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Abstract: Objective: The aim of this study was to isolate and purify the polysaccharide from Naxi Wuniu special morning
tea, and the antioxidant and immune activities were further investigated. Methods: Firstly, the tea polysaccharides were
extracted by hot water extraction method, and further purified by DEAE-52 and dextranan gel G200. Then, the basic
physicochemical properties of polysaccharide were studied. And the antioxidant activities were evaluated by determined the
1,1 Diphenyl-2-trinitrobenzene hydrazine (DPPH) free radical scavenging capacity, 2,2' -diazo-di-3-ethylbenzothiazolin-6-
sulfonic acid (ABTS) cationic free radical scavenging capacity, and oxygen radical absorbance capacity (ORAC). Then, the
safeties of tea polysaccharide were analyzed, including endotoxin detection, RAW264.7 cells and human embryonic kidney
cell 293 (HEK293) toxicity detection. Finally, the effects of tea polysaccharide on RAW?264.7 cytokines (interleukin-6, IL6,
tumor necrosis factor a, TNF-a, NO) release and the corresponding mRNA secretion levels, in order to obtain the immune-
enhancing activity of tea polysaccharide. Results: A purified polysaccharide fraction WNp was obtained from Naxi Wuniu
morning tea by using DEAE-52 anion exchange resin and Sephadex G-200. Physicochemical analysis showed that the
purity of WNp was 90.26%, the protein content of WNp was 1.37%, and WNp did not contain triple helix structure. WNp
was composed of glucose (Glc), galactose (Gal), arabinose (Ara), mannose (Man), thamnose (Rha), glucuronic acid (GlcA)
and galacturonic acid (GalA) at the mole ratio of 0.4:32.6:2.3:4.7:8.7:0.3:40.3, respectively. The molecular weight of
WNp was 82.61 kDa. WNp showed significant scavenging abilities on DPPH and ABTS" free radicals and a high ORAC
value, that was, it had good antioxidant activities. Finally, WNp could up-regulate the mRNA expression of cytokines (IL-6,
TNF-a) and NO, thereby promoting cytokine secretion (IL-6, TNF-a) and NO release, and then activate the initial immune
response of RAW264.7 cells, which achieved the immuno-enhancing activity. Conclusion: The research results provide
scientific basis for the deep processing and utilization of Naxi Wulu tea source.

Key words: Naxi Wuniu special morning tea; polysaccharides; structure; antioxidant activity; immuno-enhancing activity
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P RE MBI 22 BT BR, IXAMHREfE ST
FERMPE I TR, Rt vrit s kR, WiETt A
MR AENETE. SR, X% SR A 20 B A M
MRS EE LIRS, KRG8 A2 e S0t & I TRt
BATA RS IRRARE . R, it fe st S 4252
PEAEED D« 24900 SRS EE A b i s (B, AT
FERIRXT L A5 W T4 B alifb, S5Ha AT TP S
A ZHETT R, X/ N EE RN SR RAW264.7
Ko NI i HEK 293 2 I 114 20 it 753 14 A G 2 V115
Wit I iR S A5 WS M A YIRS HE T SY,
SR AN AR S A S RN T = i B T R SR R 24K
PRI SRR
1 #REEE
1.1 #RI5EE
/N BB I 41 i ;R RAW264.7. A B 41 it
HEK?293 4iififs (i) A HoR & A R A A
AB-8 RALWE MBI AE iR AR A R A F];
DEAE-52 [ 7 3cibf i b at 2SR ERAT R
Al A SR 7 (I B R 4% 2R ([G) (dulbecco's
modified eagle medium, DMEM) (S5 HE IR 5L | BEIR
2z b (pH7.4) | JBREE F i -EDTA(0.25%, 7% By
1) B R SR RIS <100, G4+ 1115 (FBS)
€ [E Gibco 22 Fl; BEME W (MTT) € [E Sigma-
Aldrich 22 &]; /Nl ELISA FA4iii/ 2 6(Interleukin-
6, 1L6) 17 & . /N ELISA R IRFE N T a(tumor
necrosis factor a, TNF-a) i35 & ERYIKIE A=Y
BHAEBRAE; NO MEidFl e mnt ey TR
W 5% BT 3 Vybrant Phagocytosis Assay Kit &
Thermo Fisher Scientific 2\ #]; P75 2 AT & (#
iR @ (732, Bl Chromogenic LAL Endotoxin Assay
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Kit, C-LAL-EAK) _FigEE =~ RAYHE ARG R
oAb A 0500 350 Sk [ = A 4l

Sigma 3K15 Fi#H @R E AL 32 [E Sigma 2y
5 Christ J7EAIZTHL. Alpha3-4 LSC basic 19l
THERAFRA 7l VICTORX MR 32 [E Perkinel-
mer 2\ Fl; ABI 7500 ¢ G fr RE N1 {X . Heracell
150i GP CO, ¥53#4fi 32 Thermo Fisher Scientific
5T UV2550 5240 0] LA Y6 H AR ERAY
Fl; HT-SN3400 4l F R fBe  H 3L =oprdAR 4
#]; Bruker VERTEX 33 £L /M G54 8 [ 45 6 7a
(BRUKER) A A]; EYELAN-1100 JEGZERAL  ERE
B BRAS T Waters 1525 Si80RAHEIEIY  2£H
Water 2\ Fl; Agilent 7890A S AH IG5 [F 24
FeRHE AR A
1.2 EWHE
1.2.1 SA4ZFEhraES5aiit S4RINmE
2t 60 Hfi, 100 °C 3242 6 h, i3 3E, L IZ A
3 K. BIFURE TS IR, IR MR 45 /5, 5000 t/min
B0 15 min EERUIHE . S4B T 4 °C
FE 12 h BTN, WAE 2500 )5 UTTE, 43 Jook
S TR A TR YR, SR 2R AR SN B
KA =AU E SRR, K DTTER TR S i
K FBHT (R BB 4> T4 3500 Da) 72 h, He4i )5 4T
o, AR R TR S

