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B OE A6 RASBREAZERRIY, A—FARLLBZATHERARLTRGATIE. Tik: RALRH
FEBIERARREE. FHRIC AR CBRENFE B FEGY R, AL EEmy HRbaegs, X SHERR
I AT TR, B g SRR S pExt RAW264.7 iy 5ok 4 /1 & NO #%&, #MA BT «B (Nuclear
factor-xB, NF-xB) A= AMP & #i 49 & & %8s (AMP-dependent protein kinase, AMPK) 12 Fi@ skt A L A& &G %k
B, MBI R SHERI RIR AT E. SR NBAESBORERRIZA: RIUEE 91.11 C, #ik
B 1:1545 (gml) , TEERE 82.84% (V) o« BLEBT, XEMBIFEN 862%, MBER T FSBEAES
AT R F 3% RAW264.7 m Jo 69 Bk i /1 B NO B A £ (P<0.05) , £ % # & NF-«B A AMPK 12 5 i# %
(P<0.05) , 2% LiA#HFA — A4 KA RBEE (Inducible nitric oxide synthase, iNOS) . MJ& 3R % EF-a (Tumor
necrosis factor-o, TNF-a) . & 2@/~ % -6 (Interleukin-6, IL-6) . & @@/~ % -1 (Interleukin-15, IL-18) 49
mRNA & EKF (P<0.05) « £F, SHNEFZHAREME, it BIRUREE, HRARTIREF
B, THXRGEHESHEFE, HTi@i % E NF-«xB/AMPK 8% KB X B ATAER . G RERHSBRIHE
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Preparation of Polysaccharides from Liubao Brick Tea and Its
Immunomodulatory Activity

SUN Yizheng', WANG Huigin, LI Beibei

(Zhengzhou Shuqing Medical College, Zhengzhou 450064, China)

Abstract: Objective: To optimize the extraction process of tea polysaccharides from Liubao brick tea and to further
investigate the immunomodulatory effects and the possible regulatory mechanisms. Methods: A single-factor experiment
was used to investigate the effects of extraction temperature, material-liquid ratio, and ethanol concentration on the yield of
tea polysaccharides, based on which the extraction process was optimized by combining with response surface
methodology. By measuring the phagocytosis and nitric oxide (NO) release of Liubao brick tea polysaccharides on
RAW264.7 cells, detecting the expression of genes and proteins related to nuclear factor-«B (NF-«B) and AMP-dependent
protein kinase (AMPK) signaling pathway, in vitro immunomodulatory activity of the purified tea polysaccharides was
evaluated. Results: The optimal extraction process for the polysaccharides from Liubao brick tea were as follows: 91.11 C
of the extraction temperature, 1:15.45 of the solid-liquid ratio, and 82.84% of the ethanol concentration. In vitro
immunomodulatory activity assay showed that Liubao brick tea polysaccharides significantly enhanced phagocytosis and
NO release of RAW264.7 cells, significantly activated NF-«B and AMPK signaling pathway, and significantly up-regulated

the mRNA expression levels of inducible nitric oxide synthase (iNOS), tumor necrosis factor-o (TNF-a), interleukin-6 (IL-
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6), and interleukin-18 (IL-1p) to exert immunomodulatory effects. Conclusion: By optimizing the extraction temperature,

material-liquid ratio and ethanol concentration, the yield of Liubao brick tea polysaccharide could be effectively improved,

and it could play an immunomodulatory role by activating the NF-kB/AMPK pathway. The results provide a research basis

for the in-depth investigation and application of the Liubao brick polysaccharide.

Key words: Liubao brick tea; tea polysaccharide; extraction; response surface optimization; immunomodulation
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INEL AR AR BTgRER, Bk
38 B SRR ST i v RO K A & W A s At
A, ZECNTRTEZRZ P, T IRRER O HERUR 1%
TR, RSN R S A e S3- an 2 iy sl A48 1 T
4G, B 5 H AL 2 A R 09 &5 4 FnvE S
LMl E T RO IARS, K ERTE | TRtE
V25 AR, ARG R | RGN T
SR R ZE GRS B R O RS, H A, K327k
JERE A T . Wei 281 SR FH /K BREETTEL T &
T ONERIG AL Z0E, ITHEAT TIRSI LSS, RIS ERIG 4
Z b H A B OB . oAU A AR A P 28R . Sun
SOV T IRARAL 4% Z2 WERR S o U8 1 I 1 B B AN AU
KR RIERIPVEA o FRBERR IR T B0 85 1 T
(AMP-dependent protein kinase, AMPK) J&—Fp1ERE
T N REEE A R iR L RS, X T4 R
M S E Y PSR R IR, B RS T DA
RAW264.7 4 -h 9 AMPK 351, T & 4T 5 1%
PEM S BRI, SCT 7SRNG AT M e B a9 16 B G
FEICHLT ARSI I LhAR 2

R, ASBHFSE LS BB A% 45 0 Sk, 38 o B PR 3R 512
B FIERSR IS T /SR A MR B T 22, If4E
I E RN RAW264.7 FEBIERTY T 7N EEGk 2K 20
RSN PRI TE, A 7R 7S B G 25 2 1E
B LA B A I R 3R s 26
1 #RERFE
1.1 MRI5LER

