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Abstract: The aim was to study the effects of the ethanol extract of chicory (CIL), a medicinal and
edible homology herb, on the hepatic lipid metabolites of non-alcoholic fatty liver disease (NAFLD)
induced by high-fat diet (HFD) , and to analyze the mechanism of chicory action in ameliorating the
disorders of lipid metabolism. HFD was induced to establish a NAFLD model in C57BL/6J mice,
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and the therapeutic effects of CIL (800 mg-kg ' and 2 g-kg™ ') and simvastatin (SVT, 20 mg-kg™")
were evaluated in NAFLD mice. Measurement of liver aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) enzyme activity, catalase (CAT) activity, malondialdehyde (MDA)
content, and tumor necrosis factor-a ( TNF-a) and interleukin-10 (IL-10) content. The composition
of hepatic lipid metabolites was detected using UPLC-MS/MS lipidomics; qRT-PCR was used to
detect the expression levels of mRNA genes for lipid synthesis-related genes (PPARy, ACCa,
Srebplc and CD36) and lipid oxidation-related genes (PPARa and CPTla). The results of in vivo
experiments showed that high-dose chicory alcohol extract group (HCIL) suppressed HFD-induced
abnormal elevation of AST and ALT highly significantly (P<C0.01) , and there was no significant
difference compared with the SVT group enzyme activity (P>>0.05). The CIL treatment highly
significantly reduced blood and liver triglyceride (TG) levels (P<C0.01), and there was no significant
difference in TG levels with the SVT group (P>>0.05). The HCIL treatment obviously alleviated
hepatic steatosis and fat cell volume; remodeled the lipid composition of liver, lowered hepatic TG
and DG levels, and elevated the levels of PG, PE, LNAPE, LPE, and HexCer. Both the HCIL
group and the SVT group highly significantly lowered the hepatic expression levels of PPARYy,
ACCa, Srebplc, and CD36 mRNA genes (P<<0.01), targeted inhibition of lipid uptake by CD36
protein, and molecular docking with high binding energy. Therefore, CIL regulates lipid metabolism
The
pharmacological effects of CIL treatment for NAFLD are not significantly different from those of SVT

disorders by targeted inhibition of CD36 lipid uptake, improving liver lipid composition.

drug treatment, which will promote the development and application of chicory products in the
livestock and poultry farming industry.
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32.4%, HiE TR R R KB, B
AW 25 W T 7 AR WO M AR W5 (non-
alcoholic fatty liver disease , NAFLD) , 3% 25 Ilfi TR 1A ¥7
FIALA AR B ok TOLE 4. NAFLD 2 —1 3z
R FE DU & A2 R 05 72 1 98 1k 21 4 Ak A
JF 98 R L Ui B R DT IR S AR Sk — R H
(triglyceride, TG) 5 & 5 FUAE I 40 i 9 -5 SO 240 i
JIg 0 A8 M A AR TS A s A s U TR
23 I g B MW B 7 AR AT 5 A A A I IR A Ak
A& A0 PR 7 B R A, E — 25 i e R Dy I AR AT
H& 5 5 12 & 11 CD36 (cluster of differentiation 36,
CD36) fie i 17 R 1Y 486 HRU AN i 9 5% i, Ho A il ik Ak
O i TF B 7 5 HE A R FEAE L B A R M JFF s o
ZE A I (fatty liver hemorrhagic syndrome, FLHS) &
i AL R R AE 5 R NAFLD AR, 32 9530 %
RS MR RN AL R s e A 2y Ak IR A A X

