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M R BE (MC) . fakstiEa (AC) . ZHFIREHMEIK. F. =4 (OSL, OSM, OSH) ,
RixEaxBa (CK) , #4487, #RADREFTEAH02ml/d, EFAHEA 46d. CK 4f MC AR H £
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Lipid-lowering Effect of Black Jerusalem Artichoke Oligosaccharide
on Hyperlipidemia Mice

JI Yanru, YANG Qingli, ZHANG Zhenghai, DONG Yan, SHI Jie, Li Guowei, WEI Lianhui,
PAN Jing, GAO Yuan

(Dagqing Branch of Heilongjiang Academy of Sciences, Daqing 163319, China)

Abstract: Objective: To evaluate the regulating effect of black jerusalem artichoke oligosaccharide on the blood lipid level
in hyperlipidemic mice and give a preliminary investigation to the mechanism of lowering blood lipid. Methods: According
to the evaluation method of auxiliary hypolipidemic function in the national standard, C57BL/6 mice were fed with high-fat
diet to establish a mixed hyperlipidemia animal model. The model animals were randomly divided into MC group (MC),
active control group (AC), black jerusalem artichoke oligosaccharide low, medium and high dose groups (OSL, OSM,
OSH). At the same time, a blank control group (CK) was set up. There were eight mice in each group, and the dose of
gavage was 0.2 mL/d for each mouse. Gavage had lasted for 46 days. CK group and MC group were given normal saline,
AC group was given 1.0 mg/(kg-bw) atorvastatin, and black jerusalem artichoke oligosaccharide groups were given 0.25,
1.25, 2.50 g/(kg.bw) black jerusalem artichoke oligosaccharide solution respectively. The blood lipid level and the contents
of superoxide dismutase (SOD), glutathione peroxidase (GSH-Px) and malondialdehyde (MDA) in serum were detected.
The morphological changes of mouse liver were observed. The expression of sterol regulatory element binding protein-1c

Yris B EA: 2022-05-06
HEWB: 2L EHRIAH LR A (ZNBZ2021DQO1) .
EB®II: W (1971-) &, ML, BIR R, B 7 @: R £ 44K, E-mail: jyr309@126.com.,


https://doi.org/10.13386/j.issn1002-0306.2022050028
https://doi.org/10.13386/j.issn1002-0306.2022050028
mailto:jyr309@126.com

- 404 - Q&T\lv*’Lﬁ

20234 2 A

(SREBP-1c) and peroxisome proliferator activated receptor-y (PPAR-y) in mouse liver were detected. Results: The

triglyceride (TG), total cholesterol (TC) and low density lipoprotein cholesterol (LDL-C) in the MC group were

significantly higher than those in the CK (P<0.01), and the high density lipoprotein cholesterol (HDL-C) were significantly

lower than those in the CK (P<0.01), indicating that the mixed hyperlipidemia was successfully modeled. The levels of

HDL-C in the medium and high dose groups of black jerusalem artichoke oligosaccharide were significantly higher than
those in the MC group (P<0.01 or P<0.05), the levels of TG and LDL-C were significantly lower than those in the MC
group (P<0.05), the levels of SOD and GSH-Px were significantly increased (P<0.01), the level of MDA was significantly
reduced (P<0.01), and the expression of SREBP-1¢ was significantly decreased (P<0.01). The fatty changes of mouse liver

were alleviated to a certain degree. Conclusion: The black jerusalem artichoke oligosaccharide could improve the blood

lipid level of hyperlipidemic mice, and the lipid-lowering mechanism was closely related to the antioxidant stress and the

inhibition of SREBP-1c¢ expression.

