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(RIFFRIERZG RS 1. 2950, 2. WP 12T 5 8T 25 3T ma 48 1) e G 37w, AT RS M1 450046)

I W) 05 MR 3 48 MR X G 22 B8 (lipopolysaccharide, LPS) 75 5 (1) P il 453 457 /N RS RY fry So g, ik — 4
PRIE RS AL P 23 545 B 1) 3 Foft il P 25 2 o R 215 A B A KT LA P B2 40 PR A9 A 28 1 - T ) J O LA o AR ST
A B T2 50 1 57 B ARAE TR ST 1 RS AR FG B S RAP AR DGR E o SR SR LPS 1 5 i g S S PRI 4 4 7
R, 245 TE S IR YRE B 45 25 6 K g, A/ BRI /T 5 Bl R 0N B Y R U i R 2R AE R T - (tumour
necrosis factor-a, TNF-a). [/ % -6 (interleukin-6, IL-6)~ [1 41 % - 15 (interleukin-1, IL-18); 4 ] A\ 5% 5 ik 79 52 41 i
(human umbilical vein endothelial cells, HUVEC) JLi# A3 12 hJ, PL2.5 pg-mL"' LPS 5 5 24 h 2 57 1L 5 A & 20 Jf 45
PR, 22 455 A6 P AR B 1) 3 Al I B 2 e R AL A b PE 24 h S, SR FH ELISA iE 8 A 55 37 F3EHH TNF-a.
IL-6.IL- 14 I 4 MO 5t 41 (vascular cell adhesion molecule-1, VCAM-1). 4 7 -1 (endothelin-1, ET-1) 7/K°F-, TBA
VAR INTY % (malondialdehyde, MDA) 7KF, ¥2 i i 4 IR S AL W 5 AL (superoxide dismutase, SOD) 7KF, — 2
YRR — AL A (nitric oxide, NO) 7K *F-, Western blot 74 Il 41 g P £2 24 )5 v AL &5 1 ¥ (mitogen-activated protein
kinase, MAPK) 15 538 % p-MEK 1/2 .MEK 1/2.p-ERK 1/2 .ERK1/2.p-INK . JNK .p-P38.P38 &5 A & ik . 4R WK, IF
S AE SR T 2 B A S BRI S/ B, PR YL HE B R TNF -0\ IL-6 \IL-18 7K T PR 46 A8 v mh e P ke 2 7= i %
14 W] 53 T8 SOD W NO 7K F-, [ TNF-a\IL-6+IL-18. VCAM-1.ET-1.MDA 7K V-, 3 & 3 T~ il p-MEK1/2
p-ERKI12 R . 48 L, AL BP0 24545 /N BB A — @ ORISR F, PR 28 A6 o e e s 2 T IR 2R &
WA g2 8 1 ERK/MAPK {5 538 B, 30810 2 0 D81 8 15 58000 R 38K 1, LA R U8 45 400 At 1) 286 B 40— 0 It 5 7 48
[RI7, MM 2t LPS 5 5 140 M8 P9 B 4 i 473
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Caffeoyl quinic acids in Chrysanthemum morifolium improve
LPS-induced HUVEC vascular endothelial cell injury by regulating
ERK/MAPK signaling pathway
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Abstract: To explore the effect of total extract of Chrysanthemum morifolium on lipopolysaccharide (LPS)-
induced acute lung injury in mice, we studied the effects of three caffeoyl quinic acids isolated from Chrysanthemum
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morifolium on vascular endothelial cell injury and their mechanisms of action. All animal experiments were carried
out strictly in accordance with the National Animal Welfare Ethics and Protection Regulations. A mouse model of
acute lung injury was established by intranasal instillation of LPS. After 6 days of oral administration of chrysan-
themum extract, the lung wet weight/dry weight ratio, tumour necrosis factor-a (TNF-a), interleukin-6 (IL-6), and
interleukin-14 (IL-1f) were measured in mouse bronchoalveolar lavage fluid. Human umbilical vein endothelial
cells (HUVEC) were serum starved for 12 h and treated with 2.5 pg - mL™" LPS for 24 h to establish the in vitro
model of vascular endothelial cell injury. After 24 h of treatment of caffeoyl quinic acids from Chrysanthemum
morifolium, the levels of TNF-a, IL-6, IL-1f, vascular cell adhesion molecule-1 (VCAM-1) and endothelin-1 (ET-1)
were measured by ELISA in the cell culture supernatant, the malondialdehyde (MDA) level was detected by TBA
method, the superoxide dismutase (SOD) level was determined by hydroxylamine method, and the nitric oxide
(NO) level was assayed by a one-step method. The levels of p-MEK1/2, MEK1/2, p-ERK1/2, ERK1/2, p-JNK,
INK, p-P38 and P38 of mitogen-activated protein kinase (MAPK) signaling pathway were detected by Western
blot. The total extract of Chrysanthemum morifolium can significantly reduce the wet weight/dry weight ratio of
lung in mice and the levels of TNF-a, IL-6 and IL-1/ in alveolar lavage fluid. The caffeoyl quinic acids from Chry-
santhemum morifolium significantly increased the levels of SOD and NO, decreased the levels of TNF-a, IL-6,
IL-18, VCAM-1, ET-1 and MDA, and significantly reduced the levels of p-MEK1/2, p-ERK1/2. In conclusion, total
extracts of Chrysanthemum morifolium exhibit certain protective effect on mice with acute lung injury, and three
caffeoyl quinic acids from Chrysanthemum morifolium may improve LPS-induced vascular endothelial cell injury
by inhibiting inflammatory cytokines and oxidative stress, and regulating inter-cellular adhesion molecule and
vasomotor factors through ERK/MAPK signaling pathway.
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P8 SR AR BRI AN S I Y BE SR TNF-as
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MRIEREE
SCISENH HETE BABL/c /MR, SPF 2%, 1A 18~