T L AE T R E Ik 1020, A F & SRk i B R 25
LA N2 B [l b 2 o O R T R TR T
K& I NEP IR 1 25 ) 2 bo A= R AT i 2R .
24 1 [ 5 b /L 25 R AT DL 4R IR 9 3R K B e
RO MR 2 W S RS AR Y ] R
P —JE 10 25 BRAE T ER AR R @ D g S A B Y
T A E Y AR R B R R A
25 £ [W 5 ) o0 34 A B i DR 24 B0 T [ B 3 45 3l
PIPLAR B B AR 25 L . 28 B AE 2002 4R E K TR
TR s AN R U5 44 B . 48 15 09 AR AT AR
FHuMEE , AR AR R . S E G R e
(9 W FH D s A B TR 9T IR O R e R
LRGP . HEZ W B ERE R R
(high-fat diet, HFD) i % ) NAFLD H# ¥ K Rk &
FUH IE $5 0, B AR IE 9 = % (malondialdehyde,
MDA) .t JH [# P (total cholesterol, TC) Hl TG 2
U A TR T Rl R e R X A R Y M AT
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PRy R G e JAE F Y . H R RN 3% KT 1) 44
oy T U A X JHE U R R R U B B . RIS H
KA N 0. 150 48 Tk AT 45 & R WG A 5, JF Wb 35 %
IR B AG WF o SR, 46 1 B4R ¥ 7/ NAFLD IR YT
J7 T 25 BTG PR R BRI, A g U A
[] 7] £ 44 B 5 $2 9 (chicory ethanol extract, CIL) 5
F AR M YT (simvastatin, SVT) 3@ 97 HED i 5 /N i
NAFLD, WAl CIL 25 BEAE T, LU 4 7 i A
X8 FLHS 55 JJF 45 155 98 19 16 F 7 S A1 BRI B il

1 #REFZE
1.1 #R5RH

THAERREATEREZE D41,
HFD(D12492, Research Diets, Inc. ) ; ¢ At 7T (£F
% 2 , Organon Pharma (UK) Limited) ; AST/GOT
(C010-2-1) ALT/GPT(C009-2-1) . TG(A110-1-1)
MDA (A003-1-2) 1 CAT (A007-1-1) & 7 & W
O E Y TR T . TNF-a(EK282) IL-10
(EK210) 5 & A B RHE Y .
1.2 UE5EE

Wit #5 A% ( 35 B ThermoFisher Scientific 2\ &) , %
5 Multiskan FC) ; 32 B} %¢ ) 7€ & PCRAY (AT M 15
H,FQD-96A); LK {L (BIO-RAD) ; 4 A shik 24 %
6% 7 B 2 88 (LI-COR, Odyssey FC) 5 # 125 2% i
AH 6 1% - BRI TS (SE [ SCIEX, QTRAP 6500+ ).
1.3 A&
1.3.1 2594 KT 00 25 5 AR 0 B R
(60 H ), K 04k B FF i 55 35 5700 19 b ] (12 15) 72 %%
P %5 % HP O R Ab B (45 °C, 35 min) , 2R J5 I EtOH-
H,0O 75:257E 70 C T H#EHU 3K, B K 2 ho $2HUR
ZiE 1 g mL ' RUR TG . A B 5 v 4 1
FEWY PR N 33,65 %0, SE AW 9¥ O 48 E S 44 1
W A R 26 LB 2 AR S R B R 2K
[
1.3.2 NAFLD /MR 5424 SPF 4 I P
C57BL/6J/INEL, 6 i #%,80 H, Biit 20 g+2 g, W A
At 5t DUAS A A B A A o /N BRI 35 A6 b Al
KB s sT i IR R 23 °CH1°CLIBE N
550 102, G IR/ g 3 Sy 12 h, Al B fy a2 AN
WK o St 5 A ARl K 2 B0 ) S 56 40 B 2
B HEME (HEUHES 0 2022161) , 356 38 < Sh R )

