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i E: B HIWAKZLHE (dandelion polysaccharide, DP) X i AR £ 755 A ME /N BROFF U AR o A 1T 25 6L DA K i3 B
BRI, 3% ¥ 40 X SPF Zulfitt C57BL/6T /NEBENL - AXTREZE . BEAYH . BFI R Ak (10 mg/kg) ZHF0 DP K. =
AR (200, 400 mg/ke) H, HEH 8 Ko /NG T RRTIRIRIR R NL B, SRR ig 2525 8 Ji. Z254500a, /MM
MRERR M f5 4b %8, HUMTE, e S RHEEE (total cholesterol, TC). =EEHTM (triglyceride, TG). iK% E AR AMHEEE (low
density lipoprotein cholesterol, LDL-C). =% E G FHEEE (high-density lipoprotein cholesterol, HDL-C) 7K~F; SRHZHA
#-H4. (hematoxylin-eosin, HE) JLEMIMAT O Jeta W52 /IN G AN M 52 IR W5 iR B 2228 4k SR qRT-PCR Al T )k 2H 1
REAC AR S L R [ TR MR 5 72l 1 (carnitine palmitoyltransferase 1, CPT-1). 453 P450 ik 7 WKk A M 1
(cytochrome P450 family 7 subfamily Amember 1, CYP7A1)~ i EALYIBEAAR G FAVIHOE 5244 o (peroxisome proliferator-activated
receptor o, PPARa)~ ERTR &1 (fatty acid synthase, FAS)~ i AL BEAA 8 FE V) I0E 5244 v (peroxisome proliferator-activated
receptor v, PPARy). TEJIREk4HAE A 1A 1 (stearoyl-CoA desaturase 1, SCD-1). WCREBUZRYERIiEF (hormone-sensitive
lipase, HSL). JgWiH i =MEEAeiH (adipose triglyceride lipase, ATGL) 1HIZRIE; USRS/ R ISATBEAT LA M 4 2400 7
SR LA, BRMAUNRART R M SR IRIREU S T TC. TG, LDL-C /KR TH (P<<0.01. 0.001), HDL-C
KRB (P<0.01), AFAEAHIRASHIRR, A0 laIBRAN IS, FT 2 HEF 0 B 2L, 2T AR AR e W35 38 (P<<0.00 D),
P2 R AR A AR BB IE K, MR RN A—; BN SAH LRl FAS. PPARy. SCD-1 mRNA HIRizEREE (P<
0.01), Mg AR EE K HSL M ATGL mRNA (315 R &3 F#I8 (P<<0.01). SHIALLEL, DP . (IG5 B4 BF E) i
HIIA [FIFE FEH PRI SRR R = PR SEIIE I FE 4, S AR AL 23RN B S2 e D M ZH 2 3R 25, H DP Sl & 4B & Al
AHIEIR FAS. PPARy. SCD-1 Rk TEEZE L (P<0.01), TR MEMIIER HSL. ATGL. CTP-1. CYP7AI.
PPARa mRNA [RIER T ETm (P<0.01). FN, DP REBTE—EfE A LR IER N R ERE IR d sk, 330
Blautia+ s_unclassified_g_Lachnospiraceae NK4A136_group~ Lachnospiraceae_bacterium_28-4 ¢ Helicoacter rodentium FIFH %}
FRE, BRSFEFTE)E. Ruminococcus_torques_group WIAHNTF1E, I HHMH BFS el A fREER HSL. ATGL. CTP-1.
CYP741. PPARa R1EMISE, SHeMi& 3K FAS. PPARy. SCD-1 BHiM*. 4538 DP A8 5 IKE IR & 5% SHATRE N
U BT, HALHI AT A 5 175 28 BORIEBERR D7 A AL 20l FHI AR T & A 5%
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Abstract: Objective To investigate the effect of dandelion polysaccharide (DP) on lipid metabolism disorder in liver and gut
microbiota structure in high-fat diet-induced obese mice. Methods A total of 40 SPF male C57BL/6J mice were randomly divided
into control group, model group, orlistat (10 mg/kg) group, DP low-, high-dose (200, 400 mg/kg) groups, with eight mice in each group.
Mice were fed with high-fat diet to establish an obesity model, and the model was simultaneously administered with ig for eight weeks.
After the end of administration, mice were euthanized by removing their eyeballs and collecting blood. Serum was collected to measure
the levels of total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C) and high-density lipoprotein
cholesterol (HDL-C); Hematoxylin-eosin (HE) staining and Oil red O staining were used to observe the pathological changes of liver
and epididymal fat in mice; qRT-PCR was used to detect the expressions of lipid metabolism related genes [carnitine
palmitoyltransferase 1 (CPT-1), cytochrome P450 family 7 subfamily A member 1 (CYP7A1), peroxisome proliferator-activated