K AB-8 KALKBRA IR S Sevag W45 G 4T
W BARH Z2 BB A 1R e R 2 P b0, S i R4 AT
WLAEEREE AN 260 nm F1 280 nm AT TEIK
LS, JeI] Wy 2 P €0 38 DSBS

>k DEAE-52 214 2 9 85 T 32 e g A A 2R
WHEEBE Sephadex G-200 AR #& 2L il Jy ikt % &
5o 0 A A FR R Z2 B T Al b, W R TR 4
4y, THEE BV R atifb 2 A4 25 2 B4 45
1.2.2 A5 2 E A M — SRS A o AR
PRI - IR AT Al A5 10 2 A S WL i A T4l
) 5 5 >R FH B IS -G AL b e g U0 ) s LA R R 5
g kTR SR A vk I B R K 2 B A Sy R 5
ZEFGIT
1.2.3 2R 20 AOlEZH R ORI IR o B
1.2.3.1 HOBEHBHT RSS2 (Gas chro-
matography, GC )X & 2= B 2 Wi Bk eH st A 7534
Mt e, FH =R 2R (TFA) K i 5-21 Bpub; 4R
J& B BABEAT A A TR 3 . [RIEE, DAACHH
BrJREAEDRE . AR . ~ZUE . HER0E . 25 EobE A B2
W RARE S, DL RN AR . BAREAELD T : FR
X 5 mg slifb Z 05 T2 5545, A 4 mL 4 mol/L
TFA Fe53, B35 TF 100 °C I 4 h, 2R)5
HedEl2s TEA, A 2 mL F B, PR M4, BB
FIRERE 5 IR, RIMSIK R S ERE Sl s AEHRAATIE T 17K
fEFES P 10 mg ERRFENZ . 1 mg UUEE. 1 mL ik
nE, PRIFIR &5, B, 90 °C /K 30 min,

VKA, A 1.0 mL BSERBTF4E4E T 90 °C ) W/
30 min, JIIA 2 mL ZE{R/KZ 1B 0, 15 8 2P A
AR & TEATAEARRE SR JITA 4 mL CH,Cl, 2582,
WEALAT A, HXT CH,CL, ZEHZ IO/ BRERENER 2%
ZAIKSYs LEARRTAEIZE 0.22 pm A HLIERLT3E
Jaf#H GC 43#7 .

GC 73 M 5544 LHEE Agilent 7890A “AH (T
1, Bl TR-5MS BAIE %4 (30 mx0.25 mmx
0.25 um), FID Kill#s; VR P I BN~ AL TG
IR 100 °C, A2£1R 2 min, 5 °C/min B FF 2 280 °C,
280 °C 44 5 min; N, 2 <Hi# M 1 mL/min, {F5HE
BEZR 250 °C, #AEED 1 pL, MLkl 1011,
1.2.3.2 HHEEFR AL THT SR B 7 (i 7k (Ton
chromatography, 1C) %4347 2 4= 25 Z2 il P oBH TS IR 1)
ZH R

ZHEK AR 285K R R _BiR 1.2.3.1 B
i EA TN e i VI RE U (TP

PERERT AL G K 5825 T 00 )N 5% BE 4 FH
ali /K 5 f, A FH R TR S5 7 WO 7 W pH A 2 7, &
0.22 pm WPENRS, ¥ 2= S b . EAH R 2& 4
&, MEBRFR S A R A1 1 FUBE R R (AR, 452
RS 1 LU IR R AS RN B, R s T (i IR i e
TR, e thilbruERRER . e S a3 B S PR
ST b, AR H IR TR] A TR RRAS Y 2R R
PRI FI LG

43% 5514 435 4F Carbopac PAI(250%x4 mm),
AU 30 °C, WK 1.0 mL/min, SR RS BE BERR Y 7 15
0~25 min, 1% NaOH; 25~40 min, NaOH % & M 1%
AFAEE] 100%; 40~50 min, 100% NaOH .
1.2.4 ST EE  SRA Waters HPLC
FRGeiE T HPGPC X 4= 48 2 W00 oy Ha A TR,
B LR AR T

SrFEbRERHIE: PA— R BEA RE ST 2
R BE(5.0, 11.6, 23.8, 48.6. 80.9, 148.0, 273.0.
409.0. 667.0 kDa)VE bR, #fET 0.05 mol/L &4k
BN B AR B, S 5 mg/mL Y Bk v TR W,
12000 r/min B5.0> 10 min, _EiEW A 0.22 pm AYRAL
PRI LG, SRS KRR ST 1.8 mL AR
Hlo fREH: R : BRT105-104-102 53 BX & I A1 (8x
300 mm), Kxil#8 A 7R 25828 RI-10A, FREIAH N
0.05 mol/mL S AbENHER, & B I sAEE 7 0.6 mL/
min, FEIER 40 °C, #FREESN 20 pL. B SPRvE RS
TR R B B RN AR, DEBAAR R & R AL bR,
K JH Breeze GPC i Ab BR324 7 M1 HLA 57
HRAERTZR