22 g, M F b S 4 R A LB S YR G BR A W, V]
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B, 2] B T R 2 K R B T 2R 4 N S R ) %
Chrysanthemum morifolium Ramat. [f] T & kR 16 7 ;
LPS, it 5: 057M4013V, 3 [H Sigma 2 ] ; i #2128 K
AR, 5015150902, HifE(E1E 2] A RA R, G4
i, 5 20170221, WL RAUAERHE R 047 BR 2
fil 98 SR FE A F--a (tumour necrosis factor-a, TNF-a)+
41 2 -6 (interleukin-6, IL-6)+ H /- % -1p (interleukin-1,
IL-1p) A0 I % 40 i 26 B % F--1 (vascular cell adhesion
molecule- 1, VCAM-1). 41 i [8] 5 43 F-1 (intercellular
cell adhesion molecule-1, ICAM-1). N JZ 41 fig % % &
(E-selectin)« N JZ % -1 (endothelin-1, ET-1) i 7 &,
#L5: E20170301A F1 E20170501A, IL75 K /R ST AW+
ARABRA A HE A ELEE (superoxide dismutase,
SOD). § [ (malondialdehyde, MDA) Il — 4 1k %
(nitric oxide, NO) & 7 &, #it '5: 20170724 20170725
120170721, B 5 i A TARRE FE B B BR A &5 3%
7 4 e B SR G &L iS5 12C29C03, B &
HaEY) TREE R AT BCA R AR il &, L5
20170302, 4t 5 % 5 = PR A R A F]; p-Tubulin
Ak (5 CR123577-1).MEK1+MEK2 i f& (#t 5 :
CR232892-15). ERK1+ERK2 #i f& (#t5: CR197011-
15)~ ERK1 (phospho T202)+ERK2 (phospho T185) #i
& (#t5: CR217573-7)- P38 Hitk (dit*5: CR266461-8).
P38 (phospho T180+Y182) ik (k5 : CR319629-3),
Ui [H Abcam /A 7 ; p-MEK1/2 (Ser217/221) Hifk (35
05/2017)~ SAPK/INK it #& (it 5: 07/2017). p-SAPK/
JNK (T183/Y185) fiitk (4t : 05/2017), = [H CST A
T, HRP ARG 0 £ 0% 1gG 9T (L5 AG03297461),
T AR D HE ARG IR A 7] B ECL % &0tk
& (5 1701102), 32 E Millipore 24 7