INERIRSY SRR PR RS E IR
Fl; RAW264.7 BEvgdifis  H ER = Beam e A= 4~-wt
FETs PUZmkiE . —H SRR LT IR0, AR
WEAEE. BAmE LT AR A
BRONE] 5 S i G250 Hm RAYEHT AR
) ; TRIzol iX57] . Servicebio®RT First Strand cDNA
ARl & I FEYE /R A R Fl; DMEM 15
PG IR AL HyClone 22 ] 0.25% JRER A -EDTA

Gibco 23 Fl

CPA 225D 43r#r RV FEZ R R ES (b
50); RE 3000 JEfLZ8 k4% LW oRAIbiUERT;
DK S24 /Ky LS aE S0 A BRAS F] ;s Te 554k

Sy db AT A ER A R BT AT A A
LABCONCO &R THEHL PRk CIHIRBHEAT R
] MG FR4E  Olympus 23 F]; AMR 100 BffR {3
BUMN B AT B H] o

1.2 XWFHE

1.2.1 NERFEZESMHEI T 2 X2 HHEBO A
% Z Wi EARIE N, e e S it 80 H i, $4% R
1:10(g/mL) HEFE L, L 90 °C #uk3EH 2 h, &
PEEP U o o 7K HE W E R e 40 22 [ 57 e o 70% A2
15, MAZEEEIREE N 80%, 4 °C e i e, B0
BTHE, ¥R TR 1SS 2.

o KL
% R (%) = o= X 100 w
LR (%) TR () &

1.2.2  FNARGE S 2RI R 2R 556
1.2.2.1 $RBUREXT 2SR5 B2 E 60, 70,
80. 90, 100 °C HFREHUIR VAT, HATSIIHG 4%
PEARAR, AR SEI R R =R, LR R HEBGR E R oS
BRGSO %
1.2.2.2 $RBURHE tbXT 2B R g s2m 5 1:5,
1:10, 1:15, 1:20, 1:25 FL48HE EE (g/mL) #E17 52
5, HASLIG AR, 4l g0 A — IR, FREASTH]
PEBUBH LE T 7S ER LSS RIS
1.2.2.3 ZEEMREXT Z 3R X E 50%.
60%. 70%. 80%. 90% Ti4~ZBEH A 7050, HiAx
S SAF AR, FRAH I H AT IR, FREBEASIE] 2,1k
JE T ISERAE A NI R,
1.2.3  FNERAL S PRI N S A % B
HLE L TS AR KO TS B A5 TR R B, o
— 25 2R FH i N RS AL R BT 2, i 18 1
WL 1. iz ] Design-Expert 12 R A7) 4b #4551 i 44
PEEUT 25, RGP A B B T 2 T 50IE

%1 Box-Behnken BT ZEKN¥E Mt {E

Table 1  Factor levels and coding values of Box-Behnken

&
K — —
A $REGEEE(C) B B b (g/mL) C ZEEHRIE (%)
-1 80 1:10 70
0 90 1:15 80
1 100 1:20 90

1.2.4 NEEIOHZHELIL =% Zhu 250 (9 0778XT
L N AR )S Hl 25 RS 2 T alifh . ALl
Tk FECHDR 50 mg/mL AYEH, i 0.45 um
U RS, 2 S M A B AEH (2.5 cm*60 cm,
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188l “&y DEAE-Sepharose Fast Flow gel) . A NaCl
W ATREEE VL, 5 3500 Da FBHT AT BE
WHATIENT 72 h, RT3 RIS A .

1.2.5 vhPEPESENE SREARE SN/T 4260-2015
S BRI X TR A T . FREX 10.00 mg 7F
W 2 T3 e 2R IR /K h A R e 45 2 100 mL, WZHX
1 mL FEVK/KIBE AN 0.5 mL BIZEENE R, JR15 3%
A1, A 2.5 mL HRERAR, DAAS Rl i B R A B
TE RN 28, BE/K¥E 20 min, BUL A 10 min, DLZE
PR KA RE A N 2s AR, 7 e R Wi o K Ab
490 nm W 5 W2 G o AR i [0S 7 R TSR b bR
Tt

1.2.6 BHIERR il SRzl 40 (1 5286 7
¥, DI ZURHIE IR A bn v b, 30 1 BRI P R s 7k XA P
TR SR AT . FRER 10.00 mg 258 T3 S 28K
Hhigs i, SEASE 100 mL, W2HL 1.0 mL £E 5 TR
JEIMA 6 mL PUBNIREN-IR R FRIA WL, PR ZG IR G )5 T
WKW 5 min, B VKK R B ZE G, InA
100 pL [MIFRFEERIRIE IR . 1R-A 515 #E 20 min,
TE 520 nm ZbWIE WG EE . AR 191 )9 Ty B TS
127 W& ENE = MR GB/T 8313-
2018, SRIHMEAMRER IA XSS Z Wy S i T g . A
P TR ARUMES,, B 1 mL Z2BHAR S 1 mL f8kk
Y YE R A, FFE 5 min, A 3 mL 10% BRFR 4%
A, JCE 2 h, £E 760 nm AR RE G G, AR YR [E115
BRI &

1.2.8 ZREASFHNE SIS ikl X
P B TIE o  DAAF LY 88 P bsifis s, B PET
W 20 pL 5 2000 pL % DHrs i G-250 Gyt T AR
BA YIS, ZEIEEE 2 min, 7F 520 nm 2052 % G
JE, MRS [B1U5 5 R  RAOHEE R