Key words: black jerusalem artichoke oligosaccharide; hyperlipidemia; C57BL/6 mice; oxidative stress; sterol regulatory

element binding protein-1lc
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AR DRLC IR ML AS IR AR TS 1700 7, 249 45 B
T AEL) 29%M, HA B LIS, 2017 4FEh E
I T AT F B IS SE T 238 43 531 8 126.58/10
T 157.48/10 J3, 43 A JE ik 5 Fn A 20 B (9 56
3PLANES 1P 2GR YT S AR AE R IRYTY
FB ARRZYYNAITAAERIWVE R, 152 fa etk &) I
FRAEILE, SRR S D RE B S Bl s IR IUAE
FRIEYT AT S O LB 114 2 A B 2 I R A £
SR AT AP

343 (Jerusalem artichoke) &38R} H 2% )8 A
AEY), BZE & &30y, 295 HTEM 50%~75%1,
R R A 2~60 I RAR B G 1), J&—Fh
IKEEPERE T4, HAR AR VE T 0B, $a g, 2k
1 SR AL, BACEE i 1 RN BT YA A AR T HELY, 2009 4F
B AT IR Y, ST R, SRS
AT 25 D RE IS B IER R U MERR, S hnas AE e o
b, Gefire/ N BRUIEHES; 25 ISR pE B R4 n Pk
WP, T SO S = AR INURE S | &2 4 145 9 B2 354473, [
AR /=5 g A /) BRUAL 37 P B B E B (TC) | Hwh = l5
(TG) AR & )5 2 AR [ B (LDL-C) i & &L, I
i 2 AR AR U IH S s (HDL-C ) 7K

SR ABG R JEOR R AR TR A T 25 T
AL — PR B D RE £, S AE L, /Ko it
A%, PR BE FIEH BE 45 iy, 118kl B AR A5 IR B H 4R gl ol
PR 4 R BAOBE | BOMEFIEG SR WA /N
O IR IR AT “ G B 2T 47 1 25 A o0 i XGE
JEE, BB, BRI . KRbE . D i paiet =2,
0 A E 4 0 R A T A A2 S Th s U, R R
RO ] nEATR IR AR AT YK A ) iz s Tl oA Gt
ZE AL/ BROF & R R B /R TC. TG. LDL-C
F1 HDL-C Fy7K -, S 229875 A0 B/ BRIV - LDL-
C F1 HDL-C 7KF, A8/ R =

AR Z 5T A 22 HH AR SR S B AT 5% M AR T AL,
(BAERENRAFEFRJ THIAT T 22 53, 10 ELRE M AR ML A
BT . ASWFFELL C57BL/6 /NI IS B i g e

BPIRRTY, WS SR A AR IRBIXT /N BRAS TR AR FE AR
VAT VEA, % SREBP-1c 1 PPAR-y 7E/) BT ZHE
AUy Rk, WID 4R N B A TR RO i B AR HIL
il AR AR TR A BRI, IR R
RGP R TR S
1 M5
1.1 MRS

G LLCPHE 2 SRR SR oA RO, i R
SO A AT A W i 20 A0, S R AR ECIR Y,
TCHFERIR; SPF R MEVEMEE C57BL/6 /N, 48 H,
5~6 JEIE, R 18~22 g, KFEACI LI sh AR A
PR E], SE8esh W) A 77 ¥R AT kS SCXK-( 3 )2020-
0002; /N R IE AR AR R B AR el JERUREE 1
TR BR 2N W, AR e EE D (3w )Rk s
20.0% FEBE . 15% $& . 1.2% AH [H B . 0.2% HH R
) BIFEARARTT  JE @ AARZDIL A BR A F]; g
KA & . PLEALTRPRRI A & e
AR A R A s H 2L RNA 32 BU5)
#5255k (reverse transcription, RT) . RT-R & fiff4
F i (polymerase chain reaction, PCR)i&5 & H
7% TaKaRa 2y H] .

3BT9610 PCR X 3 [H Select Cycler I 2% Fl;
CFX96 Real time PCR % ZE[E Bio-Rad 2\ H; 5200
H a2z RICES ST 28t 1ifF Tanon FHEZA KR
25 ¥il; TANKPEOG60O 4li/k 224t ZE [E MILLIPORE
43 VED-4500 AR TR Jb T EEE B ST ge i
#A PR 7l s XMTD-204 %7 8 2 HE #VE I8 /K 4%
R RKIE I AR = PR 7] SORVALL ST8/8R Ik
R ES.0HL. MULTISKAN FC BfiFRi%  2%[E Thermo
NI
1.2 LWHE
1.2.1 BAGIENRPENHIES SRS [20] $RIBCRH
a2, SR JE LA 300 Da i M 157 AT 55s 25 FRul,
FELL 1000 Da 14T RG5>+ EAE 300~1000 Da
Z A ISR W, R T-45 B3GR, (IR R k4l
JEN 85.50%.
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1.2.2 shiAze: ZBREE 2RI [2012]107 5
SCAAERHA P RO BN R M AB TOREPF-Ar ik, 7 =i I8 M SE

