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NO and Cytokine Production due to Crysochroa fulgidissima

Mi Young Ahn*, Soon-Ja Kim, Hyekyoung Jeong, Yun Jung Seo, Hae Cheol Park, Young Bo Lee and Mi Aae Kim

Department of Agricultural Biology, National Academy of Agricultural Science, Rural Development Administration, Suwon 441-100, Korea

ABSTRACT: Crysochroa fulgidissima (Bidan-beole, Spanish fly) is traditionally used as a crude drug and insecticide in the East Asia and
Korea, respectively. This study investigated the effect of ethanol extract of C. fulgidissima on the NO production activity. The C.
fulgidissima extract was a potent inducer of NO production in CPAE cells and a stimulator of endothelial nitric oxide synthase in a
dose-dependent manner. This study also evaluated the anti-inflammatory activity of this extract by determining the level of ICAM-1,
VCAM-1, and prostaglandin E, from HUVEC cells. Although C. filgidissima extract was a potent inducer of NO production in the CPAE
cells, it showed weak inhibitory effects on vascular endothelial growth factor (VEGF) production in HUVEC cells. HPLC and GC-MS
analysis of the ethanol extract of C. fulgidissima revealed the presence of cantharidin.
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2 & v PHE(C. fulgidissima)= Sotrlotoll M FF-& X Tk k0.7 ol A= A, AYA ZA AMEE 71 0] itk £ e e

olehe FEE2] WA <] Ak (NO) S & et )4 AFaha S E(eNOS)2 4 S7F ARSIt 1 A3} vk e
Neke FEE-2 FAYN%oFE sodium nitroprussided]] H]8] 65.9%2] NO 57 B3+ 7M1= A& Helstgint. 3k eNOSo thelA = 5=
o2 F7MIRE SR1sATh A 3R ARAA] ICAM-13 VCAM-1 =9} A7 Q1AL Z2 el ehd Exs 2Akske] vehde) o
B& FEE] A5 73S 2A1RE A3}, HUVEC A2 oA s &4 02 d3vi7liatel A58 5-212te] g Belskalt). ok&e
e WFAAHVEGE)e] vt X8 HUVEC Az 333 5 3tt dee F558 HPLCE 72474 F GC-MS9}
MALDI-TOF 245 gsto] 5 Zhied A g-oks elsksirt
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B = =g A= ( Coleoptera) B #| 7 Buprestidae) wo] Jlor] =7 eAe] A WA7IEEE A= o

uIEhHE|(Crysochroa fulgidissima, 7 1'%, £5)0) AZAA Atk QRO 25 52 ol&slo] ulgkald] kAo
(RO ITHCui e al., 2002). 25 o0 B840 A AEsholeh
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o ARgE Ik Hs) el ok @A S E AR (Ui, FANES P ARl $-UTHCui o
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& 7P SRR A R A 2kl TS A AR A AT
*Corresponding author: amy@korea.kr LIY}= 712 0] 9JtSandroni ef al., 2001). 287 H o=
Received July 24 2011; Revised September 8 2011 L Aol AE ek L chil A A AL ZHe A O

Accepted September 21 2011

227



2 orejA] gl Whgo] A1ZSRT Ffollofel Al uy
|\ (Palembus dermestozdes), W] F.0]| A triatomids 7} 7]
Hap ]3| 22 A2 5 7RIkl Har e o] Fti(Sandroni
etal., 2001).

e ARSIk ] Tgh etk ao] nlchaE o] kst
2 5 flsto] NO%‘*é = 0*01 101?"&‘4% 71%94 Ky
g 23 7E glof il uiA s

