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Anti-inflammatory activity of total flavonoids from Echinops Latifolius and its
regulatory effect on NF-kB pathway in vitro
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Abstract: Objective To investigate the in vitro anti-inflammatory activity of total flavonoids from Echinops latifolius Tausch. (EL-
TF) and its regulatory effect on the NF-kB pathway. Methods The cytotoxicity of EL-TF (0.024, 0.098, 0.390, 0.780, 1.563, 3.125,
6.250 mg-mL™") on HeLa cells was assessed using the MTT assay. HeLa cells were induced with tumor necrosis factor (TNF)-a. to
establish an NF-kB pathway activation model, and the effect of EL-TF on IkB-a phosphorylation was detected by Western blotting.
The cytotoxicity of EL-TF (0.098, 0.195, 0.200, 0.390, 0.780, 1.563, 3.125, 6.250 mg-mL ") on RAW264.7 cells was assessed using
the MTT assay. An LPS-induced inflammation model was established in RAW264.7 cells, and the effects of EL-TF on the secretion of
TNF-o and IL-6 were detected by ELISA. Results EL-TF at concentrations below 0.024 mg-mL™! showed no significant cytotoxic
effect on HeLa cells. EL-TF dose-dependently inhibited TNF-a-induced IxB-a phosphorylation in HeLa cells (P < 0.05, 0.01). EL-TF
at concentrations below 0.200 mg-mL™! showed no significant cytotoxicity on RAW264.7 cells. After 6 hours of LPS stimulation, the
levels of TNF-a in the cell supernatant significantly increased (P < 0.01), and the levels of IL-6 also increased. Compared with the
model group, EL-TF (0.2 mg-mL"™") significantly reduced the levels of TNF-a and IL-6 after 4 and 6 hours of treatment (P < 0.05,
0.01). Conclusion EL-TF can inhibit IxB-a phosphorylation, alleviate cellular inflammation by regulating the NF-kB pathway, and

reduce the release of inflammatory factors from macrophages, demonstrating clear in vitro anti-inflammatory activity.
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FORE RS W 4 b 5 e AR AL, T R SR BE A T
(TNF) -a. EZ2HE (LPS) %% Fhll ¥ A 7w,
B 5 TNF-a. HAfZR (IL) -6 S5 R RAE
DA B R IORE T ), T R ARE ORAEFR o 4 Il R
PLR 25 (ARSI R 2D PIAS B O B iia X
B2 R, mFH RS ER ST EW, &
3k Echinops latifolius Tausch., Z¢#54 “FLH -5
L7, AEER R EIRIT BT B RAIEE %02
M-, PR (WS R-T-O-HE i) &
WAESE B BE PRI S Ss Son HonT 4]
NERELJRR G PR 55T B T K EE R 4 B iR
FIl (MMP) -13 RikUS1, HIRZRERL A
Ll [ A B D AT i ] NF-xB 3 2% 2D 28 5
TR SR, IR TR T S A A A 42
W2 0121, o ) Sk B B R (EL-TF) [R5
PUATENE A MK A T HE 5 R % NF-xB I8 2 1)
Xt VR U 2 AL A1) 0 A B R o ASIF AT 1 YRR FE L4
MRS ME . JEid TNF-o 55 HeLa 20 257 NF-
KB B BESIE B CREE kB-o BEERILIATT), DL
LPS %5 RAW264.7 [ 40 o 2 57 28 0 PR TR i
i, 32 | MTT ¥ . Western blotting Al ELISA
RAZGVEAN EL-TF MRSt 98 & 1, W10 AT
IS R NF «B @ % K55t 2 AE FH B9 AL,
9 5 24 T Sk B B A AL ) e R O R R T R B
%,
1 #R
1.1 EENEE

311 2 CO, 35 77A (GGEBR K /REHE AR A FD;
XD BB RMEE [FEFesR (ERD AR 1
epoch2 4= HZNEHRMY CGEEAEMEAF]D; SW-CI-2FD
B TAES (MM ZRTZAEARAIRATD: TG16WS
BLOHL GRS ST R B IR A D
1.2 SKIGZHAR

