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[FE] HM TS R P o AR T8 il il CHG-5 B U8T7 BELAT B it S 3 Ui R i 259, IF
WIS BRI e Ll . )5k ORA MTT 3:005E Lk i ZATAE WX 2 BRI I 4l i i 1C50, WA LA 20% 1C50 ¥k
R E RIS B STERXT CHG-S J UST [ LS B , M AP 075 28 HH T S 38 b SR o i (9 2 ) 5 i ik e e T g
AT AR YO B B @RR WA B X B LR IR S5 CHG-5 40 Ml i 4% 152 el 5 @R DU L P 348 SR8 GSH 7K -5
Gy A 4t A 48 At P8 T R A B R A A i O, 85 7 % (artemisinin, ART) (W& 75 # % (dihydroartemisinin,
DHA) .75 % 3215 (artesunate, AS) Xf CHG-5 [ 1C50 43514 : 1. 47 .0. 20.0. 29 mmol/L; X%} U87, 43514 1. 61.0. 25 .0. 46
mmol/L, L 20% IC50 3Ky B PPN 4525 M 5 A AS FT LAl 28 B 444k B4 )5 1) CHG-5 T UST 21 Jfa iy 14 4 .
H.0.06 mmol/L () AS Xt CHG-5 41 B3 etk R 1. 25 iR BE Y AS w] LUIBA eI CHG-5 AUl #5 . GSH 45
F2H] 0. 06 mmol/L AS ihFHZH 45 A kb BRLH 4B M PN GSH /K- R (P <0.05) , i 40 M A 45 5242 7% 0. 06 mmol/L AS 1] LAKH
WM T G, B, 8518 M3 Fh ART /A4 P ikt AS X CHG-5 40 i EL A5 il S 434 v D, ML a0 T 8 55 T 81 70 e
GSH 7KF B At SR ARA A T G, 4 %

(IR M B s 5 v 25 5 AT A 5 1C50 5 i H4
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Artesunate enhances radiosensitivity of human glioma cell line CHG-5 to B-ray

Dong Junging' , Zhao Yanyan', Yao Qi', Jiang Weiwei', Li Jun', Li Bin', Pang Xueli’, Zhou Hong' (' Department of
Pharmacology , College of Pharmacy, *Department of Oncology, Southwest Hospital, Third Military Medical University, Chongqing, 400038 ,
China)

[ Abstract ] Objective To investigate the cytotoxicity of 3 artemisinin derivatives, artemisinin
(ART), dihydroartemisinin (DHA) and artesunate ( AS) to 2 glioma cell lines CHG-5 and U87, to select a
compound which have radiosensitization on both cell lines when synergized with 3-ray. Methods Firstly, we
employed MTT assay to measure the ICy, of 2 cell lines to ART and its derivatives. When synergized with B-ray,
the radiosensitization of drugs with 20% ICs, and selected the optimal one were observed. Subsequently, sensi-
tivity enhancement ratio (SER) was determined by colony-forming assay. Scratch test was used to observe the
effect of objective drug on cell migration. Then, intracellular reduced GSH was measured. Finally, flow cytom-
etry was employed to assay the cell apoptosis and cell cycle distribution. Results For CHG-5, the ICj, of
ART, DHA and AS was 1.47, 0.20 and 0.29 mmol/L, respectively. Correspondingly, the 1Cy, for U87 was
1.61, 0.25 and 0.46 mmol/L, respectively. Only AS suppressed the proliferation of both cell lines under the
concentration of 20% 1C,, when combined with B-ray. Furthermore, the SER of 0. 06 mmol/L AS for CHG-5
was 1.25. Meanwhile, 0. 06 mmol/L. AS significantly inhibited the cell migration. Compared with medium
group, GSH production was reduced after the treatment of 0. 06 mmol/L AS (P <0.05). Flow cytometry indi-
cated that the cell cycle was arrested in G, phase after 0. 06 mmol/L AS treatment. Conclusion Our results
indicate that AS from the 3 artemisinin derivatives enhances the radiosensitivity of human glioma cell line CHG-
5 to B-ray, which may be associated with the decreased intracellular GSH and G, arrest.
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NP8 Jt 968 S Sk S0 o A A A g, RS H i
A1 2 M5 AT RUINSRIAY T, Qe K F A FARVIER |
BT AT 4 PR AR 1 A7 35 R e R
T R 49 5 Xk o8 940 R R I A S
O — A A, AR GE R w24 vh (A B0 o
e HRREE | o R IS ) — L — R A
R A K BT B R (artesunate, AS) X i J#
A AS49 BA B AR YR R
LA A A oA B0 T S 48 S o 5 T A IO A Y
ABFFAUMNTE H R L WA Y — AT &
R BRI R 1 ek AR S SR A B A B
S HBCICR I 2510, AT AR U R S S LR, LA
WA 8 R S AT A IR G A 7 AR I PRIA 7 I
JIRE B P AR A — i B S Bl