AR, SEIGAE AR A ROl R A R e sh i S gar = ;N

IT e, R = NI BE A RS 20~22 °C, FHXRE
28%~50%, 5258 ik Bt AR FEAE Bl W) S B AR B R

NERAE PERISR 7 d, 4 TR AR, A R ECEEROK .

25 8 d FEML A A= Ie Al eH (40 ) s FH4H (8 H),
FNBTRRLHE 45 T = B TR, 25 20 45 T35l ek, 5

35 d, B A I 1 3% v TC. TG. HDL-C 1 LDL-C
B, PSR ST i), SRIEH NS R 6 4, R
23 A5 oS X IR 4H (CKD), TR s R ialkk4H /) BRUBE
Mo 5 4 BERIGT REZH (MC) . FHPEXT 8 ZH (AC) |
B2 2 BRG] S 2H (OSL) . BB AL BB b 3]

20 (OSM) FIB 25 IRl = 7 i 2 (OSHD , f9:4H

8 H, /- H/NFEBE N 02 mL/d, RS 1 WK, #
B 46 do CK F1 MC #1454 3EE K AC 4457 [
FORABIT 1.0 mg/(kg-bw); B3GR IBERLH 5377
B 0.25. 1.25. 2.50 g/(kg-bw) 14 5 25 2= % 5 B %%
W o CK ZH MR & DRl HAy 25 20 1l s g kst
B ek, SEIgE 82 d, WiME], 7. 21, 35, 49,
63 F1 82 d K/ &

1.2.3  F5heks

1.2.3.1 FEARMERSE 29T igisRfE, /DEZEE 120,
PREARTE, BUM-FIohfE -, =iEEE 2 h, 5000 r/min
B0 10 min, BUME, —80 °C WRIF45 . e BUITIE,
WA AGHS TR, —80 °C %A+ H.

1.2.3.2  IMUIEFEFRARTIN 22 BEAS [R50 60 ) 2R
A/ NS H A9 TC. TG, LDL-C, HDL-C. SOD,
GSH-Px. MDA &ri, A MEAR K 3 IREEARER .

1.2.3.3 HE B s mig e /) B IR OB A
£ B 1 em® K/NBIATFIELH LR, 10% I [ 5, T8
Bk, £ B AL, B FDT e, HE Ye @l BLpkE
IR R ian) U R E o
1.2.3.4 AHCE AN HL 20 mg 224 RS, i
A Complete RIPA buffer, 7K i 20 min, A RIPA
T I2 1/ INMRER, VKRBT EEHLEZE T 1 min, FEHBUHAE
A, HARPRAES BOCHR [8], 2R)E ¥ B-actin /E N
2, 1144 SREBP-1c il PPAR-y 45 F IARX 28355,
1.3 HIEAIE

>k DPS v7.05 FA4G AT R a1t 534, 210
25 55 4 35 VR S B SR FH B R 3R T 22 43 BT (One-way
ANOVA), [GB 34T Turkey TG A 56, 0P8 45 5 H
COEPIEERUEZE” KN, A P<0.05 B i 25 55 H.
BEei#m X
2 FBR59Hh
2.1 EBHFFRBHETIX/DMRARET A

M 1 ATLUA H, FEAEASER0 T B v, 454/ B
A SO e 1A 5 LR T I A A, 35 d XA IR, i i
PR N ERA T Bl 2= T CK 4H(P<0.05) . Trjish;
SRAT, 254/ N ERUA B A 3R 2 5 = T CK 4H(P<0.01),
5 MC 20 AH L, 25 A0 FRZH /)N BRAA BT 5 22 S 804N I 3
(P>0.05) . UEHHARME s g tapRl nT 38 0 /0N BUAR o e, 1
B A ICRBEARE W A T, (AN s
i/ INFR I —2E BT
22 EFHFEBET XS M/ R IASKERN
20

