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woN =

W E: BN CRAS TR &S WA RIBEUTR AL, B R E AL PR E I A HRRIE AR AR S
AT N ik ET KRBT LZH S EEREEAFREITEA (40%. 60%. 80%), HLEISERAIASA Ui 2 bl L 2 E
EERAL, T “RAE-WAR” MBI, EILJEZHE (lipopolysaccharide, LPS) 755 /8K R 40t 28 FE AR Y, 38 #6000 i JRg 10
HEFF-a (tumor necrosis factor-alpha, TNF-0). EI4HMI/r%-1B (interleukin-18, IL-1B). H4ffI/%-6 (interleukin-6, IL-6)
NS —E A A8 (inducible nitric oxide synthase, iNOS) %4 EA IR VAN HPT R TE M RS-0 WK
18 B AR 4 2 i S AR R IR S F AR B AR 2 W5 0 2 B 45 MR AT RAE s did 2 Sebr i i R R BR 2 W, 1E/h
BUA N TR AN T, RGN AR N R EE KT 5HLANMRHE. £8R  NEEIUHSIERS N 2R AR 2 LA T
ZE5t, HA 60%EIITAL (XYSP-60) b3 B w0, HITMEN 37.50%; 7E LPS 75 5 HI/NR T 40 28 A A
XYSP-60 F[ 2% i TNF-a. IL-1B. IL-6 [ iNOS HJZFRIA/KF, RILHHMRIPLRIELE: SMRIEERER, 2 EE
AP FUMRREIG . R AT AN A B, B SE MIRHIE BN E s 29BN 4 AR W, XYSP-60 7E 71l Hh 5 f5 AP, kA4
PEIRI EEBIAHNT ARG 4818 HIBHLEZHE 60%MEITA 2 B0, HA WHIRIPT R /E AT E RS MR, AR N I iR
DU I8 = 5 85 RARBCE R EZRHIE, 7T Rei Ol & BUR BT R AE RS TEY R R 2 —
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Anti-inflammatory activity, structural characterization, and in vivo absorption
and distribution profile of major polysaccharide-enriched fractions from
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Abstract: Objective To prepare different polysaccharide fractions of Xiaoyao San (IH#&H{, XYS) by graded ethanol precipitation
and to clarify the anti-inflammatory activity, structural characteristics, and in vivo absorption and distribution behavior of the major
enriched fraction. Methods Different polysaccharide fractions of XYS (40%, 60%, and 80% ethanol-precipitated fractions) were
obtained using a water extraction-ethanol precipitation procedure, and the primary enriched fraction was screened based on yield

comparison. Based on the inflammation-depression correlation, an LPS-induced microglial inflammation model was established, and
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anti-inflammatory activity was evaluated by measuring inflammatory markers including TNF-a, IL-1B, IL-6, and iNOS. The
composition and structural features of the target polysaccharide were characterized using UV-Vis spectroscopy, FT-IR, and NMR
analyses. Fluorescently labeled polysaccharides were further prepared for in vivo pharmacokinetic studies in mice to systematically
assess exposure levels and tissue distribution characteristics. Results Significant differences in yield were observed among
polysaccharide fractions obtained at different ethanol precipitation ratios. The 60% ethanol fraction (XYSP-60) was identified as the
major enriched fraction, with an extraction recovery of 37.5%. In the LPS-induced microglial inflammation model, XYSP-60
significantly downregulated the expression levels of TNF-a, IL-1p, IL-6, and iNOS, demonstrating clear anti-inflammatory activity.
Structural characterization indicated that the polysaccharide mainly consisted of galacturonic acid, glucose, and fructose, with relatively
stable structural features. Pharmacokinetic results showed that XYSP-60 exhibited high exposure in the intestine but limited entry into
systemic circulation. Conclusion The 60% ethanol-precipitated fraction represents the principal enriched polysaccharide fraction of
XYS, with stable structural characteristics and definite anti-inflammatory activity. Its in vivo behavior is characterized by high intestinal

exposure and limited systemic absorption, suggesting that this fraction may serve as one of the key material bases underlying the anti-

inflammatory effects of XYS.

