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# E: BN WEIEEIEL LB (total polyphenols from Nymphaea candid, NCTP)X} g Z i (lipopolysaccharide,
LPS)ifs Ml b Rz 40 AS49 RUEMGIITRIFVER  753%  RITARARINEINE NCTP i 20 & i, R &4
157 (high performance liquid chromatography, HPLC):il 5 HARE M 43 7 i LA 1.0 pg/mL LPS Tl A549 4iijify
12 h 3SR AR iR, CCK-8 (cell counting kit-8)RA A A U5k, DAGHTZE 5 3& i) NCTP FHilvk B, o —2
KAy s FgH . IR MR | PHAE T BE b ZE K A4 (0.039 pg/mL dexamethasone, DXM)ZH . NCTP ik H &
6.0, 15.0, 30.0 pg/mL)4 . AEALIEAS I — %k A (nitric oxide, NO) K Hij51] K E2 (prostaglandin E2, PGE2) .,
N [ (malondialdehyde, MDA) . # % 4b¥) 57 fL i (superoxide dismutase, SOD). It H ik (glutathione, GSH)I%
s BEIBC S5 ¥ (enzyme-linked immunosorbent assay, ELISA): (1 41 i34 % - 18 (interleukin-18, IL-18) . E1 41l
42 -6 (interleukin-6, IL-6) . IR YR FE K F--a (tumor necrosis factor-a, TNF-a)/KF; 2 [ 505 E[1 3 (Western Blot)
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Protective effects of total polyphenols from Nymphaea candida on
lipopolysaccharide induced inflammatory injury in A549 cells

DING Wan-Ting', WULIPAN Tuo-Hu-Da-A-Li', SUN Yuan', YAO Yu-Han?,
LI Chen-Yang®, ZHAO Jun'*"

(1. School of Pharmacy, Xinjiang Medical University, Urumqi 830011, China;
2. Xinjiang Key Laboratory for Uighur Medicine, Institute of Materia Medica of Xinjiang, Urumgqi 830004, China)

ABSTRACT: Objective To study protective effects of total polyphenols from Nymphaea candida (NCTP) on

lipopolysaccharide (LPS) induced inflammatory injury in A549 cells. Methods Polyphenol content in NCTP was

determined by Folin-Ciocalte method, and its characteristic components were detected by high performance liquid

chromatography (HPLC). A549 cells were treated with 1.0 pg/mL LPS for 12 h to induce inflammatory damage

model, and cell counting kit-8 (CCK-8) method was used to screen out the optimal intervention concentration of NCTP.

The experiment was divided into control group, lipopolysaccharide model group, dexamethasone (DXM 0.039 pg/mL)
group, and NCTP (6.0, 15.0, 30.0 pg/mL) groups. The levels of nitric oxide (NO), prostaglandin E2 (PGE2),
malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione (GSH) were detected by biochemical method.

Enzyme-linked immunosorbent assay (ELISA) was used to detect the expression of interleukin-15 (IL-15),

interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in A549 cells. The expression of related proteins

[Kelch-like ECH-associating protein 1 (Keapl), nuclear factor erythroid 2-related factor 2 (Nrf2), heme oxygenase-1

(HO-1)] in nuclear factor erythroid-2-related factor 2/heme oxygenase 1 (Nrf2/HO-1) signaling pathway was detected
by Western Blot. Results The content of total polyphenols in NCTP was (90.15+0.17)%, and the content of
isostrictiniin, ellagic acid and nicotiflorin was (28.054+0.02)%, (2.154+0.03)% and (3.50+0.01)%, respectively. The
mass concentrations of NCTP screened by CCK-8 were 6.0, 15.0, 30.0 ng/mL. After LPS stimulation of A549 cells,
the expressions of intracellular inflammatory mediators NO, PGE2 and inflammatory factors IL-14, IL-6 and TNF-a

were significantly increased (P<0.01), indicating that the inflammatory damage model of A549 cells was successfully

constructed. Compared with the model group, NCTP significantly inhibited the expression of NO, PGE2, IL-15, IL-6,
TNF-a and MDA and increased the activities of SOD and GSH in LPS-induced A549 cells. Compared with the model

group, NCTP also significantly increased the expression of Nrf2 and HO-1 proteins in the damaged cells, and

decreased the expression level of Keapl proteins.

