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HAE, RFE, TE2E, a¥E, a8, REE, ARF
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W E: BHW RIEREKHAMLZHE (water-eluted fraction of Sanghuangporus vaninii polysaccharides, SHP-W) 45 %FE,
FERRIT HR Y B 18 1 B DU SRR (carbon tetrachloride, CCla) 35S HI/NRATLF4EALH/E FINLH . B3k RAKIREDT.
9IS A B R S B8 Sanghuangporus vaninii FSEARR %15 2] SHP-W. SR RBMRERYE . [HFRZEPIRIEF BCA 7%
WE SHP-W IS0 . FERE R AN A 11 & &, i 5 380~ HERH €41 92: (high performance size exclusion chromatography, HPSEC).
i BLIH-21 AM 617 (fourier transform infrared spectrophotometer, FT-IR). B -F{ai%i% (ion chromatography, 1C) H1FFib 4k
B EE- SR (gas chromatography and mass spectrometry, GC-MS) Z5%f SHP-W 45 FFAE#EIT R AE. CSTBL/6T /N
B ip 15% CCl-MUtSIMVA TR 6 IR FFAF4ELIERL, 45T SHP-W (25, 50. 100 mg/kg) siZEHidEg (10 mgkg) T+ 3,
KHBARZ-PL (hematoxylin-eosin, HE). KILEL A Masson Heta e/ RATEFRI S KRB 3ELS
BT BT A N R IRE L M (alanine aminotransferase, ALT). KARRRILFLFENE (aspartate aminotransferase; AST).
RHAER (total bile acids, TBA). MJHZEK (total bilirubin, TBIL) M EZEAHL 2 (direct bilirubin, DBIL) 7K°F; A %%
HATER M HE T 2R Ccollagen-1, Col-1D) Fl a-FIgNUILENE H (a-smooth muscle actin, a-SMA) [13iA; K Western
blotting KM ATZHZ Col-1. a-SMA AL KK F-p1 (transforming growth factor-B1, TGF-p1) KI5 F3KiL; K/ 16SDNA
WA piE i EE, JERAPUERTIRIEEREH . 458  SHP-W 2 H 2 MAFEFR /-7 (1.818 X 10%, 2.040X10)
W2 PR RIS 2 0, BT E S H0N (88.2743.76) %, NS IR E A . RAEAH LR E R SHP-W i - 75
BRI R DA SR AT AL, R AR 34.6 0 23.0 1 22.7 1 19.7, [FAIITEE 3-O-HIFE IS HIEAL T EoR SHP-
W i 1,3,6-Glep %5 14 FioblHF AL . ShWseie s REIR, SXTIRAELEL, BRI /N ILiE AST. ALT. TBIL. DBIL #1 TBA
AKPEZFETHRE (P<0.001), FFIMERHSIZEL, RUEMMIRIEIE, HMBLKRNAEHLIELE, HAZHF Col-l. o-SMA
TGF-B1 FHHFERZE LA (P<0.05. 0.001); SEEAHLLE, 545254/ U LN ST KR R A4 TAR A AN
FEENMEE, MiBHFREKFRERFIK (P<0.05. 0.01. 0.001), FZH41 Col-1. o-SMA Fl TGF-B1 FEFFKIE il (P<0.05. 0.01.
0.001). PUERTIIG, SHP-W BCEIT AL REMH. 4518 MR T h #4153 SHP-W, BEREER & E05E
2L AN DL R S R R H O R M 2 . SHP-W AT 2 28 503 U T g . #01) HSCs ¥4k 80 B SR A7 2 TAR AT 2403 CCly
RN R A4, HHPUR A RO T X BB e e 4y
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Abstract: Objective To analyze the structural characteristics of water-eluted fraction of Sanghuangporus vaninii polysaccharides
(SHP-W) and explore the mechanism of SHP-W on improving carbon tetrachloride (CCl4)-induced liver fibrosis in mice by regulating
gut microbiota. Methods SHP-W was extracted from S. vaninii using water extraction and ethanol precipitation, followed by
purification through weak anion-exchange chromatography. The total sugar, uronic acid and protein contents of SHP-W were
determined by phenol sulfuric acid method, m-hydroxybiphenyl method and BCA method. The structural characterization of SHP-W
was carried out by high performance size exclusion chromatography (HPSEC), Fourier transform infrared spectrophotometer (FT-IR),
ion chromatography (IC) and methylation combined gas chromatography-mass spectrometry (GC-MS). C57BL/6J mice were prepared
with a 15% CCla olive oil solution via ip for six weeks to establish a liver fibrosis model. SHP-W (25, 50, 100 mg/kg) or sorafenib (10
mg/kg) were administered for three weeks, and the pathological morphological changes in liver tissues were observed using
hematoxylin-eosin (HE), sirius red and Masson staining. A fully automated biochemical analyzer was used to analyze the levels of
alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bile acids (TBA), total bilirubin (TBIL) and direct bilirubin
(DBIL) in serum. Immunohistochemistry was used to detect the expressions of collagen-I (Col-I) and a-smooth muscle actin (a-SMA)
in liver tissue. Western blotting was used to detect the expressions of Col-I, a-SMA and transforming growth factor-p1 (TGF-p1)
proteins in liver tissue. 16S rDNA sequencing was used to analyze the gut microbiota, and antibiotic interference was used to verify
the role of the microbiota. Results SHP-W was a refined polysaccharide composed of two polysaccharides with different relative
molecular weights (1.818 x 104, 2.040 x 10%), with a total sugar content of (88.27 £ 3.76)%, and without uronic acid and protein. The
monosaccharide composition results showed that SHP-W was composed of galactose, mannose, fucose and glucose, with a molar ratio
0f34.6 1 23.0 : 22.7 1 19.7, and also contained 3-O-methylgalactose. Methylation analysis showed that SHP-W was composed of 14
glycosidic bonds, including 1,3,6-Glcp.The animal experiment results showed that compared with control group, the levels of AST,
ALT, TBIL, DBIL and TBA in serum of mice in model group were significantly increased (P < 0.001), the arrangement of liver cell
cords was disordered, inflammatory cell infiltration was obvious, and a large amount of fibrous tissue proliferation was appeared, the
expressions of Col-1, a-SMA and TGF-B1 protein in liver tissue was significantly up-regulated (P < 0.05, 0.001). Compared with model
group, the collagen fiber deposition in pseudo lobules and portal area of liver tissue of mice in each treatment group was improved to
varying degrees, and the serum liver function level was significantly reduced (P < 0.05, 0.01, 0.001), the expressions of Col-I, a-SMA
and TGF-B1 protein in liver tissue was down-regulated (P < 0.05, 0.01, 0.001). After antibiotic interference, the effect of SHP-W on
improving liver fibrosis was significantly inhibited. Conclusion SHP-W were prepared from S. vaninii fruiting bodies, the
determination of uronic acid content, infrared spectroscopy and monosaccharide composition showed that SHP-W were neutral
polysaccharide. SHP-W could significantly improve serum liver function, inhibit HSCs activation, reduce collagen fiber deposition,
and thus improve CCls-induced liver fibrosis in mice. Its anti-fibrotic effect depends on the regulation of gut microbiota.