1.2.9 FNEERESS N G VAT I EE AN AR R AN
1.2.9.1 YUHEAFIERINE RAW264.7 4IAELL 2x10°
LHIIEL/ALI 2 BEAE 96 FLA TSR 24 h, SREFE 7R AL
e AN [F) e 55 iR 7S R BL Z5 2285 (25, 50, 100, 200,
500 pg/mL) FlAE Z 8 (LPS) (10 pg/mL) #5337 36 h.
Fi BV, B 100 pL MTT %K (0.5 mg/mL) &S0 £ 45
AFLrb, FRREERE SR 4 he BURREFRW, INA 100 pL
TP, FETE 490 nm AMEEEUR G

1.2.9.2 HWERE M SR PEL AR s e
EZLZHENT RAW264.7 ARIFEIERE ST, 1535
JrklE 1.2.9.1, BL DEME 35 3% 3L 1 LPS(1 pg/mL)
VEH2s AT RE R BHMEXT RE . 155% 36 h Je 3¢ 13, Jin
A 100 pL/FL 0.1% HpPEer A= BEL KIS, dks 3%
4 he FF_LHE, A 100 pL/ALANME SRR, dREL s %
1 h, 7£ 540 nm ZbEEEURSGE

1.2.9.3 NO BEudlle  $535 ik Mordiln) 1.2.9.2,

¥: 3% 36 ho fH FH NO A M i 71 & W <& 7% 1k i
RAW264.7 4Hiia 1) NO 7K.

1.2.9.4 RT-qPCR LA 40 A GoRE I/ 15 Sl 3L R 32
ik LA 5x10° /~/mL 14 e BE 2 Rl RAW264.7 4 fify
F] 60 mm® W EFFRMLA, 5320 [F 1.2.9.2, 553% 36 h
Ja, & FiEW, PBS 2R BEJS IN A 1 mL Trizol i
), At FH L SR RNA 5L 5% cDNA., %
qRT-PCR MI5E iNOS. TNF-a. IL-6. IL-18 i mRNA
FARTHEOL, DA B-actin NS, 5IPFHIILER 2. 5%
sk M gRT-PCR S8k & Z: BRI S U 1531 7.

#2519
Table 2 Sequences of the primers
L/ L3S Bt/ 2]

. 53 AGCCAAGCCCTCACCTACTT
INOS 33 GCCTCCAATCTCTGCCTATC
53 TATGGCTCAGGGTCCAACTC

TNF-a 33 GGAAAGCCCATTTGAGTCCT
L 53 CACGGCCTTCCCTACTTCAC
3’ TGCAAGTGCATCATCGTTGT

53 GTTGACGGACCCCAAAAGAT

IL-14 33 CCTCATCCTGGAAGGTCCAC
_ 53 ATGTGGATCAGCAAGCAGGA
factin 3 ATGTGGATCAGCAAGCAGGA

1.2.9.5 GyER A NF-xB & 2848k 41

MuBE SR R Ay #H A 1.2.9.4, 25 °C T/ 0.1 mol/L
PBS H11¥ 4% Z R P EBEWIR-G41E 1 ho A PBS f
Ve, H 1% Triton X-100 X 40MIBEF 78B4 FE . BE
J&, SR 10% 1n3EE A4 1 h, 25 540 NF-xB —
PL(1:1000)—HEHFF (4 °C)L R, )G pescdn eIt H
AR BB GRRIC YU T . BJa, TEPSOG i N
ah R,
1.2.9.6 Western-blot 34l AMPK % p-AMPK &
MRS difiss3% MsreHr=RF] 1.2.9.4, F 1
AR B AN TTIE, FH RIPA 28 22 vh i 244, I35
& Trajkovic 8" 1y ik AT o RE BN . ) p-
AMPKal, AMPKal 1E HbniE AR, 35275 p-IL
B VN FEER
1.3 HIELE

f#i i} GraphPad Prism 9.0 #4475 T 0B o
P<0.05 H2EF M3, P<0.01 M550 W3, 4 Bl
FHF A EEARHE2E TR0
2 RS9
2.1 BRERSWERSH
2.1.1 $REUREEXI/SEEL A 2RISR & 1
R T ARG | BN LR B X oS BR AL
ZWHIS RN . T7E 60~90 °C, i PE BRI
Fher, PRI, IR BB EN 6.35% SR
MR IR E] 100 °C B, ISR IFIE TR, X2m Tl
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TR TR RE T BE S IR 2 B0 25 A -3 ECHCRA A, PAITT

BEAIR T 252 P45 R0, Mol b2l 1:15(g/mL)
B, Z BRI R, 53 8.36%. AKAVENE b4
SECEWEARTE AT, TR R P S E I s Rk

45 55 5 S A R vh v i 2 M O, DT BRI T A5

U RS R (N, 2B IS SR N

M7 AR EE S 80% Fl 90% B, Z2MHfS R0 I 25 7
(P>0.05), FRHASEETTTE /KL H T ZL00 LR
FEAE 80%~90%. £ JUrid, BB 90 °C, Kt
W 1:15, ZEEHE 80% dEA TR It Akiss: .