FYNO= M|z Al A=

Aol Holst= FATARA Ags7]|= Ft
(Moilane and Vapaatalo, 2001). F=ro A= 22 DA HY =
of| &81= vt (Mylabris phalerata Pall.) 2] o] dy} 1 -G
AR =2zt d o] b = ek of Yol A ARE-E AL Q)
o1 E3] A0]o}A|Q12H& K 1(Chen ef al., 2009)E v} B]tHY
g 2504 = U a]4371 R vascular endothelial growth
factor, VEGF) 2 A|afi5}o] EAI4o] 7] ofahis 2.2 4|42
oA dApA 0= 2ARSHA H JTHAhn et al., 2006). A3 of| A}
| vy FEE Sofl £7lol waE 7]E W dyE
AR shel itteld AR W A7 EASHEA o
2 2RRIsHA| E iet. =3, Al 2] 73] Aot H
o] dafjulA|ze] Hoa=ad, "upt 72k mivlishs
o1z}l ICAM-1(Intercellular adhesion molecule, Rothelin
et al., 1988) 2] 2t} Z}5-& A 2. 0] W )4 --2FQIARR]
VCAM-1(Vasculalr cell adhesion moecule-1, Cybulsky ef al.,
1991)2 35-A]o]) A3lstel @52 Satsha GguIIAtel 5
ZAEEHY By S Aste] oo 271345 Alishe Al 24
SHT 5, vk e o AlgtaAiEe] 7| 2Akm 545 915t
of & AFASS oA Fdof 5=t vy dEF=
=] Yy Aol A AT A APYAZ| 5L A EA S

Frarste] ASUNJARHPGE) & AAA7| 3L FHSAHE-S
Z213}31 cytokine 2] 51491 VEGF EHAJ-S ¢
£ 7HicHs 71 Selsh £ Al 2459k

é‘f O

=
)T

9

Mgz o Azo| 25
20051 L2l dFARE - 52 vl EH|(Chrysochroa
fulgidissima) Az7HA| 1.28 g¢& 24-MBC PD2 R E &4 &
A AFo2 Algitol, -70°C oA F2 23t & w]A|sHA
]E—‘é‘ u|SHATE kgt Al 25 70% ol ek 55 mlof @7t =
SR 2176027t 33] &k AJES & AR £, 70%
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ol ek 60+5C o 4] SAIZHER} Rl izt 28k o] 2|z
FEES AT 55N v T4 A3 S 9 HastiA
A 2(5821.9%) 2 A&
OIEISSTEE FEEM ¥ ZITREH 42 3% A
ofleh2 &5 HPLC (Spectra system UV3000, Thermo
Spectra Products)& ©]-&35}o] BEA5I9 o, A3t A
Luna Cis column (5 pm, 250 x 4.6 mm, Phenomex, USA)©| 3}
171 30% methanolS A-81 = 70% methanolS 21| B2 305
7k AolX B gradientE F3It). 2.5 mg oJH-EFEE2S AE
o] =0 | mI= HPLCO] 218}, 281, I1, 1l Agic). 2+ 2
3]%-S %271 %53 MALDI-TOF(Voyager-DE STR, Applied
2 24890,

Biosystems, Germany) & &85} EA[S
SELUTIM=0] gt XTT MiZZ=Y Z=AL

Hjchl e ofjghe: 5= Al=A4S 4x0] HE Tl A
Z, CPAE (ATCC CCL-209, Manassas, VA, USA)o]| tfj 3}l XTT
{sodium 3'-[ 1-(phenylamino-carbonyl)-3.4,-tetrazolium]-bis(4-
methoxy-6- ~ nitro) benzene sulfonic acid hydrate} kit solution
(Boehringer Mannheim)-2- AME-610q 3 3] HEE: %] 2]} =45}
ATHGeldof ef al., 1999). HZEZAIZ]+= ICsp (50% inhibitory
concentration; mg/ml) © 2 tjj o] thdlo] 50% AJ3fsh= 3=
2 239 Su EAST
SELTIMIELO CHEH NO AMMS AL

NO AHY-2 Griess A]2HCayman, MI, USA)-& AR50 A 3E
Hj AW = opditol 28] %45 S8t &, nliehdd) of
eSS 20 H W A2Z(CPAE)9] 0.2 mgS 7|2
£ 1044 348l 7} A CPAE A|3zof] | 2] 8to] 24 A|7F uj s}
11 VERSAmax microplate reader (Molecular Devices, Menlo
Park, CA, USA) S AR&-510] 540 nmojl A oPAVE RS &
e & =743lo] AASFITHNIms e al., 1995). | ZFEZ =
YA Holld NOE Abgste] dto|¢to]] ofsh= sodium
nitroprusside dihydrate (SNP)E- A-8-3}%ith

