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Abstract . A lot of novel chemotherapeutic agents have been developed recently,
improving the management of urogenital carcinomas. However, effective chemotherapy
has not yet been established for advanced renal cell carcinoma and hormone relapsing
prostate carcinoma. Most of the chemotherapeutic agents target DNA in tumor cells;
therefore, the new agents functioning in different mechanisms to inhibit tumor cell growth
are expected for the treatment of these carcinomas.

Rhodamine 123 (Rh), a red fluorescent dye, has the property to acummulate more and be
retained longer in the mitochondria of malignant transformed cells than in those of normal
cells.

In this study, the suppressive effect of Rh on the growth of cultured prostate carcinoma
cells (PC-3 and LNCaP) was examined in vitro and in vivo.

Rh suppressed the growth of PC-3 and LNCaP cells significantly. The accumulation and
retention of Rh in PC-3 cells was demonstrated both in vitro and in PC-3 tumor cells
implanted in nude mice. Methylglyoxal Bis(guanylhydrazone) (MGBG) and 2-deoxy-D-
glucose (2 DG) suppressed the growth of PC-3 and LNCaP cells when each was administer-
ed in combination with Rh ; namely, these agents seem to modulate the suppressing effect
of Rh on the growth of tumor cells.

These results indicate that Rh has the potential to be an anticancer agent against prostate
carcinomas.

Index Terms

rhodamine 123, cell growth, human prostate carcinoma cells, 2-deoxy-D-glucose, methyl-
glyoxal bis (guanylhydrazone)
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Rhodamine 123 o fiZHEFEIEI%IR % in vitro, invivo
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BERIAEFTH 5 2-deoxy-D-glucose(2 DG), * X
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glyoxalBis(guanylhydrazone) (MGBG) ® #f F %) & %
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Rhodamine 123 [Methyl O-(6-amino-3’imino- 3 H-
xanthen-9-yl) benzonate monohydrochloride, %F&
380.83, Sigma Chemical Co., ST. Louis, U.S. A.J(A
T Rh &5, ERM: CHBMCHE L icBhel R 511
nm DFREHIEEFETHB. DMSO THME L e, £H
AWK CRAEEE 10 mg/ml KFHFHR L LT @R
BL, FRACH> CTEEAEKTHERRL, HHEK
Hin L 7= (Fig. 1.

2-deoxy-D-glucose (FIXEAZE, 5#R) (LLF 2DG & B
UL, b a v F Y T OMEREER T, BFTRE
L, BRI S - TEBEREK RIS EE PR EN
50, 500 pg/mlicie 5 & 5 ICHR LEERWR RN L.

Methylglyoxal Bis(guanylhydrazone) (MGBG),
(Aldrich Chemi. Co, MI. U.S.ADiXx s b2 v FY 73
HARRTHEY 7 3 vEREER©, DMSO T 10 mg/ml
CHIR LISTTHRE LER IS d e » THEBREK CHRER
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bank, HR)ZH\ 7.

B L, PC-3121% 7 % fetal bovine serum(FBS)
WwWMmMF12K %, LNCaP i 1210 % FBS % n
RPMI 1640k BABEE [ICN #, +—=2+F V7], X
BOE W, Th ZhifEER 7 7 2 2(Corning.
25100, HWWT, B F T, 37C, 5% CO,0&ETIC
MEfRBEE L S5 BIRIC I thTh~=>) v GEHH
# EHO100 unit/ml, LA bV 7+ <4 > v (BATREL
3, HWFO100 pg/ml &0 % 7. invitro BT, KA
LUK ERIml %% L % Falcon ® 35 mm
petridish 1o 1X10° A% BAE L, 24 RRIM I BABREH]
BRI L 7. GRDNE% 24 B CRBREEFIERIN O BEEI 1T
T, ThUBROREERTHRIERKT ¥ TTbitn
ofe. REREEFIAMEL 3, 7, 9HE®K0.01% EDTA
Bn0.25 % trypsin B CHIB R R — L L, trypan
blue %W & BRI L T, LM Y MEREH BB CHEEET
ZEL 7.

QERE

b b RINZARE B SRES MR A B 3 5 Eh 13 8 JEH,
% 20g ® BALB/c AnNCrji-nu#tE X — F = 2
(BARF v =R ) A=, BF)IDEHA, BE7 -2
5IFoAN, X—F<=v 2HREEYHHcERER
7z,
@#fifa % X OFEMRA Rh BERIE ST &

Rh oififa s X OHEEPBRERE XEREE 7 = < b
75 7 4 —#(High performance liquid chromatogra-
phy : HPLO CHIE Lic. BER LA & vaiZH#in 7 sk
TSK-Gel. ODS 80 TMCH# ¥ — &, K50 %, WHEIX
60 % HPLCH =% 7 =A%\, » 7 »{EE 35T,

flow rate 1.2 ml/min 4T, WIEHH2EEFES-8000,
WY — &, RRORMH LT, Bl 511 nm, 3EH
£ 575 nm THIE L. PIB I » TEERK L L Rh
W % FA\~ T retention time ¥RE L, &y v I

HN 0 “NHe
cr

COLHs

Fig. 1. The chemical structure of rhodamine 123.
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Ml DR HEIE LS (A T8 0 oz i, SIS o 7e v t-BE i T T
W, PEZY0.05 UF0B6E, R L Lic. &R 0EERE
= —F=v2DER4EFRIL Kaplan-Meier #12 T
F 7o £ DBE I 1L Generalized Wilcoxon test 12 TfT -
7o,

