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Abstract: To contribute to better understanding of the structural composition, bioactivity, and intestinal health effects of

Huaishan polysaccharides (HSP), analyzed the changes in the molecular weight and monosaccharide composition of HSP
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after digestion with simulated gastric juice, and evaluated its impact on intestinal cell proliferation and differentiation using
a three-dimensional (3D) organoid model. The study findings showed that Huaishan polysaccharide molecular weights
averaged 139.173 kDa prior to source plant digestion, and 1.676 kDa after digestion. Prior to digestion, D-glucose (89.72%)
was the dominant monosaccharide, but its levels decline significantly after digestion, while levels of other monosaccharides
(e.g., D-mannose, D-galactose) tend to rise. Immunofluorescence analyses confirmed key intestinal cell markers, including
Ki67 (proliferation), Chromogranin A (secretory), Mucin2 (goblet cells), Lysozyme (Paneth cells), Villim (absorptive), and
Olfm4 (ISCs), were present in the 3D organoids. Chinese yam polysaccharide-treated organoids exhibited significantly
enhanced mRNA levels and immunofluorescence signals for Ki67 and Muc2. Huangshan polysaccharides also upregulated
respective Lgr5, Olfim4, Wnt3, and HesI mRNA levels 1.32, 1.15, 1.1, and 1.12 fold (P<0.05). These data suggested that
Huaishan polysaccharides enhance ISC proliferation via Wnt-mediated Lgr5/Olfim4 activation while promoting goblet cell
differentiation via Notch inhibition. These data revealed the structure of Huaishan polysaccharides at stages during
digestion, and its intestinal proliferation and differentiation promoting effects, laying a foundation for Huaishan

polysaccharide application in functional foods.
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1.1 MRIEEE
WEILZY  HHEBE T SRR 1L 2 =

fiZ (TFA) | 1-253E-3-H JL-5-ntb e kil (PMP) 535
R LA ARG RR AN G BpbprvEs,  HER AR

Ry A BR 2N 515 AR 24 L5 (Fetal bovine serum, FBS)

I E NS AE R R E] s (=125 CDU/
mg)  K[H Sigma 2\ F; Matrigel FEBTICM4L €
[E B 75/ 7] ; Advanced DMEM/F12, 1xN2 #p 557 .
B27 #h 75 . HEPES %b 58 5l . GlutaMAX %b 78 51 |
100 U/mL HF 5 2= . 100 pg/mL $%%% 2 . Alexa Fluor
488 IIFEPitabiilh SEEFEER KRB AT IR A F];
Po Ki67. DA TAET . PLEER PR AL Pk 2.
POLEHEMA . BUE SR EH 9EE Abcam 2V H; BT
Olfm4 ZE[E Cell Signalling Technology 2\ ]; DAPI

R RAEYEFE A R F; RNA 4208 RNA
i B 7] . 4xHifair®IIT Super Mix plus. DL2000
Plus DNA Marker. Taq Pro Universal SYBR qPCR
Master Mix iR YIRS A RS Fl; 5xgDNA 14
AR EY R YRHE A R F; GelRed 1R
B GYEL. 10000xin water IR & @
HBR T A/ EGF. FE4H /N Noggin, F4H
A R-spondinl ZE[E Thermo Fisher Scientific 2\ ] ;
C58BL/6J Stu/ N (R Segeds 28 3 HER > 5 4,
R 15~25g BIMEPE/NR)  WIRG VS sa S50
A RN E, R A R A Y R 22 s AR B2
DSBS AEH R 2025 55(16) 5

BTP-8ZLEOX HZASWRATHEIL 32 SP Scien-

tific A F]; SY-5000 JEfEZE kAL GV SRAEALER
J~ ;5 Spark £ FL Hz & M 1 . Forma.Steri-Cycle 1160
CO, ¥53%F8 L EZEBIH/REMHE; APG1100DAD
AR B RSt 32 [E Agilent Technologies 2y
F]; LSM 880 Ottt MAL M ids  1EBIE ZEISS A FH];
SCI1000-G PCR £ & #AE IR 35 E SCILOGEX
N Agilent1100 g DADKGINES, TR M BLIRAE AL
AR R A
1.2 LWHE
1.2.1 WL e HlE A S0 Al AR e 75 5]
(DES) 72 Bl LL i ZHHR0 B Sef i vl LB
ZEad Pk £ VA (3 mm JB) Fil it A e R
TR T, LI HERE 100 H i R 53 X0
HEL R B T B i . FF 5.00 g I HOBIAR LA 1:40
A VR Lb 5 S AR PR 2= (B2 K L6 1:2) DES #5571
BE . IREWHE 90 C Ak T4 Bh %
BY 40 min. #RJEHNA 5 mL 10% JERHEE, 50 °C BEfE
60 min, FHILA 2 mL 5% WL, 55 °C fifffi# 60 min,
WK KR 2 min J5WRH], A 4 f5TCK L BE, 4 °C
H 12 h, 7E 3000 r/min [ S50 &0, B0 E]
5 min, 25 EIEW, ULUE A TC/K L BERT 80% L 1
R VREWIR, BRI 2R . A SRR
1/3 14 Sevag i (&5 1 1E T BE=4: 1, v/v), Foir ¥z