Conclusion

NCTP has the better protective effect on

LPS-induced inflammatory injury in A549 cells, and its mechanism is relative to the regulation of the Nrf2/HO-1

signal pathway. The results of this study can provide a basis for the research and development of functional foods

with this effective part to prevent respiratory diseases.

KEY WORDS: Nymphaea candida; polyphenol; A549 cells; acute lung injury; antioxidant effect; nuclear factor

erythroid 2-related factor 2/heme oxygenase-1 signal pathway
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0 3

2Pl 3 (acute lung injury, AL EMETEAE . K5
Y5 PR 3R T 2R A b R R I R A0 A TR A i A
EVERGAN e ) /A A Y S SR PR A, AT ARTR
T8 A e 5 B K B, 7 B A T AT B A U Bk
18P R ALY & Pk R TR 38 45 A AE (acute
respiratory distress syndrome, ARDS)AJZHZI2EST R ), &
ALL SR PR RN, i BB BRI RERR NS . N )
Rl B AR E 03 B804 B K b 2 JRE T A o B 40
DRAP IR e 52 W AR 403 TR 3R 52 i 1 o e, LA 55 ALL

FR) R S SR IAR S AS49 i A IMISRA LI | R i, [H)
I 1Y B2 4, Mg 2l (lipopolysaccharide, LPS)A[
Vo SZANN P A GO RAE UV, | AR AT s e
JNE T TR e ALT A 23 KoLl = — 81, A%k
SERF B2 M F 2/ML4 R INAME-1 (nuclear factor
erythroid-Z-related factor 2/heme oxygenase 1, Nrf2/HO-1)i&
AR RS RS, X ALL A EEE R E
Fﬁ[g 10]0 EF g fii A 2)FEF 2 (nuclear factor
erythroid 2-related factor 2, Nrf2)J2 4N PL R . PiEAL .
PO T E R RSB RETTINF, BMiE s, WET MR
JIN%( 1 (heme oxygenase-1, HO-1), B £l bk B84/ IfiL S5
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%16 &

-2 (B-cell lymphoma/leukemia 2, Bel-2)Z: 75 [ Rk, 7
SEAR I B A

B Gy WM YIFE ALL BEIG 7 TH B aECh B30
sk, e HEORFRS SN W FHREAT ALL Y
SRR 53 00 P T AR DA B ™ i 32 BT T2 56 - & I R
(Nymphaea candida) W35 RHETE 8 22 41 K A FEACAE ),
F B T I E B AT DAL BT AR S X
MEEAE AN B RNE, WHEA RGN AnE, BE
TR SRR Z sk, FFIR R . il T g 4
WIBHIG o 2 B ikt W Br & BR800, Sk
15.0%! 17, BFFEoR, B 2 I R E AL M 2 B
(total polyphenols from Nymphaea candid, NCTP)X} LPS 75
SN ALL B B00 B M Ve U, ki, ik
LRI Feiff— R AT . Bk, ARFSEFI A LPS 755
11 UMl B2 AN AS49 S SOE B AY, @ T Ao
NCTP J#% Nrf2/HO-1 ik ALL BFEHIFLE, LAB N
G ALL SR Sh B & SR A e AR 40