M 2 AT LIFE H, MC 4/hBULiE TG, TC.
LDL-C &#E % B# T CK 20(P<0.01), HDL-C &

20 /)N B30 A AR B R AR A A L
® 1 AN R P AR
Table 1 Body weight changes in each group mice during the experiment

1) (d) CK MC AC OSL OSM OSH
7 21.00+1.04 21.06+1.31 20.56+1.34 20.88+0.65 20.88+1.07 20.06+0.54
21 21.87+1.05 23.24+0.92 22.91+0.85 23.41+0.88 23.55+1.12 23.01+0.72
35 22.53+1.11 25.37+1.23% 25.74+0.79" 25.74+1.25% 25.77+0.79* 25.87+0.49%
49 23.20+0.89 27.35+0.54" 27.67+0.53" 27.85+0.58" 28.23+0.83" 28.03+0.86"
63 23.83+0.67 29.63+0.78" 30.23+1.12% 30.33+0.73" 30.41+0.66" 30.22+0.77"
82 25.02+1.26 33.34+0.82" 35.12+0.93" 34.14+1.15% 34.53+1.06™ 33.08+0.57"

TE: "FOR 5CKA 22 0 R, P<0.01; 3R 5 CKAH L 22 57 .3, P<0.05.,

2

AN B/ B AP

Table 2 Blood lipid levels in different groups mice

205 TG(mmol/L) TC(mmol/L) HDL-C(mmol/L) LDL-C(mmol/L)
CK 0.590.09 3.41£0.36 8.01£0.70 1.26+0.31
MC 1.3240.35% 9.82+1.56" 5.28+0.95" 6.261.52%
AC 1.09+0.27 3.83+0.53™ 8.66+1.06™ 1.59+0.63™
OSL 0.8240.30 9.32+1.37% 9.71+2.60"" 5.61£0.35"
OSM 0.71£0.26" 8.32+0.79" 9.64+1.04"" 3.71£0.41"
OSH 0.69+0.38" 7.50+1.01% 10.30+2.13% 3.57+0.87"

.

RN 5 CKAH 22 520 .3, P<0.01; *Rn 5 CKAR L 22 5 1.3, P<0.05; " FR SMCH 22 5l 8.3, P<0.01; £ SMCH HE 22 57 3%, P<0.05; #£3
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BT CK 2H(P<0.01), BiBA IR r IR &
U v G IMAEASLARY A 2 IR SR 25 20 /) B v b
HDL-C /KB ET MC 4H(P<0.01 8% P<0.05), TG,
TC Fl LDL-C 7KFEH KT MC 4, Pl a4l /R
TG 1 LDL-C BRI/ EEA geit24E X (P<0.05),
TG KFE LT AC 4. FEFlEgdl /MR TG
K5 CK 416 i 3 2% 5 (P>0.05), TC. LDL-C I
HDL-C /K- 25 (P<0.01 5Y P<0.05).

T e R IR EROME T 100 AT I S BRI o I IMLE /]
B TG 8, (8 Z 82300 1E & /K5 AT F{IK LDL-C 1A,
{BATS 5 T 1E 5 /K F; HDL-C 18 355 T MC 21 H @
I CK 2H/K°F, HDL-C FEZAENTFHEG AL, S&—Fhdish
Jk s RERE AL AINE R 1, I R B2 e 5 e i
RS TSIV N B SN A AN E [ AR = PO DA % = E
TRMIARE M . BRLIPY @55 ER I, HDL-C /K3 F
30 mg/dL 20 ABERIFET- XS B I a2 BE 4, K
F 80 mg/dL 40 A B RISET- KUK 52 Rl 40 JC i 3
PE2E S5, MEE R, IZIF 585 A SR HDL-C 7K
B R A AL, 7K SF- HDL-C A] RERG N4 KIZE T
PR LS I FLXH O MU IR AE T Te AR P VE L (R SC
F HDL-C i i R AT HARZS Y . AP 2
B RS bR R RN BRSNS 1R oA HH B
HAT R P9 G 7 4 MC 2H B SR /b, B2 30T Bl 0k 3]
CK £H /K, 156 B /N B 7 HP e v 58 7K S 119 HDL-
C X k% i iR ILAE AT A0 o
23 EBHFFRBETIXIEEME RS RAHMKF
oA

