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The Effect of Trichosanthes Kirilowii Maximowicz Extract and Trichosanthes Kirilowii
Maximowicz Cheonghyeol Plus on Anti-Inflammatory Factor Expression in Human
Umbilical Vein Endothelial Cells (HUVECS)

Hae-yoong Kim, In-chan Seol, Ho-ryong Yoo, Yoon-sik Kim
Dept. of Circulatory Internal Medicine, College of Korean Medicine, Daejeon University

ABSTRACT

Objective: To examine the effects of Trichosanthes kirilowii Maximowicz extract (TE) and Trichosanthes kirilowii Maxi
mowicz Cheonghyeol Plus Phellinus linteus Cheonghyeol plus (TCP) on anti-inflammatory factor expression in human umbilical
vein endothelial cells (HUVECs).

Methods: HUVECs were activated with TNF-a and then treated with TE and TCP. The expression levels were then
measured for intracellular genes (KLF2, eNOS., MCP-1, ICAM-1, and VCAM-1), proteins (KLF2, eNOS, MCP-1, ICAM-1,
VCAM-1, ERK, and JNK, p38), and extracellular biomarkers (ICAM-1, VCAM-1, and MCP-1).

Results:

1. TCP at concentrations of 100 pg/mL or greater significantly increased the expression of KLF2 and eNOS intracellular
genes and significantly decreased the expression of ICAM-1, VCAM-1, and MCP-1 genes compared to the control group.

2. TCP at concentrations of 100 pg/mL or greater significantly increased the expression of KLF2, eNOS proteins compared
to the control group, and significantly reduced the expression of VCAM-1, ICAM-1. MCP-1, ERK. and p38 proteins. However,
JNK protein phosphorylation showed no significant change compared to the control group.

3. TCP at concentrations of 100 pg/mL or more significantly decreased the production of MCP-1, ICAM-1, and VCAM-1
extracellular biomarkers compared to the control group.

4, TE at a concentration of 100 pg/mL did not cause any significant change in the expression of intracellular genes or
proteins, in the production of the extracellular biomarker MCP-1, or in the amount of JNK protein compared to the control
group. Other intracellular genes, proteins, and extracellular biomarker expression showed the same trend as observed with TCP exposure.

Conclusion: This study experimentally confirmed that TE and TCP could be effective in preventing or inhibiting various
inflammatory vascular diseases due to their anti-inflammatory effects.
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~0%7} *}E} 112 A 71 _F/LL Vascular
cell adhesion molecule( VCAM)-1, Intercellular adhesion
molecule(ICAM)-1 -] ¥2H2H(adhesion molecule)
WS 7AYo del o) g3t W RAs
M WA E ol T E Eofrt A 2R £3}
Aol 23b9 g)AM £ Monocyte chemoattractment
protein(MCP)-1 #4]& &3] = o & 3+ 4
& frEsta AREA EHE 53 oS AR A
A, = AA 2, ARG ZAE, THZT 59
A &A9Ql "] d5ubeE ¢ 934 g3 HI L »
27} ZA8te] plaques 9=
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Nitric oxide(NO)+= & ojgtoz 3 o]k
ARAE, 4% A dA|, 19 24, AE 54

= 9&<& g Nitric oxide synthase(NOS)E=
NOZE 3sl= 985 31 neuronal NOS(nNOS).
mononuclear phagocyte inducible NOS(iNOS),
endothelial NOS(eNOS) Al 571 ek WAl =
oA HEEE NOE $A3ke eNOSE 459
A3 dghE AT LA gtk eNOS 79
FAA o $1x 8t exon7] 894HA <37]H o] (G8Y4T
(Glu298Asp)) 7} #AF= A, AZAANL F2
dalolta A7)= 1 gl

Mitogen-activated protein kinases(MAPKs)+
p38, ¢ Jun N terminal kinase(JNK), extracellular
signal regulated kinase(ERK)E E&ste Al AE
W AR 07 QZuke-S o o 7= lipopolysaccharide
(LPS) & HAME = TLR4E AF=38led MAPKs
A5 Ad A22 gA43}317 prostaglandin(PG)s,
pro-inflammatory cytokines, NO 5 o8] 9= UH
N QAR HEAA HY7)5 Al E o
gtejgtg o g oA Z HAE AT+ %

