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FEE: B Rt 5 5 sl xr AR # kAR 2 e
(HUVEC)#i# FH =R, LA XA iFFER LS A
By a mp s Cl X 4k, Ak Xk
F MTT 3t & 3% m 52 & % 3% 8 xF HUVEC 3§ 74 49 %
vy, Fura-2/AM 3% % 4738 % 0 & HUVEC e R 3% 5
Ca? "3 ([Ca** 1)), B A P we 4 /38 4L Tvg % B
F & DNA I I8 48 5 B b vk o X 4 B R Ak ) 2m g
B, BR FHEHIEE T4 HUVEC 3874, 9 2%
¥ HUVEC A 1=, 7 2 R AR WM Fo B 9] 4R 01 250 s
(AR, EXARTHRBHEACS ], REH G,
%t FEHEBTIHFF HUVEC A=, EH T s
[Ca* ], FH@ A %

KR FEHEE; NR, of; @mig, 2Re; A
Ti‘; @3, élﬂﬂé"m

FESES: R979.1
NERFRIRAD: A
X EZ 4 S 1000-3002(2004)04-0294-06

T 18 2 (artemisinin ) /& 3 [E R} 2% 8 SR
Y EAE S (Artemisia annua Linn) 99 32 BUAY HoAG B
TIGEHE B 205 PR, 1 A T 0 S Mg T 24 ) A
JERIA YT FIINAIE 194 R BEJS , 5 5 BE TR (arte-
sunate) SFHUIE T 1 5 5 1) T 85 2207 25 W0 AR 44 [ 1
T 10 4R, 75 18 R 2SI RYPUIR IS 1R 52 2 B Y Ah
FE RN . AL BR 155 2B e 20 0
ToAR =40 S 5 i o A AR50 i A R AR
MR N B A T A O, R WARGE . AR SO
TG K A B2 20 M9 (human umbilical vein endothelial
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cells, HUVEC) & 5p 85 37 154 L, F 5 75 16 B2 1R X T
HUVEC (937 & 08 T4 1, DL R A s S 5
PN B2 200 08 B B 2 9 30 1 a9 E ([ Ca® " ]5) B9

1 #M¥5EFZE

1.1 Am5iEH

T BRI T PR MRER 2y, T 5%
NaHCO; VEST R i  L- 45 e e M ( L-glutamine ) | 188
MR E (MTT) ﬁﬁ'ﬂﬂﬁﬁ%(pmpidium iodide) . Fura-2/AM .
FH F M K(proteinase K) \RNase A A Sigma = iy ; 1 g
1% (acridine orange ) TRAL 2 B¢ (ethidium bromide) &
Fluka 7= i ; — B0 (DMSO) . i il trypsin ) | Triton-
X 100 2N Amerisco =8 T Y0 T B N Worthington
Biochemical ™ ity ; H12H A ML A5 P B2 20 A A6 < PR 5 (e
combinant human vascular endothelial growth factor,
thVEGF) & Bender 7= it s M199 %535 54 Gibeo F= 5 s
SPCNME T A HT R 2 se DAy Santa Cruz 1
i s BENE A (agarose) 247 BBI 7™ il ; i 4 I ¥ (fetal calf
serum, FCS)Hu M U2 A W) AR bR BR 2w
T o
1.2 KM B

AR FRI(25 em®) (96 FLANNE S Tt .24 £L41
WA, £+ Nune 24 W) 5 CO, Bi 546 )2 Wil ¥ 1
YE& , 3£ Forma 23 w3 92018 B AR 22 0605, 18
Leica 23 7] ; EIx800 B A7 X , 55 [E Bio-tek 24 1) 52X
PR O AIL, 56 [H Sigma 23 7] 5 Gel Doc2000 HE I 15
Yt , 215 Bio-Rad /A 1] ; FACSCalibur X204, 26
Becton Dickinson 2y &) = fift s SO 1K 9¢ Y6 43 66 &
i, fEE T.LL.LAE 5.
1.3 ZBaiESR

