据处理

	2 结果与分析
	2.1 SA对小鼠体重和摄食量的影响
	2.2 SA对小鼠附睾脂肪及肝脏指数的影响
	2.3 SA对小鼠血清生化指标的影响
	2.4 SA对小鼠肝脏组织病理变化的影响
	2.5 SA对小鼠肝脏生化指标的影响
	2.6 SA对小鼠肝脏相关因子 mRNA 表达水平的影响

	3 讨论与结论
	参考文献