SRS : H22 BRURTRE 10 7 12Xt 525 2R 255 2 B AR
PEA I RE , AR YRR AE 2T S A 2 2 W 4 F =
1.2.5 B ibiEdbinm i ssdr
1.2.5.1 5425 2 PHA W DPPH [ i FEiE R AE 1
A RIEE KR P HE R TR e S A IR 2R
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1,1- R Rk -2- = il JE 28 PF (2,2-Diphenyl-1-picrylhy-
drazyl, DPPH) H HHEHERAE ST, BAAEA R o

S 5 W B 2 mL AN [F] e B 5 A 2K 2 BT TR
(0.005. 0.01. 0.015. 0.02. 0.025. 0.03. 0.035 #q
0.04 mg/mL), 4 Jil A0.2 mmol/L. DPPH % 2 mL,
IR A S RGN 30 min, T° 517 nm ANMFSM G
HICH Ags ZRWRARAE Z WL W, I 2 mL
0.2 mmol/L DPPH &, MIFFICREEIC N Ay IIAAS
[F) e B 1 A 255 ZZHHAE SRS 2 mL, #5002 mL TG
K 2, ARCHREIE R AL L Ve MFEPEXTR. 1
BN R:

DPPH 1 %(%) = (1 A A°)x 100
b
X (D

1.2.5.2 S4ZX2PHAMR ABTS H HIETEEREE S
R ARHEE IR AT WA DT RV B 2R A 2R
2,2"-BR 2 XL -3- 2, FL oK F - WE e ik - 6-Fit iR ( 2,2'-azino-
bis( 3-ethylbenzothiazoline-6-sulfonic acid) , ABTS)
B H  SEBRAE S, BAAREMETT .

IRIGRT, R 50% (v/v) ZEEHE AT ABTS 145
# (14 mmol/L ABTS Hl 4.9 mmol/L K,S,Oy) i B
% 734 nm AW SGIE A 0.70+0.02, B2 ABTSY A i
FLIM) 2 Y

WWHI 0.1 mL ZWAE R 2 2.9 mL 19 ABTS
MIER, 30 s PR )a, T 734 nm AL %E S )% 20 min
BOME G A PEHL 2.9 mL 1Y 50% Z B wAE Jas
FAXTRE, M0 0.1 mL (4 Z20EFE 5T [RIRE S A4 T~ e
FL G Ay, BEPEXTRE 4 2 C(V) . ABTS'H
FH A BRAE 1T AU T oR:

ABTS*QEH%?%%?%E(%):(I —%)xloo A (2

0

1253 B2 M® ORACH e T
Huang 52 #3R Jr 2210 12 & 4= 205 4846 5 B
FE % & BB 71 ( oxygen radical absorbance capacity,
ORAC), BAREAEITT

43 A & i 20 pL Pt 4 4k 7 ( 10~20 pmol/L
Trolox FRUEFE L . 0.2 mg/mL A 12 2 55 22 BH I W .
0.2 mg/mL % Bt H BK GSH) . 20 pL 75 mmol/L
pH7.4 BB EE £h 22 v (PBS) A1 20 plL 70 mmol/L
9'[9H]-xanthen]-3-one (FL)&# T 96 fLAH, 37 °C
WEE 15 min, SRS REEENN 140 pL 12.8 mmol/L F
Hi 3L 7= 42 5| 2,2'-azo-bis-2-amidinopropane-dihydro-
choride(AAPH) AW, PRH 10 min #HLRIE R TR
A, B 2 min B2EL 1 WK, 3 SFATIEES/RRESN . ARBELA
TAKIHEDE K thZaF HF (NetAUC):

AUC=1+ "1 /1, ® (3

NetAUC = AUC, e = AUCy X @D
2, fo: FIERWOGIE; 2 (B 2 min 4305

B AUC, e : ZECHEK AR ; AUC, 0 : TCHTA AL
A ZR TR .
KI5, LA NetAUC # Trolox Zifilfrph 7.

y = 0.333x +4.175(R* = 0.9905)

RAE FARARIT T Z 85 ORAC VERAE 1,

13 Arumol Trolox/g, BHMEXTREZH A GSH.

1.2.6 GARZK R ETN

1.2.6.1 BA4ZEEHANFERSESTT NEFEEIIKR
REZHE(LPS), vl 38 i R N 53 14 DS T R LA A
REANM, 30 e e AN M A S s 8] P = A — 2R A is
SR P, S T R e I S LPS LT E,
SR C-LAL-EAK 5 & X 12 4 25 ZHHEE L b i Py
B R R AR YR AR A A

1.2.6.2 425 ZHE%T RAW264.7 4H A1 R 52
M SR POBEER (MTT) b (iU PP 12 2R 35 2 0k
(31.25. 62.5. 125, 250 F1 500 pg/mL)%} RAW264.7
AT NG R A2, EAARERMEANTT .