receptor o (PPAR«), fatty acid synthase (FA4S), peroxisome proliferator-activated receptor y (PPARy), stearoyl-CoA desaturase 1 (SCD-
1), hormone-sensitive lipase (HSL), adipose triglyceride lipase (ATGL)] in liver tissue; Feces were collected from each group of mice
for microbiome sequencing. Results Compared with control group, the body weight, epididymal fat index, and levels of TC, TG,
LDL-C in serum of mice in model group were significantly increased (P <0.01, 0.001), HDL-C level were significantly decreased
(P < 0.01). The structure of liver cells was damaged, the intercellular space was unclear, the arrangement of hepatic cords was
significantly disordered, the area of vacuoles and the number of lipid droplets were significantly increased (P < 0.001), and the volume
of epididymal fat cells was significantly increased with varying cell shapes and sizes. The expression levels of fat generation related
genes FAS, PPARy and SCD-1 mRNA were significantly increased (P < 0.01), while the expression levels of fat breakdown related
genes HSL and ATGL mRNA were significantly decreased (P < 0.01). Compared with model group, DP low-, high-dose groups and
orlistat group all reduced the body weight and epididymal fat index of obese mice to varying degrees, and improved the
histopathological morphology of liver tissue and epididymal fat. The expression levels of fat synthesis related genes FAS, PPARy and
SCD-1 were significantly reduced in DP high dose group (P <0.01), while the expression levels of fat breakdown and oxidation related
genes HSL, ATGL, CTP-1, CYP7A1, PPARo. mRNA were significantly increased (P < 0.01). Meanwhile, DP regulated the species
composition of gut microbiota in obese mice to a certain extent, significantly increased the relative abundance of Blautia,
s_unclassified g Lachnospiraceae. NK4A136_group, Lachnospiraceae bacterium_28-4 and Helicobacter rodentium, decreased the
relative abundance of Erysipelatoclostridium and Ruminococcus_torques_group, and their dominant strains were positively correlated
with fat oxidation and decomposition genes HSL, ATGL, CTP-1, CYP7AI and PPARa, and negatively correlated with fat synthesis
genes FAS, PPARy and SCD-1. Conclusion DP could significantly reduce the body weight of obese mice induced by a high-fat diet.
The mechanism may be related to regulating beneficial bacteria to promote fat oxidation and decomposition and inhibit fat synthesis.
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(dandelion polysaccharide, DP) {E NG 2
—, A EE. I, PR, HERE. B
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JeE B atopE S A AR | ORIF55 22 Bl 25 34 AU Wang
U I DP 3 3 4 1)/ B 45 s % BT «B
(nuclear factor-xB, NF-kB) /NOD Ff52 k#4845
FIAH IS 3 (NOD-like receptor thermal protein
domain associated protein 3, NLRP3) # fE/MAA
(1) 2 SEFNBOEAZ IR 7 E2 A2 2 (nuclear factor
E2 related factor 2, Nrf2) >RLRIH ENHR BN TS
SR . Zhou FFUISUKIN DP il L &L AT
REE IO = MR B 3 1/ BB KR A A A .
Yue VR I DP j@id miR-134-3p 145 & 1S B
(protein kinase B, Akt) /B i & -3 (glycogen
synthesizing kinase-3p, GSK-3p) {5 Sl Ik SE K (0
T AR, XF 4 3 T 7 48 ) 3G 5 AR At B
HIERETEEA . BT DP [ 5T = B 4L
TEFRI S AEAL B . PR vE e S AT Ptk
TEE PUAEAIETESE DT, T DP YR YT AR
R FEED, PRI AT FE R FH o i TRk I 7 4 7
RERERLAY, W% DP XJAERE/N BREEIT R, R
OO AU R TR 42 B0 i T TR A R 520