EBRFE L HER
I. Rh OEEAIAAN TODH LIBEICRIT 3 1%5T
KR T — 1 MREEMETT X H g

J5#  PC-3 % Falcon ® 35 mm petoridish i2 A #17z
N A= 5 A R 1 x 100k 2367 U, 24 BRSB R
Rh¥EEA 5 ug/ml 27 % X 512 Rh B 100 x] W0
L, 24 WefEi%A5, Rh SRR L, Zo 1§
fHlf 4 X O° 72 IRp e B v B G BRI < MR P o BEE % 181
=Lk,

B D Rh % 24 BERIVR N L 72 PC-3 1k Rh ¥ ks 2%
WA Ut 1 IR < UM B P Rh o 8 3 B

(A) PC-3 for 1 hour

Plate 1. Fluorescence micrographs.
Cells(PC-3) were stained with Rh(5ug/ml) for 24 hours,
washed and kept in dye-free medium for 1 hour(A) and for 3
days(B).
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A, T2 KBS RRERE ORISR I b,
ﬁimi PC-3 DMIfAENICRD 55, BERICERED bR
7ehs otz (Plate 1.

FEA T —2: HPLC @ X % Mifary Rh EEE oz

FEk T PC-3 1x10°Mifas B L, 4 A ICHRE Rh
B 2.5 pg/mlicis s X 512 Rh 3% 100 pl % 24 Ky
MIRONES, MIRINESEWICATH L, HR, 6K, 24
RffEIEE, 72 RERRBRIC T h T B A0 &, 4
A KT 3 mIL B L, trypsin THllfE &
HEH — Lo ALER 2 FT -, BRI % B U AR A BE
Lc. [ER L 7 Ml 2 2588 7K 2 ml i L ¢, KT
EYax— ML, 10 5HEROSEEL, TOFER 1 ml %
ATV b =30CEEEY — &, )% MW7z 3500
rpm, 6 FFfE 0 OIGEE CTBREA L, 1§ b hicfidbo 5
+ 200 1 % HPLC ¥ T Rh & 2 E L. Sz 1
X 105 Ic B L CERE LY. 7k, 7 m= b2/ 54k
THEYyr v 7LrDORho v — 27 0, EHES v 7o
time & [@—ALTH D Z & OWERRIZIL com-
puter analyzer(CP-8000, HEEY — &, HROZMHHL
T, WEE — 27 DN 21T\ RhEE 2 JIE Lo
(Fig. 2).

FEH D Rh2.5 ug/ml % 24 BefE¥Rin S B H o PC
-3 1x 10°MfarP o Rh #E 13 12.2 uM <, 6 B
(3 7.90 £ M(64.8 %), 24 Kl <12 7.10 uM(58.2 %)

retention

(B) PC-3 for 3 days
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WL, RPEHBEBETIBRERAMUTECETL L
(Table 1).

L Eo#ER2S, Rhite b iizEyEMEaPC-3)Hic
24 BEEREBE D 58.2 BT 5 AR E Nk,

II. Rhdb bRIARESEMROEIE~DORE & k5t
43 in vitro EE&

Rh OFIEE 7x b ORI B 5 FHER %
T\, PC-3, LNCaP & b i fifu#BiE 24 Fefd] CHIFERNIC
BT 52, ZORED Rh O¥RINA 6 BRI TIE, T
fa L BT 233D b ie b o foted,
DEBRICKT S Rh ORINEERI 24 BRI E LTERY
Tote.
EEAII—1:
e

J5# 1 PC-3, LNCaP % #hFh 1 x 10°HIf#%E LA
24 BRI ICES BRI Rh 2% L 7. %N L7c Rh 8K
FAEE L D100l & —F L L, ROBEKEEO,
1.0, 2.5, 5.0 38 X V10 pg/ml T8 % & 5 A% L U8
FEWIHRIN L7c. Rh % 24 BERVRIN S B Acth1T, 5B
% Rh fERINBSEW TR L CHZEL, Rhikin&g 1A,

Rh BEARINC X % MR HEIEEHhic o

"

3H, 7H, 9B BfifagrBEE L.

R I PC-3 13\ ho Rh OEE I8\~ T 5 RE
LB L CHREEAAECEKE L THHE S R 10
pg/ml BEFE TGN 9 B B % cHIREIEA L.
1~5ug/ml BEFT1L 3 B ¥ THRIRFE X v MR
I X A EE DR bR, Pk s ofifak e E
STIHBEETEB L. 3HBTR5.0ug/mlLlE
DFET, WREE L B L CAEE O MREIEIHIZ R (P <
0.05) A% bhi. Fi7H, 9HETIERhL.0xg/ml
U EDFRToOBET, SBRFELE LB L R OMIaEE
%I (P<0.05) 234 B 7= (Fig. 3).

LNCaP iz 2\ Tix PC-3 & RfFic\ 5D Rh 0§
B\ T bR REE & il U O S A BTk L
THIHI S fte. 5 ug/ml D ko 5FECIMREUIEL
L, 1~2.5 ug/ml 58T BEE L 0 T Aa8EE 1 m
HXNDHOOWHEEEAN 9 HEE AL, i
X9 HBIX7T BB L LT, NBHAER< TXC
OHTHEET AEAAL LN TH,9HETRIL.0
pg/mlELEDTRCOBTRBRE L LB L TEEOM
RasEREInH (P <0.05) 5324 & iz (Fig. 4).