M 3 ATEH, 5 CK ALk, MC 41/ R iE
N I (MDA 7K 8 5 55 (P<0.01), 8 4R
AR (SOD) « A7 Bt H kit 2 b il (GSH-Px )
I I 25 BRI (P<0.01), FRBEEARIRBE T . =il
ZH 1Y MDA 7K FH% i 2 F 155 (P<0.01), SOD fiffid /7
To B EZEF(P>0.05); OSM #H 14 GSH-Px ilgiE /1 i
FILT CK 4H(P<0.05), OSH £H 1 GSH-Px Ffi% I
5 CK A2 R AN B3 (P>0.05)., 5 MC gLk, #.
T R B DA AR BB 2 /N BB MDA 7K S i 3%
[% % ( P<0.01), SOD. GSH-Px 7K - #% i 3% J} &
(P<0.01). 7T U, 3 PEAE IR A s IR IR 5 |
A SEA R A — TR, AeREER i g e
/NEUALIE T SOD #ll GSH-Px WG 7, {22 1K 55 432

#3  ARARNTURAIR R
Table 3 Levels of antioxidant indexes in different groups of
mice

ZH%) SOD(U/mgprot) MDA (nmol/mg prot) GSH-Px(U/mg prot)

CK 289.63+51.17 2.23+0.57 61.49+8.65
MC  226.95+23.63" 8.57+3.12" 35.54+5.84"
AC  302.57+53.45™ 2.88+2.08" 57.05+12.32"
OSL  230.56+65.76" 8.02:+2.38" 37.40+6.73"
OSM  260.09+21.00" 7.58+5.79%" 52.08+5.86"""
OSH  279.82+32.53™ 5.01+2.26%" 58.23+8.56™

T CK ZH7K 5 AT R MDA & &, {H5 CK 4AHLE
5 —xE 2500,
24 EBEHFFRBETIXIEMEMERITALREST
1L B9

M 1 AT LA H, CKZH /0N BRI 40 it HE 2 %%
T RUER, L5FYIE R, M3 TCAR I ; MC ZH T IIE4n i
IRAS S H, M3 b IR IR . m R B
FARIRBERT B EAT — & LR B, N BE 57
e W 4R R, An i HE S AR X & SR, DA A g
(OSH) T LUIRAS fre iy, A UL BH S g 10 25 PR 41 i,
RERFET AC 4.

W

. S 3 g
BT AR RUTFEH S0 A2 1

Fig.1 Pathological changes of liver tissue in different
groups mice

T ERTORAEECH 200 4%, 5 K48 4k B o
2.5 EBRFIREETIXSEMLERTEREXE
Sl

M 2 AT, 5 CK ZHAH L, MC 2H/) BUIFZH 2R
1 SREBP-1c iRk 3 14 (P<0.05), PPAR-y 114
FRIRMEAT TP, (HEABAT 2RSS (P>0.05). 5

[-aCtin  ——————

SREBP-1c

e — —

PPARy . .

o ————

a m SREBP-1c¢
= PPAR-y

CK MC AC

OSL OSM OSH
K2 220/ SREBP-1c #l PPAR-y S AN ik H
Fig.2 Relative protein expression of SREBP-1c and PPAR-y in
each group mice
TE: A TR R 22 53R 135 (P>0.05), A FER 2 5
# (P<0.05); HLUK &I 557 e 2 2 4 A 5 I S5 AT 0 R e it A
PRI —2L
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MC ZHAH LY, REAER RS20 SREBP-1¢ AYFRIA
F FIJH(P<0.05); PPAR-y IFIAEAT LI, (HASBAT
nE MR (P>0.05),
3 e 54ER