80 H C57BL/6J /)N il I 1 1] 3% — Jil J5 , BE AL
Gy k24, —4d 12 Hm M EE H O, 53 Ak 68 HUNER

M HFD H O 12 J8 & #85, HR B AR 3 22 S5 B R 1/
R, BEMLIE R 4 KN 2 R IE, 400 TG R TC & i
DL R W 95 B AR 4k, iE 52 NAFLD A5 78 i A5 2y o
AL B A 48 FUIN R BB ML A M A 2 (HFD) |
FARABTT L (SVT, 20 mg-kg ) AR i 45 15 B2 40
2 (LCIL, 800 mg-kg ') Fl f5 7l & 4 5 B 42 9 4
(HCIL,2 g-kg D44, 4 12 2 5 138 1RiE
2L 25 6 J& H 4k 22 HFD, %t 41 (NC) 1 HED
Y % SR VE W A PR R A B UK, 25 b B A A
ANERAR BT A o IR 5 oS R R AL BE , IR HIE SR i, 4 °C
BOABIMGE . REFHL,HHETI4U ZRH
i b [ T A A SUE T — 80 CUKA & .

1.3.3 WY A& JF Ok RE Wi 22U 4%
ZRP A E, A, Yk 4 pm B Y R, AT
AN - (HE) i, BRI R Il 4 O (0il
red O) 4 €8, , WL JHHIE o i) B 07 28 4

1.3.4 A AL A il A Ak 700 I i
AST ALT & JJ M TG K- 44U H i hr i X-
100513, 4 “CR B0, 43 B B8 s A T i 8 00 &
M TG MMDA & & & CAT i 11,

1.3.5 ELISA JHF 20 R A fift AR 2 R K T A%
109 HEEHK 4 CB L 41 8 LIS W, 18 A ELISA
IR G A TNF-o FI1TL-10 15 5, 35 18 746 4 FR 35
A AT .

1.3.6 MRS BT 2 2 4 D) FRIBUIFA 21 20 mg fin
A1 mL N AR R B OB (B RCT Sk : =31 1)
% 20 81503 A 200 pL 7K 7€ , 12 000 r+min !
B0 10 min; BE W 200 pl #e4s 21, A 200 pl
B SEIR W (2 - SR BE=1:1) ,i%E/5 12 000 r*min '
2.0 3 min, BUEWE W17 LC-MS/MS 73 #r .

W M B Thermo Accucore™C30 &, 3
(2.6 pm, 2.1 mmx100 mm i.d. ). FahH:AH,
/7K (60/40) (% 0.1% B & , 10 mmol/L H 2
Be) s BAH, M/ 5 N (10/90) (& 0.1% W R,
10 mmol- L' HRE ) . BREEVEALFEF :0 min, A/B=
80: 20; 2 min, A/B=70: 30; 4 min, A/B=40: 60;
9 min,A/B=15:85;14 min,A/B=10:90;15. 5 min,
A/B=5:95;17. 3 min,A/B=5:95;17. 5 min,A/B=
80:20;20 min, A/B=80:20, #i# 0.35mL min ',
FEE 45 °CL R 2 pl.

JOT i FL S 55 B R R B 500 CLIE B R
JT i HL R 5 500 V, 1 B R L R —4 500 V., B
U8 GS1 45 psi, GS2 55 psi, L AF < 35 psic 7E =
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1.3.7 qRT-PCR M NCBIH 2 ifj /N Actb .
CD36.CPTla.ACCa, Srebplc, PPARa Fl PPARy
B P A IS AT A R 1, AR
RGP T AEY TR BB AERAR
& R, 18 RNAiso Plus(Takara, H 7<) 5] 3% $#2 B
50 mg fiF 40 4L 5 RNA, 4R 5 , i F PrimeScript™
FAST RT reagent Kit with gDNA Eraser( TaKaRa,
H A #6473 5% o %t 5 PCR(qRT-PCR) 3k

H BlasTaq™ 2X qPCR MasterMix ( Applied Biological
Materials Inc. , Jil 5 K ) #E47 B W A& &0 o S
K&K 20 pL: B RS H (10 pmol- L 1) 45 0.5 pl,
cDNA F i 2 pl., BlasTaq™ 2X qPCR MM'10 pL,
DEPC /K 7 puL, f#i Jl FQD-96A % % & ik 58 4 W %
2B I 2 498 (M T H R 5 i 00y A BR 23 ) )
P4 18 5N, ey F2  1E # 2 95 CHUAE P 3 min,
95 “CAE M 155,60 “Cil K /FEAH 1 min, 3k 40 M F IR
KR 28k 95 °C 155,60 °C 1 min, I 2 229kt
A mRNA I A X ik i