BT EOU 10 RAW264.7 24 i, 8 %5 40 it 35 5 N
5x10° 4~/mL, IR 5] )&, /b 3] 96 FLAk, 4L 100 pL,
BT 5% CO, 59544 37 C 1537 24 ho SRJ5 BT
Je B RS U TAREE: 25 HAAFEF R LIS FIIAAR
5 IMLTE 1 DMEM 8% 37 5% S50 20 43 % I 31.25,
62.5, 125, 250, 500 pg/mL WYL 2E PRI, dkst
B2 5% 24 h i, FFLES 0 20 pL PBS P 345258 (9
5 mg/mL MYMEMEWE MTT HW, 359% 4 ho W RAL
E¥E WS, A0 100 uL DMSO, 37 C ¥R % 15 3%
10 min, T 570 nm A E OD {H. E JHZLH A%
FhAnM, FALERAE S FIREAEARE], 5 SPAT/43:40 . 17
R AR AN T A X T
A-C
B-C

=, A: FESL4H OD {H; B: Control 4 OD 1B ;
C: %41 OD fH.
1.2.6.3 AR HEK293 4l ILAF 16 2R 1 5 1)

KA MTT Eeaikt 3P 4= 252288 (31.25., 62.5,
125. 250 F1 500 pg/mL) X HEK293 4 ifd 77 1% 2 114
s, BRI .

W 5 W AL 5 4 i I A K ] 80%~90% 119
HEK293 41 g, V& 40 ¥k ¥ Ji5 , 2 Fh 100 pL 3
3x10" P/AFLE 96 FLANAIER IR, F 5% CO, 537
BN 37 °C i B35, 5 AN NG BE IS, B vk 5 N
31.25. 62.5. 125, 250, 500 pg/mL ({1245 25 220
W m RS 1E IR —Bemsta) . AR IR RS FRAT A FLINA
20 pL ¥ 5 mg/mL 1) MTT #E W T 5% CO, 3%
FEFAN 37 °C ¥53% 4 h Ja, BERIEEFRES, B0 150 pL
DMSO FHESFLH, B IRS 5 min R4 0A45 W)
VAR, SR BRSO 2 F3FLF 570 nm Ab iAo't
{H(OD 1H), #3206 TS 3.

IAFTER (%) = x 100 2 (5
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STTEZLODI
1.2.6.4 4B W%t RAW264.7 4 7 i M 0
SemE EETSFER 12 kDa 097 S ELA s 5
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Table 1 Purity and composition determination of purified

polysaccharides of tea polysaccharide
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E2 90.26+1.31
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Fig.6  Scavenging effects of V. (a) and WNp (b)
on DPPH free radical

ABTS" [ H 3L R AE 7 a2 vl FH /KSR =
N PR HEAR SR BT A ATE RPN 77k, O
] AT Y PR ZHEE S BT AR RS 2T
ABTS'H HH3E7EBRAE 145 R anE 7b s, 5XF R

2H V(& 7a) B ABTS H Hi AL BRBE J1AH L, WNp
HA—EN ABTS A HAEREE S, (B U] R 55 T
Veo [AIF, WNp % ABTS 15 5 E 7 12 B 771 F A4< 4
P, YR AE 2R B ) T T 5

?

1004 s 5 —F
90 —

80
701
601
50
401
30
20

ABTSH HEEHEHRR (%) =

O—Oﬁ\

0 01 02 03 04 05
VMR (mg/mL)

601 /i/

4

20 . ¥

ABTS'H HETH R (%) o

15 20 25 30 35 40
WNp# i (mg/mL)
K7 BrEAH v 520 WNp 1) ABTS' H Hi 5
TR
Fig.7 Scavenging effects of V. (a) and WNp (b)
on ABTS" free radical

05 1.0

9425 20 WNp i ORAC W&l 8 s, BN
— il DL BT E AR, X IR 2H 4 e H K GSH Y
ORAC {E "~ 1343.14+26.53 pumol Trolox/g. Ifij £ ¥
WNp BJ ORAC {H v 268.31+£12.75 umol Trolox/g,
29424 F GSH A9 ORAC 1HIY 1/5. TG TS H i3k
i Bzl A S U Y AR 4R Y 1Y DNA R 1T
EALI, SRS R HAB LA . PRIk, ORAC 1H
AN S X PP AR P i PR A T AR At B B
B BIRZE RN WNp AHX HATHSR YA A h
FIERREE ST . X5 ABTS' A I RLIERRRE IR 4h
AHARL, B WNp AIE R —Fhali 4R b s Ak iy,

1500
12001
9001
6001

3004
L M
WNp GSH

8 GSH 5ZH WNp (1) ORAC 1 HiEikRRAE
Fig.8 Free radical scavenging of ORAC by GSH and WNp

ORAC/H (umol Trolox/g)




- 238 - 0 Tl B

20254 3 A

THRAC— i HEEA TR S T A o
25 SBHRERZBENSRI=ENT

S T HEBR N R F AT 8 WNp 19 558 S ) 5%
mi), R CE-TAL A6 i v PN B S i iR AR
e BAGIN, G5 FAH, 1000 ng/mL 1 WNp NEEZE
& H°N 0.52+0.05 EU/mL; i 0.01 pg/mL LPS AY N
HFRGTEMIXD T 1.59+£0.04 EU/mL( K 9), K
1000 pg/mL ) WNp 1 N 8 2R & H#1 3.06 5, (H
WNp Y J& LPS Y 1/100000, _FiRE5 R
HH, WNp A2 ZIBE 3R T5 4%, RAW264.7 4Ty =4 1)
HE SN S FH WNp BN [ .