W] o] FojA| X 9l I F “ﬂﬂtﬂﬂi’- A AW 2
Aol = (LK WEEE, 15 Bhoz TAH
AT AYEHAE WL, ﬂmﬁ}l Aact. A&
2 ekt ATl M AL S B g
AZF 7150 g oFfor} T FHER
(42} Cucuritaceae) ol 43 ohd A shselE]e] A
<3 FAY EAZ gaponin, glycoside & 7] E
A& 72 9\1‘:}9 Tl (LR IE g &

F5lo] Mk B HT WAL HoiE
& HBAE 59 £5 A0 = 99F 22

7} slel NO, IL-6, TNF-a, IL-B8 AAZF =715
) AR B AToNE FAF 532 A4
93 a7 A2 ol P FEAL Al 3
FARREALY 393 e G T

AgS A ‘:} KLF-2, eNOS, VCAM-1, MCPl

4 3503 ArAReE L9 S
2 AsieA gk

. {2 ¥ gy

B AFol A% A Trichosanthes kirilowii
Maximowicz extract, TE)Z IFdAIZH2~
(Trichosanthes kirilowis Maximowicz Cheonghyeol
Plus, TCP)®] 74 oAl &ofd H-59A4 ()
sUs Bell A A4H SRS FY3ske] AH-EI
o, 2 74 ol e} ZeH(Table 1).
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Table 1. The Prescription of TE or TCP

Herbal

medicine Scientific name Origin Wflg)ht
name §
R Tncfjlz\);[qan.ﬂzes ./HH/OW]] China 10
aximowicz
T Artemisia capillaris Korea 10
Thunberg
® & Curcuma phaeocaulis Val China 10
e Crataegus pinnatifida China 10
Bunge
F+ 2 Salvia miltiorrhiza Bunge Korea 10
Total amount 50

2) Al o

2 o Fo|= EGM™-2 endothelial cell growth
medium-2 bullet kit™(CC-3162, Lonza, U.S.A.),
EZ-cytox(EZ-3000, Daeilab, Korea), tumor necrosis
factor-a human(TNF-a : SRP3177-50UG, Sigma-Aldrich,
US.A), gelatin solution(G1393, Sigma-Aldrich, US.A.),
trypan blue(T8154-100 mL, Sigma-Aldrich, U.S.A.),
dulbecco’s phosphate buffered saline(D-PBS : LB
201-02, Welgene, Korea), trypsin-EDTA solution(LS
015-10, Welgene, Korea), human MCP-1 ELISA
kit(K0331218, Komabiotech, Korea), KLF2 ELISA
kit(MBS931735, Mybiosource, U.S.A.), human ICAM-1
ELISA kit(K0331281, Komabiotech, Korea), human
VCAM-1 ELISA kit(K0332185, Komabiotech, Korea),
eNOS ELISA kit(MBS160479, Mybiosource, U.S.A.),
SYBR Green(204145, Qiagen, Germany), total RNA
prep kit(17221, Intronbio, Korea), accupower cyclescript
RT premix(K-2048, Bioneer, Korea), DEPC-DW
(C-9030, Bioneer, Korea), RIPA lysis and extraction
buffer(89900, Thermo Fisher, U.S.A.), pierce™ BCA
protein assay Kit(23225, Thermo Fisher, U.S.A),
bovine serum albumin(BSA : CA068-010, Gendepot,
U.S.A.), protease inhibitor cocktail(P8340-5 mlL,
Sigma-Aldrich, U.S.A.), phosphatase inhibitor cocktail
2(P5726-5 mL, Sigma-Aldrich, U.S.A.), phosphatase
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inhibitor cocktail 3(P0044-5 mL. Sigma-Aldrich,
U.S.A.), primary antibody(2485, Cell Signaling
Technology, U.S.A., AF-410-NA, Novus Biologicals
U.S.A.), secondary antibody(109-001-001, Jackson
Immunoresearch, U.S.A.). miracle-star™ western
blot detection system(16028, Intron Biotechnology,
Korea) 5 Aok A3ttt