Key words: neutral polysaccharides from Sanghuangporus vaninii (Ljub) L. W. Zhou et Y. C. Dai; structural characteristics;

monosaccharide composition; liver fibrosis; gut microbiota; activation of hepatic stellate cells; collagen fiber deposition
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ALIEE T TGF-B1/Smad 22 24 J5 35 4k & (1 I
(mitogen-activated protein kinase, MAPK) 15 51 %
B IR0 B o SR SRR U e i 41 6 7 B
P4 (focal adhesion kinase, FAK) /BfRIENLEE 3-34
(phosphatidylinositol 3-kinase, PI3K) /4 [/ B
(protein kinase B, Akt) 15 5@ 4] HSCs iH 44181,
PL BRI b 25 Z B B AR A TR it | B
S, K Sanghuangporus vaninii (Ljub) L. W. Zhou
et Y. C. Dai TENEGZ R, HERMT e
JHA5 A% 77 T s P ES T2, Chen SR F 2
B AT 3 3 ) B A OC 1 B AIC DY &AL B C carbon
tetrachloride, CCly) 755 B MG 2B+ = Jelzb JH
RIS S P U T 1 S o S 2 25 B

ds, M AFERIF . $iE/ER ;. Zhao £8P0
S5 70 2 0 o O R BR U AL B 1 T (AMP-
activated protein kinase, AMPK) / #% A E2 fH5[H
¥ 2 (nuclear factor erythroid 2-related -factor 2, Nrf2)
{55 I B B 25 AR AT £ = ) (acetaminophen,
APAP) if5 F (2477, OGS A 20 B AR
REZHZWERA RIFMBUTHRER, (HEGE
LFYEAV AE F S AEN L AN B

% W DR G vy A R 23 o1 5 R0 52 4 25 R e DL
15 FEBEARIS, 32 B0 1 B R A A
JE 7 R S5 i PE P UK RGUER Y. Z I 5 K
B, 20 m I 7 T B R T S I AR
PR S IRAS 222, O AR 2 R
LR AE 7o S . BT, AR RS
K AL % B (water-eluted fraction of S. vaninii
polysaccharides, SHP-W), KH RFIAXZR5 1T 7712
Xt SHP-W HEAT G5 HIFRAL, il 257 CCly 753/ B
JHAF AN, RGeH%%E SHP-W X DIRedEhR .
UAEANHREY) S NEH SR B e, e G
16S rDNA =il &N FHA e i, 5
FEfA AT SHP-W 38 i 5 3 J e T - e TEL A 50 AT
PYEALIPER, Dy dilm R N AR A BSR4
1 #8
1.1 )

SPF it CSTBL/6T /MR, AR (2242) g,
e H EEERE SR S A R A R, S Vel e S
SCXK (') 2022-0004. ZNPLF% T WL B2 K
LISV G, REERER 22~24 C, AHXHEEE
N (40100 %, HHBERUUK. ShYLmeiiiT
IR RS A Ye B2 A e (it

2023121108).
1.2 54
ST ) TR SR I B DU TV 2 BT B,

WL 2 K 2= 20 B e i PR S 8 N RS
vaninii (Ljub) L. W. Zhou et Y. C. Dai,

1.3 AR5

DEAE Sephrose™ Fast Flow 55 [ 2 132 #eh fig

T%5 17-0709-01) J¥ H %< [E GE Healthcare Bio-
seciences A f); Shodex ZRAA eI ARIE M (PS.
P10. P20. P50. P100. P200. P400. P800, %75
43718 F8400005 . F8400010. F8400020. F8400050.
F8400100. F8400200. F8400400. F8400800) 4 F
HARRFIE TRt SibaE B (1S
C17D9H77586, JiiE /480N 98%). WAHE (185
H10S9Z69863, FBi&E/ N 98%). FILME (It 5
E1927035, JRED BN 99%). Hi& M (k5
QI8F10N80946, Jii &4 99%) FHifrs (1%
5 S15A10G85850, i EN 98% ) AE (185
A2286X3606, JHESTEA 99%). A (85
X29D7Y27768, BTN 98%). ThERZ A%
B (25 A22S6X3606, i1 & 73 50N 98% ) Febil (1%
5 JO1J10R89818, N 99%). &b (k5
H26F10Z81556, &4 99%) LI LpEh
fREh (5258 B01J8S37079, Jii s> 5N 98%) Hil
HPEREIR (525 K14M10S82777, JR &/ $1=98%)-
FF RS (85 KO02A9B66077, Jii &> H A
97%) TP PEMERR ($75 S200115AG1, JRES
=>98%) FIH BEFEREER (785 S200108AMI1, Ji
O =98%) I E LA BN HE ARG IR A
Hl, (AL (85 S30798). MMM (1R5
S30503). EiIEE (185 S45467) Wy H b ifgynt
EMRHAR AR iR (785 7664-93-9) I H I
e AFE R A F s CCly (185 C805332)
W H B KR R G BR AR R BELT
#EZH (sodium carboxymethyl cellulose, CMC-Na,
145 FY36183) WH Fil AR AR A
HARZEAL (hematoxylin-eosin, HE) A7 & (1%
5 D006-1-3). Masson il & (175 D026-1-3)
H a5 B TR ST RO E AR & (1]
5 GC307014) T H BN FE 4R VR TR A A 5
I B4R iR Ccollagen-I, Col-D) Hifk (185 AB270993)
oI UALENEE E (a-smooth muscle actin, 0-SMA)
Pk (185 AB124964). TGF-Bl #ifk (k5
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AB179695) e HJE[E Abcam A 7]; HRP Aric il
FPif 1gG P (TS A0208) TWH Ll A~ RA
ME AR E IR AT GAPDH £ WREdiik (ks
10494-1-AP) TWH KN ZEAEYHARERAT; A
RAIRA RN (alanine aminotransferase, ALT)
A (TS D001 K A% R 24 Bk 4 74 [y (aspartate
aminotransferase, AST) iXf)#& (525 D002). & JH
7R (total bile acid, TBA) Rl & (H25 D1012).
FBZL 2% (total bilirubin, TBIL) K7 & (k5
D115). EH#HZ K (direct bilirubin, DBIL) &7
& (525 D116W) 4 | T3 3£ FRAE VIR I A PR
AT M (585 A600633). HEE G M (I
5 A613460)0 H A4 TAEY TR Filg M A IR Aw];
MEHER (585 MB1716). #BRHHER (S
MB1260) W H KiEFECEMEARGRAA .
1.4 X5