S e £ R )BT A LB B T TR 2 I 2 e R
JRIO PR BE, S W Jaffe 2507010 7 ¥ 1 I 4
HUVEC, #%F1F 25 om® 20 ML H: 779, 1 & 20% FCS,
10 ng* L' thVEGF, 2 mmol *+ L™" L-4% JH¢ it ¢ & 100
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kU-L™ '8 Z M 100 mg- L™ 5E 5 210 M199 55 55
W, 8 37°C 5% CO, FEFRAA 7, B KA 1 I,
FASHT NP 5 AH BT 5 2 s B TR T H] 422 S o
S TS SIS 3 ~ 6 AL
1.4 MTT bt &%l E A Mg sE %

HUVEC 5 x 10" L™ "% F 96 FLE: 574, B 4L
100 p1.,37°C 5% CO, K535 48 h, MIAAS[R) e B 1) 75
RN, B 12 AL, IFIR 5% NaHCO; ¥ 7% IR
H,5C80 A 3K, MFE 24 ~ 48 h, MTT H (o kil
AN 5 R, T ERT 4 h, BEFLIIA 20 puL(5 g-
L-Y)MTT,37°C.5% CO, 3537 4 h | WFH B IR, &
FLANA 100 L DMSO, 5 F2 Mk 7% 10 min, FHE#AR X
(A =570 nm) W& S FLBOCEEME (Aszo ) o TE FHRA
2T 58 20 M 2 A R IR (%) = (IR
A1 — P Asyg o) /X BREH Ay o0 X 100% 5 R
LR R 22 90 5 1) 25 B2 i AR TP GW-
Basic, % Logit YA TR il 4 B34 51 50 9% (4 245 Pk 1
(ICs0) o
1.5 MYRERE/ iR 2R AIEE

HUVEC #70T 24 £LE5F2 4R, A [A) 3k B2 1Y
TR BEMEVE ] 24 5% 48 h 5, #escikor ), &AL
A 100 mg- L™ "WV BEREFI 100 mg- L™ WRAL Z0E, T 1%
FIRAY 5 min, 2OGE] B BT WL 40 i e
1.6 4R DNA #2BUR B35 A5 7 i B F ik

32 pmol - L™ ' 95 & BE R VE 11 T HUVEC 48 h )5,
AL 5 x 10° 20 L, VK& 85 R £k 2% #h I (phos-
phate-buffered saline, PBS, pH 6.8)Z.LyElk 11K, &
F¥E o A 500 oL 4 i 2 (10 mmol - L™ " Tris -
HCI, pH 8.0, 100 mmol* L.~ NaCl, 25 mmol - L.~ ! EDTA,
100 mg- L~ % i K,0.5%SDS) ,1R%],55°C K%
¥ 30 min EIFRZRBEEW . A 600 L 5407,
527,10 000 x g B0 5 min, WHL W5, A1 g L1
RNaseA 3 pL,37°C/AK¥E 1 he M 1/10 R FR ) 3
mol - L™ ' Z RN FN 2 [ AT JOK L, - 20 C
10 min, 10 000 x g &§:.L> 5 min, 5% LI, 70% LI
ek, BT, F 100 pL TE 28w (10 mmol « L™ " Tris -
HCI, 1 mmol+L~" EDTA, pH 8.0) % fi# DNA, H( 10
pL DNA £S5 ERFE sh B 2) 165 0.5 mg- L™
TRAL CWER) 1% BENRHESERCFN TBE 22 K (89 mmol -
L' Tris+ HCl, 89 mmol- L~ "#ifZ, 2 mmol-L~' EDTA,
pH 8.0)40 V fH JERLYK 5 he HLTKEE AT, DLFEIR A2
RS WEE DNA BRI Ao