3) 71 71

2 o Fo| = extraction mantle(Misung Scientific,
Korea), rotary vacuum evaporator(EYELA, Japan),
CO, incubator(Sanyo, Japan), freeze dryer(ilShinbiobase,
Korea), vortex mixer(Vision scientific, Korea), clean
bench(Vision scientific, Korea), autoclave(Sanyo,
Japan), deep-freezer(Sanyo, Japan), centrifuge(Vision
scientific, Korea), plate shaker(Lab-Line, U.S.A.),
ice-maker(Vision scientific, Korea), micro plate
reader(Molecular Devices, U.S.A.), nanodrop(Thermo
Fisher, U.S.A.), luminex(Millipore, U.S.A.), real-time
PCR cycler(Rotor-Gene Q : Qiagen, Germany), PCR
cycler(alpha cycler 1 PCRmax : PCRmax, U.K.),
chemidoc(fusion FX : Vilber Lourmat, France) &
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endothelial cells(HUVECs)< Lonza(Switzerland) il
A Fofabol A4-3lgl ow, EGM™-2 singlequots™
# EGM™-2 medium} kit7} &35 wiAE o] 4
3ted 37 T, 5% COp 2710 FAEAF sl Alx
k7)ol A vl eFatsiet. Al Ad ok 2-3Y
F712 AsYsigl om, Ao AR-EE EE platet
0.2% gelatin solution.¢.3 30%7F FE 3 & PRSE
A sted A3l H

3 MEREE 54

HUVECsZ 48 well platesll 1x10° cells/well2
7 A" 3 24AZE T wieFeislen, 24417
£, TEE 100 ug/mLE A3t TCPE 100, 200,
400, 600 ug/mLeY ¥== A A A 24417
ot wiekslel. e wicke] FaE FH wioFd
100 pLw 10 uLe] EZ-Cytox A& AFE-sled 30%
7t A Zej 7o M vbeAZH S 3k £ 450 nmel]
AN FREE AT F dxdd 93 TE, TCP
AEYEEE L2 B8

4) As 2 gE A

HUVECsE 6 well plateel] 1x10° cells/well 2 -
T3 F AT AA wjoFalol o, 24417 ¥

=

Table 2. Real-Time PCR Primer Sequences

TE+= 100 ug/mLE AH=stz TCPE 100, 200, 400
ug/mLe 22 AXFs A7 Fe] TNF-a
10 ng/mLE F7F8te] ohA] 244)7F F<b wlj k3l
L BE wcke] $39 F ARt A2 A
v AR f A ey Ao ARg-slgl o,
5> who] omtA A FA el AHS-EHch
5

A Z+E total RNA prep
kite AH8-ste] RNAE F&31310m, &3 RNA
+ reverse transcription premix$} €383t PCR
cyclers AHE-3he] 45 TollA] 60%, 95 CollA 587t
- 53 cDNAE @43kt #4495 cDNAZ
HE E4 A4S S3AA F37] $8) real-time
PCRE A3sld o, cDNASH B FA Ao 2
+ primer, SYBR green premixS £33t 95 Col
A 28 Bk HbAIZIT 95 CollM 5%, 625 Tol
A 3024 403]5 ubE-3te] KLF2, eNOS, MCP-L,
ICAM-1, VCAM-1 §4AE FZAAY. +44
WS g 2Ty FAA HEFEE VFeE A
A skl on, AH-E primerE9] AR+ Table 2
s} ZcH(Table 2).

