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The biochemical activity of cepharanthine and the possible mechanism by
which it reverses the resistance to doxorubicin in P388 leukemia cells were ex-
amined in vitro. The microfluorometric analysis of the cellular level of doxo-
rubicin in drug-resistant cells showed that cepharanthine markedly enhanced
the sensitivity of doxorubicin against resistant cells in the cellular level. Cepha-
ranthine also enhanced the inhibitory effect of doxorunbicin on the incorpora-
tion of thymidine into DNA in resistant cells. The analysis of DNA histogram
obtained by flow cytometry showed that doxorubicin exerted its growth-inhi-
bitory effect by blocking the cell cycle at the G, phase in P388 cells. At higher
concentrations, doxorubicin prolonged the S phase and inhibited cell cycle pro-
gression to the G,/M phase in cells. The treatment with cepharanthine potenti-
ated these blocking effects induced by doxorubicin in cells. It seems that the
modifications of the biological effect of doxorubicin by cepharanthine are due
to the change of their ability to induce DNA damage in cells.

Keywords——cepharanthine; doxorubicin; P388 leukemia cells; drug-
resistant cell; cell cycle; DNA damage
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HEINTERD, HEH L OMFHBEECHER b ch T 5.

BICEEDY L, €7 5V FUNRFF Y AEY VYO YHREL, FFY LE vy oRMEE
AaZELLSED, ZoWEEFER LD - EA2ME L, KBTI, F* Ve y VMM
Wb w7 > FVvOlEREEY 7 e -1 » 4 b ) — RO BEBEBOEH A5 4 Argus 100
WX BT L.

£ B O #

£ ¥ FEy ey BRI VA LKL, ¥ 7 » 5 vF v (Fig. 1) b4 E x b
e X . 2 b D33 phosphate buffured-saline (PBS) IC¥E#ED B\ MEXAHIR L T in vitro O
FEC e

EMRE  SEBRERLCFF Y e Y VR

ik P388 (P388/S) ik LA BT - o, CHs

JCRB fif-<v 7 (RE) XHAFLf. K= HsCN A N~-CH
v e o Vit P388 (P388/DOX) Ml ek H H
75 AN THDERED VY LYy LB o

X, A CEBECBTIR®TH 30 Fo CHsO

2 S XS, Fig. 1. Chemical Structure of Cepharanthine

BEHE P388/S K o* P388/DOX fHfaIL
109 45, 5x107° M 2-mercaptoethanol, 100 units/ml penicillin fz0* 100 pg/ml streptomycin
&1y RPMI 1640 (Hezelton) ¥58WIC T, REEW A A vV F o N — X — R CIFHHEER L.

IMRRETE &R ERORIE  MIREEL Y > b2 v ORET o — TR, SX10* fi/ml o
MifEBTA X — P LTz, &7 > 7 v vidEfiias 24 RO 48 ReHIFFEEm S i, PRV
ey v LT T L REMREA e 0b, filld PBS i GROER U T 24 RO
48 BEfEIEEE L. ok, FOBRIEET » I v F L FE VY AE Y VIRMD 5 ARncEMmiacin
Zte. BHIRAER I EEBES & A trypan blue dye exclusion 212 L b e L.

AR ARIN L R T Lo Argus 100 (& B R34R N VoL E v v ORI 31 5 1 O JIE
i, MR E PRy e v v Eogsh 2 B, 37°C, CO, f vF L N—K—) KX oT, FFVY
LE T VAR D A E R A A U5 S RS (Nikon DIAPHOT TDM, TMDEF2) % fi\ T
Tote. KEF v I HOLORIFIE T 1+ V& — (450—490 nm) TP RABRE, S v A& T
EAIBHL, MErOET2EHEBRINT 4 L x— (590nm) & X DR HEY, BREE» 2 7
XTI ht, Zhic X v BbhcEBYBEREITEE (ERA =272 ARGUS 100) ©
avtr—nNF e A FERLC—EFMEY L0 F o2 MBECERL, 207 —4%K
B, Ny 275y v FRELFIWCENBEYRR L.

DNA &5  Milgicki) 2 DNA G50 *H-thymidine OffifaH~DOR Y AL TRE L. &
DI AT AV F—7 (1pCi/ml) Ll (1x10° {E/ml) & 8EE L0, Efilay PBS TEO
&L, RThY 7 e efifg (TCA) iz, WikLCTREEYE ORSEELZREY v F v —
Yavhyvr—THRELL.