Table 1. Intracellular concentration of Rh(zM/10¢ cells) after

exposure for 24hours

Time after exposure to Rh for 24hours

Cell Pre-exposure 0Oh 6h 24h 72h

PC-3 N. D. 12.2 7.90 7.10 N. D.
[MV] 5.74 (standard) [MV] (sample)
80.0 - LR 80.0
60.0 60.0 7

5.73
40.0 40.0 1 Rh
20.0 1 20.0 1
2.95
2.90 8.41
O-O-F’__FA—’I_jl T T T | 0.0 T T T T 160 T |
mmg 100 mmel 1o

Fig. 2. Determination of Rh by HPLC.
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L EofER»D, RhiTARKENC e b EIZEER
SERIR D HIE R T T 5 & E BB b AT IR o fe. E T,
Rh iz X % M Fa 58 oo #1136 2 B 43 % EH Ok
Rh B CI3 Bl RN EE C©H 5 2.5 ug/ml 23HE) &
#Zxbh, LD Rh icx3 % chemical modulation ®
Bk 0BESY Ao,

KEAII—2:. RhoMRHEEMHE IS X3 2DG,
MGBG »& ,

F: : 2DG BBz o\\T PC-3, LNCaP o\ h
ZdFhnFh 1 x 105IREE L 24 BRI RKRE
0, 50, 500 xg/mlicis5 & 51 2DG &K % 100 ¢15n
%, X HiC 24 B, WHENESEK lml 5B L,
2DGYRIN1H, 30, 7H, 9HBoMEKEEEL
fo. F7c 2 DG WRINEERIE % 24 BRISBLEL BB ¥
TREGR ST A BERIER L C, A 2DG MK 1A,
3H, 7H, 9 HE oMK YEEL .

MGBG D&z o\~ CHIREEE 24 R IR B E
7230, 1.0, 2.5, 5.0, 10 ug/ml 1272 % & 512 MGBG %
W 100 pl iz, 24 BRI EARINBSRIKICTHEL,
MGBG ¥ 1 H, 3H, 7H, 9 B HoMaEKL»EEL
7e.

2DG DHAZREIZ o WCRh 2.5 ug/ml & 2DG D
BB A 24 BEROF FHVRINES, WHRINESERIRICZTHL, [
B MfasEE o W CRE Lie. &5 Rh2.5 ug/ml

1x10°
[0
2
=]
L
£
©
o 4 N,
o 1x10°1 ]
4
k)
2
1x10 e————e Rh0.0ug/ml

o— — — —@ Rh 1.0 xg/ml
@ Rh2.5 pg/ml
@ Rh5.0 xg/ml
_______ @ Rh10.0 xg/ml

1 3 5 7 9
Days after exposure to drug

Fig. 3. Effect of Rh on PC-3 cell growth.
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& 2DG DAREE % 24 B O RIRIE, - £P|E D 2DG
TInES B A, 9 H B ¥ Rk L, kR Rhiking

‘1H, 3H, 7H, 9 HEOMEKEXEEL .

MGBG DBt &R I>\ T Rh 2.5 ug/ml & MGBG
DEBE % 24 BRHFATRINGS, ERINESER AR LA
By BE L.

WE . PC-3TiE, 2DG50, 500 xg/ml E¥h(24 s
ED#, 2DG50 wg/ml B 5 Gk o) B iC 8\ TR 1
H, 38, 7H, 9 HB%®URRE & i L C i
DIMENTE S 78 h 5 Fe. 2 DG 500 weg/ml Bk Gibkise) 7
T3 H,7H,9HEB CHIEHL LKL CERRAGE®
<0.05) % 7= (Fig. 5). #* 7z, LNCaP%2DG 50,

.500 pg/ml BH(24 REREDH, 2DG 50, 500 pg/ml Bijh

Rk TR 1 36\~ ORI FRRE & HUil U B S 0 3 13 7
o e (Fig. 6).

MGBG 1.0, 2.5, 5.0, 10.0 ug/ml B3 (24 REREDH
i3, BEEERIfRTe < PC-3, LNCaP & iz % D a1
#HXhigh -7 (Fig. 7, Fig. 8).

Rh 2.5 ug/ml(24 B +2 DG 50 g/ ml(24 BRI HF
Fi%E, Rh2.5ug/ml24 BEfE) +2 DG 500 g /ml(24 K
) B BRI 3\~ T, PC-3, LNCaP #ifa & & i SRERSEH]
IR 1 HE XD 9HHEZBU CRh BHMFE L B L C
BEFEIEIZD R 1 b T h - 7o (Fig. 9, Fig. 10).

Rh 2.5 ug/ml(24 B[ +2 DG 50 xg / mlGik &%) Bt F

o 1x10°7
3
3
°
@
©
o
o 1x10*1
S
5
kS
e
1%10 ®e———e Rh0.0 ug/ml
- — — —@ Rh 1.0 ug/ml
@ ---- 9 Rh2.5 ug/ml
- - Rh 5.0 ug/ml
o —— —@ Rh10.0 xg/ml

1 3 5 7 9
Days after exposure to drug

Fig. 4. Effect of Rh on LNCaP cell growth.
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BT, PC-3, LNCaP b eimin% 3 HE XV 9HE
%M U C, RhBEMIRINEE & i U CHEaEmHlic iz
LN THAREYRD I o 7. Rh2.5 ug/ml(24 K
) 42 DG 500 wg/mlGiik#e) B B < 1%, PC-3 TN
3H,7H, 9 HE%®BU, Rh ByRmes & ik L CifE
MR OHENERD T, FELIHO<0.05) %R D0
%R AR L (Fig. 11). LNCaP T 3 H B e
Ko %RD, TH, 9 BBEIIR<HEINT %%, Rh
BPhYRONEE & Ll U CRB o MEIRHR (P <0.05) 2B
BEE%RZ R L1 (Fig. 12).