1 M8

1.1 )

SPF 2 Mt CSTBL/6Y /MR 40 W, 7 %S, 1A
i 18~22¢, W H WLARG s A R A
", VFAES SCXK () 20220006 shiazET
W R RS i b, WATIES SYXK
(1) 2021-0015, FAFRFANEIR (20£2) C,
SHEEE (501100 %, 12 h BEEAT 12 h AL,
H HEEYOK. A 5T HiAT e H 2R 25K 5 S8R 5h )
H O LA B BRI 2 03 25 o A ANk (ke
5 TACUC-202312030).

1.2 Zm5it

DP (itt'5 231015S, FE 53 H0CN 90%) W EH 7
B KRR AR AR B A (5
12205040 4 B B Hr T 1G5 R AERAF; 60%
IR TRL (S D12492) I E LI A B AR 254
THEARTIEATR; FasPure Cell/Tissue Total RNA
Isolation Kit V2 (##t5 7E760C3) It [ R 5L i ME#E A=

PRI PR A 7] 5 Hifair® 1T 1st Strand ¢cDNA
Synthesis SuperMix for PCR (gDNA digester plus).
Hieff UNICON® Universal Blue gPCR SYBR Green
Master Mix (iit543 730y H1201881. H7327110) 14
B B8 SRR A R A A s B BE (total
cholesterol, TC) =Mt Hl (triglyceride, TG). ik
AR B A ME[E B (low density lipoprotein
cholesterol, LDL-C). =% it FHEEE Chigh-
density lipoprotein cholesterol, HDL-C) #&l{7&;
(#5488 20240229, 20240115, 20240315,
20240314) W [ B s RCAE D) TR AT .

1.3 &%

METTLERAL204 B4 347 R [Fi LA -4
#Z METTLERTOLEDO {X#% (_Lifg) HRAH];
JXFSTPRP-48 BUMFEEAY ( g5 Sl R A IR A
A]); Multifuge X3R B S 4% &0 FL. Nanodrop
one 2000 RERE L. ABRKTK 5020 %
Ff % PCR X+ Applied Biosystems QuantStudio 6 714
4> B B S 986 E B PCR X ([ Thermo A #]);
BIORAD-680 ! fighnil (SL[H Bio-Rad 2+ 7] ).
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gett, T RAE NI H SR AR
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F IR S U I E - 4N R E T TC
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2.6 qRT-PCR #&NIAFAEZALR AR R SIHE S EERIRIE

FREX 20 mg HFAEZHE, H FasPure Cell/Tissue
Total RNA Isolation Kit V2 $Z2HUH T2 RNA,
5E RNA [WAEEAIRE, #R¥E Hifair® 1T Ist Strand
c¢DNA Synthesis SuperMix for gPCR (gDNA digester
plus) {7 UL 15K 2 ng RNA #3558 ¢cDNA. LA
cDNA AR, KH Hieff UNICON® Universal Blue
qPCR SYBR Green Master Mix 4T qPT-PCR 43,
JNEIEAAR 24 10 uL (5 uL Hieff UNICON® Universal
Blue gPCR SYBR Green Master Mix, 1 uL cDNA #
W, E. FE4% 02uL, DEPC /K 3.6 ul). M
FEfF: 95 CHIAZRME 2 min (1 AMEH); 95 CAM
10s, 60 ‘CiBK30s (40 MEF). § 18P
JH T -3- 1% R B &L ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) NINZ, KH 2724yt
HOW OBOER R Bt O 1 ( carnitine
palmitoyltransferase 1, CPT-1). 4l 13 P450 Kk
7 WEKE A B 1 (cytochrome P450 family 7
subfamily A member 1, CYP7A1). LMY LE
FEWBE SR o (peroxisome proliferator-activated
receptor o, PPARa) HE MR & I (fatty acid synthase,
FAS) IS8 E ARG FE YIS 5244 v (peroxisome
proliferator-activated receptor y, PPARy). f#AREL4H
i A LMIAIEE 1 (stearoyl-CoA desaturase 1, SCD-
D, BEBURMEENTES (hormone-sensitive lipase,
HSL). N H i =Bl i Cadipose triglyceride
lipase, ATGL) mRNA fHXfRIEE . 74 E
R AR AR B IFER, FIFAINER 1.
2.7 FHIEEEE 16S rRNA EENF R EY SH4
vakii

/NERESERE A -80 CUKFHHUH 5, S RIE
TFUKRRIE, BG4t RS AMEAREA
PR m]3EAT s I 5387 K QIAamp-DNA 3£

&1 5¥F5)
Table 1 Primer sequences
SEHH] IS (5°-37)