HeLa NEHUE4IML. RAW 264.7 /NRFAZE
Wik ZH 1 1 I 4, S50 B O T R A A R A
FRAF

1.3 AHMEREERF

WRISL 250 B AR e B R 2B A F], S
100210301, 28] JH 3 H57 Be 24 5 SR B IE A Ui 4
N RHEY WL Echinops Latifolius Tausch. [f]
T IRIEFT s TNF-a (535 222021, MCE A F]);
PBS (%5 8120221, Gibco AF]); #HE LPS (f2
5 12880, Sigma 2 & ); Mouse TNF-a Elisa Kit(96T)

(175 AD230314, AndyGene Co., Ltd.); Mouse IL-
6 ElisaKit (96T) (575 AD230312, AndyGene Co.,
Ltd.); —HFEIH (DMSO, 5 196055, MP
Biomedicals); MTT K (f8%5 298-93-1, mym
biological technology ); DMEM X7 # & (17 5
2305003, bR ZEEFEAVRHEARAFD; Ja4im
& (FBS, 525 SA201126, gt mklEs
IRAFD: W (BEFR+HFR) (85 1220009,
B NAEMF AR A7 D; Anti-IkB alpha

(phospho S32)antibody(abcam A &, 775 ab92700);
Goat Anti-Rabbit IgG (H+L). Mouse/Human ads-
HRP (southern biotech, F&5 4050-05).

2 FHE
2.1 EL-TF 89%I&

HOIE RSk 258F, Frmmid 60 H, k% HRE
IR 1 g, 60%4FE 50 mL [FIRIEEL 2 K,
K1 h, GIFRIGE, WAETCOEE, KRR
10mL, 4000 r-min! 0> 10 min, B - iEGm %
A 10 g AB-8 RALW AR IBEEAE, 737K 100 mL
H1 80% £ 1 50 mL Peli R ARAE , Wi 80% LB/
W, WARZET, BRIk S il (1926 3.25% )
SR HOREEEDIE CFAT 3 KD, & B
(65.63+0.60) %.

2.2 EL-TF % HeLa Zlf2# TNF-a #& NF-xB &
30l

221 YHHREFE K HeLa 40350 T4 10% FBS.
1% Pt DMEM i 72k 1, B 37 'C.5% CO;
AT TR 7R, FRANIE K Z IR 80%HT
103 (ERRLL #HTRRAREE TR, BUERIRES REF
R B A0 gk A7 S B 13

2.2.2 MTT %G EL-TF %f HeLa 003 ¥
HFHU HeLa 4023 (1 X104 4>-mL™) #MT 96
Uik, AL 100 L, H 37 C. 5%CO2. 96%#4H
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YR (RHD A4 FH59% 24 he WXFRRA FHPEXS
f# (10% DMSO) 441 EL-TF (0.024. 0.098. 0.390.
0.780. 1.563. 3.125. 6.250 mg-mL™") 4, M5
AkeERIE 24 h, TEIE BB WS RA KL,
Wy H IH B 983, B LI 20 uL & MTT(5 mg-mL™1)
(1) PBS ¥, 37 CH; 3% 4h, IO FHEE 150 uL,
TRZ), AHFHEEFRACE 570 nm R AR AL A RO
(4 H, ZHEPK 630nm, TTH Y5 R
(A s%/4 ww), FHHE EL-TF X HeLa 41124
FIHREE (ICse) fHI411,