A 8

%\X\ —
0 T T T T T
60 70 80 90 100
IR (C)
B 10 4
8 =
S
= 67
by
= 4
R
2 —
0 L] I L} L] ]
1:5 1:10 1:15 1:20 1:25
BRI EE (g/mL)
C 8-
d d
6 = ¢
S
- b
J\gg 4 < a
R,
0 T T T T T
50 60 70 80 90
LFERIE (%)
Bl 1 FREBGRE . BRE L, Z B BEXT 7S R A 2
TR

Fig.1 Effects of extraction temperature, material-to-liquid ratio

and ethanol concentration on the polysaccharide yield of
Liubao brick tea

H: ANETFHEFRRAC 0] 22 7 5.2 (P<0.05), /] 4~ 6 [F] .

22 MIRZERIELER

PRI N ERAL AL 20 i N AT e T+ A g R an
2% 3 Jisn . SR HH Design Expert 12 X 3¢ 3 #5347
TR ZmiEGE M BT, 13BN ERIE A PR RS
PEHGR B (A) | $2HCERE LR (B) . ZEEREE(C) Z MY
TR BT R

F 3 WA AR BT S Ak

Table 3 Design and results of response surface experimental

LT ZHEE(%)

>

5.57
-1 6.07
0 8.86
-1 0 5.78
0 1 6.56
6.83
-1 -1 6.07
6.45
7.26
4.85
8.41
8.56
5.85
8.31
4.18
8.58
5.69

S 0 0NN AW —

Ll ocoocooco—~m—o~ L
— o o ol w
| |
—_ —_

—
—
(=}

S O O O = O O O = =

Y=8.54+0.4563A+0.2688B+0.1975C—0.1900AB+
0.0525AC+0.0125BC—2.03A>~1.39B°~0.5020C>

2% 4 AT, AR P {E<0.01, Ui el )45
R 255 AT P (E>0.05, AT JH i 7 T i 4 1
TS B At 25 Z2 M B P MO T 258 o M E R 8K
R 0.9848, FRUTIZMIRIALIAG S 5 Rp,eq(0.9653)
5 R?,;(0.8357) 2257/ NT 0.2, G —EPE. (5
W A A S S IR A LR, (R IR L 21.447>
4, LW AT LA B AR

®4 EITRER T 20T

Table 4 Analysis of variance

FERIE P ARE B F P M
HA 31.54 9 3.5 50.47 <0.0001 BF
A-RBURE  1.67 1 1.67 23.99 0.0018  W#F
B-BHEIL 05778 1 0.5778 8.32 0.0235 W
C-ZHIE 0312 1 0.312 45 00717 AFE
AB 0.1444 1 0.1444 2.08 0.1924 AN
AC 0.011 1 0.011 0.1588 0.7021 AW
BC 0.0006 1 0.0006  0.009 0.9271 A3
A2 17.34 1 1734 24982  <0.0001 B
B2 8.13 1 8.13 117.1 <0.0001 BF
ce 1.06 1 1.06 15.28 0.0058  WFE
B2z 04859 7 0.069%4
KB 03118 3 0.1039 2.39 02097 AE3E
aliiRzE  0.1741 4 0.0435
B 32.02 16
R*=0.9848 R, =0.9653 R, =0.8357 fFlfit=21.4471

23 BRERZERZE(ER&REIERE

WA DA 2 2 (] A AR AR A DL ] 2.0 i b7 T ] e
BEIY, 3 Z [R] 0 S22, S )N A2 el 52
HIE, D) — 25 52 B AR s, fe =z dlesti . s 2 \p
SR, e . TAT A BE U R /NI 2 AB>AC>BC, 5
22 B2 (FAE) . A EZERATR, RN
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Fig.2 Response surface of the interactive effects of various
extraction conditions of Liubao brick tea polysaccharide

E: AL PRIBGELREFIRHA L = 4k ne 7 1w P45 B. 32 HGH B2 7 2.1
VR BE = ZENR N T P15 C. R U s B2 — Ak L T 4]

LAt 55 Z2 WP HES R se i B BE R/ MNHE) T S A>B>C,
RIPRIB BE>R be> B B o R FH R oz T A %)
SIS EE L — T AR, A SRR S i TR
BT 2 04 BURE 91.11 C, BH& L 1:15.45(g/mL),
OB 82.84%, TEULASHE T, 21930 8.60%.
SRR ERAE R R BRI E 91.1 °C, Bt 1:15.4
(g/mL), Z LU EE 82.8%, f i 34T = Yk 4 33iF
T8, SPRZHEIE RN 8.62%+0.05%, 55 A5 T T
ZEFEAT -
24 NERRFEZSTEERRKRT T

FSEREAS 2RO TR . BHIER . S50 A ER
S e g ANk 5 pros . Horr, vl 2
639.39 mg/g, FEEEIR & 213.07 mg/g, AR &
N 49.11 mg/g, B HEEN 87.71 mg/g. Hi
LU SIS IRAESS . BREAS . FNERREAR . TGS .
AT A 6 FhREASLH WU o AT 50T, 45 5 & 90
FSRN RS P T R SR BT BRI AN 22 1 U b

L5 NEEAZHEN TN 28 SRR
A (mg/g)
Table 5 Neutral sugars, polyphenols, glucuronic acid and
protein contents of Liubao brick tea polysaccharides (mg/g)