Nicolet 1S50 BT 414 . MuLtiskan GO %Y
BEbRAC. 1CS5000 2 BTt fi (SE[EFEER K /R
RHEHE IR AT Agilent 7890 /S HH 2% 8 U 25 FF
JRREBEFIAX . Agilent 1260 HY &= R0BAH (B iEAY (£
ZHAS AT ; Su8010 2437y K 44 FL 7 B s ( H
A HALATD; SCIENTZ-50FG/C B AR T I (7
B Z AR A G B A F]D; 5810R 2 & 25 i
KA BB O (B E ARy A F]D; GD50102 A
B AE R (EPVERI AR AR ; RES2-99
R 2R RAL (LW o THHEAES) ),
2 7k
2.1 SHP-W {9

P ST SR AL IR EL 1 2 12 7F 95% LB
ISR, A 60 CHEEL 1 h, 38, JEEET L
RERPARI NG f5 3R . FREUBIG G ISR, d= ikl
WEE 120 INAJK, 95 CHNFVREL 1 h, 36T, ¥
PR 4 2 — AR, MBI 95% L H.
5 LT SARTR BN 80%, FiREH B . ik,
DUEHET 1%, VL— @ MFRAUKE iR, SRR
HLTE, BRELZHE. A4 g FZERZREM
#£ 100 mL 4li/KkH, 8000X g B0» 10 min Ji&, B L
JG W _FET DEAE Sepharose™ Fast Flow 558 % 1
ACHAE, DIKORIRBIAHEATBEME, SR BE, 5k
JER4E, FEHT 48 h, AUETIE, EIfS SHP-W.
2.2 SHP-W BIZE#3RAE
221 SBE. BERERR DL AR B EE

(1) SFEE =N E: KRR IRIZEN E SHP-

W RS FE S B AR 2.0 mg 1 A bR, T
] TR B 0.5 mg/mL FORRAE S ERBL 23 kS
ZEHL 0. 304 60, 120, 150, 180. 240. 300 pL #5
HEMBRE T IRE T, 20 LOKANE 300 uL, PR
HI A E N 04 0.05. 0.10+ 0.20+ 0.25. 0.30+ 0.40.
0.50 mg/mL [¥1% 2 HREFRIE SV I 150 pL 6%
KRN 750 uL WRERER, $E5), 60 CoKIE KA RN
30 min 5T 490 nm AW EBOCRE (4 fH. DA%
WEFRAE SR IR N X, A BN Y 5l 19AnE R
£k, B SHP-W 3 #34% 2.0 mg, F%IEFRAEN 758
B, MRAEFREZ 15153 SHP-W ek & & .

(2) FERERR & B0 K (AR B BRI
SHP-W [FFEIAIR & & . DUR &1 WE RS R N bRt i, A
ERRE 2.0 mg, FCHTEKREA 0.25 mg/mL )
FRUESH B, 43R % L 0. 0.2, 0.4, 0.6, 0.8,
1.0 mL FrifE S BRE T 20 mL B ZERE d, 205 LK
A 1.0 mL, FERSIFREWEN 0. 0.05. 0.10,
0.15. 0.20. 0.25 mg/mL %] % FERE FR bR v S VA5
VKIS A T I 6 mL DUBIEREN-IR B ER 77, 90 °C
KA M 5 min, YK EAHE I 0.1 mL [8]
PRSI, RS, ##E 5 min, AR 1 min,
7E 520 nm AIE A {H. DR E R ER BRI 5 i
WEEN X Hl, UL A BN Y #ill, 15450 2R . B SHP-
W3 0% 2.0 mg, FZHRARIE S IR, MR AR
il 28115 A3 ) SHP-W FIHERE IR & =

(3) HEEZENE: KA BCA EHERT
A E, RIS A B 50 :
1 EBIBCH] TAEW, L] 1 mg/mL (18 FARAES
W, 1M 0. 1. 2. 4. 8. 120 16+ 20 uL In AFpifE
W, FELLKFERES] 20 pL, FCHIR RS EWRE A
0. 0.05. 0.10. 0.20. 0.40. 0.60- 0.80. 1.00 mg/mL
HIRRAETR T, B SHP-W 3 43 Al Ak 0.5 mg/mL fFE
AL 96 FLAR R AEFLANN 20 pl A vHE VA B RE iy
TR, B b il 2 FLAIRE S FL B N 200 pl T
Ve, BT 37 C R 30 min, 7£ 562 nm Abil5E
AME, A B R EWRE Y X 4, DL A fHR Y
extilbritE M2 . ARPEbRUE 2R 54 2] SHP-W 1)
RAWKE.
222 XA FRENE SR &R B
LEEIREZPTCHE MBS (rid differential detector, RID)
(19 vy 28R ~F HEFH €818 7% Chigh-performance size-
exclusion chromatography, HPSEC) |58 SHP-W f{]
AN 53 i o 1A 9 TSK-G5000 A1 TSK-G4000
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FEAE (300 mmX 7.5 mm, 10 pm), HEIAHN 0.2
mol/L [ NaCl ¥, #EREARFUN 20 uL, AR
FERIAS I 5 IR 3 W BN 40 C, ARBUREN 0.8
mL/min, B [E)25 30 min.