Key words: Xiaoyao San; polysaccharides; material basis; fluorescent labeling; BV-2 cells

HIEHC AR R RAGFRF ) U2, i
el BaR. BAY. R HED M. REAIY
8 BRAF 2GRN, R EAT B RS R IR D)L
e it B 75T, DUARZGERAT SR, IR AR
A DR SeBERTT & GE B Thress % HAE AW,
i R 732 FH 67 R AR R AT G A 1 4B Bt 7
WAR G K& A 2 R RERPEREDS. (HAEEN
&, T AL EOOUE I ARHT 7T, JEIE BT
MEIRAF TR UEESCRE, AN CHIAIRE H PE R 46
FITEFIGR) K (EPrPEIGARSEERIER (0
HAEDY, st EE L R BT 4B

LR, B HHISAE A AL BT 7T (0 AN T R
N AR JORERBUL S -l B U S B 1A R IZ D
S, FEURTE SR, G REETALE A OB T
IRRFEAEE . BUATWETURT, IHRERCA N RE IS Y
X PR T D RE, 34 T3 I O g A A A A S
A2 JORE ARG, AT 52 0 - i il 5 5 A% 3, %
DU, SR, AHEEALEIRE T, 2%
JFRIERE R G R A . BRI
IKVEIEIE YRRy, TR SEAE 19 I s S5 A4
2 55 P b 5 e T R S M) 8 RE S I8 55 T T A4
REEAER], JFrIRERIERRL TS 2 S ThRell, &
KL 2R E T 25 BT Tl H AR s e, i
207 HEBUR LUK G A RN, HrE AR 253
YoJsi i B AE R B AR 5 R0 - (H H ATETXHE
RERCE PRI A S TE . AL S AR AR
AT Bk = R G0 T

ST, ASHEFUR A 2 SRR X IE R UK
T Z BT & SRS M RAL, IR JORE-HHE

FEYIA M, @Il 28 (lipopolysaccharide,
LPS) H /NN (BV-2) AEMER
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Avancelll 500 NMR J 4% (K LA & 58 ), 1CS5000
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TGA/DSC 3+#H N R # #r (it Mettler
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fit 5 450722006) . HAT (s w2, S
59517003) . A (F=Hi: Wiil, fit’5 457021007) .
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Sed R HL: HOR, kS 459722011 | @R (57
. VLR, fib'5 452422003) ¥ EE R 24
B ARAT, EZWET M G LR, #tS
202505096 o ik 2440 B B R K AR 0E 4
BN S ARHEYH B Glycyrrhiza uralensis Fisch. [
FERRZE . IERHEY 4V Angelica sinensis (Oliv.)
Diels T4 . ZFLEFI B K% Poria cocos
(Schw.) Wolf [T # A% . EERMEYIA] 24 Paeonia
lactiflora Pall. 1154 . s BHEYI R Atractylodes
macrocephala Koidz. [ FR 25 IR RHEY) LS
#if Bupleurum chinense DC.I{ AR « J& T RHE i
fif Mentha haplocalyx Brig. [t T 4= 5, 22RHEY) 2=
Zingiber officinale Rosc. IR 25 . EHTEE GEE
FHXF 4> & 3000) T FAgRAEY AR A F .
ST GOAA), AAE O (A5 10001228, 1 H [
AWERFIERA D 5 A #EkE (fucose, Fuc, #t
5 X29D7Y27768) . EZHE (rhamnose, Rha, #t
5 H10S9Z69863) . [u[fi{[1## (arabinose, Ara, it
5 S15A10G85850) f-FL¥H (galactose, Gal, #t'5
E1927035 ) . % % ## ( glucose , Glc, it 5
Q18F10N80946 ) . A ¥# (xylose, Xyl, #t5
A2256X3606) . H #&F¥ (mannose, Man, #t'5
C17D9H77586 ) « R ¥ ( fructose , Fru, #t 5
JO1JI0R89818 ) . 1% ¥% (ribose , Rib, #t 5
H26F10Z81556) . }-FHEEEEL (galacturonic acid,
GalA, #1t'5 K02A9B66077 ) % % FE 4 2 ( glucuronic
acid, GlcA, fIt'5 K14M10S82777). & IEF-FLHELR
fR£L [D-(+)-galactosamine hydrochloride, GaIN, #t
5 B01J8S37079]. #hMRZFEH A B (D-glucosamine
hydrochloride, GIcN, b5 A22S6X3606). %'
82 (guluronicacid, GulA, #t5 S200115AG1) .
H % B B ( mannuronic acid, ManA, it 5
S200108AM 1) J0) [ 1 & BE ALV HARAT BRA 7]
E); = LM (trifluoroacetic acid, TFA, it
A0356762) T H EifgA e MR BR A 7 o AHT5T
T A ) A AR B T