Gene name Size (bp) F/R Sequences
CLE) " F  CCTCCTTGACGAGTTTTGTTTTTC
R AAGGCATCACAAGCCTCGAT
08 = F CTCATGGGCACGGTGATG
R ACCACGTCATACTCATCCATACAC
I o F GCTCAGOCAGATGCAATCAA
R CTTGGCCACAATGGTCTTGA
F TCTTCCTCGGCCTTCOCATA
ICAM- 152 R AGGTACCATGGCCCCAAATG
F CCCTACCATTGAAGATACTGG
VCAMH 127 R ATCTCTGGGGGCAACATTGAC
bacin " F ATCGTGGGGCGCCCCAGGCACCA
R GGGGTACTTCAGGGTGAGGA

*F @ forward, R :© reverse
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6) =ha w22
Alg g kB A]2|d A EE protease inhibitor

cocktail I, phosphatase inhibitor 1. M7} 9+
RIPA buffers #H7}ete] diAds F2390 5
23 oA BCA protein assay kitE o] £3}te]
AeFsled ™, sample loading bufferet 41¢1 95 C
oA 5%7F wbAIA Fxlstict Rl A
10% acrylamide gel& AH8-3}ed SDS-PAGE ¥ =
712 E259 2, PVDF membraneell ©] %A%
o}, thl A o] 7% membranes 3% BSAel o
Aol A 247 vhgA1H e TBS-T buffers o4
sto] A4 & primary antibodyS #7}sted 4 CellA
16A17F 5ot whs-A1 ek ©hA] 33] A2 3 secondary
antibodyE #7Fsted AF-EelA 1A 7F Tk WH-A)
713, oAl Al- s YA ECL solution H7He &
& chiAg wbAAZ o] &, chemidoc fusion FX
2 KLF2, eNOS, MCP-1, ICAM-1, VCAM-1, ERK,
p38, JNK =hilld wraaks FA 8o

7) wlelemtA AHF A

As 2 S A AE AA5A3 standard
= 96 well plateell ZH7F 100 uLA ¥eo} 37 CelA
A7 ot HbeAl L v 3, washing bufferS:
AHE3te] 43] A1A & g & 100 uL® detection
antibody S #H7}sted &A] 37 Tell A 2417k WF3-A]
7132 A AlF sk A3 % HRP conjugates
100 pLA H7ksled 37 CTellA 3087 wbeA17 &
N H ko] oFS substrate reagentE 100 pL® X7}
ste] 37 CollM 158 5 ¥A171 3 100 pLe]
stop solution= 2] micro plate readerS £ 450 nm
z7A MCP-1, ICAM-1, VCAM-1 &34=5 =
Ast 2, standard curved 7|Fo.2 Aro} Azt
o7 =73k

3. EAIXe

o ZA3= meantstandard error of mean®Z
yehfglend, SPSS Statistics Version 21.0(IBM.,
USA)E o&slded, 14 F 1% 79 54
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uzol o MEOIMEIMATL Q7F BHE AW LY N[Z(Human umbilicl vein endothelial cells, HUVECS)OIIA
=

A H]ZE independent sample t-testS ARS-3}od
39 ofy 1§ 7o EAA v ZE analysis
of variance(ANOVA)Z AH4-sted $3Jslgic), o
% Tukey's HSD test® 3dled 4% 0.002 AA
sl YA S HAFsk o™, p<0.001, p<0.05, p<0.01
o] A FoFFLE Yol 275

., A

oot

Zx
. MZMEEZ

TE. TCP AMZzAEEE &< A3 TEE 100
ug/mL FEAA AE SAe] vehta] eghen,
TCPE 600 ug/mL |4 =M 80% o]t
A EAEE ] vebdor, o] & dFelA 100 ug/mL
HE 400 ug/mL7HA FEE RSt ARSeRslth
(Fig. 1.
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Fig. 1. Cell viability of TE or TCP in HUVEC.

HUVEC were treated by TE (100 ug/mL) or
TCP (100, 200, 400, and 600 ug/mL) for 24
hours. Treated cells were reacted by EZ-Cytox
for 30 minutes and absorbance was measured at
450 nm using micro plate reader. Cell viability
was calculated as percentage relative to the
control group. The results were presented by
the meantstandard error of mean from three
independent experiments (Significance of results,
#% . p<0.01 compared to the control).
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100 ug/mL =X d2+3 vla A $2Ael
Z717F Yelten, TCPE 100 ug/mL ©l49] ¥
EolA FE oEH el Hxel uls o<l
371§ 4 sl (Fig. 2A).