7a~—H4 bA MY —[C&PD DNA X M/ FLO8BH Y LERIeEigsy PBS ©
2 EREOEE L, BWEE TR WERKRICT, ThZhoRMEREE, EilfasiiL, PBS € 2
[E15%. 0¥ L C, propidium iodide (Cycle TEST, BECTON DICKINSON) iz & » DNA Zuff
Lich D&% 7e—44 + 2 Y — (FACScan, BECTON DICKINSON) #F\~C, DNA v & +
75 AERE. Toks, E#EIVE L LT chicken erythrocyte (DNA QC, BECTON DICKINSON)
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AER L. e s LT 488nm #H\y, 588 nm TWIEEBEIE L.
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HREAD E+JLEL L OH T

ey ey v BEechsb~v A P388 M
fa (P388/S) BN K%V L fithho = 7 &
P388 #ujig (P388/DOX) AT, 7 » 5 v
F v 15 pEMRCERI Y, OB FFY
WEY VY RIMZT2EMA vELX—F LD
DIEDOWTIR D ALRBEHPE L. FFy e
YL S pglml Ve, 3 RTEFRIC A B
5 & 51, P388/S fifia-cix Mifao RO EIC
L &L HFEEL T ey, P388/DOX filfa Tl
N Y ey AR O RIIRC S A bR
7o, ¥ 7, P38E/DOX fifgic s\ Tt 7 » 5 v
FUEHFB LSS Y Fy e Y v oilla
WADILD AL BEDOH K% bt (Fig. 2).

DNA &8

P388/S K¢ P388/DOX fHfaic kit % *H-
thymidine O Mg A EL YA R X b fifa D
DNA HlRADEEEZ KRG L.

Fig. 3 R+ X 51, F+vrevvom
ARHE M CIEFE LLET LA, P
Vv v (0.1—0.5 pg/ml, 2 ke R fR) 1
X % *H-thymidine o gt~ DEL D A& [H
EDOETIE, 7 -7 vF v (1pg/ml) onH
X O WETBHEAZRL, HCEEE <<
WDz, TOEBRFFY LYY v *H-thy-
midine DE Y ALAEFICEHL T, 7 55V
FURFFYAEY Y DORRY RS 5D L%
DI, ok, ERICHAVWEEEOxY -5 v
5~ v L, *H-thymidine DB b A L 1T B2 2803
I BRI o T,

70— PAM)—=[CEDI DNA X }Y
T LD

P388/S F.vx P388/DOX e o> il e & i e
THE7 s VFVOHFEE T m—F A A}
V- HWTHRE L, FoRE% Fig. 4 RO
Table 1 IZ/R L7, 27 » 5 v v 24 Efd
DAz i P388/S, P388/DOX Hifa L 4
G/MiaeER SR, LEHBETIRG,
HAOBITIAMEI IR TE Y, Mldo#ETEE

Fig. 2. Microfluorometric Analysis of the Cel-
lular Level of Doxorubicin (DOX) of DOX-
Sensitive P388 (P388/S) or -Resistant P388
(P388/DOX) Cells

P388/S cells were exposed to DOX (5 pg/
ml, A) for 2h. P388/DOX cells were expos-
ed to DOX (5 pg/ml, B) in the presence or
absence of cepharanthine (0.2 (C), 1 (D) and
5 (E) pg/ml) for 2 h.
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Fig. 3. Effect of Cepharathine on DNA Synthesis Inhibition of DOX in P388/S and P383/
DOX Cells

Cells (1< 10 cells) were exposed to 0.1—0.5 ug/ml DOX in the presence (M) or absence
(00) of cepharanthine (1 #g/ml) for 2h at 37°C and cells were labeled for 1h with
3H-thymidine (1 pCi/ml).

TabLg 1. Effect of Cepharanthine on the Cell Cycle Phase Distribution of
P388/S and P388/DOX Celis

Cepharanthine » P388/S cells P388/DOX cells -
(pg/ml) G, S G:/M G, S G:/M
24h 0 54.3 37.8 7.9 57.1 36.4 6.5
1 50.5 41.1 8.4 51.8 35.2 12.9
2 47.3 43.4 4.4 52.3 35.4 12.3
5 47.3 40.2 12.6 35.8 52.9 11.2
10 39.0 46.9 14.1 33.1 53.9 13.0

48h 0 55.5 35.8 8.7 56.0 38.7 5.3
1 41.9 51.1 7.0 36.1 59.3 4.6
2 38.1 48.2 13.7 33.2 62.2 4.5
5 35.7 36.9 27.4 25.9 45.5 28.6
10 70.3

27.5 58.8 13.7 19.6 10.1

Cells were exposed to cepharanthine for 24 or 48 h at 37°C.

Wmﬁﬁbghﬁ.K%,%@@ﬁm4gﬁﬁﬁfﬁ<&5hq5%Mﬂ@h77§y%7%%M
7854, P388/DOX ik e <1 S WoERE G, oM aiBdre., F/z, 10 pg/ml OEEE

DNA <=z — VX3 s A EERVPED BRI - 7.

