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5 min & L, I PBS ¥R 17K, 300 H JE R 08 , 590 2B
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Fig. 3 Flow cytometry figures of HelLa cells after drug treatment by PI staining

Il 82



R 57.2016,34(24) f&
kL .

%1 %%Vﬁﬁﬁ]ﬁHeLagﬂiH@Eﬁﬂﬁ#ﬁ(F& fis) FPW E/J&{d:ﬁ?PWzlx%%ujqﬂﬁﬁ;qmﬁﬁ,ﬁzﬁﬁ TﬁE%LL
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F245 1 T FLoPW . FPW . PW I 5-FU 1F H HeLa 21 Jif 72
h J& Annexin V-FITC/PI U4 it = 40 ke I 45 58 . sk 2 i
L TS ARG ) (PW BRAM) VE S HeLa 40 & A= 98 1T,
Hif S TG EUF 4 FLaPW>FPW>5-FU>PW, 51659
B E PRI Y —% . 5 5-FU I, FPW 2524 5 e T
YA AN (P<0.01) s i — 2B 5 ARG L0 R 5, &
FLnPW i 1F 5 28 B4 Ak 22l /b | W I8 7 4t ff ot 0 204
Jin(P<0.001) , BAHA 5 #1702 ¥ RE AL 7F HeLa 20 i %2 A 4
T, P FEuPW %55 HeLa M0 T-76 Mt 5 o LK HeLa 4l
TR B AT WL, FLnPW 2549 5-FU FifG L oo R e &)
BT R R R HEOCEER i PWAE B F, TIE S
JHT M

R2 e AR HeLa WA TR (n=3, x +5)
Table 2 Apoptosis of HelLa cells after treatment
with drugs (n=3, x +5)

215 EW/%  BHETI% GEET/% W%

FLaPW  10.42+3.43™ 28.49+4.39" 60.20£4.36™" 0.89+0.06
FCePW  10.61£2.30™ 36.79+0.65 51.57+£2.25" 1.0320.17
FNdPW  15.00+0.76"" 34.90+2.24 58.79+2.976™ 1.17+0.06"
FSmPW™  8.73+0.47"" 26.93+2.55" 60.80+£3.08™" 3.53+0.42"
FEuPW™  3.57+0.42"" 31.00+2.02 64.13£2.78" 1.30£0.20"
FPW 33.57#49" 39.70+3.56" 25.83+4.12  0.88+0.08
5-FU 40.30+2.15 32.87+1.43 26.42+0.69  0.41+0.05
PW 79.96£1.73" 6.69+0.79"" 8.03x0.60"" 30.00+0.67""
AEHIERK 88.93+1.46™° 3.7320.217"  6.83+0.76™  0.50+0.05

2.4 Caspase 3 FEMHETL

2 e ZUR 25 11 i Caspase 3 2208 T b R rh A9 G B B
M, IEH A Caspase 3 LA IRIE XAFALE, 76 12 R 40 pl 24
AL, TR T (5 TG B b R EEAE ™, AL
FNAPW F1 5-FU R ], i 5% T 259 /E H1 24 .48 R 72 h 5 Cas-
pase 3AIXTIEPEARAL , 45 A0 5 B .

ME S AL UL, 725 0 4E FH 24 48 F1172 h )5, FNAPW Al 5—
FU 4 Caspase 3 FH X176 1 247 Bl 5 4 FH BsJ 1) 228 < 177 328 3 4
AR K AR LY, 5-FU/EHIJS HeLa 4fiffl Caspase 3 AHX i
PR T 1,45 72 h 25 .3 (P<0.05) , FNAPW /EF 24 .48
#172 hJ5 Caspase 3 AHRF TGP 2 15, 7E 72 h ]S, Cas-
pase 3 AN IEPE (R K (P<0.001) .

F3G T FLoPW  FPW . 5-FU 1 PW 1/ 72 h )5 , Cas-
pase 3 AHXT VG PEARALAG DL . MZR 3 A UL, FLnPW \FPW Fil 5—
FU Y g 18 55 HeLa 41 il Caspase 3 #HX%F 16 P£ , i PW X Cas-
pase 3G PETCHI BN . LB WBLE Caspase 3 16 PEAY SR 55
JIF K FLnPW>FPW>5-FUSPW , 51k & 4 1 47 Ji 22 3% P
5 U8 T SR 55— B, FRKIE B T SCHER[26] 1 S8 .
5 5-FUM L, FLaPW Fl1 FPW £ Caspase 3 FXT % P4 it
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Fig. 5 Caspase 3 relative activity of HelLa cells after
treatment with FNdPW and 5-FU

xR3 Z5WERA 72 hjg Caspase 3y OD {& K 8%t
EMEKXRN(N=3, % £s)
Table 3 OD values and relative activities of Caspase 3
after drug treatment for 72 h (n=3, x +s)

(et ODfY A i
FLaPW 0.166+0.013 1.75+0.21
FCePW 0.18120.014 1.99+0.22"
FNdPW 0.18120.011 1.98+0.17"
FSmPW 0.170+0.013 1.80+0.19
FEuPW 0.188+0.016 2.10£0.26"
FPW 0.157+0.015 1.60+0.24
5-FU 0.149+0.012 1.48+0.18
PW 0.125+0.010 1.10£0.15°
AR 0.11920.011 1.00+0.18"

i, Hoh FCePW . FNAPW Hl FEuPW 41 22 5% i 2 (P<0.01) , 5
Y45 RFH | 5—FU K A 0 RAEARBE T B b i £ 42 I8
SERER IS Caspase 3B HP & 5 E A .