1x106J
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8
® 1x10° 7
O
o
]
2
1x10* e——e 2DG0.0 ug/ml
®— — — —@ 2DG 50 xg/mi(24h)
PR @ 2DG 500 zg/mi(24h)
[ — @ 2DG 50 xg/ml(9days)
*———— @ 2DG 500 xg/ml(9days)
1 3 5 7 9
Days after exposure to drug
Fig. 5. Effect of 2DG on PC-3 cell growth.
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S
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1x10 ®&——e@ MGBGO.0 ug/ml
®— — — —@ MGBG 1.0 ug/mi(24h)
®---------@ MGBG 2.5 xg/mi(24h)
P @ MGBG 5.0 xg/mi(24h)
o ———— o MGBG10.0 g/ml(24h)

1 3 5 7 9
Days after exposure to drug

Fig. 7. Effect of MGBG on PC-3 cell growth.
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Rh 2.5 g/ ml(24 B &)+ MGBG 1 pg/ml(24 B i)
BtF®E, Rh2.5ug/ml(24 K5 +MGBG 10 pg/ml(24
D PRI B\, PC-3 ¢ Rh B¥fE & i L ¢,
MGBG1ug/ml CIZHIHI 1L % & hicds o 2,
MGBG 10 ug/ml TEEEOIHEI(P<0.05) 2% b h,
BtA%E &2 FED - (Fig. 13). %7, LNCaP Tz MGBG
DHFREIRIZRD b ish - 7 (Fig. 14).

. & hENIBRERRR OIS ERPOEE 7 —H—I2DW
<

o 1x10°1
3
5
o
@
©
o
o 1x10°
[&]
et
kS v .
- // //
§ /
1x10* 1 /" &——@ 2DG 0.0 yg/ml
® - —@ 2DG 50 ug/mi(24h)
®----@ 2DG 500 ;2g/ml(24h)
o9 2DG 50 1g/mi(9days)
o-——e@ 2DG 500 1g/ml(9days)
1 3 5 7 9
Days after exposure to drug
'Fig. 6. Effect of 2DG on LNCaP cell growth.
o 1x10°1
3
=]
o
3
©
o
o 1x10°1
[&]
5
G
2
1x10° 1 e @ MGBGO.0 ug/ml
®— — — —@ MGBG 1.0 g/ml(24h)
PR - MGBG 2.5 ;.g/ml(24h)
P @ MGBG 5.0 xg/mi(24h)
o ® MGBG10.0 ;2g/mi(24h)

1 3 5 7 9
Days after exposure to drug

Fig. 8. Effect of MGBG on LNCap cell growth.
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JEE T EERI—1, 21k}5, Rh2.5 5.0xg/ml
B (24 RFRDEE, 2 DG 50, 500 pg/ml B ke ) B s X
O'Rh 2.5 ug/mlQ4 B +2DG 50, 500 g/ mlGik
50 Bf P BE D £ B M@ o LNCaP 85#E ¥+ D Pros-
tatic specific antigen(PA)%~<=—3% v b M-PA %\
CEEEEEET, Prostatic acid phosphatase(PAP) %
PAP 8% Fi\VC RIA 2 FiEB CRIE L 7. 7ok, PC
-3 EEEWHOEE < —» —RHE LR, PC-3 T
PA 85X O'PAP oW b 23D TEMETH b, SEI
LNCaP o&xxxig & L.

1x10° 1
o
3
5
o
R%)
3
1x10°
@
(&)
o
5
s
1x10* 1
o——eo Rh2.5 ug/ml
®-----@ Rh 2.5 £ g/ml + 2DG 50 xg/mi(24h)
@@ Rh 2.5 g/ml + 2DG500 xg/ml(24h)

1 3 5 7 9
Days after exposure to drug

Fig. 9. Effect of Rh plus 2DG on PC-3 cell growth.

1x10 ° 1
o
E
=
O
8
3
5|
© 1x10 _
(&)
o
B
2
1x10* 1
o——e Rh 2.5 ug/ml
o -----@ Rh 2.5 2g/ml + 2DG 50 xg/ml(9days)
[ — @ Rh 2.5 pg/ml + 2DG500 1 g/ml(9days)

T T T T T T T T T T

1 3 5 7 9
Days after exposure to drug

Fig. 11. Effect of Rh plus 2DG on PC-3 cell
growth.
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#EHR  LNCaP 5% rh o PAP JIEEE, Rh2.5ug
/ml B34 BEDFE T, XHREE & R L Rh g
3 HE®PAP %, XBE230.7 ug/ml TH- DI
L 0.5 ug/ml BT & Ml 50723, 7 B B LR PAP
B cww ERL, 9 HBRENBD 1.3 pg/ml ik L,
1.2 ug/ml L BEBEOMEIIRD bhich 7. Rh5.0
pg/ml B¥h (24 BRI C1k, PAPEOZEENL 2.5 ng/
ml OBE & A CTREREN I EFPRED b, 9HE
T% PAP{EO0.7 ug/ml & REED 1.3 ug/ml & Mg

CLCEERR L. %7 PAHIOWT S AEOLH 2

—
>
4
o
K

1x10°-

No. of LNCaP cells/culture

e eRh25ugml
o @R 2.5 yg/ml + 2DG 50 g/mi(24h)
@@ Rh 2.5 ug/ml + 2DG500 «g/ml(24h)

1 3 5 7 9
Days after exposure to drug

Fig. 10. Effect of Rh plus 2DG on LNCaP cell
growth.

1x10° 1

1x10°

No. of LNCaP cells/culture

e—e Rh25ug/ml
®----@ Rh2.5ug/mi+2DG 50 pg/mliQdays;

9days

@ @ Rh 2.5 xg/ml+2DG500 xg/ml

1 3 5 7 9
Days after exposure to drug

Fig. 12. Effect of Rh plus 2DG on LNCaP cell
growth.
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Ao b, Rhb5.0ug/ml B4 REDED 9 B H T

SHRREET 15.0 wg/ml 16 L 2.8 ug/ml & {EfE%R L.