BV-2 4 fh S B R A R R, B FR T 5%
a4k i (FBS, Gibeo AH]). 100 U/mL 5 % 2
100 pg/mL 555 % (Gibco A ]) ) DMEM #5775
o, I T 37 °C 5% COx HIIRIEIG FRA N AT 7 5% .
1.3 XIezh)

{e R & Ik C57BL/6 /INER (6~8 JA#E, 1k
JfiH 20~229, W HLR4EEF LS SR

IRAT, AH%IES 44826500010876) fE%EH (23+
2) CHIMNHEE (354+5) %AIFREEFHEFE 7d 5,
BENL 3 34T SE8, FrA s scie s RIiE R (&
RIS SR ) , RFEHRIES N
20240310-5.

2 5

2.1 HIEEEZTERIRREL

FRELEERT. ARG 2. AR, -5, 4245400
g, X H® 3209, ##ifi8.0g. EFZHAPIFIE 2 X,
K 20min, WAL HARZMMIERS), LA1 210 0
A 9B%ZEE, [FINAE 3 Ik (BRk2h) , JEEURA .
BRdE 1 210 Ik, DINAZERAEM, 100 CHIE 3 Ik
CRRR 20D G IR JERRIRIRGEZ U4 f4F, T
TooK CEHEARRR B0k 80%, 4 CHHE 12 h. e,
VEE R, 3500 r/min B0 5 min, B L. b0 1/3 44k
FRI Sevag Gf] (E-1IETRE4S @ 1), 180 r/min k%%
25 min JEEC, HUIERZAT, iR TRERIE
TEIE FCRH 22 R AT
22 HEHSREST S ERNSIE

FREGEIESCHZHE 8 g, ¥ T 320 mL Z&18/K
W, SRR 95% LBEAE ZARTR - HCR 40%, HHE
A, k. WEEDTE, EIEHET, 13 40%EE0T
ZHEEAL (XYSP-40). LREA BB, 4R £ i
ZARF T EL 60%, [FIVEIRMT 60% BE T 2 B 5 47
(XYSP-60). _FiEyREINEE AR5 80%, [
15 80%EEYT 2 BT (XYSP-80) . &40 A T /5
Foe A HR U

RIR =m/M
m VAR TG R TR BT B
23 IMRTEMEMN

BV-2 4iiffi3 7% T DMEM 5243975 (5 10%
JaA- s M 1% EFR), BT 37 C. 5%COxH
BATHEE, HRENBUEKT, &£H.

BB K BV-2 4aijif, LA 1X 104 ANFLIY
FREBANT 96 FLARH, Bi IR R TR B NGEE . 7R
BEFREE, SIS BN E AR R 2R E (0.25~
40.00 pg/mL) [ 2 BHHT i 58 A 15 IR 5, 0 HRZH A
NG AR, M50 100 pL, FFEEAR S
REFREIUEN T A A B4 5 MRS, dReliisr
24h J5, BFLIMA 10 pLCCK-8 ¥, TH:FF4 W
BELIFE 2 ho (FHMFRYAE 450 nm P T llE
FILHROLE (4 H, TR,

JHHATFIE R = (A4 s A 2e)/(A sm— A 21)
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¥ BV-2 4 LA 5X 105 NALIZ FE AT 6 5L
W, BT 37 C. 5% CO 5540 1 7R S MG EE
RRAmAIGBE fS , AR S0 B v BEML /3 e R O
NEARFARE IR B (LPS 1 pg/mL). AR
FE (0.25. 0.50. 1.00 pg/mL) HIZHEA, BEFRAE

i E 24 h JEUEE S HAM R IS, B S R
HE— %A (NOD R illaGF) & (Griess ) T NO
FEBCEAT I . HRAE NO fill 2 3, ik e 6 id 2 Mk
FEREAT qPCR K2 o 510 1E J & B FE T IR
EMRHE AR ARG, 51916 BWNE 1 iR,