B LR BHEE R KL REA
INEEERZHE 639.39+1.96  213.07+4.45 49.11+1.1 87.71%1.52

SRS S VLA 502.49~632.87 ., 45.45~104.84
183.44~229.16. 14.94~100.83 mg/g, A S U6 4% L 5
ZAFF o

2.5 ANERZEZENEINRATIEERMR

2.5.1 FNERREESZ M /INELE WEAT M RAW264.7 41
HEIGE FI00R2I RAW264.7 J—Fh/NRIE g R,
Bz TR gE S5 AR AR C 1 G BE IE T 5 R E I
REEA, ARWFFEE T MTT 0 52 7S 8 8 45 22 58 X
RAW264.7 U RAFIE 52 . B IE 3 Al %, 51E
A AH B, 7S ERAE A R E S 25, 50 F1T 100 pg/
mL B, XA TE O B (R UEE A, 4 TE 32 550
N 116.45% ., 125.82% F1 107.67%; 44 &~ 200 ng/
mL B, 4HEAEIE 2N 95.43%, 1B 5 1F 5 4H TG i 351k
25 (P>0.05); 24HkJE g 500 pg/mL B, 40I7ERE 3R
N 77.67%, SIEEH LB E R, B, S
GE IS R A 45 22 0E 1 G e U Y 0 MR, R 50 Fi
200 pg/mL VE A8 IR B4 5 s Rl T RS

150 —

ok sk

2100 AN
R N7
K >
2 \z

= 50 =
S : /
]
0 - — ’|/
‘%}% #ﬂ@ 25 50

N HEMKIE (ng/mL)

B3 RGBT RAW264.7 4IHITE J1 850
Fig.3 Effects of Liubao brick tea polysaccharides on
RAW264.7 cell viability
T SIER AL, ns RRTC 25, * RN A B #5255
(0.01<P<0.05) , **3K R HA M 2 % 2 5 (0.001<P<0.01) ,

kRN HA MU .25 22 57(0.0001<P<0.001)

2.5.2 NERIGESZHEXT RAW264.7 U RS T K
NO F=A AR W AT A AR PN 3 o 7 g A
RAFGEVHNTDIRE, 1E3Z 2B, HArvETiaE 25l
Z R AARAR, PRI AR AR D RE T AT
iR e pE TR ER . Nl 4 iR, SIER AL, 75
PEAEZSZZHELE 50 F1 200 pg/mL ¥JE R}, XA i e
Bt RAW 264.7 MM FFWERE ST, 43 H 2 1E# 40 1.39
1 1.70 5. [, RAES BT NO 7T LIAIE P 5 AE A1
PRI IR AR T, e R 24 A I B S S o7 1) B g



- 332 - £ Tl B4

2024 4 7 A

B 4 531 BoR, 5I1E% 40 NO =45 (3.08 pumoL/L)
FH LY, ASERGEZXZZHEAE 50 F 200 pg/mL #& BE AT, 14
] iR 3 (P<0.05) 112 i RAW264.7 41 itl 7= 4= NO, H:
NO ;=4 &43 50 5.14 F1 8.20 umol/L. Hi AT L,
TR B S ER R S 2 WX RAW264.7 41 iU A5 W BE

& NO F=Em T RORE o B3 . 522 A0, =
JHAFGR AP K BRARNG A% 2208 v 38 Ak 1 5 241 e W B
J1, fRHE NO 43, LA B G Ve o

A207 4
15—
=
oo
$z
%El.o—
b
s
0
R
&7
R
B 10—
d
8_
Q
g 6
=,
2 4
3
Z 2
0_
R
5
3

F 4 NERREASZHEXT RAW264.7 4HAVERE T1 (A) FI
NO /4 (B) 150
Fig.4 Effects of Liubao brick tea polysaccharides on
phagocytosis (A) and NO production (B) of RAW264.7 cells

2.5.3 FNAERFEES ZHENT RAW264.7 41 jd 98 0 K 1
mRNA FiLKFAREm ASHFFEE M 5 TNF-a.
IL-6. IL-14. iNOS mRNA )RR, DL BT 7S 28
T 5 ZZHEXT RAW264.7 AU SR BBl 4% /K- 1478
PEH . nE s iR, 551 H 4AH B, AR R s 77
BN B R 20 AT 35 (P<0.05) 32 T TNF-a.
IL-6. IL-14, iNOS mRNA [ k7K, Hirp )it
HI 200 pg/mL ¥& FERCR B ok 3 . Wu S50 2B,
FNEE R Bl LIS AR A2 3F TNF-a. IL-
6. IL-18 MRS . TRAE A Z20E o S RUTE PR
RAW264. 740 i 7] 7= 4= NO. TNF-a. IL-6. IL-18 44
BN IIE R T, IXEEPR 114 7 A ] A 2800 HoAth foase
A, FE A FE SRR EERY . INOS J2& NO G AR
L, J2 B WEAR IS i B AR, g SRR,
TSN A Z20E AT 8 ek R Y R O SRE I R Gk, R
FEGPEPR I VE R

TRIAE >
~ 9
| |

TNF-oo mRNAAHX
() —_ N w
l 1 1 |
A ‘ -
o,

w

=N

S
|

X} ik
N
o
|

%}
S
|

IL-6 mRNAAH

C 100 —

I
o
IS

1

=N
S
1

IS
=
I

IL-14 mRNAAH 53
8
|

o
|

w)