{88 Centrifuge-5804R /] Y =y 8 K i VA 145 5 40
#1, 7% = Eppendorf 5 fR A 7] ; AB204-N B4 5 73 2 — ¥
9B KT, Bt Mettler Toledo 2 & ; Mills-Q-POD i
Al ZKAX, 75 N 2 B A 38 A BR A W5 SW-CJ-2FD i 4
TAER, TR 2 ARG PR A 75 Forma 3111 44l
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20. Toyopearl HW-40C.MCI Gel CHP-20.0DS %% {1 i}
FE, FFFI FH E 45 5 K R ) % U ONMR W MS 45 7 7%,
WA B IR R E AT 3 3 R B T R B A W
(1), 43 50 4 JTH-11-12 (1,5- —-O- Wi HE i 2 28 7 1R,
42.3 mg, 4l ¥ 99.8%) JH-11-2 (3,5- Wk ik 3 45 7 g
HIf, 167.4 mg, 40)F 99.5%) JH-11-1 (3,4- - WnmHEfE 5
Z5 TR G, 16.2 mg, 41 99.2%).
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Hi ZEK AN H 45 5 100 mg - kg - day ' $th FE Kb, 4 4L
B3R, a1 et 4 5 3.333 3 g-kg' - day”!
WAL AR, IS B 4525 T R, W 5 LPS 4 4s
TERNAEREK, S N0.2 mL/10 gfAH .
KRG H 1 h )G, BRxT A 25 T 55 8 WK Ak, HAl %
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J&, BEAT R G FR bR Al o
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Figure 1 Chemical structures of three caffeoyl quinic acids in Chrysanthemum morifolium
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LI RNIAHLALUREE/FE (W/D) BES K/
BRALFE, [ 5 75 F AR b, FTFF B s, B /N B30 76 1l
AR 3 R KR 1 ~2 9k, e JE R AR IR 2 R OK 47,
FRELFHE S, . B ZH ZUAE 80 “C IIEAE H k4% 48 h
ZEAK, FRE, HEGHASUEE ST EWE.

LPS i FESME AR MG IREMNENL S 5E %
2 ARE AN S & B O ST AR B ST VRN, 4
HiL & 10% it 4 1L 775 FY RMPI-1640 55 7% 52432 0 T 96
FLAR, 1% 20 3k B D B 22 21044, B 4L 200 pl.
R g0 o2 A G B S WURALFE 12 h, 25 (A 0 I 4L ey
2R IR, AL NN 2.5 pg-mL LPS, FHPE4 A
2.5 pg-mL" LPS F1 1 pmol - L 1 ZE K 1 45 (1 15 9%
FEAT T, B 45254 5 MM 2.5 pg-mL" LPS Al
5 umol - L+ 3 Fofr oi e 5k 5 45 7 R Ak & AT T 10
A AL 58 J R 4k 8% 9% 24 h, UCEE IS, AR PR
S ERAE U AT A OCHR AR I

RESE AN 559524 hE, BEFLIIN 5 mg-mL”!
MTT %W 20 pL, & T 37 C.5% CO, 5 3% 4 h, W% b
TEW, BEFLINN DMSO 150 pL i 4s &4, J83% 10 min
J& TEBEARAX 490 nm &b 7 & FL IR B AE

RAERF | WHin AR S T MEFHEE
FHM R ELISA 7 & 45 1F U6 89 4 Il TNF-a.
IL-6.IL-18.VCAM-1.ICAM-1.E-selectin [{] & &; 1R #&
A o Ak ) & 44 U0 A I SOD MDA \NOL ET-1
&=,

MAPK ESBEXBEREN FZIEHAR
B M, I BCA & A e &3 & e 8 B KRB, B
FEVKIE 30 pg & A B FE, 4 SDS- 5 P4 6 Bk i vt Jie v 3k
(SDS-PAGE) J&, HL# 15 2 PVDF i |, FH 5% Jii g 0%
B2 h, B4 0N anti-ERK1/2 (115 000) . anti-
p-ERK1/2 (1:1 000). anti-JNK (1: 1 000). anti-p-JNK
(1:1 000). anti-P38 (1:2 000). anti-p-P38 (1: 1 000) (¥
— P, EHEWEE 30 min, 4 CHFE LG, FiLEE 30
min, F TBST ¥k 5 ¥, 5K 6 min, JIA ZHT (111 000),
SR A 1 h, I TBST Pk 51K, 4% 6 min, ECL
2 R B R B, SR REZ D RE B AR &R
B A %4717, F Quantity One B 4%} 8 A 45417 #EAT 28T o

GitFE A% H SPSS19.0 48 i+ #3472 #r, %
P FH x + s 2R, 4 TE) b AR B IR O 22 40 i, A P<
0.05 NZERAH G5 L.