%1 RT-qPCR KI5|4F7
Table 1 Primer sequences for RT-qPCR

EIRZEZ S 1E[f (5°—3) R (5°—3)

iNOS CAGGGAGAACAGTACATGAACAC TTGGATACACTGCTACAGGGA

IL-6 AGACAAAGCCAGAGTCCTTCAGAGA GGAGAGCATTGGAAATTGGGGTAGG
TNF-a GGTGATCGGTCCCCAAAGGGATGA GTGGTTTGCTACGACGTGGGCT
IL-18 GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT
GAPDH CACCAGCCTTAGTGCAGACAG GAGGACCACGGTTTCCGTTG

24 KELEMRIE
241 FESENE

CUZR R BRI 7 A 1 2 B 100 R 25 TR B 20,
40, 60. 80. 100. 120 pg/mL 17 % BEbmvE i L Al
FESLIATRS 40 uL, AR 5% 40 pL 5iRERER
200 uL, B 25 min Ji5, T 490 nm A FER G
B (A HIFebIbrE 2R, THE MRS .

(2) MRS (bicinchoninic acid, BCA) 12
W5 B A Y. FE%RE 0.4 0.8, 1.2, 1.6,
2.0 mg/mL 5 5 A< B 1R B AR 7 i B R IR f5
WA 10 uL, N BCA TAEW 200 pL, W5 25
min J&5, T 562 nm K TE A [E L H bR
&, WHZHEMNEARSS.

(3) [HFRBE A e R IR 2 e R IR
0.2. 0.4. 0.6. 0.8. 1.0 mg/mL (1) FLBERS B2 b viE i
T AR IRE S VA % 250 LLOAS & 1 mL 3 BLKEMNE),
0N U BR AN -AR R VA 1.5 mL, 35 /K38 N 5 min,
A EE M AR IR PR IA R 250 L, #E 5 min,
F 525 nm K FNE A [EIFLHbrfEL, 15
2 PE PRI & .

2.4.2  RAR-T] WY TE 43 8T Cultraviolet-visible
spectroscopy, UV-Vis)  FRHL 1 mg ZHEFE S, 78
SPERT 2 mL B0, Gl RSN TR
800~200 nm HEAT A 75T

2.43 fHHEHARHL AN G 58T (fourier transform
infrared, FT-IR)  FREX 1.0 mg ZHEFEN, 5 100.0 mg
TEHRAH R 7R & J5 R A, 78 4000~400
em BT LLAME IS

244 HREASANT R E TR T R

4 12, ff Bl Dionex ICS-5000+ % %45, [ %
CarbopacTM PA20 (150 mmX2.0 mm) [ T35 #t
FE, HALEARTINES, SRABEEEBEME . DS P W
FUHE (Fuc. Rha. Ara. Gal. Glc. Xyl. Man. Fru.
Rib. GalA. GlcA. GalN. GIcN. GulA. ManA)
PERHTRRIE S . FEEFRE 5 mg PR E T MM
W, A 3 mol/L TFA2 mL, ZrHI7E 120 ‘C/Kfi# 3
h 180 ‘C/KfAR 2 h BEAT . HERAI L& B K AR
2 EP & AR, I 5 mL /KIRBERS], TRHL
50 uL JEA 950 uL 258577K, 12 000 t/min 50> 5 min,
IS B R A i,
245 #FE T RAFAE M (thermogravimetric
analysis, TGA) I51757%, ffH TGA/DSC 3+ 4
T, FEBEFREL S mg HIZHERES, BB
35~600 ‘C, JHEEZE 10 C/min, SR 40
mL/min.
2.4.6 NMR 7007 K5 25 mg ZHERE AT 1 mL
SARZK (D20 H, 8 8 BEASON) 22 B8 3EAT TH-F 13C-
NMR %41, 'H-NMR 3% E7E 500.13 MHz | R4E,
BC-NMR &7 125.75 MHz T R4, Sceim e
EN25 Co
247 HERBETEME T SHERE TR
BT M 2 WERE 5 1) 2 P A S5 R 0eL, o e i T
FLA KA T REE R, JRd@id EVO MA 15 34
e (EEZR AR IR BOREUE A
HEAT T
2.5 RWBEEZXKAZE (fluorescein isothiocyanate,
FITC) X% ¥EHIFRIC SLEHFRIE