% 15 min J5WEE 2 2WEm, R 3 Ik, HEE
M2, I PRE W, ek Ze & 2 FAARFAY 2/3, T
pH % 8.0, RIS 3% Myt AbE, 50 °C W 2 h,
A 4 f5JC/K 2%, 4 °C 8 4 h, £ 3500 r/min /13
SR, BEOEHEN 5 min, B2 EIER, 1528100
VERIAFH Z 4%

1.2.2 WELLZHELEEEARGIN AR S50 FH i I - BRI AS:
LA Z 2l R, 435I 0. 0.2, 0.4, 0.6, 0.8,
1.0 mg/mL FZIPEPRER, TNAGRER- B, /£ 625 nm
A HZ AR, T LSS S 28 B bR v 2 b
VT i 2R (B v it 28 05 2 : y=0.2796 x+0.0044, R*=
0.9966) o FEAFIMHE L Z WHIE R AE 625 nm P FHIK
HAE, AR LT A=A L L sl

ClxV

W1(%) = x 100 7 (D

A C1 B (mg/mL); V g RE SR
AR (mL); M MR E (mg) -
1.2.3 ERORAH ORI PR . AS S50 R
TR SR G T T 0 S BB ZE P2, FREL 10~20 mg
FEMAKRE S B AKA#AE, B0 5 mL 19 2 mol/L =32,
BR(TFA), MAAFETHE 11 AELELHESIN 4 mol/L TFA
A EWMR S EEMAR, T 110 C HEKM. 7K
= E E R FH R B A 45, 76 70 °C /K P AR
RUZE T, B - T B 0E 2R E 2 — IR AR5 R
TFA 5% . B IR R f# T 0.3 mol/L NaOH ¥
W, BUZH B AE BB T /E% (0.4 mg/mL)-5 PMP
A G TR R G o VAR FRZ: 0.3 mol/L HCl
ORGSR HZK-SED5 IR -GS AT — IR FE I
e B2 K FHZH 43, 25 0.45 um 3% 7K U8 5 38 5 45
ax Vi

3% 55 3% FE Cig A (250 mmx4.6 mm,
5 um); WA A: 100 mmol/L R 4N 2% rh itk (pH=
6.7); WA B: ZAf; K< 250 nm; #4:7&: 30 °C;
Wik 1 mL/min; PEEERE 5 pl.
1.2.4 MEIFEISEFERARL RIS Sato HM
M7, PRSI ISR E . BRI 4~5 JErlfErE
C57BL/6N /N U 5] H /N i (BB 190 & #B3 AT 10~15 cm
Bit), K a4l e 1 DPBS WG vE T, 8
M7 BBy 24 3 mm R e R 582 2 30 mL il 75
W (0.05 mg AN T %R T 1 mL B9 1640+5% HG4-
MTE+1% T8 /AR 22 D, BB A 800 ke s it
IS WAE 37 °C FRIRT RS 1 h, 075 450051
WG TT 70 pm UM UERS, B HATTE, FTRRITTE
JH PBS B VRG-S O BN DTTE, B 2 # . K
M MILPTHE R LT T Matrigel 1, #EFA(H ] 25 pL
Matrigel f2.3 50~200 ~Bass 4ifd . % 25 pL B
48 B B2 R AE 48 LA 0 o Bl TS ST RPRE B 3R A
¥ 7% % 5% CO,. 37 C Bi 34 h &+ & 20 min, filf
Matrigel 78432 &, iTA 250 uL ENR /) U3 55 3%
(7£ Advanced DMEM/F12 #5323 b il 10 mmol/L
HEPES. 2 mmol/L GlutaMAX. 100 U/mL % 2
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Table 1 Primer sequences for gPCR
319 LT TET 1
GAPDH ATGGGTGTGAACCACGAGA CAGGGATGATGTTCTGGGCA
Ki67 GCCATAACCCGAAAGAGCAG CCAGTTTACGCTTTGCAGGT
Muc2 TGACAATGTGCCCAGAGAGT AGCTTTGCATCGTTTGGTGT
Lgrs AGCCCTGTGAGCACCTATTT ACGGCCAAAAGTGAATGCAT
Olfm4 TCTCAGCCACTTTCCAATTTCAC CACCTTAGAAAACTCTCTCTCGAAT
Hesl TCAACACGACACCGGACAAAC TTCATTTATTCTTGCCCTTCGC
Axin2 CATAGTGCCCAAAGCATAAGAAAG GGTCCTGGGTAAATGGGTGAG
Wnt3 GACCTGGTCTACTACGAGAACTCCC ATGGCATTTCTCCTTCCGTTT
Mathl CCTAACAGCGATGATGGCACA GGAAGGGCATTTGGTTGTCTC