2.5

iNOS mRNAHX ik

Bl S NERIEASZ M RAW264.7 L AE A it mRNA %
IR
Fig.5 Effects of Liubao brick tea polysaccharides on mRNA
expression levels of inflammatory mediators in RAW264.7 cells

2.5.4 FNERTL IS ZPEXT RAW264.7 41 Jif] 5 48t 5 i
NF-«B/AMPK (3Rik  ilb— IR ISERL A 2 0E
SR REVE TG P AVE AL, BT TUNEL 546
% B 1 NF-xB 321k, Western blot #:9l] AMPK %



55 45 % 55 144 IMUE , 45 SERAE A A 8 MO Sle 1o i 7 - 333 -
A LPSZH IEH A {lisliseic] = 70 2
DAPI
10n7pm 1 O(IJAm 10 llem 1 "L‘"“
Green
li)ﬂipm 10 lﬁlm 1 ﬂﬂun
Merge
IOEm\ luf)ium
C LPS4] EH 4 G2 AL D 1.51
i ¢ d
p-AMPKal - —-— S 101
"< b
= a
5}‘5 a3
2051
AMPKal ey
O -
BB B B
&_\ )éé\\

K 6

INEETEZL Z BT RAW264.7 4iiJfi NF-xB/AMPK j

T I AR YRR

Fig.6  Effects of Liubao brick tea polysaccharide on the protein expression level of NF-kxB/AMPK pathway in RAW264.7 cells

p-AMPK I &KL 7KF- . HIE 6A~E 6B Al I, 5
IEHZHAREE, 50 X 200 pg/mL 7 7 1% 2% Z2 4 4k 31
RAW264. 740 )5 , g W&l N 1 NF-xB &
ik, B 6C~&l 6D IR, SNEREA MR B IR AMPK
IR LK. NF-xB 7E G2 V5 Ko S92 b7
R E AR . NF-«B IS 2300 8h 25 Fh R0 K
FEPRI % 57, SOR B RAE IR T I B . AMPK £
Sy 2 A R S A I S ER YR Y R, AEZRMR R B | 4
. Ty AR E 4y mEZEEMPY. Wang
SEBU L BT 469 0] 38 i3 NF-«B/SIRT1/AMPK 5%
I8 R DA ST RIT T RNE o

3 i

ASHIFSE 3 ok B PR 2R I 56 K . TG A i,
RE T INEENE A BRI T 58 U 91.11 °C,
B L 1:15.45, 2 B U BE 82.84%, Z W15 %N
8.62%. RAW264.7 HMHIARAISCEGZRI], /NERIG 42
WAL VT AR, RIMAEAR YA WA TR 5
K NO 1 F&i, Il i3 NF-xB/AMPK 1553 #%, E
i iNOS. TNF-a. IL-6. IL-18 mRNA ik, H &7
HEORRCR IS Pk, 38 XIS BRI A 2 B T
ARG L NG PERI T IE, ik — 2R ATE I
PENLHIFL A T Al

© The Author(s) 2024. 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 3Lk
[1] ZHUM Z, LI N, ZHOU F, et al. Microbial bioconversion of
the chemical components in dark tea[J]. Food Chemistry, 2020, 312:
126043.
[2] ZHU J X, WU M R, ZHOU H, et al. Liubao brick tea acti-
vates the PI3K-Akt signaling pathway to lower blood glucose,
metabolic disorders and insulin resistance via altering the intestinal
flora[J]. Food Research International, 2021, 148: 110594.
[3] MAO Y, WEI BY, TENG J W, et al. Polysaccharides from
Chinese liupao dark tea and their protective effect against hyperlipi-
demia[J]. International Journal of Food Science & Technology,
2018, 53(3): 599-607.
[4] WEIL, HUANG L, DU L J, et al. Structural characterization
and in vitro antioxidant, hypoglycemic and hypolipemic activities of
a natural polysaccharide from liupao tea[J]. Foods, 2023, 12(11):
2226-2245.
[5] QIN HN, HUANG L, TENG J W, et al. Purification, charac-
terization, and bioactivity of Liupao tea polysaccharides before and
after fermentation[J]. Food Chemistry, 2021, 353: 129419.
[6] LIQ,LIUL, ZHANG J H, et al. Effects of pile fermentation
on the physicochemical, functional, and biological properties of tea
polysaccharides [J]. Food Chemistry, 2023, 410: 135353.
[ 7] XIANG G, SUN H P, CHEN Y Y, et al. Antioxidant and hy-
poglycemic activity of tea polysaccharides with different degrees of
fermentation[J]. International Journal of Biological Macromole-
cules, 2022, 228: 224-233.
[8] FAN Y M, ZHOU X F, HUANG G L. Preparation, structure,
and properties of tea polysaccharide[J]. Chemical Biology & Drug
Design, 2021, 99(1): 75-82.
[9] SUN Y J, WANG F, LIU Y, et al. Microbiome-metabolome
responses of Fuzhuan brick tea crude polysaccharides with immune-
protective benefit in cyclophosphamide-induced immunosuppres-


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.foodchem.2019.126043
https://doi.org/10.1016/j.foodres.2021.110594
https://doi.org/10.3390/foods12112226
https://doi.org/10.1016/j.foodchem.2021.129419
https://doi.org/10.1016/j.foodchem.2022.135353