FREX 400 mg Z HEFES, T 150 mL 0.2 mol/L
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BEIR EL 2 P RIIINN 400 mg &% (TYR) Al
150 mg FIEMNEAAN, 76 37 CrmissR b s x
N 96 h JEiEMT R, FE T/ ERAiKY, H 0.5
mol/L kPR AN WO 1TV pH {2 8.5, MA 25
mg FITC 7t 37 ‘CEREKMFTIFE 24 he RLER
Ji s MO 4 AT TEK SBEREDT, 7 B UTHEH %
M, BTN FITC Aric 2 HElr-el,
2.6 AENFEMR

XPHEPE CS7BLI6 /NRAESEER I ZE | 1 d, 44T
FITC Fric 2 ¥E, F£7E 0. 1. 2. 4. 8. 12, 24h H
IVIS Lumina I /%1% £ 4t (PerkinElmer) 42 H
/NN A S . TEA RIS (n=3) 45l
KA B R B S UG ROV TE A RN (] (n=6) %
BN IR, 0B F R REAT SEI AT
2.6.1 3R F-XYSP-60 Itk N
SRR A F-X Y SP-60 1) 5E & J77%, X A PBS it
il 1 mg/mL F-XYSP-60 fif #% i H 1% 2 ¥ B 3K 15
0.25~50 pg/mL FIARAE TAEWR . FFRIE SN R
THIMEF, ZRIERSME LA EFNE Ex=
495 nm Fl En="516 nm [R5 GO0, 22 il brifk 2k .
IR, F-XYSP-60 7 0.5~50 pg/mL £k R 4T
(Y=57.16 X+90.74, R*=0.9961), €= NN 0.5
pg/mL. 7R, . & 3 MR EWKEE (0.5, 5.0, 25.0
pg/mL) R BRI A 96.4%~112.9%, RSD<
12%. HHN5SHIERZEED NN 4.6%~16.8%5
4.4%~10.5%, ¥TFE AP ERER . FEMES
2R, F-XYSP-60 £ 3 WKiGREIA K 4 CiE
24 h JaiRFr R iFfa et (RSD<18%, RE 7t =+
15%GEHIND. 255, ZIrk R & RIFINEE. Fi%
B R SRR E M, AT T F-XYSP-60 78/ A4
PIREA AT 5 E
2.6.2 /NERAANZAEEG @Y C57BL/6
/INER 36 H, BENLAT A 6 41, 4l e K, ig GRlE %
RGN 147 mglkg) %), S3AIAE 0. 1. 2.
4. 8. 12, 24h AREEEUMZ) 0.5 mL, BT RMR
T B0 T, WE T IAETE 4 °C LA 14 000 r/min
250 10 min IRTFILRAEA, HRHARAFE T80 CIK
P EESNT BT IR R A,
TG F-XYSP-60 FrifE I 27715, v 5AN [ 18] B /)N
BRI TR AR F-X Y SP-60 ¥ ¥
2.7 Geitoth

% Ff| GraphPad Prism 8 #E4T SEIGEHRE I G8 it 4>
Br, SR X+ sRoR, A2 s R R =7 2

34T (One-Way ANOVA) #E4TH0EL, Turkey £ 40t
T2 EIE
3 ER59%
3.1 HIEMS IS ERNREE

I RE R T KRR S B O 2 0,
RN IR 3.6%. M Z RS 1 RBEUTALEE, 43
AAEE] XYSP-40. XYSP-60 Al XYSP-80, =& #2HL
RO 12.75%- 37.50%F1 8.25%. %T XYSP-60
(PR HCR , J5 ST 70 5 57E XY SP-60 1A
PE A S RRAE B A AR S 23 AT RFAIE
3.2 XYSP-60 %} LPS i5SH) BV-2 4HRESRERF
FIKHIFZ N

BV-2 i/ XA R G S R4, RETE P
A B IE S B R AR RO, LPS & —F
PR SRR, REsBs BV-2 41, 5550
ZRIRER T, XL T RIS S R IEA 2
FRIZIRAT I RR VI . R, 3% BV-2 41
(19 9 RE SR S & BT VA RIS 980 IR DG B SR m 12