GAPDH F: CCTCGTCCCGTAGACAAAATG

R: TGAGGTCAATGAAGGGGTCGT
CPT-1 F: GCCTCTATGTGGTGTCCAAGTATC

R: CACCATAGCCGTCATCAGCAA
CYP7A1 F: GCTAAGGAGGACTTCACTCTACACC

R: TGGTCTTTGCTTTCCCACTTTC
PPARo. F: TTTCACAAGTGCCTGTCTGTCG

R: TCTTCAGGTAGGCTTCGTGGAT
FAS F: CTGCCTCTGGTGCTTGCT
R: ACCCGCCTCCTCAGCTTT

PPARy F: AGGGCTCGGAACTCCAGAAA
R: CCAGGGAATCGGTAGACATCG
SCD-1 F: GTTAGCACCTTCTTGCGATACACT

R: GTGAAGTTGATGTGCCAGCG
HSL F: GGAAGGACAGGACAGCAAGGTA
R: GAGGTAGGGCTCGTGGGATTTA
F: CCAACATTATTGAGGTGTCCAAGG
R: AGTGGGATATGATGACGTTCTCTC

ATGL

i DNA $RBGGHE M /N BRU SE A REA i R A
1 DNA. KH 16StRNA (V3~V4) # H-1l j7 J5
7%, #F Tlumina HiSeq M523 #7 /I 5% 18 B RE)
F R Z RV KA QIIME BAFEX 73T AW
BB, b B ALK& T 97%0) 751 73
VAT AL 35 /E 43 R BT (operational taxonomic
unit, OTU), KHI%ET Greengenes U4 2 [ £ 01
& iE$ OTU XK. KH Shannon 850K o ZFEME,
HRAE AL UniFrac #5585, F QIME #EAT £ ALdR
7387 (principal coordinates analysis, PCoA) H UL
INPIFR B ZREVE, A EEBCR A Wilcoxon FRAIES:
B . HET 35 A6 o 0 T R R R R 2
(gut microbiome health index, GMHI), Z{H% T
T U W) LR AR B D 7K ST 43 SRR SR DY A {8 e
RO RIS A ERR BE D IR 4E%. RH
28 F A 93 (linear discriminant analysis, LDA)
YOG R, DALDA PF7r=3.0 1E NS mlbrifE.
2.8 ZItFESW

[V SPSS Statistics 27.0 F AT A 4347
THERRUX s ®R, ZHMELERHBRZET
Z T (One-way ANOVA), 5 LL#EE A LSD 16
% . KM GraphPad Prism9.0.0 # {4 sigiit B,
Adobe llustrator 2024 FEATHERR .

3 #R
3.1 DP WMEBRIARE. BBIHEHFMEREN
220

Wk 1 R, SN RS ROT R R R e 2
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DP 200 mg-kg ! ## 21407 - DP20Omgkg! N BRI 37 B
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b a0 e B gan IH 27
X - Wt ¥ 5 gm sk &
= o 2o A = o i
24 =y H e 024 - 14
A 00l 275
= & 1oo-|
20 90 0 - 0——
0 2 4 6 & 0 2 i 6 8 BN WA PR BUH 400 200 BFIf
i/ )4 1/ e o FaHy DP/(mg-kg™)

HxH s : #P<0.01 #P<0.001; SEBILLLE: "P<0.05 "P<0.01 ™P<0.001, K& 2~5[d.
#P<0.01 *#P<0.001 vs control group; “P<0.05 *P<0.01 "P<0.001 vs model group, same as Figs. 2—S5.
1 DP BB INEMAERE. FRAFIERMBEREENTM (XLs,n=38)

Fig. 1 Effect of DP on body weight, fat index and food intake in obese mice (X £s,n =38)

5, ERVIRIESE S S, SRR, MR PR FHEN, HREBETPRS A, A EeE
AN R EE N (P<0.0D), @IXANR AP, I aiEmn, g nR WK 5
20%, FUICPERAIR @RI SHEAALLLE:, DP WHIRALERA:, RN BT TS0 45 /B, 4
SRR m ARG AR M AR e s TRIBRANIENT, R R AL, AR T K
BERL (P<0.05. 0.01), HEFEMICH. B INAEWEIE M, 2SS (P<0.001);
HMBAHENRIZEELWEZES, KUY DP M SEAI A, DP . (GF & 4R R =] Al 2H /)

PR =] fiboof /)~ B A S R FEAE ARG TEAS B AR SL, TG, A S
32 DP SRER/NRATREFIASATAALARIRR RIS AIXTHESY, M &b (P<<0.001).
B AN RATIEAZ HE Qe g R (K 2) 8o, BN RN O Jeta it (B 2) &
XGRSt se B, R/NS2), Al o, WAL AL ZNEE R i, A0 5 PR IR i,
40
i

JHFIE HE 345 JFREAZL O Bt W82 1615 HE #etn
. 30

20

skeskesk

10 e

Hokok

JARE =2 ¥ T AR 43 B /%

WIRE BERY B 400 200
F]4l DP/(mg-kg™)

407

® -

A A »

30

20 Hkok
DP 400 mg-kg

skesksk

10 =

kokok

JP R £ €2 I T T AR 7 20 /%

T T T
Rl XHE R BUR] 400 200
Atk DP/(mg-kg ™)

DP 200 mg-kg ™.

