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H BB N 2RFEEZRRATF (FEZE-7-0-4-D-t7h & H A3 A2 5-0-f-D-"g & HAEF HF E KAL) A=
DA EE RIS G (4EH FAFAHE) IR K FER. Fik: KA Western Blot (202 % & FZEAFAE K Hwm
Mo THP-1 $ ey & @i, RABKLA RN RAT ERGBEARAL IS @B TmERF Lk, £X:
4 FFEF R A B F 404 IL-10 mRNA &9 £+ (P<0.01) , E4rstlF. Farhl RS M I Z i dlr A b
B2 BeE /1 (P<0.01) , msh, 4| ZTddmBFNF amienE 15 (P<0.01) A=amiid 6 (P<0.01)
RETZAKORKEER, mArEEX-7-Op-D--whH HAMRFTHEFZWH TIBITE BT TNF-a by £ &
(P<0.01) , 5-O-B-D-=tvf &) H 453 7 % R AN TR IL-10 S LA JLA m o B F R /E R #t—F 0T &
I, SAZHEIFIARM RO T EEHXAT (P F450 %) MBS REF P65 (3 KRBT «B (nuclear factor kB, NF-
kB) Az —) GBS RAER R ERT A 3T EERXINF O H4E R (P<0.01). {27450 & Al 349 4]
L5845 % & kBa (a Inhibitor of kB, xB 474 B F o L AK) . IKKS (IxB Kinase f, 1xB %8 g L&) mipH NF-
kBEAORKEPS &A. Zib: FREARFAKT LA A FALRF A THP-1 Ktk mfoEA & A A LIFa9 4 £ E R A%
A, A2 Fear & a9 40 K AF R AR kBo AR M AL 4 NF-xB 13 5@ 95 52 2L,
KR 4K, KA RACE Y, KO R, HEBEH, 430 &
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Anti-inflammation Activity Evaluation of Apigenin-O-Glycosides and
Apigenin-C-Glycosides
LI Hui', PAN Siyi’, XU Xiaoyun>"

(1.College of Life Sciences, Jianghan University, Wuhan 430056, China;
2.College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Objective: The anti-inflammatory activities of apigenin-7-O-4-D-glucopyranoside, apigenin 5-O-glucoside,
vitexin and isovitexin were evaluated. Methods: Changes of protein in THP-1 cells pretreated with flavonoids were
measured by Western blot test. The differences of cytokines were analyzed by enzyme-linked immunosorbent assay and
fluorescence quantitative polymerase chain reaction. Results: It showed that all the flavonoids tested could repress the gene
expression of IL-10 (P<0.01). Vitexin and isovitexin inhibited the production of cyclooxygenase-2 as well (P<0.01). What’s
more, isovitexin significantly suppressed the increases of interleukin-14 (P<0.01) and interleukin-6 (P<0.01). Apigenin-7-
O-f-D-glucopyranoside only significantly inhibited TNF-a (P<0.01). Apart from IL-10 mRNA, apigenin 5-O-glucoside

displayed no anti-inflammatory effects according to the other results of cytokine analyses. Furthermore, the structure of
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apigenin-C-glycoside substituted at position 8, namely isovitexin showed the strongest inhibition on nuclear translocation of

P65 (P<0.01). However, this suppression effect of isovitexin on P65 was not through inhibiting upstream regulation

proteins such as IxkBa and IKKp. Conclusion: In a word, compared with apigenin-O-glycosides, apigenin-C-glycosides

especially isovitexin had a better anti-inflammatory activity based on cell line THP-1. But the anti-inflamamtion of

isovitexin was not IxBa -dependent NF- xB signal pathway.