1 MRERZE

1.1 #R5ERF

Bl AL B AR SRS BN A MY, ARl R
BRI S T T LA 5 51 M

NAE/INAH M A9 T Bz 400 AS49 (CL-0016, #iNEifr
Pk Al AR A H); LPS(3EIE Sigma 24 H]); Nay,CO3(%»
Brad, Kt RS =aGR) ), Rl ECL fb% AOtIRY)
(At 2= AR A BR 2 vl ), 8 B2 #h 2% vl WY (phosphate
buffered saline, PBS). DMEM b5 355 (3 E Thermo
Fisher Scientific A F]); GAPDH, TNF-a, IL-1B[%E T A9 1.
PRI A PR 7] ]; FreeZol RNA $2HGRF A (g AL i ME
Bevwl); DNA S8 G Rl & . Sert ot e i R AT
U ¥ (polymerase chain reaction, PCR)i#{ & ( H A< Takara
AHIRAFD; ANEAIEA 2 -18 (interleukin-15, IL-18) . 141
4#-6 (interleukin-6, IL-6) . AiJRIIRFEA F-a (tumor necrosis
factor-a, TNF-a). 5% E2 (prostaglandin E2, PGE2)fiE¢
%) (enzyme-linked immunosorbent assay, ELISA)7] & (i
DRSS R A R B A FR A ), — LA NOY IR &
(FiEE R RAEYEARABRAF), HZEKHA (dexamethasone,
DXM).BCA #& [ it il fl £ . N ¥ (malondialdehyde, MDA)
SR 6 . AL AL (superoxide dismutase, SOD);
AT £ A BEH K (glutathione, GSH)RHMH & (b a2k
FERHEAEBRAFD); Keleh # ECH 4547%&M 1 (Kelch-like
ECH-associating protein 1, Keapl), HO-1 HUi&FILFEHif
IgG/HR bR IC (32 B Abcam 22 Fl); Nrf2 \S-AIL8) 2K 1 (B-actin)
Pl CST A H]),

1.2 UF5&%%&
Agilent-1260 DAD AR it (35 E ZCHEIE R 2

H); fAiH: Phenomenex Gemini NX-Cjg (250 mmx4.6 mm,
5 um)(3%E Phenomenex /A 7]); YP3002N Hi T RK5-(HE &
0.01 g, FIGHHEEALEAPRAF]); AS10200ADT 75 B 5%
THUEAR O AR SR YR A FRA F]); DZKW L AE R
KSR (AT T K G RS FAERA BR ARl ); SW-CI-2FD #
HAEE R L84 7]); Multiskan GO 43 K fiff bR
. C1000 Touch PCR K ¥ #4{Y (3£ E Thermo Fisher
Scientific A rl); Evos XL {8 &A= ¥ B R (RYI Evos 22 H]);
HF240CO, 18 iR 240 3% 7848 (H AR mt BRAL SR bk 205 4h);
XS205 Ll B34 RS- CRE E 0.0001 g, Fii+ Mettler-Toledo
Z3Hl); MIKRO200R = R R D HL(BEE Hettich 221]);
AE2000 Y62 5 SE R 9¢ ' 8 it PCR AL (WU ZRSESE R A R
73 w)); 552BR HE H HLUK-55 46 . ChemiDoc MP 4x H 3
ARET B AN (35 E Bio-Rad 22 #)).
1.3 LWHE
1.3.1 NCTP 494 & Z 8557

PR IARGE ) g AU, BRSEAE 254 2.0 kg DL 70%Z
B IR E 3 K, K 1 h, AFHREUE, WMEERS ERE,;
BEEUE—LH D101 KFLIRFH RS FI SR BER A w SR 2k
BRMEE R ZH(112.27 g, 722 5.61%)% Folin-Ciocalteu
M7E NCTP B 2B &, 4 1.0 mL A£ R 10 mL
HEFIFEDOLE, A 5.0 mL 20% Folin-Ciocalteu 7 it
), IRA L 5 min, SRIGIA 5.0 mL 7.5% Na,COs &
BAJG, B8 1 h, T 765 nm AMIEWGREE . DI B
FE AR ARBRCY, mg/mL), DA SEE A AR BR(Y)Z i Am o
2k ¥=8.3333X+0.0239, r=0.9998, LYEILHE K 0.017~
0.086 mg/mL . >R JH &5 80 A (2,153 (high performance liquid
chromatography, HPLC): @ AR U o BEZER) . SRAEIR
FARAE S E . @541 Phenomenex Gemini NX Cjg
#E(250 mmx4.6 mm, 5 um), ZHEGRSIA A)FT0.2%BERR (i
S AH B) BB B BE L (0~35 min, 5%~15% A; 35~65 min,
5%~18% A; 65~70 min, 18%~20% A; 70~75 min, 20%~5% A),
WA 1.0 mL/min, #2430 °C, M3 K A 266 nm.
1.3.2 LPS 5 AS549 tm it X s A7 oy My i