HR
1 SRR RIRYN AR5 N BREEE/FEE (W/D)
HISZ MR

N 1T, S0 ML AR T, AR 2H /)N BRI B/

Table 1 Effects of total acetone extract of Chrysanthemum
morifolium on lung W/D ratio in mice. n = 6, x = 5. “P<0.01 vs
NC; #P<0.05, #P<0.01 vs M. W/D: Weight/dry; NC: Control; M:
Lipopolysaccharide; Dex: Dexamethasone; Tce: Total extract of

Chrysanthemum morifolium

Group Lung W/D ratio
NC 4.63+0.34
M 5.72+0.75™
Dex 4.84 +0.83%
Tce 5.03 +0.527

P2 3 T (P<0.01), 5RERYZH AR LG, PREG1E 2 3e P n]
32 BN BRI S # /T EE (P<0.05) .
2 WEESIREYN 2R %5 B BALF & E E
FHIF M

N2 2 o, 50 B AR Eb, 578 201 /) R v E 3t
W TNF-o IL-6. IL-15 & & T+ & (P<0.01), 15 £ 7
AR L, PRETE BP0 AT A [F) FE B B I TNF-a. IL-6
IL-18 1% & (P<0.05 8¢ P<0.01).

Table 2
morifolium on inflammatory factors in bronchoalveolar lavage
fluid of mice. n = 6, x £ 5. *P<0.01 vs NC; *P<0.05, *P<0.01 vs
M. TNF -a: Tumour necrosis factor-a; IL-6: Interleukin-6; IL-15:
Interleukin-14

Effect of total acetone extract of Chrysanthemum

Group  TNF-o/pg-mL™ IL-6/pg-mL™! IL-1p/pg-mL™"
NC 327.57£70.20 107.00 £ 10.28 137.32 £ 12.59
M 720.30 £ 126.75  176.42 +20.09™ 309.80 + 28.79™

Dex  546.56 + 50.88"
Tee  626.16 + 55.207

143.17 £ 13.21%
159.47 £ 12.49%

220.71 £ 21.63"*
260.38 + 20.03*

3 SRR 3 MR R E TR R AT
I PR B2 £ B 453 445 4% Y ) F 7

WA 3 P, 0] A ZE AR B, AL 2R 2 4 0 R ' FEE X
F AR (P<0.01); SHERLALHEL, PR TE B 384 I 3
WO el P 5 2 R S AN O B4 AT T v L A B A
BB 6 E (P<0.05 8 P<0.01).
4 ZThoinmMEmE 5 ZE TR 3L A YR ILE A R 4 A IR
R B S E B F B S

W4 PR, SXTRAAH L, B BT TNF-o.
Table 3  Effects of three caffeoyl quinic acids on the cell viability

of vascular endothelial cell injury model. n = 6, x = 5. **P<0.01 vs
NC; #*P<0.05, #P<0.01 vs M

Group Absorbance
NC 0.50 +0.04

M 0.42 £0.05™
Dex 0.48 + 0.06"
Tce 0.61 +0.04"
JH-11-12 0.48 £0.01*
JH-11-2 0.49 +0.03*
JH-11-1 0.52 £ 0.04%
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Table 4 Effects of three caffeoyl quinic acids on TNF-a, IL-6
and IL-14 in vascular endothelial cell injury model. n = 6, x s
P<0.01 vs NC; *P<0.05, #P<0.01 vs M. TNF-a: Tumour necrosis
factor-a; IL-6: Interleukin-6; IL-14: Interleukin-14

Table 6 Effects of three caffeoyl quinic acids on vascular endo-
thelial cell injury model VCAM-1, ICAM-1 and E-selectin. n = 6,
x 5. "P<0.01 vs NC; *P<0.05, **P<0.01 vs M. VCAM-1: Vascular

cell adhesion molecule-1; ICAM-1: Intercellular cell adhesion

Group TNF-a/pg-mL™"! IL-6/pg-mL™ IL-1p/pg-mL™
NC 22.96 + 6.34 14.16 £3.16 15.79+£3.03
M 6091 +£10.17" 39.94 +£4.58" 49.95+5.20"
Dex 35.13 +£7.36" 27.85 + 4.42% 27.99 + 3.49%
JH-11-12  56.35+8.43 35.74 +£2.31 43.37+3.41%
JH-11-2 37.52 +9.24% 26.52 +2.30% 33.93 +3.83%
JH-11-1 32.68 £ 7.07% 24.22 + 4.45% 30.52 £2.22%

molecule-1

Group VCAM-1/ng-mL"!

