MBS IR XS SR B ER SN
B, AAE, 2%, FEH, THE, TEEGTFEERSER, WA A 276500)

WE: B WEARLZTLASBEERRAEHTELR L ERGTHMENG ., FE S ICR DRAEMIEIEHIE S 45
(lipopolysaccharide, LPS)# = &t X s B BHEA, 5 LT XA S BARBA T A S BRHATH D TR, AR S EHREH
Fa s B, iZ A Real time RT-PCR #:) AT 2 40 2% & A~ % -6(interleukin-6, 1L-6). & A~%-1B(interleukin-1p, IL-1B). 4% 4m
fe. A 4% & -1(monocyte chemoattractant protein-1, MCP-1)Fe it /& 37 5% I - -o(tumor necrosis factor-o,, TNF-0)# mRNA &
ik, i A ELISA # 0 fo % ¥ 89 IL-6. IL-1p. MCP-1 o TNF-o #9% & & ik, i& | Western blotting 4 M FF I 41 28 F 4 B
F xB(nuclear factor-kappaB, NF-xB). phospho-NF-«xB # & A K-, &5 FBALER S B XA S4B TR Z M4 LPS
#5469 IL-6. TL-1B. MCP-1 #= TNF-a mRNA fe & & £ A3, XA SBAERBNGEHE, ERXFHEZEEE, L4E
AMH THE 5 A% NF-kB 15 5 # Fl 0 LA £, B0 ABRMAEHTEERGTASBOREER, LA LIF6 5
W, ARSI RRET 2,

KB KA S4E; BRI S 4E; MW T; NF-«B
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Effects of Sulfation Modification on Anti-inflammatory Activity of Polysaccharides from Scrophulariae
Radix

GAO Lina, ZHOU Lirun, LI Manman, LI Zirui, JIA Lingyu, WANG Jian’an"(School of Pharmacy, Jining Medical
University, Rizhao 276800, China)

ABSTRACT: OBJECTIVE To comparative study on the changes and mechanisms of anti-inflammatory activity of
polysaccharide from Scrophulariac Radix before and after sulfation modification. METHODS The systemic inflammatory
model was established by intraperitoneal injection of lipopolysaccharide(LPS) in male ICR mice. Then polysaccharides from
Scrophulariae Radix and sulphated polysaccharides from Scrophulariae Radix were used for drug intervention and aspirin was
used as a positive control. Real-time reverse transcription polymerase chain reaction(RT-PCR) was used to detect the mRNA
expression of interleukin-6(IL-6), interleukin-1B(IL-1B), monocyte chemoattractant protein-1(MCP-1) and tumor necrosis
factor-o(TNF-a) in liver tissue. The protein expression of IL-6, IL-1p, MCP-1 and TNF-a in serum was detected by ELISA. The
level of nuclear factor-kappaB(NF-xB) and phospho-NF-«xB in liver tissue was detected by Western blotting. RESULTS The
results showed that both sulphated polysacharides from Scrophulariae Radix and polysacharides from Scrophulariae Radix
significantly inhibited LPS-induced over-expression of IL-6 IL-1, MCP-1 and TNF-a in both mRNA and protein levels. After
sulfation modification, polysacharides from Scrophulariae Radix exerted more significant anti-inflammatory activities and the
mechanism might be associated with activation of NF-kB signaling pathway. CONCLUSION Sulfation modification of
polysacharides from Scrophulariae Radix can stronger anti-inflammatory efficacy and has better application prospects, which
provides a theoretical basis for the development and application of Scrophulariae Radix.

KEYWORDS: Scrophulariae Radix; polysaccharide; sulfated polysaccharide; cytokines; NF-xB
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WM EEFRDY, ZHWmRIEmEE =it
%, PR . PURTE . UL BUBEm Gy
HA WEEHT, ARSI R @R - e 5 ] 2
iRtk X =20, @ JEZMi(lipopolysaccharide,
LPS) 1755 1Y/ B P S E S AR, X e F o &
Z AR E , PRGN,
112 ) BH A R AAB T X 2% 5 2 BT 48 1 1 T L 4y
FHLE 52

1 #e

1.1 &R

7500 A4 [ 37 6 i PCR {L(EE ABI A H]);
PCR-C1000 #5%5%{Y(3E Bio-Rad A ¥]); MK3
AT FRY (3S [E Thermo Fisher Scientific 23 ).