K BLA A [F AR 535 o1 = () A T W T A v
i (P5. P10. P20. P50. P100. P200. P400. P800),
530 LB ARV AR L H A 2.0 mg/mL bR E & 3%
W, 022 pm HIFAFLIEEER, FEFERI. SHP-W
FE b AR E SRR o DA TN I A 44 5 110 R B IF (1)
L5508 LR F I AR NS 3 B 3 IR RS I
2k, FERLARE UL G 7 FE B it (%) OR B I [B] 155 SHP-
W FAERS 7 7 i &=
223 HEMLIOGIES T L 2.0 mg SHP-W
FEALS 100 mg T KBr iR &, WG &, 78
500~4 000 cm ! HEATLLAMAHE, KT BRI g
BEAT 34T o
224 FRHEBESP B 5.0 mg THRESE T SHP-
W AR, RS A RS R i b, B
TEFIRF IR S, BHTWI4 40s A, B2
ERAEMBGH, EAFRFHEENEE, 7£2.0kV N
WA AR T B, T,

225 HREA T

(1) Frife SR ) 4« FEBERREL 15 Fl b bm
HESh CHEEPE. W2, PhfrE. FabE, W
B ARBE. HEERE. BB bE. PR, W
HIMERERR . R INEERIREL . Hh R AL A
oY ISR . H B PR I\ 3 mol/LTFA2 mL,
120 ‘C/Kfi# 3h, ZWRIRT, IIAZKIRIERST, Bk
PR EBEA R -

(2) FEEE IR B S FEHRFREX 5.0 mg SHP-W
BT 23, N 3 mol/LTFA2mL, 120 C/Kfi#
3ho AERHITRE R K AR VU A% 22 TR T,
A 5mL ZKIRHERST . WEL 50 uL AN 950 pL 7K,
12 000 r/min &0» 5 min, B3 3BT AT .

(3) K261 : & 7 (i & Dionex
CarboPac™ PA20 2 i%4E (150 mm X3 mm, 6um),
DL 15 Pl bR e . AR A /K, B N 250
mmol/LNaOH, C N 500 mmol/L NaOH 7K A F1
50 mmol/L NaAc FI/KIEW, #FEBEME: 0~23.0 min,
98% A+ 2% B; 23.0~23.1 min, 98%~80% A 2%~
20% B; 23.1~33.0 min, 80% A. 20% B; 33.0~33.1
min, 80% A+ 20%~0B. 0~20% C; 33.1~46.0 min,
80% A. 20% C; 46.0~46.1 min, 80%~20% A.

20%~80% C; 46.1~66.0 min, 20% A 80% C; 66.0~
66.1 min, 20%~98% A 0~2% B. 80%~0C; 66.1~
80.0 min, 98% A. 2% B. AR E N 0.3 mL/min;

HERERN 25 pl; KRN 30 °C R3S N HAL2EAG:
WIEs . RAELEXT e ik, WE A F R, R
ORI E TR A SRR R B L.

2.2.6 MEHEIEESN BUEE SHP-W T =3k%
I E T 5 POs MEZS TS TEE R A
Tk W EEWA (dimethyl sulfoxide, DMSO) $it#
WA 2 h, BTN R NaH, = RBEHE RN
1h, RS, EFIA 1.5 mL ) CHsl, 05
UG KB FE SN, K2 b OB . AlTKERT
48 h JEHT o R TREMIE T &1, 7KEE 3 Ik, &
JETCKERIRIN 1, TR 07, WEALJEHE AT
CLAMGIE IR AR B 5 4, Ao 5e 4 ARk,

HE AT R R N 2 P A e 4.

U AL G AEd 1~2 mg, M 2 mol/LTFA,
HO, 121 C/KMFE 2h, KRR G 2 00N H BEZET
k2 TFA; JOA 30 mg AbEN, FFIMA 1 mL 46
K, SR 5~8 h, ZUHNFBE-UKEERR 5 & 1 JkE 28
FIBEFEHBM AR, FEEZAT 3 K 105 CTHT 10
min; fIA 3 mL ZFREF, 105 C ZEH L 10 min, &
AN 1 mL ZKIRHE AL 1B F 2 mL &AL
LBEALT=Y), IKBE 3 IR, S RE TR RN T8,
GC-MS 73#7.

GC-MS %14: Thermo TR-5MS itk (60 mX
025 mm, 025 um); F£F R &M EIBEE
140 °C, LA 2 “C/min FF#%E 180 C; FHLL 1 C/min
FHEZ 200 C; FLL 3 C/min JHEZE 250 °C, {14
S5min, HEFECERE A 250 C; #AHNAS, IR
N4 1 mL/min.

2.3 SHP-W %t CCLiFSRIRF 4L/ R BYF2 M
23.1 IFMoH. BS54 K 36 2 SPF g
P C57BL/6] /INRBENL 3 XA, A4 R
dEJeé (10 mg/kg) ZHA0 SHP-W 1. . &Eifl&E (25,
50. 100 mg/kg) 41, M4l 6 H. BEAECHkIRIED,
FWLHE (50, 100 mg/kg) X /MR AT HH B
FRER, T, ABFFIER 250 50 100
mg/kg 73 AVE NG H. mIEA. Bk 15% CCl-
MRS, 4% 2 mL/kg &R ip 3 IR, FLitif 6 JH.
HIEREE 4 S, %525 2520 ig MR 2599 (10 mL/kg),
XTREZH AN A ig SEARFIZE MK, 1 kid, ESR
3.
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232 FEMUEE RIRGZE, MREBEER, K
#E4 M, 4 CFEE 1h, 3500 /min L 15 min,

35 T80 CUKFITRAF. HUH AR IE AT 8%
KEI LR E, TR OFIERE= 1
AR ED, BUHFIERHHZE (0.5 cm X 0.5 cm X
0.5cm) BT 4%% KHEEE e, AT EgE
JRELGL T, R NS EESEE TH T
TERAEYD 16S rDNA 534

233 MiEEMATERNE  BULE, RAASEIN
BRI SCRT I 2 e 4845, B945 ALT. AST. TBA.
TBIL 1 DBIL.

234 HIZURHESN HHLURBAE 4% T 1HEZ
EHWE T 48 h T e &M w, ZM/KaEY .
DI BT 70 CHURHHUE 1 h, ERRBUER IR
8 30 min, Wi 2 X, LIKOEE 95%LHE 80%
L 70% LBEATRE R K, %I HE. RIREZL
A1 Masson Zeta il 7 &t B B T g tt, TRPER AR
B, #EMY A B3R OGE .