ICAM-1/ng - mL"

E-Selectin/ng - mL"!

IL-6IL-18 (1) 5% & 2 3 FH i (P<0.01), i B LPS ‘T il
N B AR AR K R SR R SR Y ZH A T, 3 Rl
METPE B 2 7 PR R AL G W mT A [F) 72 B2 PR Ik 85 9% B3l R
TNF-a.IL-6.IL-18 % & (P<0.05 2¢ P<0.01), DL JH-
11-11EH FefE
5 =FhonmkEtEE TR X S X IE R R 4R R
S =R AR A

Wi S o, 5xF AL b, SR R IR L
SOD # % 2 [£ 4%, MDA % &=l i 35 F+ & (P<0.01); 5
R 2 AH B, JH-11-2 JH-11-1 A B A K% 9% L3 o
MDA % &, J+ % SOD & & (P<0.01), H.LAJH-11-11E
R

Table 5 Effects of three caffeoyl quinic acids on SOD and MDA
in vascular endothelial cell injury model. n = 6, x + 5. “P<0.01 vs
NC; #P<0.01 vs M. SOD: Superoxide dismutase; MDA: Malondi-
aldehyde

Group SOD/U -mL™ MDA/nmol-mL"™!
NC 132.24 £5.94 2.80+0.25

M 88.93 £ 7.68™ 6.85+0.33"
Dex 121.33 + 11.00% 4.71 +£0.30%
JH-11-12 96.65 + 11.20 6.58 +0.57
JH-11-2 125.67 + 12.98* 4.90 +0.45%
JH-11-1 129.50 + 13.09% 4.67 +0.14%

6 =FhonmEmtEE TE X S X IE N R 4R R
RS B R BB R T 4 F RO S2 0

mE 6 fix, 5 RAML, BAH FER T
VCAM-1.ICAM-1. E-selectin () & & & & 7 & (P<
0.01); 5 A= M 41 M1tk , JTH-11-2. JH-11-1 £ 7% L iF
VCAM-1.ICAM-1.E-selectin 7 ) & 2 [£ /X (P<0.05
8% P<0.01), o LIH-11-1 /E H et
7 = FhomeEmE ZE TR K S Y3 IME M R 4 AR iR
iR R I B & 45 E F A5 0

W T s, 5xr A AH L, B H B 9% Big
ET-1 & & 2% M, NO B E B& K (P<0.01); S84
A LG, TH-11-2 JH-11-1 0] A [7) B2 £ Hb PR A BE 3% 17
ET-1 % &, F+ & NO % & (P<0.05 5% P<0.01), H DL

NC 394.22 +37.09 381.08 +27.55 138.08 +30.52
M 504.90 £47.13"  499.71 £58.45"  212.12+31.72"
Dex 446.88 £12.13% 42478 £48.71"  172.22+17.81%
JH-11-12 466.48 £ 11.36 479.78 £ 27.75 188.76 +26.43
JH-11-2  425.78 £50.31" 428.80 +48.21% 156.64 + 23.73%
JH-11-1  391.87+£59.21%  426.01 + 20.87" 152.70 + 9.29%
Table 7 Effects of three caffeoyl quinic acids on endothelin-1

ET-1 and NO in vascular endothelial cell injury model. n = 6, x £ s.
“P<0.01 vs NC; *P<0.05, #P<0.01 vs M. ET-1: Endothelin-1; NO:

Nitric oxide

Group ET-1/pg-mL™! NO/pmol -mL™
NC 108.03 £23.21 176.25 £ 11.59
M 173.92 +34.38" 98.72 +10.79™
Dex 131.54 +11.28* 130.04 + 14.02*
JH-11-12 146.59 + 23.30 109.58 +£20.48
JH-11-2 126.95 +17.81% 135.00 + 10.93%
JH-11-1 114.36 £ 12.17% 144.28 £7.91%

JH-11-1 {E &tk
8 =FhUMEIEEE ETER LU AYIIT MAPK 5S8R
X EEANZID

5%t R ALA b, AR 2 p-ERK1/2 p-JINK . p-38 &
BB #F T (P<0.05 8% P<0.01); 58 41 1 Lk, TH-
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Figure 2 Effects of three caffeoyl quinic acids on the key proteins of MAPK signaling pathway in vascular endothelial cell injury model.
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