Key words: anti-inflammatory; flavonoid; flavone-O-glycosides; flavone-C-glycosides; isovitexin

WIS G W) 2 T E e KRS
BalEEh . BARFAATEN B ERSS e G4 2 L) 2 TR
T XA AE, BNl e 5S4 ST B T B
B, P B RS A S AT S5 oAy R AR N 2 R T
W T AR SEEE DL C-O HE3EIE s T -O-
BEH BT Bk T SRR DL C-C 55408 i 8
P -C-B T . AE B2 A G v, B T AU s
WA AL G E W, BN 3% 2 -7-0-B-D- ML I i 24
W RD IR B 25 7271 A2 5-O-B-D-H IR 8] 28005 =i
WO MEE PSSR R R, ITiE sk
R 2 (B TR O Bl & B, BEERAR T Y C-BEE B H
R AAETE R TR S5 C6 fiis C8 A5f, and: it
FEANSFA I F R TR -C-H T R A, s
T S5 B = A A R BRSPS PR R AS [W] Ao
PR 5 TR R I TSR 6, 8- B -C-i
W5 F A RS, WSS A ) — BT BRI BRIk
)z BEEEE

PR FE IR TR DLEA ] NF-«B {5510 %
KFEPT AR IEPEL O, HIE 00 538 B Bt s Y
BAFIIPTRAE M o S 3 MR b R IRAAAE TIE R
fAEEE AR A R, anggint T =Tl | SRR
HETOM, Fe TR Z i (lipopolysaccharide, LPS) Jill i
7/ N MR RAW264.7 RAVELNMIASTA % 31 1t
JAEYFRE B EA REIRIVERS T BRI Z A6, 7
SR FR-7-O-B-D- MR 4] A HH P o 4 i e A4l
R NV LPS S 2t h BRI, SR e
T 5-O-B-D-NLim A e oo R A A A PL s
PR AS B, S EITE LR O-FE T . C-BE T [H]
Sy SRRNTEEZE T IR MR WRIE . SRR
FHER N REPEPEA AR, (B Sl AR R SO0 S TN FE
K, TCREXT EZAE S T B S E B T
S, B 2 A S AR TR A B TIPS RS
TG WBTARIE T AP

THP-1 J2& A8 & MU FPAZ 4 i, HoA 554
B AMMEAE L FR B IS RRASFIE, DA R A2 e s (L hE
S0l LPS 33 3549 7% i (phorbol 12-myristatel3-
acetate, PMA )by THP-1 425 FHA A IR 5
TN AR, L2 Ny ALY, AT LU B3 T o
FIBTRAE A, I H AT BRIVEFAIPLEIT . A5
LA THP-1 BAAZ E WA i g 7 R PR LR A 8, L 4 Fh
TR FE -B-C/O- B BT B /- S A AR (UL 1) 4137
. OSAIHIE L TRER-7-0-B-D-ILE A B 1 L 5-O-
B-D-NL IR S O IR FEXT &2, PP 4 FplA]

1 TR LI 4 RS

Table 1  Structure of apigenin and 4 apigenin glycosides
WG RERZEE R5 R6 R7 RS
apigenin oy OH H OH H
api-5-O-glu i Ogle H OH H
api-7-O-glu OH H Oglc H
vitexin OH H OH Cglc
isovitexin OH Cglc OH H

: 7K # : apigenin; 5-O-B-D- M4 458 758 K JC: apigenin 5-O-
glucoside, fij 5 Fapi-5-0-glu(E& 1 ) ; /73K K - 7-O-B-D- NI 15 5 B 11
apigenin-7-0--D-glucopyranoside, i 5 Hapi-7-0-glu (& T ) ; 4
vitexin(fi A1) ; S : isovitexin(Bi 1Y) o

Ir SR AT AR W 25 5, AR B R
AJTERER Bl S TR e e &
1 MRI5RE
1.1 #HHRI5EE

THP-1 S B AN SE 50 = 747 i 40 i
J2E; 5-O-p-D-MLI 2B )7 SOt . 733K -7-0-4-
D-RH ey 7 2008 1 . AHRIER L SRR 92 HPLC
A = 98%, HFIE M EYIRLEA IR Fl s RPMI B
F2#  JEH hyclone 28 G4 WAFIE Aus-
GeneX 2\ Fl; GNM15140 FEEFZRIF UL (100X)  HT
P U AR W R 2 R A BR A A BE i (methyl
thiazolyl tetrazolium, MTT) . g £ ## (lipopolysacc-
haride, LPS, L-4391) . & 5E Wb I I 2,5 (phorbol 12-
myristate]13-acetate, PMA) | B-#idik 0% €[ Sigma
N gl e RNA S0 & bt L iEsie A met
FA R w5 HE S5 AR AR IBURGH & . Weatern
Blot 438155 3€E AspenTech ZyF]; PrimeScriptTM
reagent Kit with gDNA Eraser JZ 7% 5%1:{57] & . PCR
SYBR Premix Ex TaqTM I 2% 5% & & i 7 &
TaKaRa 2\ w); 40 PR 7 BB S i) . kil
YRR BRAF]; A 53T G o = =gt