SEHHTIMEZO CHet LHTlEASIEABHYE A (eNOS)
A



252 1 mg/ml, 100 ug/ml, 10 pg/ml, 1 pg/ml-S =] 2]8}o] 24 A]
7+ ufjoFst W A2 ¢l HUVEC (ATCC CCL-2519, Manassas,
VA, USA)E R&D systems (Minneapolis, USA) 2] ufj 7L o] wk
2} lysis buffer & A 3292 E] E o] U}@ = A| 3Ll Z=0] 1ju] 4] A
R4 S AE 38 HES2] enzyme-linked immunosorbant

assay (ELISA) kit=2 Z73}%ch

0|

STHHT|M|IZ22E] Cytokinel| 2H| &£X

HUVEC 2 CPAE A 3(1.0 x 107 cells/ml) H]eH ] ofgh-2-
S22 8 78710] =1 9L S| 96-well plateo]| 4 37 C, 5% CO, 2
7hs 202 24 A7 sl o] & el Foll A EulE
cytokine % 9% RAUASE 24517 1 TNF-0S
30 ng/ml# 96 wellol| 712l uj2] £52l Eod FafuiA|E
(HUVEQ)|| =42 & 5, =4I Zhwellof] vkl e ofgh-e- 5=
2% 711,10, 100, 1000 ug/ml ) H7}510] 48 A1 ¥ % %)
j7jQ1A}FQ1 Prostaglandin E,= Z2AEET =4 7]
(Cayman, MI, USA) vl of whe} A5kl d o]
Of Aol TASHE o] L AEh oLl ICAM- 13} B3
2912} VCAM-1 (ICAM-1, VCAM-1. Millipore, USA) = Z+
AEA] WP 0.2 ZAS e By el 2 A
Zo]¢lzte] shbel VEGFZ ELISA assay kit (R&D systems,
Minneapolis, USA) 0. 2 =235}t Ahn et al., 2006).
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MALDI-TOF mass spectrometry

Matrix-Assisted Laser Desorption [onization (MALDI-TOF)
A A7) 2= Voyager-DE STR (Applied Biosystems, Germany)
& AMESIF o of 7)o 11AF4) Tandem Mass spectrometer
(Micromass Autospec OA-TOF, Manchester, UK) electron
70eV DIP (Direct Inlet Probe) mode & 2131 7| 7| &2 Bx|kS
ZAsl9ch B E 2R A 217 = webbook program (NIST,
Gaithersburg, MD) mass database (version 98) = 5-3}o] H|:L
5FTHAhn ef al., 2008).

GC-MS FZEM

GC-MS 42 Agilent 5973N mass selective detectorS 7}
A Agilent 6890 GCoJ| HP 5 MS capillary column (5% PH ME
siloxane, 30m X 0.25 mm, 0.25 um, USA ). 2 4=3j5}%1 © i
B A =k 24]-2 HP 3365 Chem Station software (HP, Palo
Alto, CA, USA) 2 a5t} 2260 C of 4] 3 min 2100 C

Fig. 1. Chrysochroa fulgidissima.

/min Hl&E 57 HAS FABHHA 3008714] S7FAI A 2
ul A|ZE F3}aL split ratio2 10 : 192 3}%3, mass
spectrometry (Nikbakhtzadeh et al., 2007)+= ion source &+
230 C, quadrupole -2+ 150 C, filament B2 F(emission
current) 34.6 pA, ©]-23} 2 E(ionization volt) 70eV 2, 7] 2] ¢]
TIAE 2225 B0 1.0 nl/minE 5F0] 7FA- AR AL A3}

gt

E= )

SEHTIMZO] CHSH XTT MEZSH XA

Hlehde) ofghe 58] 4 AT AIZ(CPAE)] of

S A ZEAL 50% A3 5% (ICs0)7}3.2 mg/ml (Fig. 2A) & AF

SEO1A ARkl ZFAF FEFE=2 AE=0] pg/ml

2000).

SEhHmIMIEO] CHSH NO MMs ZAL

2:9] HEHN ] A|Z(CPAE)| vt olehE =555
A 2] 8L 24 A|7H EFEto] NO 4SS Ak Ak, FahjsAl
3Z(CPAE)] th3t A 4(NO) o] 4HY-& Bl eh gl ofj ek 5=
5 1 mg/ml $o4A] @A F71E HATK(Fig. 2B). BT
R FZ 22 | mg 8.45 uM NO AHAYEH T AT 2ok
] SNP2] 100 uMof|A] 12.83 uM NO AL K ojZ=9)ct.