W#EZ (EU/mL)
: & 3

N
i
|

WNp (1000 pg/mL) LPS (0.01 pg/mL)
9 WNp FNRERTE
Fig.9 Endotoxin contents of WNp

2.6 BZHFEEEX HEK293 4S5 RAW264.7 ZHR0
BEM1ER

T MTT HRIPH AR WNp(31.25. 62.5.
125, 250 Fil 500 pg/mL) %f RAW264.7 41 it 74 75 1

a
100+
S
M 80
E
= 60
=
~ 40
<t
8
% 204

0_

31.25 62.5 125 250 500
WNpHE (pg/mL)
b 100+
g 80
i
60
=
T 401
(=}
< 20
jan)
31.25 62.5 125 250 500
WNp#JE (ug/mL)
E 10 WNp X RAW264.7(a) F1 HEK293(b) 4ilJifd
16 15

Fig.10 Cytotoxic effect of different concentrations of WNp
on RAW264.7 (a) and HEK293 (b) cells

YEH . W& 10a Fr s, RAW264.7 41 g 28 4k 5
31.25, 62.5, 125, 250 Fl1 500 pg/mL {4 WNp 4b F
J& , AOHEAFIE 5 T 96%, 2B WNp X RAW264.7
MR EAFRE S AR = B R e . [RIEs, Lakgh iR
WL T 500 pg/mL ) WNp % RAW264.7 4 iy
ToAM B TENE . PRIk, JE 225000 WNp PR BEAS 155
F 500 pg/mL,

WNp X HEK293 4H Jitd Yy 40 e 85 PE E AT T DAl
(I 10b) . IE# HEK293 41 i g% 0. 31.25. 62.5.
125, 250 #1 500 pg/mL 1Y) WNp 43 f5, HEK293 4
ML BIAF IS R T 95%. WNp ZbFHLH 5 5%) RE4H /9
1795 F 0 B F P22 7 (P>0.05), A WNp %} HEK
293 4 JCIA A AN EEEE o
27 BHERZENMEERE FTIC-HRIEKBTEAY
Al

e, #E—2E T WNp %) RAW264.7 41 il %
WERE SRR (& 1) 525 AXTIR4L (WNp @8 inig
A 0 pg/mL)AHEL, BHPEXTREZH LPS(2 png/mL) AT LItk
PR RAW264.7 4 A IR (P<0.01), T 22
KETEZE B(ploy B) MIXT RAW264.7 41 i i 75 W5 7% 14
s AR IAE FH (P<0.05) . [EIESE, SR A WNp Ak 2
RAW264.7 4 i )5, FHAE R 5 LPS ZHAH1LL, BP
RAW264.7 4UJifn A MERE J1 B WNp e 55 8 28 i 44
o, HOE S AR OC R . WNp A LA ik 2 48
RAW264.7 UM IEFTER, WNp Al fE i RAW264.7
210 {1 A W SR M 11.26%+0.57%(31.25 ug/mL, P<
0.05) % 29.39%=+0.75%(500 pg/mL, P<0.01).

701
654 *k

601 -
Z *%

30+ ok
201 .
10' E

FEPETT 73 1L (%)

0_
0 31.2562.5 125 250 500 polyB LPS

WNp WNp (ug/mL)+polyB (2 pg/mL)
(ug/mL)

E 11 WNp Xt RAW264.7 27 116 1 0 52 1
Fig.11 Effect of WNp on phagocytosis activity
of RAW 264.7 cells
TE: +fR R 2 R W, P<0.05; **f{ 3% 2 5 5 %, P<0.01,
P 12~151 13 [l

2 pg/mL

2.8 LSHEZEZHE RAW264.7 HRE4Y5h IL-6. TNF-a
#1 NO I

TE H WE AN B 3505 5, RAW264.7 41 3= 251
AL R F (IL-6. TNF-o Az NO) =g n] B g FfEgtl,
FH T WNp AJ B i {2 #f RAW?264.7 40 il (14 75 W A/E
JH, il 5 HxF RAW264.7 4 IL-6. TNF-o 1 NO
TrEARZ W . E 12 iR, 5 A5 X R A L,
WNp A gk 25 47 3 EL W5 440 I 440 it PR 7~ A2 NO 43



%465 5 6 H i

B G IR A RO SRR AL S S T PR - 239 -

a 14004

IL-6 <& (pg/mL)

LPS 500 250 125 62.5 31.25 O

20 ng/mL WNpHHE (ng/mL)
b 20004
3 1600 *
E
on
£ 12001
£
¥ 8007
$
z
Z 4007
07 LPS 500 250 135 62.5 3125 0
20 ng/mL WNpif & (ng/mL)
c 80 %
70
= 601 *
g
5 50 s,
%
B 404
=® *
S 30
20
104
LPS 500 250 125 62.53125 0
20 ng/mL WNp¥#JE (ug/mL)
Bl 12 WNp X} RAW264.7 4iffi[H+ IL-6(a) ., TNF-a(b)Fl

NO(c) & it Hy 2
Fig.12 Effects of WNp on secretion levels of IL-6 (a), TNF-a
(b) and NO (c) in RAW264.7 cells

R RAW264.7 4l Jitd Z: G i J& 1 WNp(31.25 pg/
mL) &b ¥, TL-6, TNF-a A1 NO . 7] i 35 3% jin =
708.52 pg/mL. 1540.14 pg/mL 1 29.36 pmol/L, it
= Tas PO BRZH 4 i Rl 743 i i . 534, WNp &
IL-6. TNF-a Fll NO 432 i #E4E FH 2 37 m= AR
HirE

