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Production of Nitric Oxide by Siegesbeckia Glabrescens is Associated
with Apoptosis of Vascular Smooth Muscle Cell

Soo Young Jun, Dong Hoon Shin, Chang Woo Son, Heung Mook Shin*

Department of Physiology, College of ariental Medicine, Dongguk University

Apoptosis is the ability of cells to self-destruct by the activation of an intrinsic cellular suicide program when the
cells are no longer needed or when they are seriously damaged. Morphologically, apoptosis is characterized by the
appearance of membrane blebbing, cell shrinkage, chromatin condensation, DNA cleavage, and the fragmentation of
the cell membrane-bound apoptotic bodies. Siegesbeckia glabrescens Makino (Siegesbeckiae Herba, SG) has been
widely used as treatments for arthritis, and fever, as well as detoxification properties. The present studies were
undertaken to evaluate if SG has an anti-apoptotic property. Cell viability was measured by XTT and tryphan blue
stain. Morphological characteristic of human aortic smooth muscle cells(HASMC) were visualized with a phase-contrast
microscope. SG significantly reduced HASMC, but not human umbilical vein endothelial cel(HUVEC), viability in a
dose-dependent manner. Confluent untreated cells at 24hrs showed normal morphology, flat with a uniform polygonal
shape. SG-treated cells (0.5mg/ml) at 24hrs showed apoptotic morphology. Cells became irregular with elongated
lameliipodia, and exhibited condensed chromatin in nuclei with occasional endoucleation. There was an increase in the
number of apoptotic cells rounding-up and being detached from the substrate. TUNEL staining of SG-treated cells
showed dark-brown stains in nuclei and cytosol. Caspases are central components of the machinery responsible for
apoptosis and are generally divided into two categories; the initiator caspases, which include caspases-2,-8,-9, and -10,
and the effector caspases, which include caspases-3,-6, and -7. SG decreased anti-caspase-3 protein expression, which
means activation of caspases-3 activity. It has been reported that there is a link between NO formation and apoptosis.
NO production was accelerated by SG treatment in HASMC. L-NNA, NOS inhibitor, inhibited SG-induced apoptosis.
These results, therefore, indicated that both caspases-3 and NO production are involved in apoptosis in smooth muscle
cells. According to these results, SG may have a potential effect in the treatment of hypertensive atherosclerosis.

Key words : Siegesbeckia glabrescens Makino, apoptosis, caspases-3, NO

A = Aol FExHA Ut B &Ko) ;"“94%%91 W2 BAgo] B

A AiEo R BAkgo] Ha &Y] AMgo| rkse Steiut

TEU2 gralalo] F&, JE9 WFolA QlilEm, AFES SHEAAIS a5t RIE7180 theh ol #do] &2 I Tk
HE|E JElE 5Q3 91019 shiE HI Atk & S=SEE slEe 11 Kkt F¥EOLL, frgol] ArEskd RIEE AAGH
), g 289 AU AHAIZA 019 A5} Bl # 1 EEw s, @’%OP&" as'or uEU 7ol YFS
*TARAL : AEE, @R A% 4B 0 SR8 sele HE8E B ACE U, L NS, BRI, DR,
- E-mail : heungmuk@dongguk.ackr, - Tel : 054-770-2372 FEARR T"]XML E59 d7FEdot EF50lA] LiE}
CFes 2004/06/01 - 4o 2004/06/30 - AYEY : 2004/07/29 L B40Z A8 IS 88 7Hsd e AlABRE Aol

- 1055 -



o
o
P

Tk 2ol U6 B8] Uk AOT LHAUNY T
o) 7120l 3 F53 7178 @/} AW Uch DEee
A Eo} BT SO UEA ATRE NEY AR Eet
zok &9, gExagEe 724Y), guogEs o 18
Bol a5l WIHE &4 0] B B vl gtk S 1E
91o] wHilyIFol BBl ElZgdol 5V Bolgol HEA
WA TEYRO) Wl Jlotd B elRYEY) 20] 2EE L