Multifuge X1R {532 7R EL DAL SRS

Thermo Fisher Scientific 2y &]; ECLIPSE TS100 3

EHRMEE HARJERAF; DYY-8C BRI H UKL
e IS—ANES) s A s 3= 32 [E Corning A Fl;
MR EE Greiner 23 7] MG96G PCR 1%
T B BB A3 FR 2N W] ; ChemiDoc MP BEKE %
1% £&4: 2E£E BIO LEGEND 4\ fl; qTOWER2.2 %%
SesE R PCR Y #5[E Analytik jena 23 7l; AX- I 5%
P REAEEY PR AFRAF]; LIDE110 DY Y-6C
FFE4Y  HAS Canon A F]; 0.45um PVDF i SE[E
Millipore 2y 7l ; M35 B X B A 26 [E Kodak
NI
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1.2 SLEE
1.2.1 U5 3% THP-1 F2% B WE 41 il L RPMI
SEA R FE LB FE, RPMI SE 15 38 36 ih 10% FBS.
100 U/mL 5 %% 2 . 100 pg/mL %45 2 . 0.1 pmol/L
M B HhdE L BELH A, AL T % 5% CO,, 90% 1R B2,
37 C 4 T CO, THIR I F=FE ST B IR B 3%,
24 h THHE B B FEE, MEREIRE] 70%~80% A2
AT AT A RRALA R
1.2.2 MTTiRE: R MTT EU e wEm2Efb &
Y&t THP-1 BARZ I WEANI A 75 PEE A

B 3 A B ST A, B R AN B, in A
PMA 5] (¥ i 0.1 pmol/L), 32/ 100 pL 4
2| 96 FLARHT, ISy 3x10* 4~/FL, LRI
A CO, FE3R4R 5. 12 h Ja i BE e 4, 25 b
HW, LIRS PBS FRE1EVE4IME, 25 PBS, INAHT
fif RPMI 58 8735 3E, &8 24 ho LIS & L7 A9
RPMI 15 3R 43 HIHECHI M N 5 umol/L [ api-5-O-
glu. api-7-O-glu. vitexin. isovitexin ¥, 2= 40 I
THW, DRI PBS 5420E%4M, 25 PBS, 43 5hn
PN IR RO Y B S A 7/ n R & EX S N o |
JitL, A 100 uL RPMI 58 435 58 5% 57 21 4h il FL AR
Hr, HLUOARE IL35 0 RPMI 35 38 A R s i 25 b &
YIS AL IR LAR . IEH 2H(CK 2H), THP-1 44/
PR FRE R 4E, H DA S LTS B9 RPMI H5 32 A0
B AL A s A PR F LR . RES S 2 A
25 I3 8 AT,

52 SE AR, AIEFLARER A CO, ¥53RFa 7%,
24 h JE B L4t E VS INAECHIL ) MTT #
(M EM 0.5 mg/mL), Ji[E] CO, H5F7F8 bt i &
3~4 h, 2= MTT U, DL 150 nl Y SIV R f 4 it
R EESS A, T 37°C W E 10 min, ERFFR{Y I
PEHL 490 nm AL SGIE