2.2.3 TNF-o 55 HeLa 4 ffil NF-xB i BG4
(IR ST S X IkB-oo RIAMIFEN  HeLla 4L
FER 2.0 X 10* em 2 #0024 FLARH, ®FL 0.5 mL,
R59% 48 h, LIMIEAL 12 h, (FA0 e NAE KL,
H? 0.6+ 0.8, 1.0, 2.0 ng-mL ™! TNF-a 4} 5i4F /T4
il 30 min J5, FEE4IALEEE, FATA K PBS ¥t
B3, BTSRRI AEAE 6 LI, BILIMA
RIPA i Z4f# 200 uL, FVKiB LEE Smin,
SRS S SRR, e A EP B,
AT, PR¥E 15 min (4 °C), 2.0 30min (4 C.
12 000 r'min™"), FUTUE, W ETHRLR ZH1 EP
%, Western blotting &l IxB-o B 1L )R IAH
2.2.4 Western blotting 724l EL-TF %} T TNF-o. 4
¥ HeLa 410512 IkB-a RIAMIEH IR
TER“2.2.37 500, S XA AR ZH L EL-TF (0.005.
0.010. 0.020 mg-mL™") 2H, XfHiZH: DMEM 5€4
Ri #7235k +HeLa ZMfEH 30 min; FA441: DMEM
SEAREFESRE +TNF-a Till% 60 min+HeLa 410 fFH
30 min; EL-TFAK. . &ikE4: DMEM 5S¢4k
F7HE +TNF-0+EL-TF Ti#% 60 min+HeLa 40 ffF
F 30 min, 413 MEAL.

PEHCA M S, A PBS Pk 3 K,
Bk e amaE A E 6 fLIR, LI RIPA
90 P R 200 pL, FTOKG LEE 5 min, H ¥
L S MG EELE A, AR R EP B,
WFT 5. R#E 15 min (4 C), B> 30 min
(4 C. 12000 r-min~"). FUE, W EHERERE
HrH) EP %, Western blotting #:1ll TxB-o 25 9 F
PRI KT
2.3 EL-TF %t LPS R/ RAW264.7 ZRAFEH
RAEEFHIFZ M0
2.3.1 ZPREFE % RAW264.7 iRt T4 10%
A4S . 1%XUPLH DMEM 4 ks g2, [F

“2.2.17 TR AR, BURRARAS R4 X Ho g
AT SR
2.3.2 MTT K EL-TF % RAW264.7 4081
FEXTEH RAW264.7 AR (1X10* 4A>mL™") $2
FhT 96 FLbH, £ 100 pL, [ “2.2.27 3Kk
BelE, 2905 MifnEs R 240 )5, THEIE BAE0
SAMMAEKIEAS, MTT & F- A fs iR,
& EL-TF %} RAW264.7 40 (K] 1Cs0 1
2.3.3  LPS Hll#/N i RAW264.7 21 At 28 i ) S 5
TNF-a 1 IL-6 70 W AR R (1) 7. RAW264.7
Y LS BN 2.0 X 104 AN -em 2 B2 Rl 24 FLARCH,
4L 0.5mL, }7% 48h, LIiHEIL 12h, {40k
NAK#IER, A 100ng-mL ' LPS /E/ 6h, Y&
MM FIE W, ELSIA B S 48 i K7 TNF-o
1 IL-6 [P
2.3.4 ELISA ERMARIHEE EL-TF % LPS Hl¥E
/N, RAW264.7 40 R TNF-a F1 IL-6 7KF-[1)5%
M HYZR A ER N AR IR AR RAW264.7 4Hifd,
A R R ZH L B RYZH A EL-TF 1% P ik E (0.05.
0.10~ 0.20 mg'mL™") 4, &R 3 MEFL. xR
ABn LPS F1 EL-TF: BEA4ZH: hnA 100 ng'mL™!
LPS, LPS #l¥ 30 min J5 AIIAZ )T 1i; EL-TF
. . EIREYL: I 100 ng-mL™' LPS, LPS
T3 30 min J5 A0 EL-TF 7. % 20.3% /il ELISA
FERG 0.51 1.04 2.04 4.0+ 6.0 h I 4R _E & TNF-
o Fl IL-6 FIHRFE
2.4 BHES