&1 3WF5

Table 1 Primer Sequences

A 1 (5—>3) Py TE /b 9

Gene Sequence Product length Accession number

Mm-Actb F: GTGCTATGTTGCTCTAGACTTCG 174 NM_007393. 5
R: ATGCCACAGGATTCCATACC

Mm-CD36 F: TGACTGGGAAAATCAAGCTCC 147 NM_007643. 5

R: CCAGTGTATATGTAGGCTCATCC

Mm-CPTla F: CCAGGCTACAGTGGGACATT 209 NM_013495. 2
R: GAACTTGCCCATGTCCTTGT

Mm-ACCa F: CTCCAGGACAGCACAGATCAT 175 NM_133360. 3
R: TGACTGCCGAAACATCTCTG

Mm-Srebplc F: GATCAAAGAGGAGCCAGTGC 191 NM_011480. 4
R: TAGATGGTGGCTGCTGAGTG

Mm-PPARa F: TATTCGGCTGAAGCTGGTGTAC 76 NM_011144.6
R: CTGGCATTTGTTCCGGTTCT

Mm-PPARy F: ATTCTGGCCCACCAACTTCGG 339 NM_011146.4

R: TGGAAGCCTGATGCTTTATCCCCA

F. L5195 R. THE514

F. Forward Primer; R. reverse primer

1.3.8 4 1 X fff i Pubchem (https://
pubchem. ncbi. nlm. nih. gov/) W & T 2% 44 £ B 52 4
TG PE R 3D 4548 , 4 FHl AutoDock Tools il & % 4
i Pdbqt # 2 SC#F . CD36 32 1K & 14 i JH Uniport
(https://www. uniprot. org/) & #8 F 454 , I8 H]
AutoDockTools 2% 7K fill & A H . % & X80 1, %)
FESE Bl FH PyMoL (3. 1. 4. D) #EA7 Al ¥4k .
1.4 ZitrZFESH

fii JH GraphPad Prism 8 8 {F #4742t 40Hr . 4
[a] bb %% ok FH 5 R 2 22 20 B (oneway-ANOVA ) Fll
Tukey Z H IWEAR T /T . SX AL, L. P<
0.05RR % 2 57, +x. P<<0.01 R/R i i & 2% 5

HASG 2 L., SHFD M, L#. P<<0.05 %R
BEER, FH P<0.01 KRB FER BRI
¥R, MR B4 PCA 73 i T Adonis 73 #7 , %)
T R, 25 AR 1 R B T OPLS-DA
ARy #| Ay A & A & {H (variable importance in
projection, VIP) 1 P { (P<<0.05, Student’ s ¢ ¥
B ME M0 W E 22 R E T KEGG L&Y
5 (http: //www. kegg. jp/kegg/compound/ ) #f
T RETE R, R e p A i — 20 Wi B KEGG
i ECHE B (htp: //www. kegg. jp/kegg/pathway.
html) , BL P<<0. 05 1 J §ff 1% 2% 1 J& 78 3 29 4y
ST
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TG EER M

JHF I T Al T 905 4 R I 45 AR o (&1 1) ,HED 4
ALT 1 AST # & 2% & F 4 41 (P<<0.01),SVT

it M F0

60—

~
(=)
1

M3 ASTREEE 1/(U-L™)
Serum AST activity
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i

NC HFD SVT LCIL HCIL
215 Group

0.025 =

=
=)
]
=3
1

1% H-9th 7 //(mmol-g7)
s o
s | [
=
] ]

Hepatic TG contents

=
=
o]
wn
1

JiFIE

0.000

NC HFD SVT LCIL HCIL
4151 Group

A HCIL 0 B BEAL T ALT fAST 3 #: (P<<
0.01)., LCIL#H 5 HFD ZHAH I, ALT I ¥ B & 1%
Ik (P<<0.05) . HED 4113 A IE TG & 5 i) 3
BT X ZH (P<<0.01) ,SVT #l CIL FH 24 kb 3 4% 3
EWARHFD 5ER TG 534 FHi (P<<0.01) .,