1 #R5FE

1.1 ##

LT Zffakk 3 ~5 fRMB B8 4 s bk CHG-5 K US7
SRR R VG T R e B A I 5 BT 8 R

1.1.2 k%] E5E% DMEM T Gibeo 2Nl ;10% 525 1L
T PAA 20 w] ; BEWE >% (MTT) iy T AMERISU 24 ] ; — B 3k
WEH(DMSO) T+ AR T R e 046 1T 5 #5152 (artemisinin,
ART) B3 T DR 7Y PH L 335 B L o 24 BR A ) 5 WU 6 &
(dihydroartemisinin, DHA ) #3371 i 2 JRAE 37 3 Bz LU il 25 A PR
L. AS MR B MR 25 A BR/AFl . ART 5 DHA
YT DMSO Bl sc s ir vk 8 . GSH i iat37) &, B B Al
W T ARSI th i o

1.2 Fi&k

1.2.1 ART.DHA AS %} CHG-5 J% US7 4l g 18 5t (1) 5% i
CHG-5 4R & 10% A4 1L iE i) DMEM 15 3%, F 37 C .
5% CO, MR FRAE P E AT AUEE 5% . BOWBUE K an e, 4%
1.0 x 10" /FL4ZR0 T 96 FLAYSSFRML , A3 FLIEFP 2N ML 180 wl,
FRAEREFLIMA 20 pl (R RIR (W ART FR ki, Ak 5 4>
AL, I LAAS i 25 1) B 4l 40 it 3% 5% 41 8 25 1 % BR 4 ( Medium
41) B A MR Ak S5 35 48 hy TARALINA 20 wl MTT 3% i
(5 mg/ml) , #5537 4 h, 5% L35, in DMSO ¥ f# f T 490 nm Ak
TEMRICRE D(490) o ARIEA A2 = [1 - D(490) 42541/
D(490) ] x 100% , 145 A4~ 45 2 W JE T 40 I i 1 i 2R, 45
HA 25U R Logit 315 10, .

1.2.2 HAHGHEEYIRTHRE S50 4 AU Axt
PR ( Medium ) | 75 #& % 4b B 41 (ART) | S 7 # & &b 20 41
(DHA) 58 3EBR AL 32 (AS) LA 20% 1Cs, [ 2 W B Ab 3 25
YL KA FRI A MR 24 h S 45 T SR Al S 4 BB A 4
6MeV 5Gy'?' B 554k (£ 2300C/D 7 EL 2 3% , 36 6 VARI-
AN AF])  Fid 24 h ZORRE SR PR 12,1,

1.2.3  AS ¥t CHG-5 41 i 4 v% TE il 1Y) 52 i) B 4bF xR

KA 4N e , 445 L 100,300,600 ,1200 ,2 400 4 800 4+, #4536
O3RN T AR 60 mm [ EEFRIL D, & A HRR Iy Xt
6 A FIML, F ML S ml, Horfr 3 AP LAY H b5 25 ¥ ik B2 o 20%
ICso , LR 5 73 50 3 A FIASINZY i b BB 2, 37 CH53%
24 h )5 TS SR R S e 52 6MeV (1 B HL T2 0.2 4
6.8.10 Gy MyfEHT, FAkZEdE 57 10 d, R s Rl 1 Ik, B
FERG , FEE IR, PBS PEVE I BE [ € 5 Giemsa YL (8 J5 11
B, 50 AL B E SO — AR OB TR0 , 40
HeLI BE SR (plating efficiency, PE) & 7 7% 3 (surviving fraction,
SF) AT