YR EE TG RS A h S UL A IR TR
SEEEYIAA RO i HHA 5% B Gal Fil Man 192
WL T 5 B AN H BN SZIARSS &, 2P BOE s
REB RN, AN, R TR W i e i s
PERPOT X ULAERE T WNp A % E e e i s i v
MR E . BRI PTER] WNp AN B = I8 Ess
¥4y, AR R B 3008 i e B R 19 Wb, S LR A ]
SRR G RE NG MR 2 Fh A R E I R E 00 45
AN SZAA AR T 22 W ) e — S5 PRI

FL A A E A1 B AR A 55 —iE P 2R T SR b
EiB, WP SCERTR AN, Kk, B VRIS

T ERAE SR AT | T IR AL BRI I PR T A A A s
Yie, HIXEETIHE S AT FEgl SeZe g nm P Ia& J5 A he
FAHERE AT A S TR A A TS A
) AR AR, SRS DT IH R G CHEIR . ASIESY
" WNp AT DA = B W4T A 2 e TG v, BEAZ IS shxd
B Ios AR RN IEE 1 S RE S b o B WNp ¥R 3 5
ik 500 ug/mL 5}, Xt RAW264.7 41 ot 2 7R 8K 14
T Ah, BATEWERE S RN PR 5 M RE T
WA B A e R AR P R BT R . i
WFFEIEE SRR, AR5 2208 WNp nl il il b E g
2L A 2 I S T3 A S B N 2B TN o
29 LEHEZZEEN RAW264.7 40 IL-6. TNF-o
iNOs mRNA FRiEBIENE

IV 248 JH A 0 s e, G B e DR 7 A g A DG ik
R IR & R AR AR R, £F3 AN R AY WND
WG 1 RAW264.4 41 iy 1L-6. TNF-a 1 iNOs
mRNA Kk TF5E . aniEl 13 FioR, 52510

709 =*
604

)

50 *
40+
30
20 .
10

mRNA HIX 55 (IL-6)

0_
LPS 500 250 125 625 3125 0
20 ng/mL WNpifkJ¥ (ug/mL)

mRNA X} & & (TNF-a) o

0
LPS 500 250 125 62.5 3125 O
20 ng/mL WNpif & (ug/mL)

1609 =
140+
120+
100+ *

80+ z

60+ *
40+
201

(e}

mRNA HI%} &2 (iNOs)

125 62.5 3125 0
WNpi % (ng/mL)

Ops 500 250
2011?mL
%1 13 WNp % RAW264.7 4t IL-6 (a) . TNF-a (b) F1 iNOs
(b) mRNA FKiEAY M
Fig.13  Effects of WNp on the mRNA levels of IL-6 (a), TNF-a
(b) and iNOs (c) in RAW 264.7 cells




- 240 - £ Tl B4

2025 4F 3 A

XF BZHAH B, 2425 2 88 WNp @Al 3 1IL-6.
TNF-a F1 iNOs mRNA ik i3 (P<0.05), H.
HAH B OMHRBEMRMILS , iR RFRIAS KL
B WNp GEAZ i oF 8/ B g 2 i AH S 3L P T -
6. TNF-o Il iNOs mRNA [543 41 i PR 7 Fn
FEARRNE R T NO, M IS 9 46 Fa i N 22 ST, ik
FIFETR PR -
3 #Hig

AT FEAERT PR R RS S A A A 145
Balifl, IFXTIRE AL N 90.26% 15 4= 5 ik
AT WA 2, 45 SRR W] WNp B /R Lk 0.4:
32.6:2.3:4.7:8.7:0.3:40.3 () Glc. Gal. Ara. Man.
Rha. GlcA il GalA H%5rF 5~ 82.61 kDa Y=
Wi [FIET, WNp FIGRLSERXT DPPH 1 ABTS™H
FEFIHTRE, I EA B Y ORAC 18 2245 Hrss
7R WNp A& NEEZE, I X RAW264.7 41 i Fil
HEK?293 #MAf AU E/E M, BN IAE WNp H453F
AT LSS A 224 PE . ST 4s R IH: WNp 1]
PETFVEEE TIL-6. TNF-a 1 NO 4B ) mRNA 14
PRI, R 3E L-6. TNF-a A1 NO B RE, 3] f
PEHRRMIVE . ASTHST A2 IR R G A 2P
A 28 YPE T BIL ] B2 HLAE S35 7 & 0 O & B LRl 2
A -

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3k
[ 1] R 2023 50 B 55rt = b HAE SR [N]. 335371,
2024-3-13. [ NONG Xiaofeng. Data analysis report of China tea in-
dustry in 2023 [N]. Thepaper, 2024-3-13. ]
[2] k&R, 20mb, Lk 2, 5. R SBRBRTERAELRA
WEESHTT]. A T AL, 2022, 43(20): 220-227. [ ZHANG
Yibin, LIU Peng, JI Haiyu, et al. Extraction pprocess optimization
and antioxidant activity of green tea polysaccharides[J]. Science
and Technology of Food Industry, 2022, 43(20): 220-227. ]
[3] FEME. A8 SR ARAT AR T X7 [Nl Wl B
%, 2023-08-03. [ FAN Ruiling. Technology helps the brand to
drive out "Naxi special morning tea"[N]. Sichuan Daily, 2023-08-
03.]
(4] ZAE. FMNAERBOFF T A FIN"RLFE
[N]. B £ & &, 2024-03-07. [ WANG Jinchen. Luzhou Naxi
District to do "tea industry, tea technology, tea culture" big
article [N]. China Food News, 2024-03-07. ]
[5] R BA4FRGMILLREREET R &FHY
o [T, 30 i % F I F R (8 R AF A1), 2007, 1: 108-110. [ LE
Jiansheng. The influence of the process work craft and holding con-
ditions of wuniu early ttea on the quality of tea leaf[J]. Journal of
Zhejiang Ocean University (Natural Science), 2007, 1: 108—110. ]
[6] YANG W, HUANG G. Extraction methods and activities of
natural glucans[J]. Trends in Food Science & Technology, 2021,
112: 50-57.
(7] 3HE, Rk ®, AR, F BFIREF SRRV LAMA