TS ZR, AU T
Ar—Ay
Ac—Ay

o A BESLZEAE 490 nm ZRIIIBOGIE; Ay: 25
FIZHAE 490 nm A1 SGAE; Ac: 1TEH 4H (CK 2H) 7E
490 nm ZbFIGIE
1.2.3 Western Blot =G40 IR S TF-2 (cycloo-
xygenase-2, COX-2) &g W 3 M H: SLga4H.:
B2 02 0%, 35 2 mL 405 6 FLA P, fdi Higs
R 1.5%107 A~/4L, gt i 35 FLARURES 80%~90%
B, in A PMA U (2R BESN 0.1 pmol/L) , JRA
CO, WA R FE. 12 h J54iMulBE S 4, 5 B3
W&, AR PBS 2815 BE4IHL, 25 PBS, I AGHT
RPMI SE4=I¥% 353, #1824 he LR IMLTEAY RPMI
3% 2 W 41 i S H MR R 5 pmol/L B9 api-5-O-glu.,
api-7-O-glu, vitexin, isovitexin ¥, =41 L5,
LIVRERGY PBS 352 0EUc 4R, 25 PBS, 435 A BC )
I BRI G I W . AR RIZH (LPS ), THP-1

x 100

AT %) =

AR R [ 2E, H DI &5 I35 1 RPMI 15 5%
WA 2RI & WIS WA BR AT M F LA . 1FE H 40
(CK 41), THP-1 M mp i [FIAE L4, H DAAS 5 1
15 B RPMI 15 37 WA 08 i i 2 b -G 4 Ad BR 41 i L
Mo FLHAIE 3 P FPAT.

525 58 NS, AN FLAR LA CO, ¥ 3258 1%
FE. 3 h JEHUH, IEW 4 (CK 40) RhnfigZhE, SCa64
FIRE AL ZH (LPS 2H) I ARg 2, i LPS & uk N
1 pg/mL, ¥ 6 FLAUH I B 35248 h 4k 2255 5% 30 min.
LA RPMI ZR i R 24 i 20 R WAL 42 2 i S0 B AR, I
KA WB ERINRE B A H COX-2 &l DIRSEit
B LH ] COX-2 MFAXT A E .
COX-2f1 K FEAH.
GAPDHIW K {E
1.2.4  JFED% G 58 W IR T00) 200 fif L 975 V3 44 1 IR0 7 1) 2
HOBEE 3 DN, SRR 1.2.3, (B4R
SEE SN 5x10° AN/FL, AEFLIERP 2 mL 4Ui S F] 12
FLAR R, F5 S22 A AL LE D A RR 2 0B, i F LA
B4R % FR46 TP B 9% 12 he WOAE 4N sk, ik e
TG G e 75 7R 2 156 A 500 2 4 i YR v P 40 i A
T,
1.2.5 ZCHF5GE i PCR JER I 40 i b 40 iy X 1
mRNA W& SCYGLH M s g iaab B#RIE 1.2.4,
LA Trizol 275 24 A 25 I VR i Al i, WA 40 it 244
W FIHSZITDE 2 & PCR V5 4 i - 4m i 7~
mRNA FYAIXF S, BILL 274D 33345 2 S AH
FAAIZH (LPS 2H) AR F mRNA B 5507,

PR RNA 2, RFESE . B m ik m i
F Gl e,

BARPRS ME B ILER 2:

COX-2/ % R IE®E =

2 POLER PCRIEMIANEH T NS5 YEE
Table 2 Primer information of cytokines and internal primers
in fluorescence quantitative PCR

EIE7EA 195515 10 3')

GAPDH-F GAGTCAACGGATTTGGTCGT

GAPDH-R TTGATTTTGGAGGGATCTCG
TNF-F TCCTTCAGACACCCTCAACC
TNF-R AGGCCCCAGTTTGAATTCTT
IL-6-F GTTTGAGGGGGTAACAGCAA
IL-6-R GCTAACTGCAGAGGGTGAGG
IL-15-F GCTGTGCAGGAGATCACAGA
IL-18-R GGGCTCCATAAAGTCACCAA
IL-8-F AAGACATACTCCAAACCTTTCCACC
IL-8-R CAATAATTTCTGTGTTGGCGCA
IL-10-F GTTCTTTGGGGAGCCAACAG
IL-10-R GCTCCCTGGTTTCTCTTCCT