1.2 Zjih 5k

it T Z S0 R hEM M T WK, &
UF T R 24 BE 24 2 e v 25 20T 2 AT S A I R S e
F1%ZFt Scrophulariaceae %2 & Scrophularia Fi
Y% 2% Scrophularia ningpoensis Hemsl AR Y] H- o
B[ H] DT AR (Bayer 22 ), b5 BI38317; #iAs: %
A 100 mg, 30 F).

BCA & [ B i S (b RS E B A
FRAF, it 20181213); 142 -6(interleukin-6,
IL-6)ELISA ik & dt 5 88-7046-22); FAZANE
#4k & H -1(monocyte chemoattractant protein-1 ,
MCP-1) ELISA &5 & L5 : BMS6005)34 1 F
Invitrogen A ) ; JME PR SE A F -a(tumor necrosis
factor-a, TNF-a) ELISA {7l &#L5: 900-k54).
4~ %- 1p(interleukin-1B, ITL-1B) ELISA i & it
5. BGK10749)¥ll | Peprotech /A #]; Improm-II
Wi S ) & (Promega 23 A, 5. A3800);
UNIQ-10 Column Trizol i RNA #EHGXF| &3S
B511321). 41240 & iS5 . D612005)11 H
H T A TR A FR A A 5 B-actin /)N R IE—Pr (it
Z: 3700), NF-xBp65 RIE—Pi(Ht5: 8242).
Phospho-NF-kBp65 #lli—41(Ser536, #it*5: 3033),
PR ZHS: 7074) . HUNRZHIE S 7076)
¥ H Cell signaling technology /vl ; LPS (5 :
L2630). SYBR Green JumpStart TaqReadyMix {7
&S KCQS01)HWH Sigma-Aldrich 247
1.3 %

JSPF 4% ICR /MR, 40 2, KB 13~14 g,
W BB r N SL g sh i B J AR A, sk
VFA[IES . SCXK(£)20190003, fRFE EE . 175
TRE R (2412) CIE N, WKL, B RTOKIEE,

-1432 .
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TE N PR SR 1R TR
2 HE
2.1 XSGR X S 2R %

WZ SR, BT E$TR, 1 10 B, H
200 g THRIGHIZSHIR, N2y 6 LKW, T
R 2h, BUEWAIDE, Z9EMAE LIk, AIF0E
o KA U P P B R M 4 & — e AR, in 4
G TOK CREIRS), BENKR, AL Ui
TN fEoK AR, I RALA AR FE (DM-130)ER (A 5R |
VERR O R e 46, Sevage HEMBREE AIY; B HkR
BRME AN XS M RBORRE, B IRT
WEXS 2R, RAABR - 2k R L
LB LM, SR G TR L S 2 AR,
ARSI IR L X S 2 M3 2.01%, UL
JEN 1.22,
22 oA S

¥ 40 HIICR /MRFENLST A 5 4H(FF4H 8 H):
IEH X HRZH . LPS 4 (1 mg'kg™) . Bl &) VU AR 4H
(200 mg-kg™"). XS LW (200 mg-kg™"); Hilkfk
LS ZHEA(200 mg-kg). A5 BT ] PEAR LA AL
RIEAT R, AW LS ZHNRRE XS
W 4l 200 mg kg™, AR/ IHE B 45
THINAEN XS 20 R X S 2= T
R 4 d(EER 1K), IEHXHHRALH LPS %5 T [A]
R AP K . AR B 4525 30 min J5, IEIE
TS LPS, 175 5 Sk RAE RN o /N NE Js 15 LPS
90 min J&7, MRPHEEM, Z3BSifs, F-20 CukA
PRA7, & s B/ BT ORS00
05k, B T80 CUkFRAE, &H.
2.3 /N AL 2 H 40 i P 7 1) mRNA #E35K i