WK 1 FiR, T CCKS8 525, KIL XYSP-60
E 0.25~40.00 pg/mL TC4HMIE 1. Rk, 3 —2F%
Fi NO VPN Z WP 2 iE 1, R I W8 SRk TR
0.25 pg/mL BIAT 22 [B1 NO, [HALRIES RN
A E M, JEHIE. SFERERE, RAER
0.50. 1.00 pg/mL {E N5 2525055/ . LPS Hl3E
FHIRTF T RIEET (TNF-a. IL-1p. IL-6. iNOS)
FRIE, UL LPS 755 I 4H L 58 A 20 b 2 i 2y
1M XYSP-60 REA 24 X 48 5 5 Kl T {3 IE , 1IESE
HAT g LPS M SOER B, 78 XYSP-60 B
A BRI AR
3.3 XYSP-60 ¥R LEFIFRAE

A3 9R 2K By - AR VA L R ¥R 3k — SR Ly N
BCA 7EMI5E XYSP-60 [ 4 bl s B A 2 15
& G5 LW, XYSP-60 &4 (48.78+2.65) %
bR, (12.624+6.42) %RIBERERZ A1 (8.65+
1.55) %MIEEA.

XYSP-60 ] UV-Vis WK 2-A ffi7r, 1E 2605
280 nm Ak MIRISCER /1N, T BH A B B D AL R AN
H AR, XYSP-60 [f] FI-IR 11/ 2-B fi7R, 7£ 3416.28
cm AL T O-H B 4e4iRahiIERs, 2933.68 cm™!
HILT C-H AR 4E4iRaN 55 i R SO Ay R R EAE IR Wi
24, 7E 1 714.89 cm™' HILAIIGEIHJE T # I C=0
ZEPRSN, 1026.91 cm™ A1 900~1000 cm ™! FE %K
Wi, KT C-O-C MZEIREN S AE, FKHI]
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A 150 CCK-8 B
X
s 100 9 0p B
£ 5
=
5
0 T

X HE 025050 1.005.00 10.0020.0040.00
XYSP-60/(ug-mL™")

C
TNF-a IL-1B
2.5 4
% 20 <3
' 15 =y
=z 1 22
< 10 <
Z 05 z1
= E

0 0
IR A 0.5 1.0 R R 0.5 1.0

XYSP-60/(ug-mL™)

NO B &/ (umol-L ™)

N W A

mRNA F*$ 7K

(=}

IR A 0.5 1.0
XYSP-60/(ug-mL ™)

SHEE LPS 0.250.50 1.00
XYSP-60/(ug'mL™")
B

IL-6

[ O

mRNA F*$ 7K

(=}

TR BT 0.5 1.0

XYSP-60/(ug'mL™") XYSP-60/(ng-mL™")

A-CCK-8 Fll4Nfusg /7; B-NO Bt C-YSP-60 % LPS %5 S BV-2 4[] TNF-an IL-1f+ IL-6 F1iNOS /KI5 . X RRALLLEL: " P<<0.001;

SRR *P<0.05 #P<0.01 ##P<0.001.

A-cell viability assay using CCK-8; B-nitric oxide release; C-effect of XYSP-60 on levels of TNF-a, IL-1f, IL-6 and iNOS in LPS-induced BV-2 cells.
"*P<<0.001 vs control group; *P<0.05 *P<0.01 *#P<0.001 vs model group.

1 XYSP-60 xf LPS %55 BV-2 fBRRAER MBI (X +s,n=3)
Fig.1 Effect of XYSP-60 on LPS-induced inflammatory responses in BV-2 cells (X + s, n=3)

—XYSP-60

200 400 600 800
A/nm

1 1 1 1
2 000 1000 500
v/em™!

L
4000

B2 XYSP-60 Z=5M-AI L (A) FIEEMERIINLE (B)
Fig. 2 UV-Vis spectrum (A) and FT-IR (B) of XYSP-60

REAFAEML IR R, T 7E 861.06 cm™! (IR T Ig AT it 5
BTG o A AR AH OG5,

T XYSP N 1 NETT 20, BbrlReferE R
B, {H Fru 7R ] SR T A S B, &
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