- 334 - £ Tl B4

20244 7 A

sive mice [J]. Food Research International, 2022, 157: 111370.
[10] RODRIGUEZ C, MUNOZ M, CONTRERAS C, et al.
AMPK, metabolism, and vascular function[J]. The FEBS Journal,
2021,288(12): 3746-3771.
[11] LUJZ, CHEN X, ZHANG Y Y, et al. Astragalus polysac-
charide induces anti-inflammatory effects dependent on AMPK ac-
tivity in palmitate-treated RAW264.7 cells[J]. International Journal
of Molecular Medicine, 2013, 31(6): 1463—1470.
[12] ZHU J X, ZHOU H, ZHANG J Y, et al. Valorization of
polysaccharides obtained from dark tea: preparation, physicochemi-
cal, antioxidant, and hypoglycemic properties[J]. Foods, 2021, 10
(10): 2276-2296.
[13] ZHUIX, CHEN ZY, CHEN L, et al. Comparison and struc-
tural characterization of polysaccharides from natural and artificial
Se-enriched green tealJ]. International Journal of Biological Macro-
molecules, 2019, 130: 388—398.
[14] ##F, RAE, LF, F. AR EZF SO LRSI AL
FAFEW[T]. &5 T kA3, 2017, 38(20): 16—20. [ YANG Xin-
he, HUANG Mingjun, MA Wei, et al. Composition and antioxidant
activity of polysaccharides of different dark tea[J]. Science and
Technology of Food Industry, 2017, 38(20): 16-20. ]
[15] w4 B4 SAF AL GB/T 8313-2018 %ot F % % B fe
LR FE £ AT F i [S]. R b B ARE iRk, 2018: 2-5.
[ All China Federation of Supply and Marketing Cooperatives.
GB/T 8313-2018 Determination method for the content of tea
polyphenols and catechins in tea[S]. Beijing: China Standard Press,
2018:2-5. |
[16] BRADFORD M M. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the princi-
ple of protein-dye binding[J]. Analytical Biochemistry, 1976, 72:
248-254.
[17] SUNY J, WANG F, LIU Y, et al. Comparison of water- and
alkali-extracted polysaccharides from Fuzhuan brick tea and their
immunomodulatory effects in vitro and in vivo[J]. Food & Func-
tion, 2022, 13(2): 806—824.
[ 18] TRAJKOVIC K, JEONG H, KRAINC D. Mutant huntingtin
is secreted via a late endosomal/lysosomal unconventional secretory
pathway [J]. Journal of Neuroscience, 2017, 37(37): 9000-9012.
[19] AL, 4P3E). Brad 2 S BRRGEZMR ] ARE S
#3,2006(2): 179-180. [ YAN Hang, ZHONG Yaoguang. The
study on extraction of polysaccharides from Lentinus[J]. Modern
Food Science & Technology, 2006(2): 179-180. |
[20] YANG Y, YANG M H, ZHOU X, et al. Optimization of ex-
traction process of polysaccharides MAP-2 from opuntia milpa alta
by response surface methodology and evaluation of its potential as a-
glucosidase inhibitor [J]. Foods, 2022, 11(21): 3530—3547.
[21] sk, ARk, 2ok, . R S 454 5 IRIR, 24 R AE

BARBACE AR (1], & b5 A B Tk, 2021, 47(5): 120-126.
[ YANG Yanmin, ZHENG Zhenjia, GAO Lin, et al. Ultrasonic ex-
traction of jujube polysaccharide and its structure and antioxidant ac-
tivity characterization[J]. Food and Fermentation Industries, 2021,
47(5): 120-126. ]
[22 ] KHATUA S, SIMAL-GANDARA J, ACHARYA K. Under-
standing immune-modulatory efficacy in vitro[J]. Chemico-biologi-
cal interactions, 2022, 352: 109776.
[23] SUNY J, GONG G P, GUO Y M, et al. Purification, struc-
tural features and immunostimulatory activity of novel polysaccha-
rides from Caulerpa lentillifera[J]. International Journal of Biologi-
cal Macromolecules, 2018, 108: 314—323.
[ 24 ] REZAEI M, GHAFOURI H, AGHAMAALI M R, et al. Thi-
azolidinedione derivative suppresses LPS-induced COX-2 expres-
sion and NO production in RAW264.7 macrophages[J]. Iranian
Journal of Pharmaceutical Research: IJPR, 2019, 18(3): 1371-1379.
[25] FAadf, s, TR, 5. K5 ARl Aa A thsh fo sk
WA AR 20 [T]. R AR K F F AR, 2023, 41(1): 45-51,
65. [ YUAN Xushuang, MU Yanlu, WANG Fan, et al. Compara-
tive study on digestive properties and in vitro immunomodulatory
activity of Fu Brick tea polysaccharides[J]. Journal of Shaanxi Uni-
versity of Science & Technology, 2023, 41(1): 45-51,65. ]
[26] WU Z, WANG D, LIU C X, et al. Macrophage immunity
promotion effect of polysaccharide LGP-1 from Guapian tea via
PI3K/AKT and NF-«B signaling pathway [J]. Journal of Functional
Foods, 2022, 89: 104946.
[27 ] CHEN G J, BAIY X, ZENG Z Q, et al. Structural characteri-
zation and immunostimulatory activity of heteropolysaccharides
from fuzhuan brick tea[J]. Journal of Agricultural and Food Chem-
istry, 2021, 69(4): 1368—1378.
[28] #KRAK, 4/, 3T, 5. LT B S I M E TR L,
JEIA AL A 447 (1], & A5, 2020, 41(10): 38-46. [ YANG
Daqgiao, WANG Jinxu, LI Laihao, et al. Structural analysis and im-
munoregulatory activity of polysaccharides from Crassostrea rivu-
laris [J]. Food Science, 2020, 41(10): 38—46. ]
[29] HAN B H, LEE Y J, YOON 1] ], et al. Hwangryunhaedok-
tang exerts anti-inflammation on LPS-induced NO production by
suppressing MAPK and NF-«B activation in RAW264.7 macro-
phages[J]. Journal of Integrative Medicine, 2017, 15(4): 326—336.
[30] LYONS C L, ROCHE H M. Nutritional modulation of
AMPK-impact upon metabolic-inflammation[J]. International Jour-
nal of Molecular Sciences, 2018, 19(10): 3092—3108.
[31] WANG C L, GAO Y, ZHANG Z K, et al. Safflower yellow
alleviates osteoarthritis and prevents inflaimmation by inhibiting
PGE2 release and regulating NF-«B/SIRT1/AMPK signaling path-
ways[J]. Phytomedicine: International Journal of Phytotherapy and
Phytopharmacology, 2020, 78: 153305.