2.3.5 AL YL AR DU AT AH SR G B B R IA
VR A BT HAE 70 CHEUE 1h, BEATERRE
WK BRI NEE R FrE R MR

R THEE (100 C. 10 min, 60 C. 25 min),

AHEIRET PBS R E TRIKER, HE3 W, &
FU) R IR ITE 3%id EAC SV, B 15 min
KIEWIRPER EAL I . F 10%10 2E 03 = S
1h, B 5 RGN Col-I (1:200), a-SMA (1 :

20000 —hi, FETRES 4 CHELR: FHin—
P, 37 CHFE 30 min. K] 5 F& T DAB ARt
ST R, JEHTIOR R GAZ, VIR AT
PER RS R, ssh A E R E sha s,

2.3.6 Western blotting &l - 2H 23 AH OC 85 F 3Rk
FREL 30 mg FFZHER, A 1%IR & #0551 RIPA 24
R RITHE, 2%, 4°C. 14000 r/min &> 15
min, B EiE, R BCA A& EAKEG,

JIA 5X Loding Buffer, 7E 95 ‘CHI& @214 0
10 min AN, St + IR ERRN- RN
W 0t g B S LK, e B SR I — i SR B, I
5%E M A& AE A 2h, I Col-T (111000)
a-SMA (1 :5000). TGF-p1 (1 :1000) —#i, 4°C
FFEIERA AP, =ZiRIFE Lh; PBST k)5,
TR ECL f 22 Al A, T Rt Bl
ITHEG, NHH Image J 3EEXS H 56 AT KL 42
ih, THES HWE A AN RIAE .

2.3.7 16S tDNA Wl F il w it sty R
16S rDNA =i & I 7 1 AR X 738 N B PIREAS )
T E DA AT 0T . B SR A BEIDREA T4
WU AP0 L DNA, AR 51 Y095 16S DNA
(1 V3~V4 AIAZ X, % PCR =ik AT4lift. b5,
FIFH lumina JU5 - 6 4 @00 7 SC2E FF3EAT XU I
J¥ (paired-end sequencing). ZR7HFLGITEIRE ),
R E A H AL E L RS E P, R = R
AR . B RO B REAT AT R A KT
(operational taxonomic unit, OTU) EHRp#r, KH %
WL I B, HAEAR K (7L 8
TR AT . BETRRAEGARER S OTU FJE%E
B, T o ZREEREEL (Chaol $8E0D F1 B ZFEM:TR
$[ AL FRZHT (principal coordinate analysis, PCoA )],
AT R AR Z o gt b . ek A0 23 dr
(linear discriminant analysis effect size, LEfSe) 4.
2.4 SHP-W X% &= T ERFA 4L NRAIF R
241 PUERWEBHIS  FREC 1 g WM. 18
BRGH. 1gMBIER. 0.5g AlidER, MA
B 2L W, RISPUAE I
242 FE ERL S8 RAEIIE K 36 K
SPF ZHfENE CSTBL/6T /INEFENL Iy Ay IR, Y
ZH. SHP-W (100 mg/kg) AN +PrA 4.,
R+ A R H A A + B A R + SHP-W (100
mg/kg) H, T 6 R A4/ RIER S 452577
VR “2.3.17 T, PR &N RIKHPUER
W, HARH BB IER K. SEIRETRE, 3
BObE B A FEAS IR “2.37 T
2.5 GUtFESH

KHI SPSS 26.0 B AF#EATGE it 0 M, LAX £8
Fono KHHRZR T Z5rH17% (One-way ANOVA)
X2 AT LB B, R BN B2 Rk
(LSD) -t % 2 Al 47 te#e . KA GraphPad Prism 9.5
L/GER ISR
3 &R
3.1 SHP-W HZEHIFRAE
3.1.1 SHP-W LB, RS DAL AR F 5t & il 2
I KSERRITE . 99918 728 i (10 NS o 15K
b i) 445 2 SHP-W, SR F 2R I i BV I 72 S b 25
&=, WEIL RSN y=2.774 6 x+0.115 6,
R?=0.995 7, HREAGEEHEE BN (8827%
3.76) %; [AFERHEIRATE N E R IR 5 1, Ao 2k
(=577 F228 y=4.603 2 x+0.038, R*=0.996 2,
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AN PERERR . BCA A& EEREE, ik
R [R5 R y=1.738 1 x+0.174, R2=0.998 1,
KMHE AR 4RV SHP-W LT A s
RAEAR, AP,

3.1.2 X TFRENE  RA HPSEC X SHP-W
HEAT AN 3 e, il 1-A B, B NaCli

U, PR BRIE M AR5, 2 A g EAEN
A REAS A 1.818X 104 1 2.040X 103, Z5H 2
7~ SHP-W 72 H 2 AN [RIFHXT 73 ot 5 22 W 2H s 1)
A2 hE . HrhE A i EH s (1.818X10Y
A BE XS LT S BE A (1) 2 B AL, TIRAR N 731
JRELH S (2.040 X 103) MIFERAFEBAR BRI R 43+

A, SHP-W 7 16.88. 20.34 min /x 2 NE  JRELH.
A B
, B/o #47Y
1.818X 10 886.75
L
1
2929.47
2.040x 103 NaCl i
1
344372 43.04\
11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 1079.80
t/min
4000 3500 3000 2500 2000 1500 1000 500
c D v/em™
Ara GleN — bR
Rha
| Gle Man — SHP-W
uc Xyl Man Gle ‘DFuc AIHZ\} a]ll\‘ Xylﬂ GulA
L ﬂfi]N‘.,’m;n | 4 rgrg}_‘lb\%n Ga]A/YGIcA_ ManA
Gle S s
18 19 20 21 22 23 24 25 26 27 28 29 Gal'
t/min Gle Gal Fuc
| Man
e || .
o k — &

28 29 0 5 10 \J5 20 25 ;
. t/min
t/min
E HDCOAc

87.1
99.0

711 |

gl bl Jols o

111.0 141.1

———— S

T T T T T T T T 1

30 35 40 45 50 55

261 AcO H
OAc
H,COAc
189.1 )
v | 2010 231.1

60 80 100 120 140

X1000

o -

160 180 200 220 240 260 280
mlz

40 45 50 55 60 65 70
t/min

A-SHP-W HJ HPSEC [&; B-SHP-W MIZLAMGIEIE]: C-GC-MS Kl SHP-W [ 8pE2H A D-IC IEAR I SHP-W [ BE4LRL:  B-3-0-F A3
B MS [&; F-SHP-W [{3 T H; G-FIEALIBE & GC-MS Kl SHP-W IRFE H R

A-HPSEC of SHP-W; B-FT-IR of SHP-W; C-determination of monosaccharide composition of SHP-W by GC-MS; D-determination of monosaccharide
composition of SHP-W by IC; E-MS of 3-O-methylgalactose; F-scanning electron micrographs of SHP-W; G-determination of glycosidic linkage patterns

of SHP-W by methylation analysis coupled with GC-MS.