HH R X £ %7, BH SPSS 21.0 # A2k
Guitortirs THETRMEE T =S, SR A KRS
Ji 755, WK A1) o 9 L () B RV 3R 2 e
%y BRARE G T Z AT, R et
TG0 B R I BRI BRI 36 AT SRt
I3
3 #R
3.1 EL-TF % HeLa Zlf2# TNF-o #& NF-«xB &
ERHISNE 3 HrLE R
3.1.1 EL-TF %} HeLa 48357 24 h & 15 b 45
R EL-TF X%} HeLa 40 5 PRS00 45 R W=R 1 fr
N, MEFRERE AR (0.024~6.250 mg-mL™D),
20 B I e s R LB B N (8% ~60%), MTT i
o I 75 HeLa 4H Mo 1) 38 56 2 F % (91.32% ~
39.90%), if it Graphpad prism #4753 i 1Cs0 18
A 2.478 mg-mL!,
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# 1 EL-TF % HeLa AR IMARSHE I ER (X £s, n=3)
Table 1 In vitro cytotoxicity analysis results of EL-TF on HeLa cells (X X5, n=3)
. R E/ e 41 35 5E Wik B>
(mg mL™) /% %
paict — 1.14240.070 100.00+0.06  ZHHIFEASIER, MWHEEAEK R, MK WA BSHUSR, 0
TCYH 5 AR
10% DMSO — 0.340£0.125  29.761+10.93 4UHLZE JL T 58 & MR 4
EL-TF 0.024 1.043+0.036  91.324+3.13 8% AGAMMEETE, BRAsNGEE, {57 040 7 1
0.098 0.95940.049  83.95+4.27 16%AELAMERE, GRIANGEE, 8] LA AR 1
0.390 0.858%0.114  75.16+9.94 24% AR, BifAMGEE, 187 W40 2
0.780 0.764+0.072  66.93+6.32 33%LELMBERE, BifANGEE, 180T LA RIS 7 2
1.563 0.580£0.049  50.78+4.30 49%IEALYMBERN, BiRANGEE, 18T U0 2
3.125 0.5360.036  46.93+3.16 S3%AELMBERE, BifANGEE, 180T LA E 7 3
6.250 0.4560.036  39.90+3.18 60%AE AR, BifANGEE, 180 W40 3

SEHRE, WRELE 0.024 mg-mL!' LL N EL-TF %t
HeLa 2 CA R a2 E/ER, HILHE EL-TF #—
% HeLa ZHMIMIMG. . iR HHIN 0.005,
0.010. 0.020 mg'mL"'.

3.1.2 HeLa ZHJfl R&0ESMAETINS [kB-o RILHIF
M TNF-a ¥ HeLa &% IxB-a BifR1L,
MM NF-«B 15 5% 5308 I 0 0GB 5 T s
TNF-o. IL-1 SE4HHIPR 7 [7=2E, X Led g R 73
Z it — it NF«B MB0E, A NF-«xB @ %iE
ACHIIE St e tel, g5 RanfE 1 fge 2 pos, S5t
MRS, TNF-a LA 2.0. 1.0, 0.8, 0.6ng-mL™" {f
1T HeLa 410 30 min /51 IxkB-a BEER AL ZH 1Y
. H 2ng-mL'TNF-0 41T %% (P<0.05),
PRI, 3 FH A B T S5 820 92

3.1.3 EL-TF %fF TNF-a ## HeLa 45|k
IkB-o BERRAL I m 25 SR 2 Fik 3 s,
SxHRAM L, B TeB-o B EZ AL 521G 0
(P<0.01); HEAHMEL, 0.02. 0.0l mg:mL'EL-
TF 411 IkB-a BEEAL /K B35 B (P<<0.05.0.01).

PN 2.0 1.0 0.8 0.6
TNF-o/(ng-mL™")

ik 3.6X10¢

4
GAPDH 3.6X10

Bl 1 TNF-o R# HeLa £AAEX p-IxBa & HFRIZIFME
Fig. 1 Effect of TNF-a stimulation on p-IkBa protein
expression in HeLa cells

#2 TNF-o F#{ HeLa 4051 IxB-a ZRBERILLER
(X £s, n=3)
Table 2 Result of TNF-a stimulating HeLa cells leading to
phosphorylation of IkB-a protein ( X Xs, n=3)

2H.531) TNF-a/(ng mL™") p-IkBo/GAPDH
X HR — 1164+£378
TNF-a 2.0 2 853+150"
1.0 24634275
0.8 1 9874200
0.6 15294153

Sx R4 "P<0.05.