PE = X MR 2 4 V% 50/ 4 AR B 2L x 100%

SF = S5 4 A 74 K/ AN M b A 5 x PE

A5 Ly A B3 T AE N2 5 A I 25 PR R T 43 B AE 0.2 .4
6.8.10 Gy RS IL T AAI% 3, R H] SigmaPlot v 11. 1 iz H]
B 2R A TS =1 - (1 - e0) "BLA I A A7
MR, o S S AETG 4350, D s Ml 4 (Gy ) , Dy R 150
FEFIAE , n HAMESL, F11155 SER (sensitivity enhancement ratio,
HARLL) = ARy Rl 41 D, (B IR AT 4L D, .
1.2.4  Hirgh¥xt CHG-5 YT B3 R A4 i 2 e
HeFE N 2.0 x 10° /4L, R0 T 6 FLAR 3597 4 h FRIEREJS , in A
20% ICs, VR HARgitr. 8557 12 h )5, MR A Lk
MR EESEAR SR 0 — " AR, 4k R
12 h, 4252 6 MeV .5 Gy B L T4 B, 24 h J5 T8 & OL3
AT MEEI RS
1.2.5  EAR2590 6T 240 0 M P9 38 B 8 GSH 7K - 9 5 ) #
MECE R IR CHG-S 40 g, 4% 25 F 0T IR A (o sl dm S 4l L 45 24
4 IR AL IRAL (425 + 5 E) -4l (n =6) L 2.0 x 10° /L4
6 fLbi,3 AL 4% 1.2.5 B3Ry SR 5 Jr =04k FR 4
LIS, R AL A0, TH4, 1 000 v/min 8.0 5 min J5 /i3 %
BEFOK, UK TR B R A, RO, $ BRI IR &
HPRRIN A5 AL BRI GSH 7K,
1.2.6  BtrziPxs diffaga v KA fmsgm PR 1
2.5 HATAN T B AL IR, BERP AN 48h J5 2 k3G 7R, TR A
AL LB, 25 T5% VK SR R, RNA A 215 17 PT 3%
2, L AILAGHIN 200 B8 1A% 0 B S 30 43
1.3 &%itsxam

FrATHREBORILL & =5 IR, R SPSS 13. 0 #4740 1143
Bro HEANEZ®MEDEL 31K, 2 HZ W LBCRT « fih; £
HH 2 (8] LR T B R 2 7 229391 (one-way ANOVA)

2 HR

2.1 ART B 3474 43t CHG-S % UST ¢ fm i 45 JA
ART DHA | AS %} CHG-5 4 il I1C, {84351 4 : 1. 47 0. 20,
0.29 mmol/L; %} UST, 435>k 1.61 .0.25.0.46 mmol/L, ¥ 3
HE R LAY DHA X 2 A5 598 240 i 2L feik i 4
MuBEFEAMEIER , L IC, /e T TR LA A WX CHG-S (1)
A B3 FE A VR AR UST Y sE B (2 .
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2.2 fhik st CHG-S & UST B A # 43 #84 ART 47
X7

Xt CHG-5 401, 3 i 20% 1C, He B 5 5 2 K HAT A 4 Bk
A B AT (6MeV 5Gy) ,DHA K AS ¥ I 7Rt — 2 i U 8 5
YER (1) sTixt UST 4ifd, i 20% ICs, ¥k B 5 8 2 I HoAlr
YR B ST, AN AS Bon th— e MU aE R (B 2) .
P, ZE R 2250 3 v, AS W HE BARZ5 9. th T CHG-5 40 i X
2 L K 2 A A R R AR TR, T SR SRS
CHG-5 #fi 4156 S B9 240 o