1.7 SRR AR RE 28 AeLJE T 22 F0 £ A 2 B

RN T 25 em® B5F00, Fr M AR 1 2 W Rl
GAREE, AR EE &I E . TH2da
24 F148 h, £ H 40 Mo 22 JR 16 TH 1k, PBS B0 TR TR 1
TR AR 1% 10° L1, SR8 70% vk 2.
R, B 4CE . O A2 PBS B0k
W2 W, A 50 mg- L™ AL P BE, 0. 1% Triton-X
100,37 g+ L~! EDTA,50 mg- L~ RNaseA, 55 il N6
1T DNA 4445,(30 min) , 3 300 HJE B M, 24 h 4
A AN 5E |, CellQuest 3. 1f 2k (32 [ Becton
Dickinson) # B J7 &, ModFit 3.0 %14 (3£ [F Becton
Dickinson ) 35 40 978 1= 28 K 43 B 40 o 1 309 40 43 A7
F R 2 55 40 i 18 B 45 H (proliferating index,
PI), PI=(S+GM)/(G, +S+GM) x 100% .,
1.8 MEHA[Ca® ];

1E 24 fLEE SRR w3 7 VR4 MOE | 35 5%, 1%
AL ZE AR A I B I R [ ca* 1110 4%
FUIMA 2 pmol - L™ Fura-2/AM, 37°C % & 45 min,
HREIE 53 R PITR 53, — TR o0 T8 M AR 45 25 F T
FE[Ca®t 1y, T3 — BB 43 76 M S JC 55 4% 14 I
[Ca®* Jio EH5HF FINECa* 1;: F] Hanks JRVE ¥
2R BUH T B A, A BT 1) A 24 1 mL Hanks
TR Al (BB 1 min BRERLA G, L4 4
EEPRHE A e B 4y ik #) 4, 8, 16 Al 32 pmol - L7
WL & 96 Bk WK 340 nm A 380 nm, & 5
1 500 nm) , F 45 25 11 A 44 245 )5 3% 2k B WU K 5
A3CIGRE TN E YOG EE (F) , B LI R 458 A
e o ARG Jo [Ca¥F ] = Ky x
(R=Ruin)/ (R = R) x (S1/9) 0 R = Fyg un’Fas0 s
K =224 nmol- L™ 'S, I S, 43 1] Ay 2 515 1 4 1 5 )
BRI 380 nm B A ZEEIRIE

ToEG 2 F N5 [ Ca®* ];: H D-Hanks Y 7874 2
UG BUE T8 R, I T 1] A4 1 mL D-Hanks
YR Al v 25 24 R S ik () b
1.9 Sit=saE

BIRILL & + s FTon, R SPSS for Windows( Vol
10.0) e i3 F#E AT 7 2253 B Dunnett #5557 43
AN S TV AR S B 5% e 40 a5 P TR B

2 SR

2.1 HUVEC MZEFLEE
MHZE BT, v WA 5 R £ M T2 s8R
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B LR, B . A A S EE,
{1~2-4. HRFE-EH 28 AT REERRAT,
ARG AR R B G R, AR,

VI8 e I3 2 I R B PR T e 4 e i ke
A, 92 AR T R IR R A& 1URE 728 HUVEC R
W A R R R ARG, R R
o, 4 A Bl .
2.2 FH#HIREEIS HUVEC Y87 A5 5 1

4~ 128 pmol-L~' B9 35 38 {E A 7 HUVEC 24
B 48 h 5 , S AR AT A4S . L, SR R AT MR ES
e B UAE ., B A A AT AE R TR A, MTT b
025 5L o AR A SRR B R O fE Al e R AE
16, Asy o MIUEHF FEE(FE 1) EDRIT 76 SEE5H: HEBY
R AE F B B B EE 4, HUVEC 46 B 2 F #FFE L.
HASEEERIE A 24 2048 b, HAP | HUVEC 3 FERY ICs,
435024 29.7 #1218 pmol- L7

Tab 1. Effect of artesunate on proliferation of hu-
man umbilical vein endothelial cells¢ HUVEC)
Artesunate A
Spmol L ! 24 h 48 h
] 205+0.14 2.00+0.17
4 1.91£0.11 177013
8 1.69+£0.13 1.34+0.16
16 1.37+0.15 1.26+0.12
32 L.OL£0.07 0.92:0.09
64 0.52+0.08 .54+ 0,06
128 0.26 +0.03 (.25 +0.05