30- o
Dy W
D5
== 20 #Ht
=3 #

e
ey
=k
2 § 10-
peendo]
g

0~

NC HFD SVT LCIL HCIL
415 Group

~ 201
oD
EF
§§ 1.5
e
g S
fg&g 1.0
=5
=
H_o‘_g 0.5
T
g (04

NC HFD SVT LCIL HCIL
2151 Group

S5XPEAME, *. P<<0.05 £ /m B EZEF 0 P<0. 01 R B 25, S HFD 4L H , #. P<<0. 05 ®/m B H 257,55 P<

0.0l Rtk BHEESR. FIFH

Compared to the blank control group, “*” indicates a significant difference (P<C0.05), “**” indicates highly significant difference

(P<<0.01) ; Compared to the model group, “#” indicates a significant difference (P<C0.05), “##” indicates highly significant

difference (P<C0.01). The same as below
E1 MIEEEIER

Fig. 1 Biochemical indicators of hepatic function

2.2 HEBERERYI NAFLD /MNRAFFEREHLED
R B F B E

/N BRI SR AR 38 405 36 b MDA 55 H G 0 4% SR 2%
W] HFD Ik & % 3575 5 I IE MDA & & F+ 8 (P<<
0.01) , HCIL JA J7 A Ik MDA & & 1) i # (P=
0.087 7) , SVT #1 A [A] 5 & CIL f#y &b B %5 fF ik
MDA % [ IR 41 18] JC 25 5% 5 P Atk CA'T B 36 1 K
7R, HCIL 20 BT ME CAT Bl 1% M A 42 5 A9 3
(P=0.0637)(2),

JHFIE 5% 1 R = 6 0 245 S 2 W1, HF D A 34 Wk 35
W3 E TNF-o & & b JH(P<<0.01) . HCILRYT
5B B P28 T TL-10 9 & i (P<<0. 05) 3 #%

B FE AR A EN T TNF-o &2 (P<<0.01) (K 2).,
2.3 HEEEYIT NAFLD /MR AFREFAS AT A R
9% 2 T A O R T

JFAE 20 800 B2 HE 25 1 B , HED 4 T 4 fifg
AR A P RN /N B T HE AR (IET 3) , I 200 A s i
S50 ZE L, A0 ML HE S AS B T A RO R T R
T o TEL O Y 8 25 JL ik — 20 Uk 52 4H il 5T N s T
EMEE, SVTHMHCIL 4 A %% T HEFD &
Y 4 e BARA

I i 07 20 LR A iR 5 20 28 HE 45 2R R,
XA AHH HED 4 2 g 481 (e WAT)
FIRE I ) 1 €0 5 7 20 2L GW A T) i 17 7 1 B A2 88
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<
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200 = 40 s

éaan‘qé S wg 01 T
a s &3 fidid
=9 m =
w2 j
b 100 @; 20 4
= T
- B

< S
%é} 504 g § 104
= =

0
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B2 BrREmELTIEEETFKE

Fig. 2 Liver antioxidant and inflammatory factor levels
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Fig.3 Histostaining charts for hepatic tissue (200X ) and adipose tissue (100X ) pathology
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3G, KNG B i 3G 2 5 (8 I ) £R € B8 D 41 21
(sBAT)HE 3 {51 (4,748 ¥, i i JE RS BL ), Sy 53
— KR, AN A B BT R A AN A 2%, 40 i ()
Bt /b o 24 20 B 7 20 B AR BR 34 A AN [m] R R ) R
i AH AT RAD FE R AL A SVT 4/
HCIL 4% i 5 4 A s 380 2l 8 A 1)
2.4 FEEZRYW X NAFLD /R BT AS R 4 %
=10