2 DG B (RSB 1) 5 PA, PAPEOEB)IZE
B AR Foat FRAE & Heisr U <2 ke < #IfIEER D B v i ds
o teh, Rh2.5 pg/ml+2 DG 50 ug/ml B FREECiL, Rh
B & HE U C PAP{EIZ9 HE T 0.8 ug/ml &%
BERRL, FERENED bhich, PAEIZIHET
14.0 pg/ml EBHABRIBD O hish o7, Rh2.5ug
/ml+2 DG 500 pg/ml O FA¥RANEE T3, PAP B3 Rh 3
PEFE KL C 7 HET0.7 ug/ml L BETH » 7,

9 HETO0.5ug/ml UFciifl &h, HHRAMREEDL.

PAEX7HEEC1.5ug/mUTEEMBTIHETD
9.3 ug/ml L FLAIED LIS S DOHAENED
btz (Table 2).

1x10° 1
()
3
5
2
0
8
o 1x10%
s}
o
s
g
1x10° 1
®&——————e Rh2.5 ug/ml
o— — — —@ Rh2.5 g/mHMGBG 0.0 pg/ml -
PO @ Rh2.5 ;g/mi+MGBG 1.0 xg/ml(24h)
[ S— -@ Rh2.5 .g/ml+MGBG10.0  g/ml(24h)
1 38 5 7 9

Days after exposure to drug

Fig. 13. Effect of Rh plus MGBG on PC-3 cell

=4

V. & bRIIEBREMRROEIEINHIC RIZT Rh DEEIC
B89 5 in vivo B

FHERELT, FE20g DX —F~ v 2 16 Lk
L, trypsin #L¥E L 7z PC-3, LNCaP &% # % 2 x 10°
#82/0.5 ml/PS% 26 G B PR I\ CE R I
TEBMEL, TORMBHEEEN L. ToBR, PC-3 1k
16 PorR 14 PusE35 L, —75 LNCaP 1% 16 Purb 2 Puic 3%
LicORTH ot LRI b, LD in vivo &
1% PC-3 & iV CER &1 - 1. _
KBRV-1: e bEZBEEMREE~Y RcBT3
Rh RSB T % 85

FHtE PC-3%BMLA 100 HEDEER — F~v x
3D ERENIZ26G EAE I TRAEK 0.5ml % 10
mg/kg BEERIRE T 10 ng/ml HEDE L L, 6 R,
24 FEREES, 72 RERIER I 1 BT OB LSS A I L

o 1x10°1

3

E

o

@

3

(8]

o 1x10°

[&)

5

5

g

1x10* 1
&———e Rh2.5 ug/ml
- — — —@ Rh2.5 £ gml+MGBG 0.0 xg/ml
PO @ Rh2.5 ;g/m+MGBG 1.0 g/ml(24h)
@ ® Rh2.5 4g/mi+MGBG10.0 pg/ml(24h)
1 3 5 7 9

Days after exposure to drug
Fig. 14. Effect of Rh plus MGBG on LNCaP cell

growth. growth.
Table 2. Changes of PAP and PA in Culture Medium of LNCaP
PAP(ng/ml) PA(ng/ml)

Treatment

Day 1 Day 3 Day 7 Day 9 Day 1 Day 3 Day 7 Day 9
Control <0.5 0.7 0.8 1.3 1.7 <1.5 5.0 15.0
+Rh2.5ug <0.5 <0.5 0.5 1.2 1.8 <1.5 <1.5 16.0
+Rh5.0ug <0.5 <0.5 0.5 0.7 2.0 <1.5 <1.5 2.8
+2-DG50ug 0.5 <0.5 0.6 1.7 1.6 <1.5 6.0 34.0
+2-DG500ug 0.6 0.7 0.5 1.8 1.5 <1.5 6.3 46.0
+Rh2.54g+2-DG50ug 0.6 <0.5 <0.5 0.8 <1.5 <1.5 <1.5 14.0
+Rh2.54g+2-DG500ug 0.5 0.5 0.7 <0.5 <1.5 <1.5 <l.5 9.3




Rhodamine 123 ® &  ERETIZ BRI ORETE BT & W T 2158

fo. BIALE & U-CHIBAPI Rh EE 0 RIE & FAE S &8
% 150~300 mg BRI LI 2 ml 1o TR ThE D o
2—1r1, Th%&5123500rpm T 10 HRBEOL, *
OEEIml 2y v I ré L. REAALEE LTY Vb
5y 1+ =30 RHEA L, 3500 rpm 6 BRI OIGE L,
F0 200 1] #E 0 HPLC e X b, A RhRE
HRITE L 721919,

&R Rh(10 mg/ke) RIS 542, 6 RefHlB: D MR
Rh R, Bc s\ TR ER 8.35, 7.05 xM/kg &
BEZRL, X\ TLE, NERZThEh 4.45, 4.08 uM

Table 3. Tissue Rh concentration(zM / kg)
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/kg L&y te. EEPI Rh#EE3 3. 10 «M/kg T,
M7 & & AEDEETH - 7. Rh##h 24 B T
I, &, BEEARCKTBEOZIRDSRT, i

6 R D WEME & Lg% L, BT2.38, 2.46 % T

HBHOERL, BEBETEIT%EEL, BELKTS
Rh DR WIEEIARENT. 0TI 2.60x 107!
uM/kg LBDOfER L BB L CEEBETHY, 66
FHED 5.8 %A\ L. 72 BB IO, M, B3
B RLUT L7 ) i, BCTRBERRLE DD,
BB TORMME L EELTIXLU TR L

after

intraperitoneal administration of Rh(10mg/kg)
in PC-3 implanted nude mice

Concentration of Rh (zM/kg)