BUNRIF IR 258 0 24 5, %18 UNIQ-10
Column Trizol AR & #ATHE, RIS Y
RNAU i 390 S350 G0FF B RNA 380 6k
cDNA. MABEHLGIY 5 ul, K& 5 ul, HAEK
IRAT, 76 50°C FAEH 15 min, SRJ57E 80 'C Rl
Smin S RAZM, MASIH#HIT Real time
RT-PCR S/, 2K 2728 g b 7 8l 4t i1 B-actin
JEFIEN, B-actin, IL-6 . IL-1p . MCP-1 il TNF-a
5T 5 L3k 1,
2.4 /R H 20 R ) 2 1 R

BUNRIL , el S i e, e s
MyEH IL-6, IL-1B, MCP-1 fil TNF-a & H &&=
FHFME IL-6 A1 IL-18 MY MLIEREAS 3514 1 ¢ 150
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# 1 Real-time RT-PCR 5|47 5 7|
Tab.1 Real-time RT-PCR oligonucleotide primers

3 4R
3.1 XS ZHERRIRIL XS 2 X LPS i S/

LI A 3) T IFIEALSU S T mRNA A2 0 B
B-actin Forward TGTTACCAACTGGGACGACA 165 SIEWEXTHAME, LPS 41 1L-6. IL-1B.
(NM_007393.3) Reverse GGGGTGTTGAAGGTCTCAAA MCP-1 fil TNF-a mRNA )33 B i 7} 55 (P<0.01).
IL-6 Forward TCCAGTTGCCTTCTTGGGAC 140 5 LPS 4itHI, FIREIVCH . =28, MRk X

(NM_031168.1) Reverse GTGTAATTAAGCCTCCGACTTG
TNF-a Forward TAGCCAGGAGGGAGAACAGA 127
(NM_013693.2) Reverse TTTTCTGGAGGGAGATGTGG

MCP-1 Forward CCCAATGAGTAGGCTGGAGA 125
(NM_0113333.3) Reverse TCTGGACCCATTCCTTCTTG

IL-1B Forward GACCTTCCAGGATGAGGACA 183
(NM_008361.3) Reverse AGCTCATATGGGTCCGACAG

P BEHEATASIN , MCP-1 H1 TNF-o {9 MLYE LA 5351
Fi2 12 100 F BEEA TAGI o
2.5 Western blotting 43#7

BUNRUFATALZY, 3288 m 2 v=1: 9, JINAA
AR RIPA 24k, &8s SR A, DA
BCA L THE I . SR SDS-PAGE fH 1 HLJk
(100 V, 90~120 min)/ B & M, B MGE AR
R R W LM (PVDF)IE (300 mA, 60 min),
S 5%BAS Tk PBST ZiREHA 2 h, IIA—
HL(NF-kBp65 F1 phospho-NF-kBp65 i FejEH 1 :
1 000 B¥, B-actin FBEEL A 1 1 10 000)F 4 CH& IR
FHid® ., UL PBST(0.5% Tween-20)1E 0% 5, FHBAR
ALY BRI R —PTFRREEE YA 10 10 000)=
IRBEE 1.5h, PBST i@k 5 K5, R ECL &0t
A G T R A, SR Image J {41y
PR, I TR LR AT
2.6 GEiteEowr

25 4 IR S B R B R R T 22008, Bl oy
et X + s 3R, 2 0] LR H ¢ K656, P<0.05
FREFRA G ERE L,

S Z /N4 409 1L-6, 1IL-1B, MCP-1 fil
TNF-o mRNA )31k i Z F#R(P<0.01), HimfRit
LS B IC AR 2 2 2 B VR TSGR B
WE(P<0.01), R ZSEHammREiE, H
X} LPS 55 1 4 M T mRNA ARk (30 i 78
FHHESR , Z55R 03 2,