JIE B 21 2 45 1 B HED 4 IF R B AR 9 5
Xof BEZH R HCIL 20 7 W B B2 AQ 3 ) A L, PCA BT
B2y B (B 4A) . HFD 411 HCIL 41 i i 22
S A Adonis 43 BT 45 R E W], R°=0.989, P=
0.021, HCIL fig it & & & o 3% Ik T HFD 41 (P<<
0.01), 5 NC4 %% (P>0.05) (K 4E) . HCIL
5 HFD fig it 22 5 R A E WL K 4B, TG M DG 7E
HCIL b 3 J5 7K °F 5 2 F AR, LPC . PC 1 PS 7K F- F
Fo ZSARECKIE SR ,HFD 5 HCIL M H L, A
184 Fh g I AC I 4 T R, L HE 44 1 10 R R Y 22
JE A% 8 9 49 4% PG \HexCer,LPE . PE fll LNAPE
F g 0T ; 433 R g A A VA b HE 44 10 1
()22 SRR RS ¥ o TG 288 B (K 4C . D), 2
AP KEGG & 4 43 B S/, H i B A 5 AR [
Pt AR B 7 PR i 30 2 e A (181 4F ) o
2.5 HEBEEYIT NAFLD /MNRAIFAHARERAE K
S84 EAXERMNZMm

/N BRI IE i 5t & BOAH G BE ] QRT-PCR 25 28 1
/R ,PPARy \ACCa F1Srebplc mRNA K K 3 ik K -
fE HFD 40 9% B & 2% 42 & (P<<0.01) 5 SVT 41 il
HCIL 41 5 HFD 41 #f k. , PPARy \ACCa F1 Srebplc
B PR 3R TR 7K P 1) . 2 B AR (P<<0. 01) s LCIL 2H T i
JIE 5 & W AH & PPARy Al Srebplc mRNA 3 [H 335
KR 2 T NC 41 (P<<0.01) o i o 45 BUAH 56
3 W qRT-PCR 45 4 & 78 , 78 HFD 4k # J5 JiF BiF
CD36 mRNA Ft [H 3 ik K F B 3% 48 & (P<
0.01), SVT I i 7 & CIL &b 34 8 35 (5K T
CD36 mRNA % K £ 35 7K F- (P<<0.01) ,fH SVT 41
CD36 mRNA P & 57K F 8 3% /T NC 41 (P<<
0.05) o JI BT S Ak AH 56 36 [ 25 SR R B HEFD Ab 3 &
E M PPARa 5 1) 3= 35 K- (P<<0. 05) , CIL &b
PR 3 R CPT1a 3 M Y 35 7K F (P<<0. 01)
(K5).
2.6 FEBRRYIEERSS CDICEANS FXI#E

A 15 T ) b A 2 T P TR O R 4H 4 5 CD36 32

&8 H AT 9 T X 82, Lactucopicrin . Magnolialide
Fl Jacquinelin 5 CD36 Xf #2 () 45 & 66 7 %l M
—31.38,—28.87M1—30.96 kJ-mol ' (K1 6)

3 i
3.1 FEERYIAFIIEER R0

B HA F R WE IR LA TR R IR 45 2
AW R o RE AR B TR AT A 3 B AR T R AQ I8 o
AE™ . NBUIF I AE AST A1 ALT R 3% 4 4£ HFD 4b
S W T R IR T RE B2 . 1 4L
S8 K I S A 1 B 07 T Y 4 bR EY HE R 2T
O Yo o 55 B A5 5L R |, R 45 48 3560, & A M s 28
G T 1 B R /INIR T 0 Rl A X 5 SR B 5T 4
R, s Y R T E T H HFD
V55 09 48 405 104 A= 0 o 25 0 386 0, s R & CIL
FSVTIRIT Y B EFEM T HFD i S W FE ALT
FUAST Bl 1% M 0 F+ 5 o T A0 1R A A8 R 3R
AP HCIL Ab P g 2ok % .

JE 75 M 0TI S A0 S A RN R IR A
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Fig. 5 Expression levels of genes related to lipid metabolism
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