AUt @ FEE S MEQ 7] W 59 FU19t A2 71E
4 B(collagen, elastin, and fibronectin)9] &g &3l @
Hol FAKAXE @B RY HEE, AU A Fol ot &
Eizdd A9 540 BXEHIL JUrt B ZIZYE Y
o] Bosh= apoptosisi= M EQ HIHAE SAlof Q6 8
o] PlEERlS AAEIEE A TE U
WA 510] i;]E7]X—] oF Z XLBQ¥
A2 E &% nitric ox1de(NO)L_
of 7 skol wat MEY apoptosis
7t At olof 1EQF AFE SH SuE
ANE 7IAE UEUAFAAL g3 giZEE Y
e 7is8e #0lshyl sl HUVEC(human umbilical
vein endothelial cell)3} HASMC(human aortic smooth muscle
cell)ol A{Q] apoptosis 7T FES 1 718 E NO2F H7A|51
Bl 7ogt AWE BAUSKLA St

il

(e

v
lI

['

fot
B
i

0
= Hl
o o

&
2

° 5
° o
Ey

fil

oMt

Az R EH
1. AE
1) soF FE29 X
5l¥# (Siegesbeckia glabrescens; SG) 200g& round flaskoll &
2, EF 1000miE 7ol 71 &3 § FEHS o H{A R
A5t o) MBS rotary evaporator® Mt 5E5511 B4 A

Hpolro "
a—b=1

Z5k] 222859 AT

)
2o 3w 53
95%2] 0,9} 5%2] COE ET 7tA7t d&EHoE S35
I 37405 CE $AZ+= Krebs-Ringer bicarbonate 30|
E5ld 4 ml/min®] £5EE F2T QYe

1.4

2.
D

peristaltic pumpE

organ bath(82F 25 me)ol] FHEFH S A48l S T2 organ
bath9] Ao TEAIFIL ClE & 22 2 ¢éﬁj€i} Jol &&
gl B2 4=F(isometric contraction) 3 o]&E 7SI

g3 718 58 nMAEy Exégil(GraSS FT-03)E o] &3}
o x7] FHEE 1g Bkl 1417} 014 318417 &, 3x10°M

9] phenylephrinex} 65.4mM KCI& A3k &1 -’,\——3%7101] o]
ERE o, 3y FEEE SYEE TG UEhle UE
physiograph(Grass 7, USA)E &< 71E3139
2) M ZHiet

MEELX [human umbilical vein endothelium cellHUVEC),
human aortic smooth muscle cel(HASMC)] 95% air/5% CO»9

o

el

1123

e

ook
4

humidified atmosphere, 37 CS Z7cA] 10% fetal bovine
serum} 1% penicillin-streptomysing :tol |= DMEME ol|&
Sld MBI C™  90% confluence AEEE W), trypsin-EDTA
Azleld  Eeriirt
3 NE Y4ES 5F

96 wells plateol] cell (5x10° cells/10040)S B3
7t uiek 7, 8 3E 2 L-NNAE XZlake
SIS Well & 50400 XTTE AHEl& 4/\]2_]—
490nmol| 4] ELISA readerZE o] &5k SH L9
th AEE W wXE 2ol uwiYsle]
ol ME YEES WES(U)E
8 HE NE > 5

1x10%cells/mIZ2 HIQER A ZEol]
QSIH T trypsin-EDTAE A2 o]-ﬂ_ A4 BElgly MZES
O}A] tryphan blue (0.4%)%E ¢4H5}I hematocytometerE O] &
Bl AoIRlE A=Y EE5KAC.
5) TUNEL @48

MZE 1% paraformaldehydedi] 15X17}+&

=2

=

@ e CIX] 24 A

=

4

AeStaL 24A17¢ ul

Eai=1
TE

QF 4Tl IF

Al711L 3% HyOp 2 A 2014 5827 82 A17) &, equilibration
bufferz A204 10& ¢ ¥1S AlZHCh  TdT(terminal

deoxynucleotidyl transferase) enzyme©O 2 37CollA] $F AJ7F 4}
SA1Z] 7l Higg SuUAl7IA

anti-dioxigenin peroxidase conjugateE H7}5kd 4204 302
FA =] PBSE AloJURATE QAEZANA  peroxidase
32, 05% (W/V) methyl green2.