2) eNOS

I
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A 0

£ TNF-a (10 ng/mi) + + + + .

TE fug/mi)
TGCP fug/mi) - 100 200 00

mMANA fold change (KLE2/B-acting

o

AZE W eNOS A7 sk 24 23, TE=
100 ug/mL XA H2Z vl A §2Aal
Z717F Yebdon, TCPE 100 ug/mL ©14+]
oA BE GEAT Brzel He fo49
7Fe & 4 sk (Fig. 2B).
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Fig. 2. Effect of TE or TCP on KLF2 (A), eNOS (B) mRNA expression Ievel in HUVECS

HUVECs were treated TE (100 ug/mL) or TCP (100, 200, and 400 ug/mL), with TNF-a 10 ng/mL for 12 h.
The mRNA expression level was measured using a real-time PCR (qPCR). The results were presented by the
meantstandard error of mean from three independent experiments (Significance of results, +++ : p<0.001 compared

to the normal group, **

3) MCP-1

AE W MCP-19] A7 LS SA% 2
3, TEE 100 ug/mL F=olA 2L} vl A
949 Wshrh veptA] edstem, TCP+ 100
ug/mL o] FEolM FE EH| Y RT
of vle] folAel #HAaE g oh(Fig. 3A).

4) ICAM-1

Az W ICAM-19] 4z wdzF 24 A3,
TE= 100 ug/mL =04 hz3 v A &9

: p<0.01, *** : p<0.001 compared to the control group).

A 22 AL TCPE 200 ug/mL o4 %
ellM sx Aoy e s f2Hal
g #AYH(Fig. 3B)

5) VCAM-1

Az v VCAM-19 4 e® 54 A3
TE+ 100 ug/mL 5=l 23} vl A] f-2
A Aas gy, TCPE 100 ug/mL o4 &
EelAM Tx gEH L dxT

EEREEER
g g (Fig. 30).
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Fig. 3. Effect of TE or TCP on MCP-1 (A), ICAM-1 (B), VCAM-1 (C) mRNA expression level in HUVECS.

HUVECs were treated TE (100 ug/mL) or TCP (100, 200, and 400 ug/mL), with TNF-a 10 ng/mL for 12 h.
The mRNA expression level was measured using a real-time PCR (qPCR). The results were presented by the
meantstandard error of mean from three independent experiments (Significance of results, +++ : p<0.001

compared to the normal group, ** : p<0.01, ***

al 0 v

TE+x 100 ug/mL =M HELHY F24ql
Z717F vebgten, TCPE 100 ug/mL ©]AHe) &
oA FE &AM x| vlE o3t F
7b7k vebst ot (Fig. 4A).

2) eNOS

AE W eNOS ©ifa walzrs
TEE 100 ug/mL =AM 223} va A 9
A9l 77 Ve e, TCP+ 100 ug/mL o4
o] FroA FE EHe|A el vlF 2

& $7b7F vebsteh(Fig. 4B).
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520

: p<0.001 compared to the control group).

TEE 100 ug/mL =X 23} vz Al £-9
Al W37t vehta] gdgkew, TCPE 100 ug/mL
o]e] FEoA FE SEH | YT HE
94 ZAE FAPeH(Fig. 5A).

4) ICAM-1

Az W ICAM-1 A e sgs =
TEE 100 ug/mL FENA d =73} vl A
Al a7t vebden, TCPE 100 ug/mL o]t
9 FEoA FE YA 2T vF £
A e AT Fg & ok (Fig. 5B).

5) VCAM-1

AE W VCAM-1 =k welsks 343 2
3, TEE 100 ug/mL =i dlzZ Hs)A
$9Ael 747t gelEgly, TCPE 100 ug/mL
o] el FEeA Fx oEHe|y dxTe H3
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oA Fas FAdA(Fig. 50). 7) p38
6) ERK AE W) p3g whlA QakElE =43 Az TR
AZ W ERK o9 QAsE A A, =100 ug/mL =X dzFdl vs) o8 7t
TEE 100 ug/mL sxolA 23} vl A] _:J} %l?lﬂ‘}i—m], TCP: 100 ug/mL °]Ae] %
Ao zag ¥ 4 9492 TCPE 100 ug/mL TN BE EA- |y Pz wE $oA 7
o] FxeA T fEA el dxTel Hls) 27b #el S Siek(Fig. SE).