HUVEC(S % 107 L '} were incubated with artesunate ( dissolved in
5% MaHCO, the same for Tab 2 = 4 and Fig 1 - 3} of varous
concentration for 24 or 48 h. The cell viability was observed with
MIT assay. x+ 5, n=12,

2.3 EWIREI HUVEC EEMNRE

J6H T ] UL, HUVEC 24 [\ 5 W #5328 i (16,
32, 64 pmol- L™ VER 24 E¥ 48 b J5, 40 AR 46 W
HA R TR EE D 0 R E Ak A R A L A
BSMEARARAS LI, B A T VRS B /MR, (B
FIfE (R 5e %5, HUVEC S0 BEM /AL 2, 0 Wi s
o R R TR L, R R R R
FE B Ak 0, M3 v R L3k RS 4T 65 B9 RNA,
F2 00 1F # 40 M A e A RE , B 1A, 32 pumol L7177
TRIEAETEAE 24 b, 2RO AR e A, I B
i E 4y, B A —p R aE R NME, B

Fig 1. HUVEC dual staining by acridine orange/
ethidium bromide { AO/EB). Cells were incubated with
artesunate in 24-well plates for 24 or 48 h. Then the cells were
stained by AO/EB and morphology was immediately assessed using
florescence microscopy . (A} control: viable cells with green nuclei
and intact structure; (B} 32 powl- L ' artesunate treatment for 24
h: arcows marked the carlly apopiotic cells with bright green nuelei
as dense green areas in the nucleus; (C) 32 pmel-L ! artesunate
treatment for 48 h: late apoptotic cells with orange nuelews showing

condensation of chromatin as dense orange areas and reduced cell
size . Armows marked the apoptotic bodies in artesunate-treated cells.
i 200}

SR M T4 B RS 2 RS S L GARE , 1l 1B 3k
FiRo 32 pmel- L~V A5 ZRE 1 48 b, ?T WEE4H0
HOA it B A R S EeR B R RE L
a3, ER L BRI M T MR s S
GAFE, B 1C #535 BT R . ST Rt v I /b0 B
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R R, R S L5t BT T /M
45, KRB IRFEA ML A% TE S 5 Y ARHE 003 A
2.4 DNA HfRRESH 400
WE 2 FIE7R , 5% NaHCO; 35570 X B 21 1 785 3%
R . e ' i Apo:4.45%
RALTE TR MAF AL AL S 47—, R 2L 1 S R [ —— ¥ T
e 0
ZH DNA 2645, 32 pmol- L '35 25 BE S 1F F1] 48 h 7T W, 200 ] 7
BRI BEIE " 5507, A L ELA O 200 bp HYE%K
(200, 400, 600, 800, 1000 bp) 1997
- 0- T 1 T 1
Marker Art Control §
bp “ 55094 B
1000 440
900
800 3301 I Apo:21.16% Il cell cycle
700 T Apo '
600 2201 P
500
110
400
0d, ,M‘*
300 10° 10! 10 10° 104
Fluorescent intensity
200
Fig 3. Flow-cytometrical analysis of propidium

Fig 2. Agarose gel electrophoresis of DNA extracted
from HUVEC treated with 32 pmol - L~! artesunate
for 48 h.

2.5 QAT RMAMEHES

TR AN A o 485 S 7R, DNA B I L 4 ~
32 pmol* L™ "W 5 BEBEVE T HUVEC 24 ~ 48 h )5,
Gy VT 24 H BT AR 2 08 T 40 i 1 S — 3% Ak e (]
3)o HLTF i SRR RO M I R R, 20 0
R, R A A=A (4 ~ 32 pmol - L) 5 5%
NaHCO; &I AL L3R, A E =R (R 2),

Tab 2. Apoptosis rate in HUVEC treated with arte-
sunate
Artesunate Apoptosis rate/ %
/pmol 17! 24 h 48 h
0 3.5£0.7 4.1+1.0
4 8.0£1.1°" 16.1+1.3""
8 8.4+£1.3"" 17.1£1.47"
16 25.3x4.27" 32.9+3.6""
32 31.5+4.6" " 56.9+6.5""

The apoptosis rate in HUVEC treated with artesunate was assessed
by flow cytometry. % £ s, n=3. ** P <0.01, compared with
solvent control(0 pmol+L~1) .

iodide-stained HUVEC treated with artesunate for 24
h. A: solvent control; B: artesunate (16 ‘umol'L'l).