£4 @ AR ER LI ML 78 L5 20 Z4F B 05 8, I AR
AT NDITEZ BB T B2 AM 0 R AP T
B REAL B, J A3 — KA L5 3 3 0 £ 4 8 SR A A
Wy, TS PR i . Hrp, X R 2 AR ER PM-8 1)
ViR LR ST B IR A . B 1988 4E L) K |, Yamase Z5 5 )5
$2 1 PM-8 B i i) S Ak A S B RN SR T B ™ A
PM-8 Z BB T [Mo, 0. TEHUIR TR E , 5 5 8 BT IR
S LR P JEU IV BHLRTZRRT A HE (5 356 , ) ATP 2 1,
DI Caspase 35 T-5 545156, F LR AT, 5
PM-8 2511}, Keggin Z5 44 1 B B T-[PW .04t AE & £F B T
OB PR, A iR A I S AR 2 5, P IEIT &
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B, PW X} HeLa (8 HepG—2) 2 g & B8 ) A8 AR A e e 5 1k
X HelLa 21 i i 20 JEL A 08 T2 L) ]2 Caspase 3 1 1434 TG HA
R, EEm AT H A SR HeLa 0 iIRFE . HUARIE
2451 5—FE. IR W I BE TR 40 DNA B e 40 i BEL T S 39
AT BE L P S8 507 s 50 26t 5 o8 A g A it
TSR AR A, UL, 7E & 5-FU F6 £ PW Eh g,
PW B RAE N EHARZE 5] A S-FU Flfs + 0%, 1 5-FU 3
VA R G 2R 38 e FH i 20 B R S RN 5 R R o sl ek P R4
& 55 POMs FOL IR 3 4 | TR s 28 55 S—-FU AP A - I 3
o HEM PRI L & P A3 B0 HeLa 204 Caspase 38T
PRI HeLa QM & A T B £OC AR L 72540 22
Aoy MG 0 R (La 8 Eu) FIE MG 0K (Gd ) Lu, Y),
FLACHR TR AR 25 0 T-AE ) SF A0 o 3R 2 ) P A
PR ARSI SR AT AE 3 5 | ARG 00 R IR 22 TR
e 58 F LI (Gd, Dy, Eo) iAW, 40k -
TCETE POMs 7L Y bi g o A v iV FIPLEE

3 #Hig

WFSE T 5 530K W5 W s L W FR R AT AR ) FLnPW
(Ln=La.Ce Nd.Sm.Eu) %} HeLa 2 )t J& ] A1 8 7= B 5200, 45
JERH 5 Ak G W RE (T HeLa 20 M FN 20 BAZ ™ A= W 8 JH 102
A, HeLa 4 A0 4 90 44 it ) I BEL A AP T8 4, BAL B
B ST MK T FPW 5-FU FIPW., T2 1 Caspase 3
TR R, FLoPW £ FH i HeLa 411 il Caspase 3 16 4 il 3%
R SRS SRR, 55U PR M E L A A T 3R 2 e
Je R R DG, HE DU AL 5 W0 T BB T HeLa 4 1) Caspase
3P T,
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Abstract
attention. In this paper, the bioactivities of a series of rare earth substituted phosphotungstic acids containing S5—fluorouracil,
Ko(CsHiFN,0,),La(PW1105) « 18H,0, Ko(Ci:HiFN,0,),Ce(PW11050), « 23H,0, Ko CiHiFNL0,).Nd(PW1,030), + 25H,0, Ko(CaHFN,0,).Sm(PW1,05), -
11H,0 and KoH(CiHFN,O2)Eu(PW,,05), « 11H.0O (abbr. FLnPW, Ln=La, Ce, Nd, Sm, Eu) on Hela cell are investigated. 5—fluorouracil
(abbr. 5-FU) is used as positive control, and phosphotungstate containing 5—fluroracil K;C;H:FN,O(PW;,03) + 7H,O (abbr. FPW) and

As a kind of inorganic metal-oxide cluster compound, polyoxometalates” potential antitumor activities have gained much

phosphotungstic acid H;PW 0,0 (abbr. PW) are also tested. Morphological analysis shows that typical characteristics of apoptosis appear
after treatment with the above compounds (besides PW), and nuclear chromatin is highly concentrated and marginalized. Flow cytometry
indicates that S phase cell cycle arrest is induced by compounds (besides PW), whose FPW shows higher S—phase arrest activity than 5-
FU, and that the FCePW, FNdPW and FEuPW groups show S phase and G./M phase arrests simultaneously. Flow cytometry also shows that
all compounds except PW induce apoptosis in Hela cells, and that the apoptosis—inducing activity order is FLnPW>FPW>5-FU. Caspase 3
detection shows that caspase 3 activity of HeLa cell is enhanced after treatment with compounds, and the caspase 3 activity order is
FLnPW>FPW>5- FU, where the FCePW and FEuPW groups show significant higher activities. These results show that the above
compounds containing 5—-FU group possess cell cycle arrest activity, apoptosis—inducing activity and caspase 3 inducing activity, while PW
could only cause cell death because of acidity. It is suggested that 5-FU group and rare earth elements play most important roles in the
antitumor activity, and FLnPW could inhibit cell proliferation by inducing cell cycle arrest, activating the caspase 3—dependent apoptosis
pathway.

Keywords polyoxometalates; 5—fluororacil; antitumor; apoptosis; cell cycle arrest
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