1.2.6 Western Blot AN ANMIT . 4NAIA% P65 & &

TEE 3 DS, BN E ] 1.2.3, (HAnfiEFh
JERy 5x10° 4/FL, FfLIEEFD 5 mL 4IHEERE]EHAE 6 cm
FILIAREFE LA o FR AN FLAR P SE 620 A AU 21 i
A PG ZHE I A 35 SR TR 5 3% 30 min )5, F#aH &
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T 3 91| AT B i ESC A i Jo -5 AR A A, R o, SR
WB L5 B 5 H P6s S g, DL S84 4 5
P65 AUARXTFRIKEL, 118 730F COX-2,
1.2.7 Western Blot AN HEH IkxBa. IKKpS AR
b B 3 AN, AL ETE] 1.2.3, (H AN R
R 1x107 A~ /FL, BEFLEEFR 2 mL 41 ifs B v F)
6 FLAR . FFm M FLAR Hh SE T 2H AL R ZH I AR 2
BEIF % Bl 3246 % 3% 30 min J&, L RPMI 24 ik %4
AL, AR AR M A, SR WB Rl S
IxBa. IKKS. P-IkBa. P-IKKS & &8, DL =&
£-2H 9] IkBa. IKKS. P-IxBa. P-IKKS [ A4H X% 2 ik
1, 1187 F CoX-2.
1.3 B

SEOGES IR PR EZE, SR SAS
8.0 #17 LSD Z & b4 B da i 2514k, P<0.05 3%
AHZ2 5 W3, P<0.01 FAHE M B2
2 RS9
2.1 HEEEFE{L A% TPH-1 B4 EmirSH1ER

AT SR B, 76 5T IR 2 H i RAW264.7
/N B W 240 0 N7 00 AR MR 2 B AR R op ) v B Sl
5 umol/L 1) 4 Bl 32 2 Bl 11 [F] 43 AR X COX-
2 filf mRNA 1923550 HA W35 0 22 S il 4
(P<0.05), Fr, J7°252 3K -7-O-B-D- ML fi 2 Bl 1 . 4t
FIZFEXT COX-2 mRNA {235 7 H B4 pg i il
WPED, AWK HE— 25T 4 B R S AR AR
5 umol/L ¥RJE T BT RIGTE2E S MALEE, anse 3 ir
7%, 5 CK 4HAHE, 5 pmol/L 153825 -7-O-B-D-NHL i
WZPPETT . 5-O-B-D-NLIg 4 0B 1 A e koo . 436
F .S R, AU R0 W 2
(P>0.05), T _iRMbL-E W% THP-1 HE B WA it
Yoean e aEr A ER

F3  WEEZALE YT THP-1 B B A i a5 MR
Table 3 Toxicity of flavonoids on THP-1 macrophage cells

215 HABLAATE (%)
CK 100.00+9.60
api-5-O-glu 103.49+10.27
api-7-0O-glu 105.77+5.56
vitexin 97.70£10.40
isovitexin 108.97+11.63

22 HEEZEL AT THP-1 EixEREE A 1 EE
th COX-2 EE{ER

nE 1 s, LPS YEH)G, THP-1 HZ B LEAR i
RAPEAR P COX-2 Iy F XK W2 L F+(P<0.01),
COX-2 J& NF-xB 54 5B F I T iRk =),
TEFFE AN B KR TER N 55 S =, B
N B RAE R AR, S M = N i T s
FR,

IR RGP ST LAE T E g4l
M IfXF COX-2 W RBEUF TN HI LR, FEASHF

L K&

B 1 4 FORE SR Bl X i R T THP-1 S B w2
M COX-2 (52

Fig.1 Influence of 4 apigenin glycosides on COX-2 in THP-1
macrophage cell lines stimulated by LPS

e a: 25405 THP-1 PR R EAIE T COX-2 B Hu i 1 EliE
(Western Blot) [, ZE/2 1~6 KK F/~ CK 41, LPS 41, api-5-
O-glu 4 | api-7-O-glu 4 | vitexin 4 | isovitexin 2 ; b: COX-
2 FHXTRERIZH (LPS 41 ) IR EEAH, #3%7R SRBERIZH (LPS 40 #H 1L
Z R WE, P<0.05, #F~ SRR (LPS 4) 8 Lk 22 H iR
3, P<0.01; &1 2. [ 3 [A].