Bl 1 SHP-W RILSHGFFE
Fig.1 Structural characteristics of SHP-W
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3.1.3 a4kt Wi 1-B FoR, SHP-W &R
2 MR AR LA GIERFE, 3 443.72 cm AL
SER T B PRI R SO UG, T I 22 3 1-OH (A 4 i
3l 292947 cm A JE T ZHE A4 C-H XFRAIA
XIFR B ARIRS), Al REAE(E-CHy F1-CHs: 1 000~
1200 cm™' ] 3 ANREAE IR ST e 3 B A 7 N g
900~800 em™! IR IR IRAFELE BRI o A1 B
MRS A 1 740 em ! A R BRI, BEEHA
EHRILEAEM], Bl SHP-W ASEhimsR:, AhiEx
B, 5P e 45 R 5.

3.4 HREHRT SRR TSR o
fRlE (partially methylated alditol acetates, PMAAs)
S GC-MS Wl 5E SHP-W H (1) Sps 2 Bl . 11 1-
C. D iz, 5 15 Mrep bt s b, SHP-W H 2
FUVE. HIENE. BB, AEREA, YRrEL
N 34.6123.0:22.7:19.7, 4, PMAAs BB T
ME SRR N 27.5 min MR 1 NS
g, XA BT O AR E. 18 PMAA 1)
GC-MS 7381 (E 1-B), ZAhBWmEES A
Hm/z71. 81, 99, 111. 129, 141. 159. 189. 201.
231, 261, FREMEBOA m/z 261, 189, S53CHRIR

T 3-0-F e FUREE B £ BRI AT A= 1 10 o 1 ]
— 324, IR PMAAs S T B o AR A BE I A
N 27.5 min [FJEHER 3-0-F IR,

3.1.5 HHEBSN Wi 1-F Fos, 80K 1000
£5 T, SHP-W i R 1 2 IR B HERR 1)y 2 IR E544)
RAZHE TS Bosm A EAE R CinS s ekt
IKVERD TR R T BUE IR BEERAS o 1 — TR (X 5.000)
TR, EEE R AR B ) 2 FLURHE, FLEE
YRR 2 WE SR AR

3.1.6 BEEBEEE SN WHEMES GC-MS B
SrHT SHP-W [P 4% 8277 30, W38 5k
PMAAs ] SHP-W 5% 5 bRt PMAASs it i i4E47
PUAS o AR SROBEAT AR W I O B B ) R = (0 85
JrUE, HEWTIE R IR IR S o S L E T . LAk
PMAAs FIURH R 1) B F-im B an 1 1-G 3R 1 Fos.
SHP-W 1 1,2,4-Fucp. 1,4-Galp. 1,3,6-Glep. 1,6-
Galp. 1,2,6-Manp. t-Glep. 1,3,6-Galp, t-Manp. 1,4-
Manp. 1,2,4,6-Manp- 1,2-Manp. 1,3,4-Galp. 1,3-Galp
A 1,3,4-Fucp W, YIRMENLAN 19.7 164 :
134:103:88:86:51:41:39:25:24:
21:1.7:08.

#F1 SHP-W i) 14 MBEHRRYRNE
Table 1 14 Types of glycosidic bonds and molar ratios of SHP-W

tr/min WET RS (miz) i E L HERRR
27.795  2,3,4,6-Mes-Glcp 43,71, 87,101, 117, 129, 143, 161, 205 0.086 Glep-(1—

28.033  2,3,4,6-Mes-Manp 43,71, 87,101, 117, 129, 143, 161, 205 0.041 Manp-(1—
30.155  2-Mes-Fucp 43,87, 99, 115, 117, 129, 131, 145, 175, 189 0.008 —3,4)-Fucp-(1—
38.617  3,4,6-Mes-Manp 43,87, 129, 161, 189 0.024 —2)-Manp-(1—
39.182  3-Me:-Fucp 43,87, 101, 117, 129, 143, 159, 189 0.197 —2,4)-Fucp-(1—
42192  2,3,6-Mes-Galp 43,87, 99, 101, 113, 117, 129, 131, 161, 173, 233 0.164 —4)-Galp-(1—
43538  2,3,6-Mes-Manp 43,87, 99, 101, 113, 117, 129, 131, 161, 173, 233 0.039 —4)-Manp-(1—
44974  2,4,6-Mes-Galp 43,87, 99, 101, 117, 129, 161, 175 0.017 —3)-Galp-(1—
46.994  2,3,4-Mes-Galp 43,87, 99, 101, 117, 129, 161, 189, 233 0.103 —6)-Galp-(1—
50.681  2,6-Me-Galp 43,87, 99, 117, 129, 149 0.021 —3,4)-Galp-(1—
54.374  2,4-Me>-Glcp 43,87, 117, 129, 159, 189, 233 0.134 —3,6)-Glcp-(1—
58.472  3,4-Mez-Manp 43,87, 99, 129, 189 0.088 —2,6)-Manp-(1—
59.221  2,4-Mez-Galp 43,87, 117, 129, 159, 189, 233 0.051 —3,6)-Galp-(1—
62.381 3-Mei-Manp 43, 85, 87, 99, 127, 129, 159, 189 0.025 —2,4,6)-Manp-(1—

3.2 SHP-W X} CCL FSHIRFA4H/ RIS
1ER

3.2.1 SHP-W XJ 244k /)N AR 5T 5 R0 I 4 2
s ik 2 B, SR b, BN,
R R FERK (P<0.001), FFREEHREZETS
(P<<0.001); SR LA, Heh 2520/ NRIAT 2
PIEZETE (P<0.01. 0.001), HFHFHE % 3% A1

(P<<0.05. 0.01. 0.001).