e

SZHHI|MIZEO]| CHSH LHI|ASPEIASHES A (e NOS)
SV

fulok

v ok F+EE& HUVEC A2 #|2]3te] 24A17F
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Fig. 2. (A) Measurement of cytotoxicity of C. fulgidissimaethanol
extract, 1, Control (media); 2, 3, 4, C fulgidissimaethanol extract,
10 mg, 1 mg, 0.1 mg, respectively, in CPAE cells, (B)

HlaFe A3k 4 AlF A R AV EolE A 0 2 37}

o
e Y5 AU eNOS 4TS A H i vjehd e ofghs
251,000 pg/mlof 4] 796.50 pg/ml, 100 U 10 pg/ml = 75F

A2l FE oA 0 7 591.87 Ul 444.63 pg/ml 2 Z0] 5]
CHFig. 3).

STHHT|M|IZ22E] Cytokinel| £H| &£X

HUVEC 9! CPAE A2z v of ek 35 H71sto
Y 1] P59 A 5(ICAM-1, VCAM-1. Millipore, USA)S
sholgt A}, Hx o2 oz §o4 gl FSrarelxle]
ICAM-19] 9F& 5 0)E 4] 0.2 72 A ek 5, TNF-29} 30
ng/mlA 2] 2 FyhfjaiA| o] gFo] U ICAM-10] 76.74
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1000

eNOS in HUVEC

eNOS (pg/ml)

1 mg/mi 100 ug/mi 10 ug/ml

C. fulgidissima extract

Fig. 3. Effects of C fulgidissima ethanol extract on endothelial
nitric oxide synthase modulation in HUVEC cells.

100

N ICAM-1
VCAM-1

Adhesion molecule (ng/ml)

I mg/ml 100 ug/ml 10 ug/ml

TNF-alpa

C. fulgidissima extract

Fig. 4. Effects of C fulgidissima ethanol extract on ICAM-1 and
VCAM-1 cytokine production modulation in HUVEC cells.
Statistically significant from control (TNF-a group) (*p<0.05)

ng/mlId] ¥, vjehdY| ofghE &5 1 mg/ml 100 pg/ml,
10 pg/ml 2 = 2]3HH 28.00 ng/ml, 52.68 ng/ml, 65.42 ng/ml =
el gERaeld oA anie el ickFie. 4). E3,
VCAM-1%= 53F9] TNF-&31} %] 2] A] 72.25 ng/ml-S YER 31,
H|ehH Y| ofehe 2555 1 mg/ml 100 pg/ml, 10 pg/ml 2]
Al VCAM-1-2 36.76 ng/ml , 38.73 ng/ml, 39.55 ng/ml L}ER]
of IR = S H2ARIAF oA A E UEh $TkFig. 4).
E3E A HoQIAFO] 51l VEGF o th 4] = -§Fol=4] 24



1000

I VEGF in HUVEC
VEGF in CPAE

VEGF (pg/ml)

1 mg/ml 100 ug/ml 10 ug/ml 1 ug/ml

C. fulgidissima extract

Fig. 5. Effects of C. fulgidissimaethanol extract on VEGF cytokine
production modulation in HUVEC and CPAE cells, respectively.
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Fig. 6. Effects of C. fulgidissimaethanol extract on Prostaglandin
E2 ihibition in HUVEC cells. Statistically significant from control
(TNF-a group) (*p<0.05).

o] 75t Z1& CPAE A|Zzof| A 2helgt 4= 91%lem, HUVEC
A2 M s S VEGF & HLofF= 31 ekFig. 5). HSi7H A
Ql 2B S HUVEC Alzzof vlthde) oghs F5=
1 mg/ml 100 pg/ml, 10 pg/ml= = &)3}hH 123.0 pg/ml, 196.5
pg/ml, 186.0 pg/ml = LRt 5 oj24 0 2 AT A anE
LrEb 21tk Fig. 6).
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1000
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Fig. 7. Fractionation of C. fulgidissimaethanol extract. Chromato-
graphy using RPC-HPLC on Luna C'® column.

MALDI-TOF mass spectrometry

o Hthdd] 555 HPLC R 24 A|(Fig. 7)ske] 2L 9=
¥ B X}5F fragmentation 5= ZARSE 23} MALDI-TOF (Fig.
8), GC-MS (Fig. 9)0llA] Zic}elele] 2415 Belakac). wat
MALDI-TOF 54 1ol 4 1940]l4] S0l T0] it
AR B2 19571 B2 9] ZFF0 2 A cantharidin imide & E
2 EAYTS 2451900 B2 744 FEA ] cantharidin

=
A 3420 peak 7} EAR& 77401 72 = ST (Fig. 8).