Hours after injection

24h(%)*

72h(%)*

“Tissue

6h
Liver 8.35
Kidney 7.05
Heart 4.45
Lung 2.80
Spleen 2.29
Intestine 4.08
Testis 2.58
Blood 3.19
Tumor 3.10

1.99%10-(2.38)
1.74X1071(2.46)
2.60%10-(5.80)
1.14X1071(4.07)
5.50X 1072(2.40)
6.00X 1072(1.47)
6.25%1072(2.42)
3.90x1072(1.22)
1.20%X107(3.87)

7.80x1072(0.93)
4.10%1072(0.58)
N. D.
1.60%x10-20.57)
N. D.
2.90%1072(0.58)
N. D.
1.50%1072(0.47)
3.10Xx1072(1.00)

Volume
(mm?)
1x10*+
1x10°
1x10°
/iy ®—e control (n=4)
,,,;L e —@ Rhx 3 (n=4)
®---® Rh x5 (n=4)
A @@ 2DGx10 (n=3)
C |
f T T J
30 40 50 days

Fig. 15. PC-3 tumor growth curves in nude mice
(BALB/C) receiving intraperitoneal
injections of Rh (5mg/kg, 3 or 5 times) or
2DG (500mg/kg, 10 times) every 2 days
started 1 day after implantation.

* : Rh conc/Rh conc after 6h

Volume
(mm?)
1x10* 1
1x10° 1
1x10%
/| ®—®@Rhx3 (n=4)
_’{‘ ®---®Rhx 3+2DGx 10 (n=5)
| T

30 40 50 days

Fig. 16. PC-3 tumor growth curves in nude mice
(BALB/C) receiving intraperitoneal
injections of Rh (5mg/kg, 3 times) or Rh
+2DG (500mg/kg, 10 times) every 2 days
started 1 day after implantation.
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(Table 3).
ERV—-2: Rhov hFZEREEEMRROHEHCR

¥ in vivo iK1 B RS

J7Ek © Herr et al.® OB HIBEIC 1T % RBRRHET
THE20g DR — F<v 2302 x 10%k/0.5ml/
o PC-3 % FBHEL, ¥H XY Rh5mg/kg/day %
W H i 3 % fo 0% 5 EEREA#E S L, 2DG 13500 mg/
kg/day #fRBIC 10 EEEAR S L. ¥ icRko#s

Volume
(mm?)

1x10* 1

1x10° 1

1x102 1

(n=4)

®@—® FRhx5
®--® Rhx5+20Gx 10 (n=5)

36 4(I) ) 56 days

Fig. 17. PC-3 tumor growth curves in nude mice
(BALB/C) receiving intraperitoneal
injections of Rh (bmg/kg, 5 times) or Rh
+2DG (500mg/kg, 10 times) every 2 days
started 1 days after implantation.

"

A4y P a =T Rh5mg/kg #5 & 2DG 500 mg/kg #
SRR LTI - 7. £BEOBWEIL Rh, 2DG L
SRR 6 (N 2 LIEAES), Rhx 3EIHGHE (5 (A
1 EdE42), Rhx 5 B#G#E | 4 l(£pI43%5), 2DG #
LR 5u(N2EIEARE), Rhx 3E#E S +2DG Ot
B 5 m(efI4E), Rhxb EES+2DG HHHEEE 5T
(EBIEE) Z R iz 2B s\ 50 B 2 CTBHEEB O
B, BRvE2EMEL, BHAELKEL CohE
R, TOEBEREICOVTHRA L. T, £BD
BhM I BAERS 100 B ¥ CRIEL, ToEFITOWTERE
L.

W2 SEPEV Rh, 2DG 0B EETIER - F=y
AZIZEREECTHEE 2 TR T AMRREE SR
Do T,

BHEEENEE L - V=V RD0LREREELTH
BREFOBMBEOMRE RS L, BB HETHR
P, Rhx3[EIEEE, Rhx5EHEERO PC-3 BHEES
bi’ch’c’h-_‘lzijﬁl 3.7x10°mm?, 1.7 x 10®°mm?, 8.1 x 102
mm*CH -7, 40 B Bt FhFh 8.9 x 10°mm?, 3.7
x10°mm?, 2.6 x 10°mm®& /¢ b, X550 A BTk 2.3
x 10*mm?, 1.6 x 10*‘mm?, 9.6 x 10°mm?® & Rh #5812
SRERERE & M L CIEB A0 S <, S 5ic RhX3 EH
LB L RhX5 E#ESB Y T 5 Lt CBEERE T
EHINEL Tno T, 40 B BT RhX3 BB R
BB L CEBHEEOERE IR EP <0.05) 2%
bt 2DG BEMEER I, BE 35 HE cEEERE
23%HBRE & HlE L C 1.5 X 10°mm® & 2R /8 2 v F2 2% 40

survival rat
(%) 1001
____________ RhX5times(5mg/kg)+2DG(500mg/kg)
— — — — RhX3times(5mg/kg)
50
........ - -+ 2DG(500mg/kg)
RhX5times(5mg/kg)

"~ RhX3times(5mg/kg)+2DG(500mg/kg)

control

// 0 5 60 70

80 90 100 (days)

Fig. 18. Effects of Rh and 2DG on survival rates of PC-3 implanted

nude mice.
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HH, 50 BB TZERLBhxh - (Fig. 15)

BtRBEOREEY R 5 &, Rhx3 E+2 DG A%, Rh
X5 E+2 DG PR OBEEE OHIEIE, WFh B
BRIz 3\ C Rh B 55 & 2 oA ICIIZE T
Zbhish - (Fig. 16, Fig. 17)