3.2.2  SHP-W X 2R 44k /)N RIS - Dy e 1) 52 i
W 3 fros, SxtiR g, BN RS T
AST. ALT. TBIL. DBIL X TBA /K-F¥J & & T &
(P<<0.001), #7454 KARAC s SAY
MR, BAZH/NRIMES AST. ALT i& 1 2%
B (P<<0.01. 0.001), SHP-W . B4R
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k% . R L
H#itH
w0 20 o\\o
I £
®
10 =
O —
I ORERL 25 50 100 ‘EiudRe X R 25 50 100 ‘ZHiudEe
SHP-W/(mg-kg ™) SHP-W/(mg kg ™)
ExHRALSE: *P<0.05 #P<0.01 *P<0.001; HSHRHLE: "P<0.05 "P<0.01 *"P<0.001, FEF.
P<0.05 *P<0.01 *P<0.001 vscontrol group; "P<0.05 “P<0.01 P <0.001 vs model group, same as below figures.
2 SHP-W 5t CClL IS HIBT 4/ RIRREFMFFAIERAEIN (XLs,n=6)
Fig. 2 Effect of SHP-W on body weight and liver index in CCls-induced liver fibrosis mice (X £ s, n = 6)
40 80
H#it#
30 H#it 60
0 T
= —
g sk Kk 0
a 204 EETY 3 40 .
5 ke 5
< < sk KAk
10+ 20-] etk
0- 0
YR B 25 50 100 ‘HAudEe SR BER 25 50 100 EivdRE
SHP-W/(mg-kg™") SHP-W/(mg-kg™)
8- 1.5 20
#itH
64 ¥ * il i 15 it
= - = 1.0 =
g e sk S *
3 3 =
= = 0.54 m
E 2= g sl 5=
0-! 0 - .

R OB 25 50 100 RfidEe
SHP-W/(mg-kg™")

X OBR 25 50 100 RFARR

SHP-W/(mg-kg™")

TR B 25 50 100 RfudEE
SHP-W/(mg-kg™")

B3 SHP-W Xt CCLiESHIFF A4/ NRIMBELEIFN (X+5,n=6)
Fig. 3 Effects of SHP-W on serum biochemistry in CCls-induced liver fibrosis mice (X £ s, n =6)

fidEJe 4l TBIL /KFEEML (P<0.05. 0.01),
SHP-W %7 & 41 DBIL 7K~V & #F % (P<<0.05.
0.01), SHP-W {k. miifl&E4 TBA /KT &3 FF1K
(P<<0.05). %] SHP-W X} CCly 75 3 I £F4E4L /N
BRIV T Zh e e A 5 35 M G 1R

3.2.3  SHP-W X 4R 4k /N B 2H 23995 B F0 AR Ji
SAEVIRRRIRZN HE Yo st (- 4-A) BoR, 5
XA LA, BT ZH /N BRI ZH 23 2 00 /I i

L, A REREMILRIE; £ SHP-W 8%
PR THE, FHRA S MBI EERE, R
FIZ D, L SHP-W 7 s 4 i el U el
B, RREafasgiR (4B, O Bon, A
YN BRFIE I X R SR £F 4y A B e (P<
0.001), FHTEHIELLF4EAIRG; 4 SHP-W BlZR fidkE
JeFHE, BIRAETIRE E D> (P<0.001),
H SHP-W =3 771 2 21 A 5 1 et
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A FKhide
5 1 B S
C
2.5+
54 £ 20]  w
g:(?)(z){l‘m I‘T‘IT!'-. 2 : [exzroh %f 1.5 "
SHP-W 25 mg-kg™' SHP-W 50 mg-kg™' SHP-W 100 mg-kg™' g P
& 1.0 _
5 =
= 0.5
0 -
XHHE A5 25 50 100 AR
SHP-W/(mg-kg™)
ar=r—b A T g fazzr 9

A-HE g5, B-RRBAROAER: C-RIRELI O N2 8.
A-HE staining result; B-sirius red staining result; C-semi-quantitative analysis of area stained positively with sirius red.
4 SHP-W 3t CCLiESHIBT A4/ RATARRIBMR R ALEMIRAIFIM (X200; X+5s,n=06)
Fig. 4 Effect of SHP-W on liver histopathology and collagen fiber deposition in CCls-induced liver fibrosis mice
(x200; Xts,n=6)

3.2.4 SHP-W X HF4F 44k /)N U 2H 23 b 4 4E AL A
KEARBRIEW VPS40 FE R . HSCs
TR, R At L Col-l K a-
SMA HIFIEHATHII . Col-T VE AT 4k 32
IR, HYTARFR FE T % W T 2 AL g ),
o-SMA 8 HSCs iR e Fhn s, H&R
ISR R0EAl HSCs SRR, anl& 5 B
N, SRR LR, AN R Col-l. a-
SMA HIBAMERIE BETHE (P<0.001); SHIAIL
bbi, 25 /NRIFAHZF Col-l. o-SMA HIFH
PER A B B (P<<0.001), Hr SHP-W &7

=H M .

Tyt —LIIE FIREE R, K H] Western blotting
S WU JFF 2 4 Al /N BRFEIIE b 2R 4 AR &) (Col-Ts
TGF-B1 Ml o-SMAD [H HEIEKF-. tiEl 6 Fis,
LR b, A /N R 2H 2 Col-1. TGF-B1
Al a-SMA | HARIEKTEE T E (P<0.05); 5K
RA LR, SHAHPNRIFHLF Coll EEARKIA
KPR ERL (P<0.05. 0.01), SHP-W {&. 7
wEAMRREAECAM AL TGF-B1 8 HRIAKF L
ZREAL (P<<0.05. 0.01. 0.001), SHP-W . &7l
BHHMRP AR o-SMA  F Rk K F B ERT



e 4654 « F8 B 2026568 $£57% B12H  Chinese Traditional and Herbal Drugs 2026 June Vol. 57 No. 12

Xof e TR Fhidkje
; ol ‘
xX
200 pm i o NI g =
p— orere. rrree o) inxrer @
S'; SHP-W 25 mg-kg™! SHP-W 50 mg-kg ™! SHP-W 100 mg-kg™! =
- 3
: =
3
SR BT 25 50 100 BAuARE
SHP-W/(mg'kg™")
Xt Y FhiAEe
‘\;rn;\\ ‘\ o ;
AR S
vféq s o 2 g
,‘ N = Hith
L't’&-‘._ t’\b v 4'&1 E 6
<« [200 pm % . } R 2
2 (exx2TN =i o k rITIT :IH 4 sk
X SHP-W 25 mg-kg™! SHP-W 50 mg-kg™! SHP-W 100 mg-kg™! = \
& = 5 . etk
< sksk
>
@
s X B 25 50 100 FHiARE
SHP-W/(mg'kg™)