P < 0.05 vs control group.

X
p-IKB-a _ o

GAPDH 3.6X104

0.005 0.010 0.020
EL-TF/(mg-mL™)

B2 EL-TF % TNF-a F/# HeLa #8351 IxB-0 EE#
[t a: AT
Fig.2 Effect of EL-TF on phosphorylation of IxB-a
protein induced by TNF-o stimulation in HeLa cells
3.2 EL-TF %} LPS RN RAW264.7 BT
RAEE FHIF T
3.2.1 EL-TF Xf RAW264.7 405575 24 h #1547
Z59L EL-TF % RAW264.7 4l #0285 Fink
4 FioR, B iR T (0.098~6.250 mg'mL ™),
453007 BT N B, [ A A BB T (0%~
78%), MTT VER S 24 h 40 R34 56 % T B&
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%3 EL-TF 3T TNF-a ®/# HeLa 48f35]# IxB-« &R
BEERILRIEZIE (X s, n=3)
Table 3 Effect of EL-TF on phosphorylation of IxB-a
protein induced by TNF-a stimulation in HeLa cells ( X *

ss n=3)
2H 5 J A E /(mg mL") p-IxBo B H K EH
X HE — 1124+350
R — 3311+481"
EL-TF 0.020 1 4324+470%
0.010 2 111655
0.005 2 667+568

LXHRALEEL: P<0.01; SEMALLE: “P<0.05 *#P<0.01.
*P<0.01 vs control group; *P<0.05 *P<0.01 vs model group.

(102.9%~21.92%), @it Graphpad prism 3K {445 H
ICso 5N 1.986 mg-mL™'. Z5RETH, FHEIKEE
0.200 mg-mL~" PL N ) EL-TF %} RAW264.7 i ffi
BRI, AN BRIGHERAE 90% LA 1, HItlE EL-
TF 3t —2%F RAW264.7 UMK . R IR
43914 0.05. 0.10. 0.20 mg-mL~",

3.2.2  LPS Hl3# RAW264.7 40 R A E R T 5
B LPS JE 4 A A RE Y B Sy, AT RS
P N S RAER T TNF-a. 1L-6 252007, 45 5
W 5 Fion, SXTBAAAE, 100 ng-mL™" LPS H)#
RAW264.7 4ifd 6 h J& il & 20 B G928 S B, 4t b

# 4 EL-TF ¥} RAW264.7 HfEHASNEM (X £5, n=3)
Table 4 In vitro toxicity of EL-TF on RAW264.7 cells ( X *s, n=3)

=

AR FIE(mgml)  AfH HIXHETIR % ik Z\rz
X — 212940091 109401466 ZURUEASIER, WEEEEKRLT, MRNGEHEEWN, TSR o
10% DMSO — 0.381+0.021 19.60+1.10 ZuE) I Fre 4R 4
EL-TF 0.098 2003+0.091 102901466 ZUAIEASIER, WEEEEKRLT, MRNGEHEW, TSR o
0.195 176540153 90.69+7.86 9%/LAAMIREEE, BRAANLEE, AT LA 1

0.200 174940122 9051+346 %A AL EEE, GitANGEE, {8n] LATMRIARR 1

0.390 159540115 81964591 18%/AAYUABEIEN, BifANLEE, (Hn] WANMEAR 1

0.780 1.396+0036 7171183 28%AALYUREIRN, BiraNGEE, (HA] WAIHRIER 2

1.563 108840071 55884362 A4%AAYIMBEIEN, BiFANGEE, (HA] LANME AR 2

3125 0.798+0.058  40.99+2.98 5S9%A AR, GiAsNEEE, (Bn] AR 3

6.250 042740124 21924635 78%/C AL EIIE, BikANGEE, En] W4T 4

5 LPS % RAW264.7 451 6 h X14AAE_£5F TNF-a.
IL-6 K FEHIFM (X x5, n=3)
Table S Effect of LPS stimulation on levels of TNF-a and
IL-6 in supernatant of RAW264.7 cells after 6 h of

stimulation ( X £s, n=3)

a1 JoER R/ TNF-o/ IL-6/
ZHH

(ngmL™ (ngi™ (pgl™
Xt e — 218.6+7.66 51.194+4.89
LPS 100 237.94822*  5534+8.33

XA "P<<0.05.