1.0 n C +B

ab ab
Eo sy
TUART . DHA  AS
a: P<0.05,5 Medium 28}b%5 ;b P <0.05,5 254248
E 1 ART DHA AS Bt& 5Gy B 8tk /et CHG-5 dpapI#nHI1E R

0.8F

06F

D 490

04}

02}

Medium

(n=3, x%s)

1.0 - [ ] | +B

0.8 o
= 06
X
< i
o 04

0.2 -

0
Medium ART DHA

a: P<0.05,5 Medium ZB}6%5; b: P <0.05,5 2544 145
2 ART DHA AS Bt & 5Gy B &k /%t US7 dpa g &l4EF
(n=3, x%s)

2.3 AS B4 B S CHG-S 20t 48 5T s 00 % vh)

JA AS J5, CHG-5 41l itg i 47135 4344 (SF, ) B 79. 60% P& =
62.90% ,D, M 2.663 Gy [ % 2.136 Gy, ) MrrfziE e b i
LR LIRS AR BE s E B 5 (Dq) iy 1. 054 Gy /%] 0. 640 Gy,
ek RN X A%, Bt (SER) =1.25,
2.4 AS 3t CHG-5 28 L it pE 69 %5 &

AT AT L, AR GATAA] b B CHG-5 20 s B [ 47, 2 4R
T, AR ZE B S, TG4, Rl IR AL A i SRS i Ai i (18] 3A) 5
25 Gy B S IGTHAbHRY CHG-5 2L AT W] i ko , P 240 ff
BRI IRAL JC AR LT RS (1] 3B) ; CHG-5 4l AS(0. 06
mmol/ L) Kb # 5 ] 0 A AR R 0 — 2B s/ , R b th o D0 4
%, RIJREAL ) B 40 i 45t B SR s (R 3C) AR Z: AS
5 Gy B ST IRSTIR A AbHIS | A0 A i A | it | 1o 45 B0 42 B 2, 20
S U S0 0/, A 3 2 L 5 ik T 2, SR Ak 2 L JE S E A

Ja 92 el 4 i/ W A (141 3D)

[ C|L _d

A: Mediums; B: 5 GyB-ray; C: AS (0. 06 mmol/L); D: AS
(0.06 mmol/L) +5 Gy B-ray
B3 AELAEEAT CHG-S ARTEHIRES (LM x100)

2.5 AS B4 B HLEST CHG-S ffiefie Mk g & GSH /K
SRR
SE LR BALAl AS Kb 3B ZH B Medium 20 (a6 4 Zb FEZH ) L
P GSH 7K, i B-ray 4% Medium 20 ( 154 A FE2H) ff iy
GSH 7K, 1 Medium 2 5 AS + B-ray 41 2 [B] TG 1122 25 57
(El4),

3Sr
30 F ab
< 25
E;; 20
15 |
: 10 |
%)
S 5
0
Medium B-ray AS+B-ray

a; P<0.05,5 Medium 28}t35; b; P<0.05,5 AS 204 ¢: P<
0.05,5 B-ray £A1b4x
4 #HiE CHG-5 faHRERE GSH RiAKF

2.6 AS BEA- B &2 CHG-S 2o o8 = & B A B 5 H
#9%"R

PR T 45 B R Medium 2 5 & P8 TR EBAK, A (1.49 =
0.86) % ; AS \B-ray Jz AS + B-ray KL BHJ5 , A T30 51 0y (1. 40 +
1.33)% .(0.57 £0.29) % .(0.28 £0.06) % , 5 Medium 2175
225 (P >0.05) , L1478 AS | B-ray AS + B-ray b FEAR 224
I CHG-5 B PdT-(£3)

Xt T4 M JE 9, 7E G, 3, AS K AS + B-ray % Medium %
B-ray ZbFH S A MIE LIS £, SR AS B 4L G, HARH W ; 7E
G,/M ], B-ray J AS + B-ray % AS J Medium 40 i 5 44 £,
PR B TR G,/ M B s 4E S 1, Al 25, B S 40
% Medium 21 > B-ray 41 > AS 21 > AS + B-ray 41, MEHE
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KN EF AR G/ Gy (Go/ M SR AG AT B 25 58 5 AT
AW e A R A W] DNA S RE T B9 R/ MR (6 3) o