PC-3 DBIEHED X — F <=7 ADEFROWTHRB L
50 EEE CRWTIROBIEEWTHRTRAD b
Mot WMBE AT, PC-3BM&ES51HE, 57H
H, 66 HBcZhZh 1 EFETL, 90 BRI T XTIE
L. Zhicwl, RaoxX3E#HER4LCI1R83 HAK
1E3ET L bhdt, %% 3T EEEtd 5 100 AL
Ewdbte o THEFE LI, RuX5EH S 4LCcri53 H
B, 76 HE, 86 HBIczhZh 1 UFET- Licad, 1PEi
100 HA EAEHF L. 2DG &5 3 LTk 57 HE,83 H
BieFhFhn 1T Ly, 1100 HELEERFEL
7c. Rax3E+2DG ot A#ERE 5 LTk 63 HH, 83 H
BezhZh 1EFET, 96 HEw 2 W3 ET-L, 1Ak
100 H LA B4 L. RaX5 @42 DG ftA#E# 5 Lt
1350 H Hic 1 PGFETS Lic s, B D 4 PEi2 100 H A k4%
L7 (Fig. 18). BZ&EHIRI% 100 B THBEWh, Thih
® Kaplan-Meler ¥5ic X 5 SFHEF BB H 45 &, W&
PP 65.75 HTH - leDIHEE LT, RhX3 EHFERIL
95.75 H, RhXx5 @E#5-#1%78.75 H, 2 DG By 55
1%.80.0 H, Rhx3 [E+2 DG #fA#H 551 87.6 H, RhX
5E+2DG HEARERIZ0.0 HE, WTFhd B
B U O HRIIER L, #iEEA X Rh X3 [E
BERS X O RhX3EI+2DG ptABER T, SBREL
WL CEB O AFIR OER (P <0.05) 278D bhi.

% =

R 298 ORI ERE 2 D & U lBDIRE ©
EHw L, FORBEEAELNY, FLBEsLE Y
DR U 75\ BINZ AR < B MR et 3- 5 LRk o ¥R
PERB IR TE B DTS, ke Vv RIGET
SRR LT3R ieth IR/, (BB T ERE
FERDBR 7 & OFHHRIIR SN DS 0DEFRDH,
FRHFLE LT ERWORERTH . #ETECHT S
B LT ofL3ERikiy, £ REE LTS HETET
BEAE Y D, HEEORZEOHEMPLEIER R
Boie EOTHRFREOMILE L b1T, ThbORFEOEEE
EEC T A L WEBBI X 2 HEHOBENE E h
5.
BERAWL R TEHEFR DS  IBMARHBEEYE
ThY, FEARBCBIE L BRI ISR Tt
W FEAE OB I TRERBN IR b iR S h
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DR I ERE O RAE LR Tw 5237, BERH
WCBHE L 7c BRI R R Eh TR b, &kl
A=d ¥ —RECESBEET S I+ 2 v F ) 7RER
LB oW TR & A ERE S h TR LT, %
R OHETCORBEIIIFIN TS,

Rh i3 HERF LS R S hckea Rz T, BEKT
B ELCkb, 5llnm OFECHEELRT 5.
1980 1= Johnson et al® KXo T bavF Y 7C
BROCER S AMEIBELIERD, S 2V Y
T OEBREBCZOBAESR WIS i, 1982 F1T
Summerhayes et al.”IZ X - T malignant transformed
cells D3 ba v F Y 7RI DL, X v ERHERTS
HENRR W&, XHic Barnal et all'® X b in
vitro TREMIRRIC A 5 BIRW e Bl & ~ v ABEEE
XA HEBEEARE S, S a2 v P Y 7TREN
LT BPERE LCOmEENR WIS hi.

Rhic X 2EMa0BIEIH D 2 » = X 213, Rh 23
Mo I bav ) 7TRIVESERL, X RREME
BaErly, s rav i) 7REEDO=IAF —
R, 723 B oxidoreductase D FHEN B LAY Y
VR LREE D IEE MR I L (B L, M
BEERTEINTNWS,

4@, Rhic X %RIZEEMERO SEEmE oBehic
W, HBEALE VKT 5 RS INERERT
WESE X hicEREE MRk & e, i h PC-3 13418
A v v BRI O ETT AT BRIEE Bl 0 IEHE R AL
iz Bk$ 5 grade 4 DRI IRIRE CTH Y, —7,
LNCaP G S BBEAOME ) v < HiEBaRKc
B3+ %4 DThsA, androgen receptor ¥7H 3 5 Hi
STRRIRFE DT H B. 4, in vitro EBRDEEHRE DRI
IRIES ~ — » — DFIE BT, PC-3 12 PA, PAP O\~
FTHER TS ZOEEIIEL, —F, LNCaP i fifasg
FEw X AHBL R %2R L, PC-3 & LNCaP & PA
BIOPAP OEARBIZE W TH R HEMENR WX
R, Ei, BB VEREER SR SIERERRE T
T DERE L B~ — H — MBI LW HBR D B IR AR
L.