J T LS LPS X AS49 40 5 P N3G A (1 g i, 4% B8
Bk 7 B0, Anpa SRR & 6 LA, BiEHLA IR
#H. LPS ZH(1.0 pg/mL)#ili# 6. 12, 24 h, L4 4. TERAHAM
ML A549 ZHifiE ARG IR G, BORIZH 40 P i vk
1.0 pg/mL /9 LPS+AS549 ifif & AR I # . Bl
KA ANM, Ff AS49 AUMIHEEEFL 7 10° DR ERILE 6 FLAN
MUEEFER . MR RN . TIESWE, 2,
R RNA, SZRTOEE & PCR KGN AS49 SEAEANITEAR
TNF-a., IL-18 F35/KF, 51#): GAPDH( i CACCCACTCC
TCCACCTTTGAC, TFif GTCCACCAC CCTGTTGCTGTAG).
INF-o | % GGCGTGGAGCTGAGAGATAACC, T iif
ACGGCGATGCGGCTGATG) fil IL-15( I #if CAGTGGCA
ATGAGGATGACTTGTTC, F ## CTGTAGTGGTGGTCG
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ToERE, S BEELL R Z MR Z AT AS49 i 4 MR 15 1 PR 1 DS 193

GAGATTCG); LAE A549 485 4 i 55 AL 75 it A]
133 fmpaiE hnl e

BB K307 A549 ZHILL 7x10° cells/mL 4270 T 96
A, BT 37 °C. 5% CO, 5440 N RFFRAH 15 5% 24 he
RRANENGEE S, SERIHREFRIL, 43 NCTP 4 . LPS+NCTP
#H, NCTP A/ A& NCTP (0. 3.0, 6.0, 15.0, 30.0, 45.0.
60.0, 120.0 pg/mL)WZHIEET IR, dRE855% 12 he TS,
WG, LA 10 uL CCK-8 X AR A549 4R 7E 1% R,
i 1 HH B FE LA 2 )

1.3.4 SEHoymB

S 1.3.3 HISCIRZE R, K AS49 ANl st e, g
ZAEEAIZH (1.0 pg/mL LPS)., BHM:XTH#(0.039 pg/mL, DXM)
20 . BEZEAE M EMIK(6.0 pg/mL, NCTP-L), H(15.0 pg/mL,
NCTP-M). {&(30.0 pg/mL, NCTP-H)FIF2H , 24 A549 4fiss
JEIR 90%H, FRFEIRTTAIML, B0, FHBERAMITTE, #RhT
6 LM (5%10° cells/mL), }%3% 24 h, Lk LPS (1.0 pg/mL)T i
12 h &, HwE RS ARF A NCTP #1 DXM T
12 h, 25 (X BRI 3L
1.3.5 NCTP %} LPS %t A549 @ it % s AR X 52 A~ NO
% PGE2 # ik K- 69 % %

YRR 1.3.4 T4 4L FE, TGS HE RN, 48
SR, 2000 r/min AL 5 min, JIRER FHEWR . AR
B G UEIH 45 NO & PGE2 i,

1.3.6 NCTP % LPS % A549 it ¥ m A4 b X5 A F
IL-18. 1L-6 & TNF-a & ik K-F 6%

F08 1.3.4 P70 2HACH, FHigsaOEELNI, 2000 r/min
ZEPREC 5 min, B W, ELISA Pl g 40 i IL-15.
IL-6 J% TNF-a 7K,

1.3.7 NCTP #F LPS £ A549 % it ¥ %A% MDA, SOD
% GSH K-F#5%

PR 1.3.4 DA R, TS H R AR AN, B

FiEW, H:AbEE MDA, SOD il GSH ik,
1.3.8 Keap-1-Nrf2/HO-1 13 5 il %48 % & G #9 M| 2
PR 1.3.4 JEF5 4R Ab P, $REUE R, 5 BCA EA