https://doi.org/10.1016/j.foodres.2022.111370
https://doi.org/10.1111/febs.15863
https://doi.org/10.3892/ijmm.2013.1335
https://doi.org/10.3892/ijmm.2013.1335
https://doi.org/10.3390/foods10102276
https://doi.org/10.1016/j.ijbiomac.2019.02.102
https://doi.org/10.1016/j.ijbiomac.2019.02.102
https://doi.org/10.1016/j.ijbiomac.2019.02.102
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1523/JNEUROSCI.0118-17.2017
https://doi.org/10.3390/foods11213530
https://doi.org/10.1016/j.cbi.2021.109776
https://doi.org/10.1016/j.cbi.2021.109776
https://doi.org/10.1016/j.cbi.2021.109776
https://doi.org/10.1016/j.cbi.2021.109776
https://doi.org/10.1016/j.ijbiomac.2017.12.016
https://doi.org/10.1016/j.ijbiomac.2017.12.016
https://doi.org/10.1016/j.ijbiomac.2017.12.016
https://doi.org/10.3969/j.issn.1000-5811.2023.01.007
https://doi.org/10.3969/j.issn.1000-5811.2023.01.007
https://doi.org/10.3969/j.issn.1000-5811.2023.01.007
https://doi.org/10.3969/j.issn.1000-5811.2023.01.007
https://doi.org/10.1021/acs.jafc.0c06913
https://doi.org/10.1021/acs.jafc.0c06913
https://doi.org/10.1021/acs.jafc.0c06913
https://doi.org/10.7506/spkx1002-6630-20190524-295
https://doi.org/10.7506/spkx1002-6630-20190524-295
https://doi.org/10.1016/S2095-4964(17)60350-9
https://doi.org/10.3390/ijms19103092
https://doi.org/10.3390/ijms19103092
https://doi.org/10.3390/ijms19103092
https://doi.org/10.1016/j.phymed.2020.153305
https://doi.org/10.1016/j.phymed.2020.153305
https://doi.org/10.1016/j.phymed.2020.153305
https://doi.org/10.1016/j.phymed.2020.153305

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 六堡砖茶多糖提取工艺
	1.2.2 六堡砖茶多糖提取单因素实验
	1.2.2.1 提取温度对多糖得率的影响
	1.2.2.2 提取料液比对多糖得率的影响
	1.2.2.3 乙醇浓度对多糖得率的影响

	1.2.3 六堡砖茶多糖提取响应面试验
	1.2.4 六堡茶粗多糖纯化
	1.2.5 中性糖含量测定
	1.2.6 糖醛酸含量测定
	1.2.7 茶多酚含量测定
	1.2.8 茶蛋白含量测定
	1.2.9 六堡砖茶多糖免疫调节活性细胞模型评价
	1.2.9.1 细胞存活率测定
	1.2.9.2 吞噬能力测定
	1.2.9.3 NO释放量测定
	1.2.9.4 RT-qPCR法检测细胞免疫调节关键基因表达
	1.2.9.5 免疫荧光法检测NF-кB蛋白表达变化
	1.2.9.6 Western-blot法检测AMPK及p-AMPK蛋白表达变化


	1.3 数据处理

	2 结果与分析
	2.1 单因素实验结果分析
	2.1.1 提取温度对六堡砖茶多糖得率的影响

	2.2 响应面试验结果
	2.3 各因素之间的交互作用及验证试验
	2.4 六堡砖茶多糖组成成分分析
	2.5 六堡砖茶多糖的体外免疫调节活性的研究
	2.5.1 六堡砖茶多糖对小鼠巨噬细胞RAW264.7细胞活力的影响
	2.5.2 六堡砖茶多糖对RAW264.7细胞吞噬能力及NO产生量的影响
	2.5.3 六堡砖茶多糖对RAW264.7细胞炎症因子mRNA表达水平的影响
	2.5.4 六堡砖茶多糖对RAW264.7细胞关键通路NF-кB/AMPK的表达


	3 结论
	参考文献