GC-MS EEM

Aubxel wlgheel 7o wguaBe] Lals uhw
(Mylabris impressa)©)|A] cantharidin ] £% %] fragment 2 m/z
961} m/z 1285, T AU O 2 m/z 82, 1142] fragment
£, cantharidinimide 2] £% %] 2] fragment 2 m/z 70, 963} 127
£ B 13HH} QJti(Nikbakhtzadeh e al., 2007). 138 9 9] H|tHH
g ek 559 GC-MS fragment:=MALDI-TOF 2} &<]
AR LA 7] Bk 2o fragmentE Lk
ol qlof & Aol A= uehH | o] et 257t E 2] of| A
cantharidindn©] E3 4 fragment® m/z 963} m/z 1285, 1
cantharidinimide 2] &%) %] 0] fragment & m/z 70, 96 1} 1282 &}
st tH(Fig. 9).

A3 o] Az Re W v|ebdd|(Crysochroa fulgidissim)
9] ofehE FE=ol|l A T A| 220l A 4lsHa A 0] AMEE EX1A
7w YA Akl 4 S G AT Z7PA)7 )= 212 3R0151S
o} AbehE 25 APIAIA D A7 |= SNP T 2ok

| oehe 28 9] cytokine 4 231



Spec #1[BP = 104.1, 2888]
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(1
Fig. 8. Full mass spectrometric scan (MALDI-TOF, 100-500 amu) product, ion spectra of RPC Fr (Il) and Fr (lll).
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Fig. 9. GC-EI-MS spectra, the total ion current of RPC Fr (1l), cantharidin fragment.
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A& BAZ) 2INO 4HY-S100% = K ek ok
S A=l ofY AW G A=l thel H] i W25 65.9%
LR of Wl AIZ2NO AP S7 1S H ol =it H]
e FEES A PIohH eNOS mawko] e 9
201 of vjehd e ofeh&FSE=o] ul g Atshala
A ofol T kS F52 4= AT E3L W=l
9l ICAM-17} VCAM-10]] &t &2k o] 23]
ck o WAE-E Behjul ekl ofgt o}
“rekoh e Wbolehah ol The] & 5 18- ARl %,
RIZbolA] Z-SA)% WIErEE S AL T 720 Tty
AR YR A A VIS o 3
O] HPLC A 9] E3 A E-S GC-MSL} MALI-TOF 2 B4 A1}
oty EEES 7}x]L GC-MS ZAA] o]d HIL
Nikbakhtzadeh(2007) =51} 0] m/z 96, 128 22 2215}
chldg Bo R sls 728 Tl 0% §38 4 3)
Sick. ool kg Zo| ZirielEl BAo] HATZ,
CioH12NOs, FAB-MS (m/z 194.0813 [M-H](Nakatani et al.,
2007) fragment”} methylation =] cantharimide S &3} 7+
2 AT 4= ATk AHbE o2 Cantharidin (CioHi204)2
phosphatase A, AJS|A| = A =4 H|E(Coleoptera) 7127}
(Meloidae)o]] <3}+= blister beetles(ZgH|)of| 4] WAL= =
H |23 FE(monoterpene anhydride) 2 4] tj 55| &5
=ol tisl] =/ LEhdtt (Dettner er al., 1997). o213k Al 24|
3ff 280 RER oA = A=A &f 7= 317 of vieh o]
U FE2Y AlZpolA B2 AR 23}, FulA|
FZo||A] AFR AT & 2(eNOS) S Z71A] 7 NO A4S 3l
o] AEFA LT A EAHE 20 A GZNHARKPGE) S 2
NFIC BN FHSAE-S FXI8tAL cytokine 50 shSl
VEGF 42 o{ao] Behfal o xo] a7 9 B £
02|50 HIICAM, VCAM)S 21ehso 24 23 3ok Ut
A2 A7 RsA 2] 4918 ATk Al Hol e, of4]

AL vehd |7} obA] ol A= Bl AashA] 3tk HA
Z A 87T H3l AFFE L A Z NMR5A Al database S

0]23}6] GC-MSSFMALDI-TOF MS 2 7+} 2|t 3192 5
Egsto] kAR Bl Do Tol 488 931
Ch A SIS ) SR BT AR
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