NG M 25 R B R, 4 ~ 32 pmol - L™ 7
EBEREVE T HUVEC 24 ~ 48 h )&, 5 5%NaHCO; %
FXF PR LA, Gy WA L3 2, S A G/ M B 41 i
WD T HL 2 v B B R, VR IR [RDER S, 32 T
SHR 5 M IV 1Y), 4 PG B S T TR 1%k B 1 fin A
A PR B[] 8 S TR AR (2 3) 6
2.6 BEIEREXT HUVEC [Ca** 1; BIS00

FERAMBC S 525 T e [ Ca? 1, 5 1E 5 % IR
L, 45T 5%NaHCO; J5, [ Ca®* |, W B E R
(P>0.05), BIGEFHIXT[LCa* 1, W5 A 5 45 7
e BRI FEWR AR T 16 pmol - LB [ Ca?* ] WA
BEMEZER(P>0.05), W EE T 16 pmol - L™
[Ca®* |, WEFE (R 4), RIS HHIE
FgH R 16 pmol- L™ 'L LI, W] fff HUVEC [ Ca?* ],
T EMIIMETCES S FlllE [Ca® ], Toie
5T 5% NaHCO, 875 7 BEHE (4 ~ 32 pmol - L71),
[Ca®* | 0 W EM (P >0.05), RUILET
FEIRIE FR T BEEE X HUVEC [Ca®* 1, I%A %0,
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Tab 3. Distribution of cell cycle phases and proliferating index(PI) in HUVEC treated with artesunate

Artesunate Time Distribution of cell cycle/ % Pl
/pmol - L1 /h G, S G,/M /%
24 73.5+1.6 15.5£1.1 11.0+£1.0 26.5+1.6
4 76.0+1.1 17.7+1.9 6.3+1.1" 24.0x1.1
76.6+1.9 14.0+£1.3 9.4x1.2 23.4x1.9
16 76.7+2.0 13.5+1.5 9.8+£1.3 23.3+2.1
32 80.8+2.4" 10.6+2.0" 8.6x1.2" 19.2+2.47
0 48 73.2+1.7 18.3+1.4 8.5+1.2 26.8+1.7
83.7+2.3"" 9.7+2.0"" 6.6x£1.7 16.3+2.3""
86.2+2.2" " 8.9£2.1°" 4.9+1.47 13.8+2.2" "
16 91.1£2.7"" 49+1.6"" 4.0+1.3" 8.9+2.7""
32 94.3+2.5"" 2.1+1.0"" 3.6x1.1"" 5.7+2.5""

The distribution of cell cycle phases and PI ((S+GM)/(G +S+

G,M) x 100% )] in HUVEC treated with artesunate for 24 or 48 h were

assessed by flow cytometry. x +5, n=3. *P<0.05, ** P<0.01, compared with corresponding solvent control(0 pmol-L™!).

Tab 4. Intracellular free calcium concentration
([Ca** ];) of HUVEC treated with artesunate

Artesunate/ymol * L ™! [Ca?* ];/nmol-L~!
Normal control 11326
0 1147
4 1177
8 1177
16 335+ 19"~
32 350 28"~

Normal control: Hanks solution. x + s, n=8. “* P <0.01,

compared with normal control.

3 e

ASCE XS HUVEC PTE S22 SR, & AT &
BEWEAE A R BE, HUVEC B — 22 T4
SIS A, 02 M4 A2 (R 4 R A2 R 4 i 2
b AT/ IMATE A . 45 DNA HL UK B0 LR AR
KA, RUIEHIEIRGESA S HUVEC 1T, i
KANAE BT TR, BR 5 HERRTE 4 ~
32 pmol - L™ YR EVE FEIA S HUVEC T~ S MR AR
FIEF R . Horp, 32 pmol » L™ 195 18 3R A FH T
HUVEC 48 h, 81K ik 56.9% ., - H., 5 # 3R Ea 1
R FETE I e S - ) HUVEC #E A S I A/,
Go/M S, (20 M 45 BE AE. Gy 3, [ 2 B ok
PEFN B (B AR R P, 25 SR 3RO 7 8 R IR B A T
HUVECHYT S HAFI1/8% Gy/M 120 o o8 =, 30 1 1 20 g
) DNA & 18, N HUVEC 43245451