PR R R AR, LR S Y 46.64%,
E IR SBE ORE SR =0 . RE SR DO AN RE SR k)
PITERAFAEP . AT R, BRI A AT s > g
PRI B 175 T 00 1 I PR AR IR AR BRI PR U SRS, AT
BI{10S SOV 2= W11 = N N = (A =00 | 3 G = W N RS EN
R4, BEA &5 B I /S BRUAA 3 F ifi v TC. TG Fil
LDL-C 7KFEP, ARFfFFT AR, 1.25 Fil 2.5 g/kg-bw B35
FALIRAHRENS 25 42 = i IR L /)N B HDL-C 7K
F-(P<0.05), [ TG F1 LDL-C /K F-(P<0.05), iX 5
AR SCHR [9] BURFFESE SR — 2, AR, BRA IR
BE T A (B i 35 BRAK = AR Ak B/ B R &
TC /K, M ] e SARIRMH 1 2540 50 & i M T Tl
Ko

E ALV IR 1 M SR 5 (reactive oxygen species,
ROS) ZRJGEAE AL P 5 B 5 | B2 19 A fe s ot /e, 5
R IR IMAE 1 2 A e R B UIAHSEY . RS T H, = fig i
RELSEHUA N SOD 1 GSH-Px 2541 SR AL Big i 4
FEALS, i E A A N SR 0 P, ARSIz i MC H /)N BRI
75 H SOD F1 GSH-Px [iff i P i 2 FEAIL T k7> LAAIE
52, SOD XA A fb-Di A AL ikl 25 = e d 2l
FOVEH, HE PR v AR R TR 422 s BT LA 42 1 Hh 36 A0
IHBRAE I, GSH-Px RRS-MEAM AL AL e H AR
Sofid AL S B SN, AT DA 210 A 45 4
IIRESEHLIIAEPY . MDA S Bt S b r=4), fE5|
AN AR, I B B n T A B LA PO i B 4 Ak
DL K AR AZ AR EE R BB HEIERMETHS, iR i
SE/NEAY SOD ., GSH-Px 7K (P<0.01)# B3 T,
MDA KSR R 5 AR (P<0.01), D BH & B B4 A=
b1 B Pl B AR EOTRES

TR IME I BE ARV 7 A b7, £ 5200 #i
TG SR SRR R T I B PN ATl L I [ s % AR R A
RSN T HERR o AFFE A BB 3 GRS, IR SR i o
2 L YRAE RIS BN U =5 IHE 2 AR K- 1 (Gluca-
gon like peptide-1, GLP-1) . JR& MHFZEFER-2(Glu-
cagon like peptide-2, GLP-2) . &2 (Leptin), FJ&HJL
M3 (Ghrelin) 7K, SR BEAR LI A0 (4 Hvl =5 1 iH
S, A T HRER B IR I RN L, ASHIT5E
il T HB AR S 3L R SREBP-1¢ A1 PPAR-y 1£
R IRE /N BRUFFAIE PN A9 #6355 . SREBP-1c S5/l
IMARE ) 2 R 6 Fa dne ok 5%, HoE P b ik 2, &
FERE R AT H I = HE 0% A, YEF TR A
5B, PPAR-y JEBCAARFIE BO5E ST, JEIsR AR
AAEAENRIT ) R IR 2%, ZERR T AU s AL g o
ffi A7 o FE R, HAIR AR S5 AR RE ) & A= 2 DI AH
KBS ARpFIR A, RS AEAIREROPE 7T L 2 R A
AE IMLSE /) BT E P SREBP-1c¢ B9 ik, FEIK LG

TG 1 &, (HIEBCA WE FH PPAR-y 193RIk, UL
B RGP T T AT LASR AR TG %% G, H
ARE W EAM SIS BRI, 1X 5259 T HUS w8 MLLE
/N A o G B 3 AR A S5 R 3 5 Y
25 BT, RIS BAT A v I IMLAE /)
SIS KB S5 RGP ENR VL S
YA AL 4 S A i SREBP-1c 7 14 2235 25 Y AH
Ko AT N HAG A RIE IR D8R AE T4 1B
WARIE,
S 3k
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