3.2 ZSZHABIRIL X S 2R LPS 2/
I3 48 4 PR 1) B 1 2R 3B 52 )

SIEWX M, LPS ] BEES 1L-6.
IL-1B. MCP-1 Fl TNF-a [ F 23k T+ (P<0.01),
5 LPS 4ltbi, FIFEIVCH ., XS 20, mRitZ S
ZWEH/NR I 1L-6, 1L-1B, MCP-1 il TNF-a
[ 2RI5 i EFRIR(P<0.01). 5Z S ZH A s F] T
AL, BRIRZ S 2/ NR IS F 1L-6
IL-1B Il MCP-1 FR3A Rl /E FH B Dy b 2 (P<0.01)
B, 78 LPS i1 S RAE RN W1, iR ikl
M B T XS 2P TR . AR 3,
3.3 ZSZHABIRIL X S 20 LPS 2/
JHAEZH 2 NF-xB p65 F1 phospho-NF-kB p65 ik
IR B 53 1

HIEH XA g, LPS 21/ FUHIE4 4
NF-kB p65 #l phospho-NF-kB p65 it 2k /K- &
P2 (P<0.01). FTE]CAR, XS ZHEMBRRIL X2
Z BT WAL/ BFIE4L 8L NF-xB p65 il
phospho-NF-kB p65 & [ i LPS 41 W& FFIK
(P<0.01), LA phospho-NF-kB p65 5 NF-«B p65 JK
BEAH LA % %5 NF-kB p65 MR ILFeirAs ik, 4%

R2 ZHEEBARBAK S S HEX LPS 5/ BT AEH 3% % [ T mRNA A8 7 & 15 09 /v
Tab. 2 Effects of sulfated and non-sulfated polysaccharide from Scrophulariae Radix on LPS-induced mRNA relative
expression of proinflammatory cytokines in mice liver tissues

21 5 TNF-a IL-6 IL-1B MCP-1
1E 4 IR 1.010.01 1.05+0.02 1.03+0.02 1.0120.03
LPS 41 10.69+1.37D 9.57+1.04D 6.82+1.320 9.86+0.65"
] ] DAL 5.4240.552% 3.7940.562% 3.74+0.769% 6.67+0.482%)
LHLWEH 5.22+0.1423) 5.17+0.702% 3.42+0.272% 4.93+0.2623)
Ui e FA i 3.99+0.412 3.05+0.282 2.16+0.222 3.60+0.32%

T HIEWXRA e, YP<0.01; 5 LPS HILE, 2P<0.01; SR ZZS LA LE, PP<0.01.
Note: Compared with normal control group, "P<0.01; compared with LPS group, ?P<0.01; compared with sulfated polysaccharides from Scrophulariae
Radix group, ¥P<0.01.
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R3 ZELBPRBRUKXESHEX LPS B/ RMFE T REHT& B REH

Tab. 3 Effects of sulfated and non-sulfated polysaccharide from Scrophulariae Radix on LPS-induced protein expression of

proinflammatory cytokines in mice serum pg-mL™!
415 TNF-a IL-6 IL-1B MCP-1
1EH X IR 4.75+0.65 24.05+2.51 71.03£1.69 20.30+1.23
LPS 4 430.45+50.07" 13 632.82+309.03D 13 739.12+230.320 2222.05+298.43D
] ] D e 362.33+43.712%) 5939.86+131.212% 583.30+33.232%) 493.04+32.54%3)
e =2 26.55+10.692 5892.93+125.539 546.19+25.612%) 483.12+34.209
BRI LS 2 A 31.9148.11? 5059.59+182.432 314.86+25.90? 173.71422.20»

T HIEEXTRA LS, YP<0.01; 45 LPS A LLEE, 2P<0.01; SMMRILKSZHA LE, 2P<0.01.
Note: Compared with normal control group, "P<0.01; compared with LPS group, 2P<0.01; compared with sulfated polysaccharides from Scrophulariae

Radix group, ¥P<0.01.