10 -
0 #H

| |
i 1

0
ZH4H 6h 12h 24h
LPS (1.0 pg/mL)

TNF-o mRNAMI F k4t

E SR G U] I & AR R, TR . &
LA UM AR ARFRAY 5xLoading Buffer A PBS J5 100 °C
A 10 min, —20 °CIRAF . %18 10 ng/AL_EAE, T+ 2h
FE 7 TR B 58 TN s Tk Mg % JiE HEL 9K (sodium dodecyl sulfate
polyacrylamide gel electrophoresis, SDS-PAGE), HL¥%, K H
% = B W — 9 £ & (polyvinylidene fluoride membrane,
PVDFE)IE F. i 1x &I 20 B9 Tris 2%tk 7K (Tris buffered
saline with Tween 20, TBST)¥E#% PVDF fiX 5 minx4 KJ5, ¥
PVDF [ ETE 5% Waik b a4 2 he —HiHO-1,
Keapl. Nrf2, p-actin, FiBeHbf 1:1000) 4 °CHEIR ik i
o 45 2 d PVDF ] 1XTBST ¥E¥% 5 min 4 %5, < EDG
W E LLEBUA 1gG T 1.5 h(RRELL £ 1:10000), ] ECL &
Haf N AT 5% o 1] Image J 1.8.0 3K, LA p-actin /£
WA HIE A MHO-1. Keapl. Nrf2)5Hi Ef 74 AT
1.4 HIEALIE

K H] GraphPad Prism 9.5.1 # X B AT 58 1537
SR AE R LA B vE I 22 R 7R . P<0.05 AN W2
S, SEREK 3K

2 HRED

2.1 NCTP IR 2 H

NCTP & & Z B2y, Smnlik(90.15+0.17) %, Ml
YE By . R AE R OO AL T M bR o B 2 oy S ok
Y=15063X+76.725, r=0.9998, L1 9.6~960.0 pug/mL;
Y=94443X-144.38, r=0.9999, Z&H:IEE 6.7~670.0 pg/mL;
Y=12646X+17.111, =0.9999, £kt 7iH 2.4~237.2 pg/mL,
NCTP ' 3 MRHEME A & I E S5 R BN, MR A&
WA E, AIK(28.05+0.02)%; HEAEER ALK AL 3 o A,
AR (2.1540.03)%F1(3.50£0.01) %, FRSIIGZER TR T
WS M T RS2 NCTP H & 253 M B4

2.2 LPSiHS A549 AR AEE R 9H 2
Qi 1 f77%, 1.0 pg/mL LPS #)# 12 h J&, IL-18 . TNF-a

8
i
z | 1
-
&
E k%
3 2 Kok _]—
= N
0

ZSH4  6h 12h 24h
LPS (1.0 pg/mL)

T 52 AL, s R R (P<0.01), TIH; 5 LPS T3 12 h 4L I 4%, #3285 B3 (P<0.05);
HRFEFM R (P<0.01),
Pl 1 LPS 555 AR ] B Xt AS549 4iE A AE A 5 (45 i)
Fig.1 Effects of LPS on inflammatory factors in A549 cells at different time points after induction
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%16 &

mRNA FRIEACPE7 % B (Control)2H it 25 15 /i1 (P<0.01).
24 h ISP FAEE 12 h 415 AR, BEEH LPS T A549
A 12 h RAEAYE ST e AR UL, %% 1.0 pg/mL LPS
HE AS49 20 12 h 257 ALI ARAERET, HEAT )5 40505
2.3 NCTP X Z8AR7E RN

PE— %27 NCTP (0. 3.0, 6.0, 15.0, 30.0, 45.0,
60.0. 120.0 pg/mL)Xt A549 ZHfifl K LPS Hl# A549 413G
IR, G5 2 BiR, NCTP JR R EFE 30.0 ug/mL
DTS2 A BAM L TG #4255, 30.0 ng/mL L E,
Rifi 25 25 400 o B U B (X3, AS49 20 IS 1Y A7 375 B B PR AR,
AR RN . NCTP Bk BETE 45.0 pg/mL &
PLTR A8 M B A7 15 R T 90%, 1t B I 551142V Fl P o 4 i G
FPEMEH . HZAY Rk TR 3.0~30.0 pg/mL A, ANMIAETS
ZRTFET 100%, H-H NCTP Tk 6.0 pug/mL B4l
Mg e, HIRA W R AEsEr: . RIbAE e 2255,
NCTP Wik H SRl =R 43510 6.0, 15.0. 30.0 pg/mL.