FEH, HIRFEFN IR R B RE S B 2 H A 4] COX-
2 fERR K- E B2k (P<0.01), HAFHIZR aam
VEF B3 TS 90 22 (P<0.05) . MIAEZEH RTIHIANG
FFE P, RAW264.7 /NS WEAR I b, 41300 28 WoR
W3 5 4t 90 R O 4 19 COX-2 fiff mRNA W 14
0.05), FHATZEFNH] COX-2 HLN L R FIE A Fk
T, C6 AR FFHU AR 2R 58 T C8 AL HX
RE S ZE

2.3 EEIEIL SR THP-1 BiZE MM A AT
YRR A F RIS

% 43K 1 pg/mL 9 LPS i PMA 431k )5
B THP-1 )5, 400N TNF-a 75 7K F 3L R K-S
PR IRA I E Wi (P<0.01) . AR MRS S g™
A= G P SN B s s I T P4, A it PR B R IR AE I
TNF-a & i i e w2 W R M & A ) bR i 2
—231 AR, BB AT DASE A 2 R 2R
ko ARSEE T, LPS HIPE IL-14(Interleukin 15, [
AREAZE 18 1B B B 2534 (P<0.01), [A]E) LPS
M 2G5 T IL-6(Interleukin 6, 40/ 2K 6)
B 1 (P<0.01), #% W N T IL-8(Interleukin 8,
F1 4l i/ 2% 8) Fl IL-10(Interleukin 10, 412
10)mRNA 14235 (P<0.01),

5 LPS ZHAH Lk, 2 Fh A3 22 25 B a1 X 40 i R
PER T B3 EIAE SR T 2 PSSR S EATT . 4 Fh
BRI A] EBEEREAR IL-10 mRNA 481 (P<0.01),
B 5-O-B-D- NI4T0 =T BR IL-10 mRNA
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T4 APTSEFR B XAR BRI THP-1 SR W20 0 e 48 e DR 7 5 )
Table 4 Influence of 4 apigenin glycosides on cytokines in THP-1 macrophage cell lines stimulated by LPS

2R CK LPS

api-5-O-glu api-7-O-glu vitexin isovitexin
TNF-a 7 i (pmol/L) 529.13+11.53*  14929.70+1179.75  12527.68£705.79  11078.30£742.53*  13416.03+2648.90  14559.75+164.51
TNF-a mRNAAX & & 0.05+0.03% 1.000.07 1.07+0.28 0.91+0.11 0.61+0.14* 0.89+0.18
IL-147% it (umol/L ) 62.94+3.50™ 502.37+8.71 620.17+8.37% 475.02+35.86 531.23+29.90 330.2049.10"
IL-18 mRNAFXS & i 4.42+0.54" 1.00+0.18 0.85+0.13 0.77+0.11 1.14+0.24 0.90+0.28
IL-6 % it (pmol/L) 0.04+0.38" 91.94+20.82 72.79+10.56 73.45+0.39 57.07+4.42" 55.40+8.00"
IL-6 mRNAFAR} & 0.95+0.07 1.00+£0.21 0.87+0.27 1.05£0.04 1.27+0.22 1.10+0.02
IL-8%% 3 (pmol/L) - - - - -
IL-8 mRNAFAR} & 0.09:+0.01% 1.00+0.06 0.830.11 1.05+0.08 1.43+0.37" 0.48+0.12"
IL-107 & (umol/L) - - - - -
IL-10 mRNAFHR} 0.34+0.04* 1.00+0.14 0.36+0.01* 0.56:+0.07* 0.44+0.07* 0.57+0.08%

H: FIFTHER AR S AR R (LPSE ) A L 22 5+ .3, P<0.05; [RIfT##ER /R A B PR SR (LPSZH ) #H Eb 22 520 3, P<0.01; -F7m AT o
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Fig.2 Effects of flavonoids on THP-1 mononuclear
macrophage nucleus P65 stimulated by LSP
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Fig.3 Effects of flavonoids on IxBa and IKK/S of THP-1
mononuclear macrophages stimulated by LPS
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