k=3
an

stop/wash bufferE

(=)
=T

substrateZ H7}151d HI2AI7]
Z HHEGHE ATY it
6) Nitric oxide =38

A ZuiFHol HHE NO9 sk
ELISA microplate reader(Behring EL311)E &L E
Yt VWG| 71EGH, 5049 EAR Griess AIF (1%
sulfanilamide, 0.1% naphtyl-ethylendiamine dihydrochloirde,
2.5% HsPO4) 50 ut & &85l 4204 15874 HJOWI =

Griess &0 wg)

EPCE _75_7@1 ].

ELISA readerZ A57001A4 EHEE HFHoICE NOY &
+ sodium nitrite®] S5 & 7|£0F 4T Ei‘%’f_gi
Sak510) ALIBA 0N, 7 AFolA 712 AR ME )
ololg AIREISITY.
7) Western blot

MEZEE] NP-40g ZEgole RIPA buffer (10ug/mé

leupeptin, 10ug/mé aprotinin & 1mM PMSF ZghHE THAZIS
ZZ3} ¥ Bio-Rad kit (Lowery methods)E Ol 83} H=EIN
tl g2 & 10% sodium dodesyl sulfate-polyacrylamide gel
electrophorisis(SDS-PAGE)oll QI3 ThEdEg  EeIsl,
nitrocellulose membrane @ transfer 3t & blocking buffer &,
TBSA) =¢! 3% nonfat dry milkZE ¢+ AJ7}F BF BRSAIZAC}. 28]
1 dry milko]] 5901 anti-caspase-3 antibody(1:1,000)0 ¢+ A7}
Hl2A17ick. TBSTE  AlA (10 minx3)6kL, horse-radish
peroxydase-conjugated antibody@} ECL kit
(Amersham Pharmacology)Z 24 X173

secondary

- 1056 -



<

SLRE
1. 3go) ddo1t E5

gHEo ol AEE #0lok/l A5k phenylephrine
(PE)& KC 7L =& ol tiSh ol Es5& S8 QJE“
£ PES} 2155 KCI(6 -4mM) %5 Ho) 4:Z0] thsl] =

EHOE RYs guolg

FJ,L'
)..
m}
L b
=
32
..‘1
LI
0
A
S
Qo
£ H
e 1o

éj:;f -Siil‘/}.

=
=3

L] Phtnyltphrlne
k(l

60

Relaxation (% of control)

20

0.1 0.3 0.8 1

$G concentration (mg/ml)

Fig. 1. Dose-dependent relaxation effects of Siegesbeckia
glabrescens (SG) on PE or KCl-induced contractions in rat
thoracic aorta. o005, as ccmpared with each PE teated groun.,
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Fig. 2A. Effect of SG on cell viabiliies of the HASMC and
HUVEC. facr cei e (5x13° ceis/mi) was ncubated 1 the presence of different
concentrations of SG for 24hvs. Cot vabiity was measured Dy XTT assay as described
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Fig. 2B. Effect of SG on the viability of HASMC cells. Cell viatility
was determined by tryphan biue exclusion. Bars represent the means of 5 experiments.
(005 {00001, as compared with the control group.
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Fig. 2C. Dose-dependent morphological changes of HASMC by
SG. The regular shape of cells are shown in the control group. SG(0.1mg/mi) treated
cefis undergoing apoptosis are shown by their characteristically shrunken cytosol, cell
condensation and membrane blebbing.  SGIO5Smg/ml) treated cells showed more
apoptotic cells with condensed and fragmented nuclel. Aimost all cells were floating in
SG(1.0mg/mi)-treated cells.
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Fig. 3. TUNEL staining of HASMC. HASMC was treated with
0.1mg/ml and 0.5mg/ml of SG for 24 hrs.
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Fig. 4. The nitric oxide production by SG in HASMC. A
Doss-dependent nitne oxide production m HASMC by SG treatment. B. Time course
preducticn of nitnc oxde 1 HASVC by SG (05mg/mi) treatment. Three independent
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Fig. 5. The effect of L-NNA on SG-induced HASMC apoptosis.
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