X200 X200

2 DPsIRERNERATAEFBEAALRBIETALHIRNG (X+s,n=3)

Fig. 2 Effect of DP on pathological changes of liver and adipose tissue in obese mice (X +s,n=3)
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KL AR A B A B R s SRR L, B
R ZH /N BRI 44 it S BRABERH , A 0 B 3 m (P<
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DP 75 AR5 2H A0 SR ) b 2H /) BRUH I 2H 23 g o
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FRERIR, QUM RN —. SR L
5, DP & R 4 RH B = A 2 /) BRUBA S2 fii ly 4
HAFRFES YA A FREE RS, H DP &mflE
BRI .
3.3 DP XAER/IMRILES TC. TG, LDL-C #1
HDL-C 7K Y8205

H1 TC. TG M LDL-C /K-F 52 T (P<0.001),
HDL-C /K F- B E K (P<0.01), FIAMRIL /N,
Py B AR 2L 5BV A, DP &t =
ZH AR BR] R At 2H /N BRI S TC. TG AT LDL-C /K
S FEL (P<<0.05. 0.01. 0.001), DP & &5
A BUR E] A 2H /) BRUMYE A HDL-C ZK-F . 2 7
f (P<0.01), K] DP RS e AERE/N AR AR
WAL,
3.4 DP XJBER¥/NRATAEZE R AR I X E EFRIX
=0p=A
WK 4 fior, SxPIRdLEie, BRI R ATIE
HA W B A SFE K CTP-1. CYP7A41 PPARo 1)
FIETW WA, a6 B G R] FAS. PPARy.
SCD-1 MRIEAKFREFES S (P<0.0D), [N
AHIREER HSL I ATGL WIERIE /K RZEEL (P<

wE 3 frs, SR, A4/ NRIME  0.01); SHEAIA L, DP &7 &4 A AR O
7 3 4 — 7
6 ~ 6
N ~ 23 o5
j * - 27 #itH S jo 5 w
S 4 sk 5 g ¥ é 4 —
g £ £ 2 £ #h
=37 & Q 0 37
S 1 = o
1 1
0 0! 0— 0!
R R BRI 400 200 IR AT B 400 200 R A BRI 400200 XHHR R BRI 400 200
Alft DPAmgkg ") il DP/(mg-kg™) flh DPAmgkg ") i DPAmgkg ")
3 DP XRER/RINES TC. TG LDL-C 1 HDL-C KRS (X +5,n=6)
Fig. 3 Effect of DP on levels of TC, TG, LDL-C and HDL-C in serum of obese mice (X £ S, n =6)
g 1.5 mjﬂ 1.5+ * 3@ 1.5 ** i 2.0 i
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%05 £ 05 = % 05 %
E ~ = 05 7
n N & 2]
So S Lo T -
X BUE 400 200 R AR 400 200 R B 400 200 SR R 400 200
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1 | 4y I# 1.5 5 2.5 I8 2.0 .
R ﬁ ## B sk 3 —
® I - * ® 2.0 ® 1.5
= Eio0- = ' #i
E10 ok = - = 1.5 «
< < = < 1.0
z Z 10- i
% 0.5 E057 & % 0.5
= " £ 0.5 e
g g 2 g
Lo 20 - o - <0 -
X BT 400 200 SR R 400 200 SRR BEAL 400 200 X B 400 200
DP/(mg-kg™) DP/(mg-kg™) DP/(mg-kg™) DP/(mg-kg™")

El 4 DP XRER/NERATARELR A KGR X B ERIERIF

0 (X£5s,n="6)

Fig. 4 Effect of DP on expressions of lipid metabolism-related genes in liver tissue of obese mice (X £ s, n = 6)
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R CTP-1. CYP7AI. PPARo HIZIE/KF- BT S
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Fig. 5 Effect of DP on macrodiversity of gut microbiota in obese mice (X +s,n=38)
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