LR TR P S PR R A B B 3 HAR
R I PR . AL Z I T (5, it — R 5]
HIfE 51538, A Ca?* B4k, RO B A 340G , S 0 1
AR IE AT L 208 e A S B T, B
EI, Ca* R R AT R R E T, XS 5T
PATBT B Ca®+ 15 A i) B i D R A4 il R
calpain WX AR I IFSE) 5 Ca AR AZ 82 N Vi
PTG o 2T A5 P L R 200 P 5 it B [ Gt
THEI MR EZRE . — A, 4 5 it R A
feg e[ Ca?* | SR T IR A RE S i T, &
AT REPD 20 B IR T 5 P T B ek R AT EE [ Ca?Y ;i
P MR, 1 HAMF RS K i fE] (> 2 h)HY
ARSI R, 24 HUVEC Ab T & 853055 HH i, 16 pmol »
L' RS A T s A (> 3 h) B35 TR HU-
VEC 1 [ Ca2* ], 24 HUVEC 4t F JC45 35 55, 4 ~ 32
pmol + L™ 195 8 BE g X HUVEC ) [ Ca®* ], A R,
FHOHEWT T 5 B8R 5 12 HUVEC Y[ Ca®* ; s 54s
Thims FERIEFAMS NG, X 0T RE 2 7 H BE AR 1S S 40
HEPR T2 1) fik A2 PR 5 TRIsE AR 1) Ca?* B8 nT BES S5 4
TR T LS . X T & 3RS R T ey
TR | 1E SR 1 BE R B 2R3k DL A 5 7 S A IR L
HFER IEFEIR AT o

AR s BT 78 e B R4 s i A K Fn
FEARH T8 B B A A T 2E A A R 2 ik
A A B A R B 3 AT SRR A K R B 3
T — AR T M 13 P 4 A e R I A
AR B A R A I AR A R R R o R
TS RT I E B, 75 18 SRR AR R SR mT B 41 7]
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HUVEC H385 ST Ko/ VT IR e ] A 2
P RS AGE B PR BERSE R ER T32 Bl KA TG I 78 15 7R A 7
A A A RS ARBIFTEAE S ST, R
L BERE AT RSB ] HUVEC JEA S $1F1/5 G,/M
11, W0 21755 HUVEC T, 3 T B8 75 15 DRG0 il B
A I A ) EE LA
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Apoptosis of human umbilical vein endothelial cells induced by artesunate

WU Guo-Dong, ZHOU Hui-Jun”
( Department of Pharmacology and Toxicology , College of Pharmaceutical Science, Zhejiang University ,

Hangzhou

Abstract: AIM  To investigate if the antitumor
effect of artesunate is related to the induction of
apoptosis in endothelial cells. METHODS The
antiproliferation activities of artesunate were eval-
uated on human umbilical vein endothelial cells
(HUVEC) by means of MTT vital staining. The
induction of apoptosis was detected by acridine or-
ange/ethidium bromide dual staining as well as
DNA electrophoresis. The ratios of apoptosis in
HUVEC and distribution of cell cycle phases were
assessed by flow cytometry. The intracellular free
calcium concentration ([ Ca’* ];) of HUVEC was

assayed with fluorescence spectroscopic analysis.

310031, China)

RESULTS  Artesunate suppressed HUVEC pro-
liferation, induced apoptosis of HUVEC, changed
the distribution of cell cycle phases, and in-
creased [ Ca®* ] remarkably. CONCLUSION
Artesunate induces apotosis of HUVEC, which
may be associated with the increase of [ Ca>* ];.
Key words: artesunate; endothelium, vascular;

cells, cultured; apoptosis; calcium, cytosolic
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