100 U/mL $5752 . 50 ng/mL EGF. 100 ng/mL Nog-
gin. 100 ng/mL R-spondinl. 1xB27 k5 F1 1xN2
FFEFD) , FHBEACE T 37 C R IR IEEE IR (5%
CO, ), B 2 d THHe—RIHFRAL

1.2.5 Cell Counting Kit-8(CCK-8 ) ¥ il 41 s 7% JJ
B, B RS E R R 96 LR P, IS IR B K
2578 80%. FJS, MHEEALH N A CCK-8 25, Hf %
FEMRET 37 °C WEE 1~4 h, PIEIEEGROCIE . BEE4h
R, A FHBEARYAE 450 nm ST I E 45 FLAY I OG
BEAE . OGRS, ISR E 1 4N i £ R
Z, W 18 . BT b AN AN LS 1 d FI%E S d
FIICEEAE, ARYE DL R A= S B niE 128 1k

AT (%) = iziiz % (D

b As RN BAAT M . CCK-8 IS AN 25 )%
WY FLII SR ; Ab Ko HAA 15 3R FLFI CCK-8 %
WRAE AT 2 M FL I G B 5 Ac 3RoR BAT 20 I
CCK-8 W RAH A 25 LR O'GRE .

1.2.6  HiEsd G S S AG I i AW A 5 b ik i 2k
P AR e B I RA(1~6 d), ¥4 48 fLAk P EEFR
Fe IR, T 4% 22 5 W [ 2 i A i o F BRI -
PBS 2y 1:1 Bl E IR EHIZEARE . RearE 55k
Br—PUIE 37 °C, 5% CO, i¥H 2 h, JH PBS BE# 3 K.
BRI, RSB S50 PUAE 37 °C, 5% CO, FiiF
H 1 h, JH PBS VUL 3 . FH DAPI XJ 41 i £ 4% 5
15 min, FHEHHREZSC R IMETIEE

1.2.7 Quantitative Reverse Transcription PCR(gqRT-
PCR) SZEG AN I AL R Gk AL AH gRT-
PCR JEAGIN A FE R FIRP BRI eas B 597
Fite, FFHOKVE i BEemitids 77 58 i S WA TF I A i
Fifdi A Trizol 35 HEHLE RNA, HU 4 uL 4xgDNA
wiper rMix, RNA ££ /i 4.24 pg. 4 uL 5xHiScrip Il
qRT SupperMix I, JF@INTCHE/K 2 20 pL, 22218
SYJE AT I S o IOWAR)TR: 37 °C 15 min; 85 C
584 CHRH. RIVEHRIG, RNA §165 cDNA.
{#i FH SYBR Green ZE B 225 58 i PCR TR #7257
0058 B R A BT I B AT mRNA [ 23R8 17 8
o IZIXVAE Quant StudioS SLATZE G E H PCR 5
gL AT . RV ARY M. Stage 1: THAZ 1, Reps: 1,

x 100

95 °C 30 s; Stage 2: PCR # 1%, Reps: 40, 95 °C 10 s,
60 °C. 30 s; Stage 3: ¥ it T ZE R 4E, Reps: 1, 95 C
155,60 °C 60's,95 °C 15 s, RWVAKZFEMN:0.4 uL E
PB4 (10 pmol/L) . 0.4 pL TIES 14 (10 pmol/L) .
10 pL 2xTaq Pro Universal SYBR qPCR Master
Mix, 2 uL Template DNA/cDNA, %k 75 JG i 7k =
20 L. EHAMEIZIFINGN T 1 . A 2724
AT B

AACt = (CHHEZE R — Ctpy S 2E R ) i 56 4H —

(CULEE R — CtN 2 L[R5t R 2 W &D)

2 2722 AP Rt 4 H 36 DAL g Rk AR X
TFXF BRLH A A ER
1.3 HEAE

AT RRLH B w25 /04T = Rak =k LA _Amsr
TR, FH SPSS22.0 #FRA4 LS ¢ K ai B = Iy
225 M AT G 24400, P<0.05 A k22 5% W35,
GraphPad Prism 10 {7414
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2 FER5HHh
2.1 HUZFEHKRIES FEMNTL