AW\ C, Rh AHLBEME L VEECS TS
IERED R B Z b 2 BROMIAHEFE % in vitro THRE
CHBELTHHIL, £, PC-3EERX — F<= 7 2DBHE
[EE O HFENH & L CAEFHEOER M BEIhi &
13, ETRNIERE T % Rh oMESHR 2 RET 5
B CTEREWERE RS Lic. LasL7eaib, Rhic
X % Ml EI g R BRI RIC L 5L v Kb,
$havRY) 7o ¥ -REOEER X 5 Hik
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C HREBRTHEIDEELZLRT WA, In vitro KB

T7HHUEOHFREIBEI NI Enb, 48, I
51 Rh B CRIE&E SR 0 B LS ico v TRE
THELERDBSDOD, FAEVARIBHIZEBRECK
WO AR & T A PUERICE R d 0 h D I WBLR
ZRWNT, TOBOEHOFRUEZTRETEEDEE L
bhie., FREORERT, 1987 FFds X 081995 4Eic Arcadi
et al'™®2, FxDe bbb v + ORNARENNE
OBMEEB KN LT Rh BEMSREET 5 L2 RE
LT\Ww5b., EEICHWIEAFED mice Hixd b oon
4Eo PC-3 BHEEE %\ 7 in vivo OB IZE T,
PC-3 BHEH OB LI 22053, Rh*22DG %
BEF 5 FhoED mice 4L FEHIE O LEE B
&h,Rh @ in vitro &8} % v + ERFNZEREME OB
FEMHSR LB T AERL R L. SEHOKFH T2
DG L Dt AFE OB L e RIIBE I inh - 7o b,
Herr et al'™i Rhic X 35 v + BHfas o EEIE %=
B2z 3\ C, RhZBFITF v b BHIRE O B0 % M
T5H0D, FDFFITE bz 2DG R MGBG 7 & off
RUFAEFHCHR I N B LXRELTED, 44, in
vitro I2381F% Rh Bz b 0Nz 2 DG B8 X 0" MGBG &
DftARE, BE - BRoBRHBZLETH 5.

2DG X glucose D7 Fr 7T, AAD 2DG Y vERIZ
REEh, BEROAARIA~AFY —2AL YV 27 —HILL
BT F—R6-) VEBOERE T v v 7T HEESR
FESEHI' T H 5. MGBG D IEH#E 7 fFRIBER 128 B2y Tl
TN, RV TS VERBEEFREL L I P2V Y
TIERHICR Y A EhBREESFOZ L2805 T
52020, AFFgecik Rh o MK BEREIMHI )R & 58 3 5
3D ELT, ROEELABFAREET H52DG L
MGBG %\ 7243, in vitro ¢, 2DG, MGBG %, B
FICIB S EME PRI L\WEREDO Rh E6E LT
sz ity ) RhoBHICERGRELA DRI Z
Ehb, =X¥F—-REBEEFOER L L oA
BRETHERBVERER LD EE LS.

Rh iZxn BEOHFEIEROM, ~< v ELr7 49 v
FEk L FEEOHRESE~DOHETRIE A % X CREHEES
~NDOHERGRNBE XN, TOFEZIDIERYED
TWw5b. —7, Rh 133 Cle EBEZ 5B ic 3\ TRk
A8, MARAEIE « SR 7 Sin R CAEGREH & LR
CHWbhTERY, fofltFEERE oA IS
TW5A, AREEHMECERTHS MDR1IICL %
HEBERZIHZ L REIhTRY, SBREL, fho
it S AR A2 & D PR IC OV TR 2 D B NER D
5.

"¥7Rh EOBFHRIBD LIRS 7.

FEMEEET, O Pav P Y 7ERCI DEM
B BERE &%) 3 5 & & b Rhodamine 123(Rh) D &
N VIR R BB RS E M R fk PC-3, A E vk
RIS B R R MRk LN CaP x5 % B sh 2
% in vitro 7t 5 NIZ in vivo B W TS L. Fio,

I hav Y 7HMBEEREERTHB 2DG BLORY
TIVARBEEFRE I Va2 v F Y)Y 7TEREY LD
MGBG D ff AghFRic o THBR L.

1. Rh oBEMRNTOS L REBT 2RIk
T, Rhidks e vRE B 7 < BiNZIREMAa
ELWET 52 EAHR I e, ¥, Rh 3Rz
FOBACERD AT, MEENCED bR,

2. Rh o e + BINZIRESE MR O e~ 0 8 B3
% in vitro BRI\~ C, Rh © BRI EETEINEIS) 2
#Zbte. 2DG, MGBG Bhcl3, 2DG 500 xg/ml ik
) B TR FE D HEFEINE] 23 PC-3 128D b iz LIshE, B
B I BRI R D b ik o 7. 2 DG, MGBG @
Rh & O PEAZIR > WTiE, Rh+2DG 500 xg/mlGik
o) % X O'Rh+MGBG 10 ug/ml(24 KD # ¢ PC-3
BRI R AT b .

3. & MEDNZIREMAR OB B P OEE ~ — » — iR
L7c#& 5, Rh o FEEKEN s PA, PAP B4 DI R
PERD bite. 2DG BT, FoMEIREIBD SR
Tehvote. Rh & OB A#RICOTiE, Rh+2DG 500
pg/ml BIZFRD b, WThod B RS A R
B89 % in vitro R & RBEDOERTH - 7o,

4.Rh o & + §IZiE# (PC-)ERE~ v Atk iF 5
HAS MBS % in vivo EBRIZK T, #5 & hiz Rh
WETH, BoaBEcERT 50, RERRE L
EF R HET 5 LRSS R

5. Rh ot + BTz o BRI & X iE3 e
1ZB83 % in vivo EEBIC s\ T, Rh X PC-3 BHEEZ D
WIREMHISIRZR Lichs, 2DG RIS R,
Ll
5, Rh, 2DG k& b HIIZIRERERE ~ v 2 D AFHIR 2
B&Ei.

LA E X b, Rh BRI O #EFE % in vitro 72 H O
IZin vivo FRWTHHIL, FoEI%hE 1 biochemi-
cal modulator TH % 2DG, MGBG iz X v E#izh s
TREMEAVREE X hicdd, 488, X biRBEE, X%
HIRER OHREIC X 2 BMi 2R T 2 LE D 5.
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