*P <0.05 vs control group.
B TNF-o 89006 giit 5 27 (P<0.05), IL-6
BRIF K- FHEINTE St i 5 X
3.2.3 EL-TF X LPS %% RAW264.7 4l i BE i 4
hiE BRI s g5 SRR 6 B, 5 XTI LUK,
100 ng-mL~" LPS H|¥# RAW264.7 4Hff1 0.5. 1.0+

2.0. 40 h J5, 40 35 TNF-a. IL-6 & E&IG 0
BTG5, MfER 6 h f5 2tk 4N S v,
YA 35 TNF-o 2283850 (P<<0.01), IL-6 7K
SEHIMETE S22 . SR, 0.2 mg-mL™!
EL-TF /£ 0.5. 1.0, 2.0h J&, 4088 _Ei& 7+ TNF-
o IL-6 S EFRELR I %25 {EH 4. 6 h 5
Ui WP TNF-0 BIRA SR (P<
0.05), IL-6 AF/K-FFARA Giit 2 27 (P<0.05.
0.01); 0.1 mg'mL~" EL-TF £/ 0.5. 1.0, 2.0, 40h
J&, 4 E3EW TNF-a. IL-6 & & FEARE LSt
SFEF(P>0.05), 1FH 6 h 5 4 _EIE W ) TNF-
o BRRELGH%ER (P>0.05), IL-6 KT /KT
PR Gi i 242 5% (P<<0.05); 0.05mg-mL ™' EL-TF
YEFH 0.5, 1.0+ 2.0 4.0, 6.0h J&, A L& TNF-
o IL-6 FEEMELSITHEES (P>0.05). 4

F W] EL-TF MHTRAE R BAT W5 3 A 8] AH
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%< 6 EL-TF Xf LPS R RAW264.7 {AfE{E A BT R ERMAER FHEM (X £s, n=3)
Table 6 Effect of EL-TF on release of inflammatory factors from RAW264.7 cells after different time periods of LPS
stimulation ( X £s, n=3)

E PR /h 51 JR B /(mg mL ™) TNF-o/(ng L) IL-6/(pg LY
0.5 pagisl — 234+16.0 34.2+6.64
it — 249+34.1 36.1+4.03
EL-TF 0.20 244+9.15 38.1+4.37
0.10 238+27.9 37.3+2.77
0.05 248+4.29 36.3+1.72
1.0 Xif — 249+10.6 40.5+7.76
it — 262+50.9 39.6+1.93
EL-TF 0.20 258+6.72 39.04+3.91
0.10 261420.1 40.3+1.37
0.05 271+17.2 43.6+9.45
2.0 Xif — 270+3.73 423+6.54
et — 296+37.8 46.6+5.86
EL-TF 0.20 279420.7 42.3+1.80
0.10 2824152 48.6+2.35
0.05 297+26.6 47.0+1.14
4.0 Xif — 286+14.1 48.3+8.60
iRt — 325+23.7 5224124

EL-TF 0.20 283+7.35% 47.0+1.51%
0.10 298+9.23 54.618.60
0.05 305+32.5 55.84+3.24
6.0 i HR — 295+7.62 59.3+12.4
iRt — 366+21.8" 65.7+2.88

EL-TF 0.20 303+12.5 55.3+2.01%

0.10 329+42.1 60.3+1.01%
0.05 346+6.02 64.2+4.11

HXIA LR P<0.01; SHMALLE: “P<0.05 #P<0.01.
*P<0.01 vs control group; *P<0.05 *P<0.01 vs model group.

Kk, Hr 0.2 mgmL ' fEAEH 4~6 h i EILH i
FE R3] 28 ER R HUSUR
4 e

P i FE WO 5 R KGR DG 4L Bk
FEREAY S5 2 PSP B DA OGP, NF-«B 82 i
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