A 247t el E e (Fig. 5D).
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Fig. 4. Effect of TE or TCP on KLFZ (A), eNOS (B) protein expression level in HUVECS.

HUVECs were treated TE (100 ug/mL) or TCP (100, 200, and 400 ug/mL), with TNF-a 10 ng/mL for 12
hours. The protein expression level was measured using a western blot. The results were presented by the
meantstandard error of mean from three independent experiments (Significance of results, +++ : p<0.001
compared to the normal, *** ; p<0.001 compared to the control).

| — — W -_ e— TCP (100, 200, and 400 ug/mL), with TNF-a
| — — = | 10 ng/mL for 12 hours. The protein expression
Bracin - level was measured using a western blot. The

results were presented by the meanzstandard

§ error of mean from three independent experiments
g (Significance of results, +++ : p<0.001 compared
g to the normal, *** : p<0.001 compared to the
; I control).

W;;;;;:;mﬂ 8) INK

Y Qe 24 A

Fig, 5, Effect of TE or TOP on MCP-1 (A), ICAM- AN TR U SR 2 T8

(B), VCAM-T (C), ERK (D), p38 (E) protein sk TCP= A2zl vldl f-ef#el Wah7h vheht

expression level in HUVECS. A okskek(Fig. 6).
HUVECs were treated TE (100 ug/mL) or

921



2l
QIR &hed Axflofl O|x|= Hg

5 %
o8
o4
) .
00

Pratuin fold change (MCP.1/p-sctin]
°
4

VCAM-1 | e el SRR e s e

I ]
THE & (10 ng/mi)

T tugemi)

TGEP vg/mil

e
'

o8

04 .

i I
wE-a . = :

e
oo

fractin | gm—

-
Protein fod change (VEAM-17P-sctin)
s 2 ®

HHEHAT} o7k BHE MW LT M|ZE(Human umbilicl vein endothelial cells, HUVECS)OIA

a1 W W

[

Protein fold changs (CAM. 1/ actin}
s
&

Protein feld change (p-p3a/pia)

™ cu-ww-n
TE tugenl)
TGCF fug/miy

o
: I
E

Fig. 6. Effect of TE or TCP on JNK protein expression IeveI in HUVECs

HUVECs were treated TE (100 ug/mL) or TCP (100, 200, and 400 ug/mL), with TNF-a 10 ng/mL for 12
hours. The protein expression level was measured using a western blot. The results were presented by the
meantstandard error of mean from three independent experiments (Significance of results, +++ : p<0.001
compared to the normal, *** : p<0.001 compared to the control).

M3E 2| Hfo|20

1) MCP-1

Ax 9 MCP-1 AAHFE &A% 23, TET:
100 ug/mL FEA H2ZLEE F94< HEr}t
ehtA shebom, TCPE 100 ug/mL o]
oA Fx &AM el vlE oA
&5 o (Fig. 7A).
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2% ol

2) ICAM-1

AE 9 ICAM-1 HAHS =
100 ug/mL ¥ EolA dzFRo
yebten, TCPE 100 ug/mL ©
5 EHo 1tz vlE #9H 7t 3
o= 1=k (Fig. 7B).

3) VCAM-1
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(A), ICAM-1 (B), VCAM-1 (C) level in HUVECS.

94 B2

HUVECs were treated TE (100 ug/mL) or TCP (100, 200, and 400 ug/mL), with TNF-a 10 ng/mL for 12
hours. MCP-1 level was measured using a ELISA kit. The results were presented by the mean+standard error of

mean from three independent experiments (Significance of results, +++
: p<0.001 compared to the control).

p<0.05, **  p<0.01, ***
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