B 3 ) BE 9 b AT (1], & e A5, 2018, 39(4): 254-260.
[ SUN Sujun, JI Haiyu, BAI Yun, et al. Optimization of extraction
and antitumor activity of polysaccharide from Tanyang congou
black tea[J]. Food Science, 2018, 39(4): 254-260. |
[8] PARK H R, HWANG D, SUH H J, et al. Antitumor and an-
timetastatic activities of rhamnogalacturonan-II-type polysaccharide
isolated from mature leaves of green tea via activation of
macrophages and natural killer cells[J]. International Journal of Bi-
ological Macromolecules, 2017, 99: 179—186.
[9] LIS, CHEN H, WANG J, et al. Involvement of the PI3K/Akt
signal pathway in the hypoglycemic effects of tea polysaccharides
on diabetic mice[J]. International Journal of Biological Macro-
molecules, 2015, 81: 967-974.
[10] CHI A, LI H, KANG C, et al. Anti-fatigue activity of a novel
polysaccharide conjugates from Ziyang green tea[J]. International
Journal of Biological Macromolecules, 2015, 80: 566—572.
[11] XU P, WU J, ZHANG Y, et al. Physicochemical characteri-
zation of puerh tea polysaccharides and their antioxidant and a-gly-
cosidase inhibition[J]. Journal of Functional Foods, 2014, 6: 545—
554.
[12] WONG H S, BENOIT B, BRAND M D. Mitochondrial and
cytosolic sources of hydrogen peroxide in resting C,C1, myoblasts
[J]. Free Radical Biology and Medicine, 2019, 130: 140—150.
[ 13 ] WANG J, ZHANG Q, ZHANG Z, et al. Antioxidant activity
of sulfated polysaccharide fractions extracted from Laminaria japon-
icalJ]. International Journal of Biological Macromolecules, 2008,
42(2):127-32.
[14] ZHANG Q B, YU P Z, LI Z, et al. Antioxidant activities of
sulfated polysaccharide fractions from Porphyra haitanesis[J].
Journal of Applied Phycology, 2003, 15(4): 305-310.
[15] ZENG Y J, YANG H R, OU X Y, et al. Fungal polysaccha-
ride similar with host Dendrobium officinale polysaccharide: Prepa-
ration, structure characteristics and biological activities[J]. Interna-
tional Journal of Biological Macromolecules, 2019, 141: 460—470.
[16] B, EgRK, ikF 4, F. LR & 5 RAEFBRES 2R
B A e iR [T]. & A 42, 2017, 17: 195-200. [ LIAO M,
WANG W M, CHEN S H, et al. Composition analysis and an-
tithrombotic activity of fucoidan from Sargassum henslowianum C.
Agardh[J]. Food Science, 2017, 17: 195-200. ]
[17] SHEN C Y, JIANG J G, LI M Q, et al. Structural characteri-
zation and immunomodulatory activity of novel polysaccharides
from Citrus aurantium Linn. variant amara Engl [J]. Journal of
Functional Foods, 2017, 35: 352-362.
[18] CHEN Y, MAO W, TAO H, et al. Structural characterization
and antioxidant properties of an exopolysaccharide produced by the
mangrove endophytic fungus Aspergillus sp. Y16 [J]. Bioresource
Technology, 2011, 102(17): 8179-8184.
[19] M. R3S MO EMER ERIFNALMRIH LB
(3], ;M4 &2 T X% ,2018. [ CHEN C. Structural identifica-
tion, biological activities evaluation, digestion and fermentation in
vitro of polysaccharides from Fructus Mori[J]. Guangzhou: South
China University of Technology, 2018. ]
[20] Aokle. B KM o) & R AL SR T 75 T FR
a9 &R [J]. ;M e HE T K5,2016. [ ZHAO BY. Study on the
preparation, properties of deep eutectic solvents and its application
to the extraction of rutin[J]. Guangzhou: South China University of
Technology, 2016. ]
[21] #mWE. RWKEQRAAIKG 5 B LRI S SR
AR ] ;M d® T K5,2010. [ YOU L J. Study in the


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ijbiomac.2017.02.043
https://doi.org/10.1016/j.ijbiomac.2017.02.043
https://doi.org/10.1016/j.ijbiomac.2017.02.043
https://doi.org/10.1016/j.ijbiomac.2015.09.037
https://doi.org/10.1016/j.ijbiomac.2015.09.037
https://doi.org/10.1016/j.ijbiomac.2015.09.037
https://doi.org/10.1016/j.ijbiomac.2015.06.055
https://doi.org/10.1016/j.ijbiomac.2015.06.055
https://doi.org/10.1016/j.jff.2013.11.021
https://doi.org/10.1016/j.freeradbiomed.2018.10.448
https://doi.org/10.1016/j.ijbiomac.2007.10.003
https://doi.org/10.1023/A:1025137728525
https://doi.org/10.1016/j.ijbiomac.2019.08.238
https://doi.org/10.1016/j.ijbiomac.2019.08.238
https://doi.org/10.1016/j.bcdf.2014.12.002
https://doi.org/10.1016/j.bcdf.2014.12.002
https://doi.org/10.1016/j.bcdf.2014.12.002
https://doi.org/10.1016/j.bcdf.2014.12.002
https://doi.org/10.1016/j.bcdf.2014.12.002