HELL ZHEI 53 F R AR Y R~ —, T
R LER AL IE 2%, B B 5T i (Mw) 3%
TNe ANSZEGSRH GPC 5 e L ZBETS AL AT S PR ZE
Sy BAARNT 43 B, WL AL TS e £k an
El 1A FIE 1B Uias e ARPEAS[RIAH XS 4357 SR
& 19 1g Mw-RT #5 #E il £ (y=—0.9295x+11.9701,
R’=0.9988) 114, HELL ZHHH AL AT FTE AL fa Z B
BRI IE] 5351 9 18.27 min A1 24.78 min, P FNZH 5311
FH X} 43 F B & 43 B oA 139.173 kDa A1 1.676 kDa
(F2),

2 WENZHRHACETR B2 1
Table 2 Molecular weight of Huaishan polysaccharides before
and after digestion

b £ EA 1] (min) Mw(Da) Mn(Da) Mw/Mn
THALHT 18.27 139173 9136 15.2335
HibE 24.78 1676 1085 1.5447

2.2 LS TEHERIESEWAERITL

YE L Z2A R SOBR 25 A BRI X T AL AT S 2R Y
AR B R . ASSEIG SR FH S SO A (a5 R R
MTHEAC AT 2R S B A0S fh, v LATEHE G 2 AL AT
JEHE IS AL (8 2A I 2B) . ARIPETHIL
R ML 4 (3R 3), AT LG BT AL R0 2l
FER dAEERE, HEEJR A 43 LEh 89.72%; Hik &
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[ w P
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S S 3
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(=]
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\

12) 456 767 | 1214
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RT (min)

=]

d-H @R (3.792%) . d-2L2FLFH(1.939%) . 1-BlHifriwk
(1.392%) & Hpl, HELLZWHEILERR d-ispE &
BEEARA L, A Bs B S A TR b, X nl fe & i T
At TR A vE L 2 — 2 o i A B, s 1-BR
2 d-E I AR . d-2PEUbE . d- AP
2.3 #4932 3D BFiE AR EIRE

Ki6 7" Chg-A"Y | Muc2P¥ | Lyz"2 Villim">) Fi
Olfin4P 43 H & Wi B IEFA MM . 43I0 A1 A . BRAR 40
A W AT . W AR A A IE T A0 AR e SE A .
FRYE GRZETE LI ZE S, 5 R g M R T ANH]
ML IPRIC IR, X FRIISCEEE T 1Y 3 4E(3D) /NG
e HAA /Mg _E R AR, 3SR/ Mg
PR AE R 2 (E 3) .
24 HELZFERHZIEMRIEE

ASSLEGWFSE T UE L Z2 08X 17 18 4 i 7S PR Y 2
i, CCK-8 KriM &5 R AnE 4A fin, SERFEHH, 7EER
kL Z2HE S, AU AETE R AR S I kA, B
ZEUE L Z RN BRI, B 2 M ) 50 U I 5 e 5 A 36 n
PG iR, 65 5 d IS4 ISR A3 ) Sl X IR ZH
F4 2.08 F1 2.53 1% (& 4B), i Ud BV L1 20X iz 24
FE R RA (R VER (P<0.05) .

AN 4C iR, SRR EHELL 285 (10 pg/mL .
100 ng/mL)ACF S, /NS 28 B v 3G 58 20 Mg b 75
Ki67 W28 5 G0 B 450t IR 2H . 35 T H i (P<0.05),
FUIUE L R BUE I A B FETE PR . Ki67
FY mRNA FKIRACERNZE R B R (KBl 4E), 10 pg/mL
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600 - | After
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0 iy T

0 5 10 15 20 25 30 35
RT (min)
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TR EEAR A
Fig.2 High-performance liquid chromatography chromatograms of monosaccharides before (A)
and after (B) digestion of dioscorea
T P U IR 1 I IR 2: d-H BRI 3. d-HF #R W, Man; 4: d-2 3 A S, GIeN; 5: d-B%HE, Rib; 6: 1-FL 2 HH,
Rham; 7: d-# A BHBETR, GICUA; 8: d-KFLHEREMR, GalUA; 9: d-ZFEEFLHE, GaIN; 10: d-# %58, Gle; 11: d-FFUHE, Gal; 12: d-AK

B, Xyl; 13: 1-BTHiARE, Ara; 14: 15 360, Fuc.

# 3 WAL B LAY

Table 3  Structural composition of Huaishan polysaccharides before and after digestion

JEE IR

FEh Lot D-H B D-F4% D-2UEA D-Bol L-BUSHE D-AAGBE  D-FFUM D-EUEY: D-ATAIHE D-FFLHE D-AHE L-BTRiIHE L7

i MR HiMan ZjHEGICN  Rib

THALHET  0.049 0.000 3792  0.154  0.000 0.627 0.460
WHE 0471 0.139 4768 4467 2182 6.384 0.527

H4r (%)
Rham 4MAGICUA BEFRGalUA FLBEGaIN  Gle Gal Xyl Ara Fuc
1.331 0.000 89.720 1.939 0.445 1.392 0.091
1.528 0.586 66.829 4.906 3.358 2.610 1.243
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