150 -

1 AS549411fitg
-+ = LPS+AS49% il

it ##

# HH
#it ##
50|
0

0 30 60 150 30.0 450 60.0 120.0
NCTP i ¢ &/(ug/mL)
2 AR NCTP R EEXT A549 41 TE J1 a5

Fig.2 Effects of different NCTP mass concentration on
A549 cell viability

ANEAFIE R %
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#it
- *
*k
Ll T E .
= *k =
2 -
g ——
ﬂﬂfﬂ
Qi
o T
Z
0
ZOE

& &
@ﬁs& e S

4 51

2.4 NCTP 3t LPS 55 A549 M4 AEFE R ch 48 AE
TR NO X PGE2 RiAKFERIE M

R T E NCTP (B4 AR 1, ABF5EPEAl T H2 AR
A LPS 175519 AS49 A A REAL R h 4 RE A iT NO il
PGE2 4, &5 E 3 Biw, 525 X RR4IH E, LPS 4
RAEAT T NO B PGE2 ik /K F-34 1 B T 55 (P<0.01); 54
TUZHAHEL, NCTP 1, ®iFI5Et41(15.0 pg/mL F130.0 pg/mL)
A REMH ALT 405 FERAL D NO Je PGE2 Y3l 172k
(P<0.01), TEH] NCTP W] LA LPS 3 A549 AR AESI
BRI p JEREA BT RREAL, X SAE 20 M B A — & iR PE R

2.5 NCTP %t LPS 55 A549 ‘AR AEAERY ch K E
EF IL-148. IL-6 & TNF-a FRik7KFHIF0

WE 4 iR, 525 0 IR e, AR 2 200 i 4 i R
F IL-18. IL-6 J2 TNF-a 7K F-B] B T+ (P<0.01), SHEIAIZH
H#, NCTP 5 | B 574 (15.0., 30.0 pg/mL)T 7520 40 g 48 it
A F IL-18. IL-6 J TNF-a Fi53 i E K (P<0.01), 455
FH] NCTP "Ikl LPS 55 AS549 445N T
IL-18. IL-6 M TNF-a H7=HE i R BT RIEH

2.6 NCTP X LPS iS5 AS49 ZHAE K fEER
MDA. SOD ¥ GSH 7K Frz N0

W 5 s, FERIZHANI MDA £ 80 T8 [0 BagH
(P<0.01), 1fii SOD i%J1F1 GSH & & AT 45 [ %) B2
(P<0.01) A, SAETRIZHAH L, NCTP Ff 57 H4(15.0 ug/mL
30.0 pug/mL) SRR T RAEANNEN MDA {5 5#(P<0.01), J4&
151 SOD {if 7, NCTP i AE 30.0 pug/mL B4 R RAERLTY
YA B9 GSH 7KF(P<0.05), Ak E, NCTP o] DL i3
W) 238 55 2 PN S AR SR R R KO, R AR 2 vk I 453 4%
PR, A 08 s 360 6 200 L 75 S s 15 4

8 —

Liiid

*k

PGE2 f/(pg/mL)
N
I

2 -

TS B S B B B
WX N % WS \% %

@X& @y @& PVAER S

P
@@ & e ©

A5

T SRR LA, 5 (P<0.05), **i 2 BRI P<0.01), FF.
3 NCTP Xf LPS i A549 il SAERIU o NO S PGE2 & HEIY S
Fig.3 Effects of NCTP on the NO and PGE2 content in LPS-induced inflammation model of A549 cells
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8- 20
15~ g#:ﬁ .
# B R
g :_E? 61 =] % sk g 151 =] =
E 10_ ## E *ok @ k%
] i 41 w5 w100
g & g
Ef 5+ o dl %
d ﬁ | il
oL F 3 oLL] TS > 5
D B B %‘i" ¥ g ‘4% & Y $V
R >\- 7 TS Y W & e QY
B F & &‘1 & A SV NS CREN A N O a
21 51 20 5] 21 51

B4 NCTP X LPS i3 A549 AT AAERBERY 3 IL-18, IL-6 & TNF-o 5 ik R0
Fig.4 Effects of NCTP on the supernatant IL-15, IL-6 and TNF-a content in LPS-induced inflammation model of A549 cells
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K5 NCTP X LPS 5 A549 Al 4 AERER N MDA . SOD. GSH & YA
Fig.5 Effects of NCTP on MDA, SOD and GSH content in LPS-induced inflammation model of A549 cells
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