Kic, Vv LE s v P38YS M e 1 ReRIEEALE, MlnA RO LS L, S5
W, 24, 48 BERHEE LT m—F A b A } U — 1T X b DNA FIO LB & BRI g L.

24 SR P388/S fifii> DNA v A b+ 75 A% pH Licé, Fd vy (0.2—2 pg/ml)
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Fig. 4. Cepharanthine-Induced DNA Damage in P388/S and P388/DOX Cells

Cells were exposed to cepharanchine for 24-—48 h. Changes in cell progression were
analyzed with a flow cytometer (FACScan). A, F, control; B, G, cepharanthine 1 pg/ml;
C, H, cepharanthine 2 pg/ml; D, I, cepharanthine 5 pg/ml; E, J, cepharanthine 10 pg/ml.

b G AL, Go/M oo
PR Hivts (Fig. 5, Tabie II).

—J7, WU 24 FefEfgrc P388/DOX fifla T
WERFYAMEY VLo TRELFEEILALR Culture  pp. o

TasLE II. Cell Cycle Phase Distribution of
P388/8 Cells after Treatment with DOX

~ DOX (pg/ml)

F, WEEFUDNA e Ak 75 aiz—vyg PO 0 02 05 1 2
AL (Fig. 6). 3, 75775y L0f e G 55.0 44.8 45.8 40.3 38.2
e Ny LS o s g R e Yl T . 1 3. . . . 8.
AT, ¥Ry ey iR (2 pg/ml) | S 41.9 48.9 45.9 50.9 45.4
AL G HinEd L Go/M Hio 1% G/M 3.2 6.4 83 88 16.5
Wt (Table HI). cooz tickbh, FFya 48h
vy v ofilaEEEIc T A B L Te T 5 Gt 51.4 32.7 16.7 13.7 —
S 42.5 58.0 58.6 58.5 —

SVFVINEETL I LN BT o .
Tods, 48 FFREIRER Lc a1y, &I P+ S— P—
o gy } 3 e e cells were treated wit or .

i/l/ e EEREER L éfi{“’ S ﬁ‘}j@f@ Flow cytometry was performed immediately
Tk, &5 MR O ETE ILVER 2 A after incubation in fresh medium for 24 or 48 h.

G:/M 6.0 19.3 24.8 27.8 —
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TW5%., ZOWMBMHEE, 2vATe—1DL 5
CHB RS OB LAY FEA S h
HE, TOWEOFHARICKFELTETL, Y
VIREORFIA y Fv 7 &, EERELET
T 5. EHECIAREN 2 v AT e —LDE
FEODI > TR, Lokl LTo
BREIIEFE ML 0 L& 7o T 3.

Y7 > I VFVIEa VAT e —LLEREL LS
IR BN A ST S 2 1M % & o0, 1210 7 Hoiuinssinin |
DR AE BT T VAT 5 — AL e o 0 o 500
Bt Tu B EES BTG, IEHSE 0 4T Relative fluorescence
FRFILE B IR AR CUE 2o e D — 1 AR S LT Lo Fig. 5. DNA Histograms of P388 Cells Treated

with DOX
iz AR
T, BRREWHE (membrane perturber) & I3 For DNA damage studies, cell cultures

80

Number of cells

corr.
s

80

80

nAH5L0UL, OB LS FERHLSD were exposed to DOX for 1h, rinsed with
TEOXEMEY ETF XD (BB o (R5E), cold phosphate buffered saline, and incubat-
. = ed in drug-free medium for 24—48h. A, F,
fhDEREERE 2 FHE T 5. control; B, G, DOX 0.2 pg/ml; C, H, DOX
T G N CHAMNEE & BB ETEEE s & 7 5 B 0.5 pg/ml; D, I, DOX 1 pg/ml; E, J, DOX 2
B IEEDE > A 7 & Argus 100 13, 7 = — 1 pg/ml.

bA Y =IO TSRO BILE T &
HEWCAEESIMIEFERTAZ ENTESLC &b, MM b ORIBICH 3 2 MBS O i
e BIL B BT 5 2 LR TH 5.