*3 HEAMRMMAPSHRATE [n=3, (3+5)%]

415 G1/Go S Gy/M TR
Medium 4] 74.09 £2.80  21.78 +2.03  4.14+1.47 1.49 +0.86
AS 4 83.52 +2.07%> 12.97 +2.22%> 3.52£0.58 1.40 £1.33
B-ray 4 73.67+2.35  16.59 £1.59* 9.73 £0.82% 0.57 +0.29
AS +B-ray 41 81.62 £0.31%>  9.34 +£0.23%P¢ 9,04 +0.31° 0.28 £0.06

a: P<0.05,%5 Medium £83b35; b: P<0.05,5 B-ray 14K
c: P<0.05,5 AS 4a1bik

3 i

£ L HAT Y B B T oE o i B R ) R
S, O TE T R R 9T O T IO T — BB 1 bt oYk
J 4 T Kim 45 % B DHA T LUSS 3 AR A 5 552 4 e
JEORE AR U373 Xy S £ i BUSE , B IR EE I Bk
HAOROVE FH R S R L, 0T BB — Fh A AT A B Y R
R

ARSI E SRl T ART \DHA | AS X 37 i 1) PO B
JiE IR A B 1) 40 B B AE . B4k DHA 3¢ AS LA W
I TG, fH MTT i 45 527 5 5 2 P40, AS Bk
G B WS T REVME 0 A M B B A . AN SIS = AR
VRIS RS T AS B B SR CHG-5 40 f ik
AL R SE G — 2 I AS X} CHG-5 41 Jif
HEFEA T A — & A HIEH

TR 2 IR0 40 s 7% ot AR 6 R BT A B R 1T
A8 75 e B R B UIAH G o X T 1 R N Mg
Y AL AN RIVE R, H B\ A a6 -5 0 ) 40 it 0 3
i 4 J& 25 1 -2 ( metalloproteinase-2 , MMP-2 ) fll#& & &
(integrin) A 5" (HIEA AS X T4E (4 bk CHG-5
WHEAZEIIHLH] , ¥ T ZIRABIPLH SEIRUESE .

KT B (A A S B LR, H T 2 AL (H
T 2 M B SR e DR EOR B TR T
YEHIRERI SR M b 2 1 0 F Lo i+, B W BH 2+
A i3 s . R HATEY—A
L [a] (R4 s SRR AR A — A & i A A s 2 A
TEMI N AR AL T &4 — R a Bk PO H B3,
e At — R AN A AL, e A4 R & T A Y
IR DL K 2 5 2 B BB DNA J2 26 1148 2
M ARSI R L b AS 14 Medium 4140 i S
437 OB T B EDTIE 73X 55, 1 2 B F RIS ML 1Y
oy — Ly B ARG R 0 ) DNA AR S, DT 1
kg2 40 Bt 4 BE T, B SR M SR T ik (fk) 9T IR,
GSH pli X R E W 3%, My GSH /K2
ML 20 S P AR A N7 SO AR B 36 A, - H. GSH 548 5
SN RIS AU 25 U1 A O, — 2 i 88 R 551) e 1 6

S FEUM N R GSH KT LA, i RS 5 4
P9 GSH 5 , 20 X 45 56 O T 52 8 T it 4o ™ o A
sz AS 4R P GSH /K E R, e s 5
16 52 2 L A S0 45 D)) 68 18 B AT, 22 17 2 2 LTSS 1
YEM .