5 SHP-W 3F CCls IS HAT 4L/ RATRL T Col-1 & a-SMA FTIARIFMT (X200; X+s,n=06)
Fig. 5 Effect of SHP-W on expressions of Col-I and a-SMA in liver tissues of CCls-induced liver fibrosis mice
(x200; X£ts,n=06)

TGFBI[—— Y T = _E N __E Bl -‘SOOXIO“

B-actin | —— — G S SR G G e— — — — ‘4,50><104

SMA| S B D B B e S . — ‘4‘2o><104

GAPDH[ e 2 . _E _ ¥ K _E __E_ N __E \3,6o><104

ot it 25 50 100 X
SHP-W/(mg-kg ")

k3%

1=
1
*

Hk

o
W
1

0.59

Col-I/B-actin
>
1
*
*
TGF-B1/B-actin

0.5 T

a-SMA/GAPDH

0
R R 25 50 100 FAAEE MR R 25 50 100 ZBEE ST B 25 50 100 ZhidkJe
SHP-W/(mg-kg ') SHP-W/(mg'kg ') SHP-W/(mg'kg ")

& 6 SHP-W 3} CCl4iESHIFTAH L/ NRITALR P AL WARENRIENZN (X£s,n=3)

Fig. 6 Effect of SHP-W on expressions of fibrotic markers in liver tissues in CCls-induced liver fibrosis mice (X +s,n=3)
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(P<0.05), i SHP-W =57 2% 45 4k by i
FIEBAMEIE B . DL ESE R, SHP-W 1 fg
IS A HSCs Wik Bl AR 4R iRk 45 Hpi
HHALER .

3.2.5 SHP-W XJ £ 4efb /)N B 18 AR 9 1 5
T Jaccard B EFEFE PCoA 455 (K 7-A~C)
R, KRR AR AR AR A (] | R I
K CCly 5 ST AT 440 5525 2038 T R T B B
ZREMEEE . SHP-W A IIFEA A1 2ILH 5 R ZH
TER RIS, $7~ SHP-W T ] e /i 1
CClL MR, £ K E (B 7-D~F), 5
MR A LG, SHP-W T Fli & B T JEEERE ]
(Firmicutes) [IAHXTFE (P<0.01), [FIRFIAFFEET]
(Bacteroidetes) AHXJ 2 &, H SHP-W
e B 2L R B T 1A B M YR 3 PRI (P<<0.05)
Xt @ AT T A (B 8-A) Fl LEfSe (& 8-B. C)

A B
0.4 0.47
—_ . « SHP-W
N . kg 0.2
5 02 .. 100 mg-kg _
N . SHP-W l<
= o, 50mgkg! 2 0
< 0 . o A
® XHE ]
9 = ! 02
70'2 L]
-0.4
-0.50 -025 0 025 0.50

PCoATl (13.28%)

D E

30 15+

2 20- & 10
2 2

% 10 g 5
uig =

X AR 50 100
SHP-W/(mg-kg™)

38, A lg LDA>3 NBIME, SERAAHEE, i)
) SHP-W S5 2032 7 9 DR MR, HAH Ik
W J& Dubosiella [T E Heibacterium~ BRFi#R G
& Olsenellas 73EMATEE Turicibacter. % I
J& Roseburia =F £ ¥4 I, 1 Ligilactobacillus
LachnosPiraceae UCG 006
UCG_002 FLEFA%; mi7fE2 ) SHP-W g 7 7
MR FEAR, HIREE Dubosiella. IR &
Muribaculum « Wi 5 98 & J& Desulfovibrionaceae_
unclassfied . 73 2T B8 Turicibacter . 413K TH J&
Rhodococcus F-FERM, Peptococcaceae_unclassfied
FIE N AR (B 8-D) PR, HIK
Dubosiella « i1 9N & J& Desulfovibrionaceae
unclassfied 5135 AST. ALT FIRIRE L eta 58
=EIFAHR (P<0.05). $tm SHP-W A fEidid i
R E B AR EEREGE CClL iR T4k .

Coriobacteriaceae

R A

C
0.4+
#itH sk kokok
T 2 =
DEE
O -
S
£ == Hi
é 70.2_ @
T T T T -04 T T T T
R A 50 100 R 50 100
SHP-W/(mg'kg™) SHP-W/(mg'kg™)
F
44 ##
—
® 34
x
= -
= 2]
sl
B o1
iy

X 50 100
SHP-W/(mg-kg™")

50 100
SHP-W/(mg-kg™)

A~C-PCoA ; D~E-[T/RVJZEER [T, AT TS 35 F-JSBEG I AUATE 1 14E .
A—C-PCoA; D—E-relative abundances of Fimucites and Bacteroidota at phylum level; F-Fimucites/Bacteroidota ratio.
7 SHP-W Xt CCLiESRIFF A4/ R AZEESEF PCoA F1I K FHIRNI (X+s,n=5)
Fig. 7 Effect of SHP-W on PCoA and phylum level of gut microbiota in CCls-induced liver fibrosis mice (X £s,n=35)

3.3 A ETFHEX SHP-W MEFF A4 LRI
o ZFEHEFRECE N FEAS R R ZAEPER b
FLFEREAS FP 2R ) T FE AN S FE 7281, sd
Chaol ¥RHECVHAL, KIPUAERGIEANYIMEEE
BARMPTAERASHE TR (P<0.01. 0.001, K& 9-
A, RUIPTA R ACFL T E 6] T I E e F .
3.3.1 SHP-W XHiAEZ 405 LT 4EA0 /) SRR BT

BRSO Wil 9-B. C FoR, fEPUE
ZTIME, SPAERAME, BA+HE RN
R EE TR (P<0.001), FFFEHREET =
(P<0.01); SR +HAERAILE, BA+HAR+
SHP-W 70 J& /)~ B4 ol 8t S i 2508 S8 25 8 4k
K] SHP-W Xif FF£F 44k /) B A o 2 A U Fr) 47
1B R AT i T
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SHP-W/(mg-kg™")
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Fig. 11 Effect of SHP-W on liver histopathology in liver fibrosis mice after antibiotic interference
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