CDYAT AR IV EA ORFIDOEY v S B BE, F3V ey vy oRTREECITERS
MM TR 2RI A0 U ie s, Tt Cu e P o o it A ie <, S E g
RELTO 20088 Sh, BRIEMEE MEMETRFE Y Ly v PHRICERNEE IR
fo. ZD X 57 P388/DOX Mg kT 5 FE Y Ay vofifalr <AoETIX, 7 -5 v
VICL hEl ot

FE v ey oRMBEROEEREF & LTk, DNA & A1 X 5 BEES R OFEZE M
ExbhTwb, 2 K DNA GO M FE Ay v BT A v —h L—v a2 v L,
DNA o (template) & L CToOHEER %8, DNA {£#MD DNA Kt RNA &4 HES
5T &hb, class I @ anthracycline /I T\ 5.1 KV A€y Vit Foflic, DNA-
RA v 27—+l complex ZLELTHZ EICL D DNA-+ 4 Vv 25— Il FHEL,™ 2 A
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Fig. 6. DNA Histograms of P388/DOX Cells Treated with DOX Combined with Cepha-
ranthine

For DNA damage studies, cell cultures were exposed to drugs for 1h, rinsed with

cold phosphate buffered saline, and incubated in drug-free medium for 24—48h. A,

control; B, DOX 0.2 gg/ml; C, DOX 0.5 pg/ml; D, DOX 1 pg/ml; E, DOX 2 pg/ml; F,

cepharanthine 1 pg/ml; G, DOX 0.2 pg/ml plus cepharanthine 1 pg/ml; H, DOX 0.5 pg/

ml plus cepharanthine 1 pg/ml; I, DOX 1 pg/ml plus cepharanthine 1 xg/ml; J, DOX 2
pg/ml plus cepharanthine 1 pg/ml.

TasLe III.  Cell Cycle Phase Distribution of P388/DOX Cells after Treatment with DOX
Alone, or Combined with Cepharanthine

DOX (pg/ml)

Treatment Phase
0 0.2 0.5 1 2

24h
Control Gy 53.7 53.8 54.8 54.8 52.7
S 39.5 39.0 40.7 38.3. 39.3
Gy/M 6.9 7.3 4.5 7.3 8.0
Cepharanthine G, 52.9 56.0 54.4 46.5 39.1
(1 pg/ml) S 39.8 37.8 39.3 39.5 31.6
G:/M 7.3 6.3 6.3 14.0 29.3

48 h
Control G, 55.9 56.9 53.2 50.0 54.9
S 37.0 37.7 41.5 44.7 35.6
Gy/M 7.2 5.4 5.3 5.2 9.5
Cepharanthine G, 54.6 52.3 43.3 41.7 12.2
(1 pg/ml) S 36.5 39.8 34.7 38.3 48.5
G:/M 8.9 8.4 22.0 20.0 39.3

P388/DOX cells were treated with DOX for 1h in the presence or absence of cepharanthine (1 pg/
ml). Flow cytometry was performed immediately after incubation in fresh medium for 24 or 48 h.
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H DNA obixits Lich, H5VIIEHBRLEBEIBE LY E U i) T 5.

P388/DOX i i+ % *H-thymidine DL H IAZEERRIC I T, FF Y Ay v DR D AKLE
EVERT S MM L REg D 5 Toy, 27 > 5 Vv F U RHAT AL LD FE Y AE Y Vv ORE
EVERPBRE A L HBEDI, Tz EE, FEYLE Yy vy DNA SREECH T 7 » 5 v
FVOHBIRETBELCS., CDLIE, ©7 5 F v OFHOMRERE LTk, JEiik
WO FFY ey vBENRERT S Loy DNA SROEE D bt o &k X S B%
LTwabiotBbhs,

Fd v ey v ofifaEiEc RIsTERREr, G, #i7 e, 29080 ThHY, BEL BT
A S FIDEITIE L, S D MR E IR F R AR L, MBI A & 703 &2
BRTWA., Z7e—H%A A Y — 2k % P388/DOX #ifard DNA v A+ 75 ADHHHb, F
FVACYVIRIE G 7 vy, 213407 »FvF VLo T BRI, G/M HEROBEAYS]
SR L. fods, FRYAEYVYOEBHETIREQICEZHOB ML, S B b
PRI S AOBTEE AR L, chbick D HIEMEA $ 7= Licd o L% 2 5. P388/DOX #fac
WD 7 >V vl 2ok, FEryvareyvyo G, 7 e, 7oMKICERE L
bDERbNIS.

SR AN CLl 2 o M B v bk B P s oo 2 MBI L, ThaiE vy S ofEE
LT BHbAREEOFNRE L MBAD SPH T 5 Z 08300 - T&Ee. vy 2RI X
LMD SEEP20 PR v R 2 BT A LR LB D Evbh. 7 » 5 vs v OFER
bAIREIE D P-pE & v o2 s DRBERBEIC L B b D EHEZ BR TV 5.

KRMTOZ MBI, BIMPTD 0 BIZLEDOFF Y AL E Y VitlhRe7 » v+ VIZLED 6
SOVEHEIND LS w7 » 53 v FVvOERYHIT AL 0T, TofEAE#KCEL R, 4
I DI BB TH 5.
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