BASE SR, MY 0. 06 mmol/L AS Zh3H | H
4l S5Gy B B RRGT L I — 38 Z (R A BR A AL BRAT R
FE I I 20 J R T, B X0 440 %) S S 4 VR T g
AR TR AR M A B . A SCHER i B R T
T, TC LI LU E AN AT, 4 RS At 2 AN 2358 1]
T T SR SRR R TR 2 Gy IR Y &
AU ARBIFFE R A R 45 R s, AS X4 G,
AR AEM, 53CHk[12,13 ] e i HEA —F, Shu
SO, Xk S B AR TR pS3 A A TR AN MK, B
G, WARH A 57 R i S UM D R T, X T S 1
3, Medium 2l > B-ray 2 > AS ZH > AS + B-ray 211
SGEILRM, A B ST AS Ab BRI S A S
S s, B RS AL IS X 4R i R 2H DNA /1Y
A A S I G, AT R 1 A L) 3 S R
AR B TR AR A 15 B G,/ M WHBH A , Ib4s R 5
Short" ™! 1 Holgersson“‘ﬂ WREEA—F, fT G,/M
(I RELA , B S s i AN B 53 4 BE T 2% o AS BRGIit
LACPRS , oG A A G, K2 G,/M [] i BEL ¥ ,
stk NS U At 2 I ek 2D, B 2% e A4 L 2 ]
B AT AET

S ARSI RETE N 3 R s R AT A Y b
AS Xf CHG-5 2 Jifd L A7 35 0 () T 5 185 BRI, LT g
(T BOPL A 2 AS 382k R I8 P A J5 A GSH K
S, DT T 240 B X S R A A 52, I8 248 i L
T G, W, 3] T 400 DNA & R (e, -5 9 40 ¢
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[EER]  ShlkeEml; Rk besh ik 22s

[hEES%(S] R543.5 [X#kiRE#] B

kel ik fI e T )z A F A 2R BT RKFAR KA
VBN S AR T R B PR R ek
W00 3 ik i s B T A S ) RS P A R, ST R e R
AR IR Y, B A 2000 4E E A R AT SR
Rl Ik 2 JII 14 000 43461, (A 545 BH 2E A 38 i ) 2 s it
USRI K A I RRE KA, BHER0.01% , AR BECIA R 3l
Jok 28 il R R Eoke RS k™ TR R 2 ), RS R

1 IERZER

Wl 1 R 75 B R iR 62 kg, RIHZEZS A RS
PERR R AE SRR F AT L E SRRV R AR . B A UF TG s L
s 5, AZ il NBP 150/80 mmHg, .0 # 78/min, /£ T 1§
Sp0, 96% , Allen I 55 [ , 17720408 50 ik 2 40l = ABP 180/
86 mmHg, KM T4 T 5 KE 0.1 mg AKFLIKAER 10 mg, J3 Al
P 5 mg AT B E, HE 25 KJE 0. 3png/ (kg » min) , 57 75 B}
3 mg/ (kg - h) FFERALYEHFRIT . FRIF4R 20 min B8R K&
I SpO, FUME T IE 2% , BLit ABP 150/70 mmHg, #i#F SpO, #
L SR R, WA AT R TR B ng & 58, il BLR Bt
F s B IEEE , 3 BPE s kI R 7 48 43 2 RIEA 1%
FlZ R 3L 100 mg, I/ #8, [F B R A 47 F KSR 15K DL

[EEEE] BEMH, i (010)66775506, E-mail; wew0025@ sina. com

(100091 Jbat, ff i 4256

309 EEBERRIERL)

FH . S min J5, BH T HEBUABETELL, SpO, iR 100% , JIE
F, BE IR K S KRR A #0810 min 5
1R R4 L AR . BT 3 d, B3 AT AR R
RIF, RJE 10 d Z4 B,

W 2 B, ot 70 B (R hE 60 kg, [RIZMEBE #IF
BIRRGPER T S22 TIra IR R VIR AR, BEA
FARE B EIRIR B, 1L E 80/50 mmHg, >3 122/min, Jik4# ifi
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min) SEPRH 3 ml/ (kg - h) A, ARHIEE B IS ABP |
110/55 mmHg &8 F&AK , KA 78/35 mmHg #AR] 43 2 YK F#E
ZHMEL 5 mg, Pk B A 500 ml, o R B E 120758
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