%46 A ol B S INRRRIR A RO IR A A S S T - 241 -

purification of antioxidant peptide from loach protein and its antifa-
tigue and anticancer activities[J]. Guangzhou: South China Univer-
sity of Technology, 2010. ]

[22] HUANG W Y, MAJUMDER K, WU J. Oxygen radical ab-
sorbance capacity of peptides from egg white protein ovotransferrin
and their interaction with phytochemicals[J]. Food Chemistry, 2010,
123(3): 635-641.

[23 ] ZHANG M, WANG G, LAIF, et al. Structural characteriza-
tion and immunomodulatory activity of a novel polysaccharide from
Lepidium meyenii[J]. Journal of Agricultural and Food Chemistry,
2016, 64(9): 1921-1931.

[ 24 ] FIGUEIREDO R T, BITTENCOURT V C B, LOPESL C L,
et al. Toll-like receptors (TLR2 and TLR4) recognize polysaccha-
rides of Pseudallescheria boydii cell wall[J]. Carbohydrate Re-
search, 2012, 356: 260—264.

[25] MYKL,CL,LF Z, etal. Chemical and biological charac-
terization of a polysaccharide biological response modifier from

Aloe vera L. var. chinensis (Haw.) Berg[J]. Glycobiology, 2004,
14(6):501.

[26] DEVIK S P, ROY B, PATRA P, et al. Characterization and
lectin microarray of an immunomodulatory heteroglucan from Pleu-
rotus ostreatus mycelialJ]. Carbohydrate Polymers, 2013, 94(2):
857-865.

[27] SATITMANWIWAT S, RATANAKHANOKCHAI K,
LAOHAKUNIIT N, et al. Improved purity and immunostimulatory
activity of f-(1—3)(1—6)-Glucan from Pleurotus sajor-caju using
cell wall-degrading enzymes[J]. Journal of Agricultural and Food
Chemistry, 2012, 60(21): 5423-5430.

[ 28 ] ELHELU M A. The role of macrophages in immunology[J].
Journal of the National Medical Association, 1983, 75(3): 314.

[29] WANG L, NIE Z K, ZHOU Q, et al. Antitumor efficacy in
H22 tumor bearing mice and immunoregulatory activity on RAW264.
7 macrophages of polysaccharides from Talinum triangulare[J].
Food & Function, 2014, 5(9): 2183-2193.


https://doi.org/10.1021/acs.jafc.5b05610
https://doi.org/10.1016/j.carres.2012.02.028
https://doi.org/10.1016/j.carres.2012.02.028
https://doi.org/10.1016/j.carres.2012.02.028
https://doi.org/10.1093/glycob/cwh050
https://doi.org/10.1016/j.carbpol.2013.02.017
https://doi.org/10.1021/jf300354x
https://doi.org/10.1021/jf300354x

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 乌牛茶多糖的分离与纯化
	1.2.2 乌牛茶多糖化学组成和三螺旋结构分析
	1.2.3 乌牛茶多糖单糖组成及糖醛酸含量测定
	1.2.3.1 单糖组成分析
	1.2.3.2 糖醛酸的组成分析

	1.2.4 乌牛茶多糖分子量测定
	1.2.5 乌牛茶多糖抗氧化活性分析
	1.2.5.1 乌牛茶多糖溶液DPPH自由基清除能力测定
	1.2.5.2 乌牛茶多糖溶液ABTS自由基清除能力测定
	1.2.5.3 乌牛茶多糖溶液ORAC能力测定

	1.2.6 乌牛茶多糖安全性评价
	1.2.6.1 乌牛茶多糖内毒素含量分析
	1.2.6.2 乌牛茶多糖对RAW264.7细胞存活率的影响
	1.2.6.3 乌牛茶多糖对HEK293细胞存活率的影响
	1.2.6.4 乌牛茶多糖对RAW264.7细胞吞噬活性的影响

	1.2.7 乌牛茶多糖对RAW264.7细胞分泌IL-6、TNF-α和NO的影响
	1.2.8 乌牛茶多糖对RAW264.7细胞IL-6、TNF-α和iNOs mRNA表达的影响

	1.3 数据处理

	2 结果与分析
	2.1 乌牛茶多糖的分离纯化及组成分析
	2.2 乌牛茶多糖三螺旋结构分析
	2.3 乌牛茶多糖单糖组成、糖醛酸组成及分子量分析
	2.4 乌牛茶多糖抗氧化活性分析
	2.5 乌牛茶多糖内毒素含量分析
	2.6 乌牛茶多糖对HEK293细胞与RAW264.7细胞的毒性作用
	2.7 乌牛茶多糖对细胞吞噬FTIC-标记大肠杆菌的影响
	2.8 乌牛茶多糖对RAW264.7细胞分泌IL-6、TNF-α和NO的影响
	2.9 乌牛茶多糖对RAW264.7细胞IL-6、TNF-α和iNOs mRNA表达的影响

	3 结论
	参考文献