7% LPS 7] i B 10% NF-«B p65 Rk (P<0.01),
BT EIDCAR . XS 205 i iR X S Z W AT AN
[F] 2 2 A ] NF-xB p65 B2 {h(P<0.01), B X
SLZMBIR L L 2 24 el 10 NF-«B 5
53 I VR DR A L PR R, R RO RAE A
525284 (1.5120.020) L #%, BiBRib X2 £k
(1.50+£0.054)%F NF-xB p65 B2 1k 1ty 410 1] 46 FH B
g, HIG RS . 2RI 1 4,

phospho-NF-«B p65 | —*;

B-actin | e

% > g

¢ & 4
@‘%’
&

1 X5 5BEMRBRAE S S LPS =/ R ATAEA
41 & NF-«B p65. phospho-NF-kB p65 # ik & F ¢4 & v
Fig. 1 Effects of sulfated and non-sulfated polysaccharide
from Scrophulariae Radix on LPS-induced NF-kB p65 and
phospho-NF-«B p65 levels in mice liver tissues

4 g

LN L SNFEER T Z—, BAEIE
. BogEss . JETRERR A SRR IS, XF 2
BE . KREEGIE B, o U AR T
ZWEEEE Mk R OB . k. R
AR A 03150 i R A B 2 95 TE 2 0 1Y) 72 L 4
B ABRERIE R, fili HS7 M5 % AR AR 4L,
PEBUE A N, XS 2Rk E
WA WARIE , ASSEE B R OF S B R AL i X X 2=
ZWEHCRTE RS0

LPS RHAIRAE N iFTH, RERET
i 2 B 2 R 58 -, Al PR 1L-6 . TNF-a.,
IL-2 IL-1PB A& AL R (a1 MCP-1)% 1T ##7i§ NF-«B
R RIEHIR N, [FEF, NF-«xB iid & 255
T L5 45 2 Tl A 1 S R i 2R R0, ARBIE Y R
BT LPS R REBRGEE, TTHhXS£2
BB 5 %) IL-6 . IL-1p MCP-1 Fil TNF-a mRNA
FEFARBWEm, 722 TR XS 20
X AT ROV IR . SRR LS 2
WA LGS X LPS 5500 2tk TNF-a.
IL-6. IL-1B Fl MCP-1 B mRNA FI#E 15 M

R4 ZHEZBARBRNL S LA LPS %/ BATAEA 41+ NF-kB p65 ## phospho-NF-kB p65 48 #f & 4 € 447 (48 2 T

[-actin)

Tab. 4 Relative expression volume analysis of sulfated and non-sulfated polysaccharide from Scrophulariae Radix on
LPS-induced of NF-xB p65 and phospho-NF-kB in mice live tissues(relative to f-actin)

215 NF-xB p65 phospho-NF-kB p65 phospho-NF-kB p65/NF-«xB p65
TE X IR A 0.15+0.003 0 0.077+0.011 0.52+0.006 6
LPS 21 0.59+0.003 2V 1.15£0.019" 1.95+0.022"
Bi ] D AR 2H 0.34+0.003 92 0.5440.0172 1.58+0.032%
e =2l 0.43£0.007 92 0.64+0.020? 1.5120.0202
TR XS ZHEH 0.37+0.000 352 0.58+0.0212 1.50+0.0542

T SIEWXTEYILE:, VP<0.01; 5 LPS 41HuE:, 2P<0.01,

Note: Compared with normal control group, VP<0.01; compared with LPS group, ¥P<0.01.
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HVERE Sy B2, HAEFHMLE 584 NF«B (55
IR

TEABIFR R E SR AT, B34
Wi )E , HyrR i B . (R THL
W5, BERILEMRTG LS 2% NF-«xB p65
BRI R WG i 4225, XTEESZ4YN
ST R DA KA IR G 56, Ak, XS 2 HiR
iR Ak 16 1 R B 5 HAT R I8 PR AR e Rt — 4
5T, BN, 252N A i BR AL R B X o bt R v 1
IR, BTN R MR (S . 2k
12 i R LB X 2R PT R IS MR R, Ak
— R K S RS 5 R T 2 TR OG R R
LSRR

LR R, XS LA mBRAL B
#l LPS 5 S0y s M R IR T i R kK P TH R,
YERIPLEI W] B85 NF-xB {5 58 B 6 fb A 56 it —
A AR RR L & S 2B PT R A PR, 75 AR
S VA FH B0 2548 BA T LA R 45 W 1 1 7 A g F 3 6
R, NEFESWIGRR RS
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