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Selective Cytotoxicity of New Platinum (II)
Complex Containing 1,2-Diaminopropane

Young-Soo Rho’, K -Tae Lee, Sung-Goo Chang® and Jee-Chang Jung*
yun,
College of Pharmacy and *Medicine,
Kyung Hee University, Seoul 130-701, Korea

Abstract—As part of a drug discovery program to discover more effective platinum-based anticancer
drugs, a series of platinum complexes of 12-bis(diphenylphosphino)ethane(l,2-diaminopropane)
platinum(IDdinitrate (KHPC-070) has been evaluated in vitro against various tumor cell lines and nor-
mal kidney cells. The structure of this new compound was determined by elemental analysis, infrared
spectroscopy (IR) and “carbon nuclear magnetic resonance (NMR). With the use of nine tumor cell
lines, KHPC-070 exhibited a comparable cytotoxic to cisplatin. The eytotoxicity of KHPC-070 in normal
cells was quite less than that of cisplatin using 3-(4 5-dimethylthiazole-2-y1)-2,5-diphenyl-tetrazolium
bromide (MTT) and °H)-thymidine uptake tests in rabbit renal proximal tubular cells and human re-
nal cortical cells. Based on these results, KHPC-070 is considered to have more selective cytotoxicity to-
ward cancer cells than normal human/rabbit kidney cells.

keywords [_| Platinum complex, cytotoxicity, thymidine uptake, proximal tubular cells, renal cortical
cells.
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1.2-diaminopropane(DAP)& carrier ligand& 331
vl soft3 Al $iAl2 ¢ d i diphosphine o i
4 1,2-bis(diphenylphosphino)ethane(DPPE) &
leaving group2 2 dh= WFAAE A3t in vitro
oA P-388 W& MEF oz tMEe BN 29 Al
e A AR AR A Ao ate) ojgh A
¥ EAE CDDPS vl HESH
AS Y

AIEx® - PtCl, DAPS DPPES AldrichAMe] &
F Aeks ALgsllen, DMEM. soybean trypsin,
fetal bovine serum(FBS). penicillin G(100 IU/mi),
streptomycin(100 g/ml), Ham's Fy, 2 RPMI 1640
HjA):= Gibco BRL(Grand island, NY)Ate] AlE-&
*H-Thymidine® Dupont NEM products(Boston,
MA)IA 794 3t Insulin, transferrin 2 hy-
drocortisone, MTT, CDDP. transferrin & 71€} A] ¢}
< Sigma(St Louis, MO)AFY] AE-& ARESIHT} P-
388(mouse leukemia). N,;S,(rat hepatoma), MH
iCi(rat hepatoma)2 ©}=-9] National Cancer In-
stitutedl|A] WzHdel2 Fg %ol ARgslEen PC-
14(human pulmonary adenocarcinoma). PC-14/
ADM(adriamycin—résistant human pulmonary
adenocarcinoma), PC-14/CDDP(cisplatin-resis-
tant human pulmonary adenocarcinoma), MKN-
45(human gastric adenocarcinoma) MKN-45/
ADM(adriamycin-resistant human gastric ade-
MKN-45/CDDP(cisplatin-resis—
tant human gastric aden-ocarcinoma)*¥& 3=
AR Y o 2 RE Ffikol A8,

MEHEE - A8 A8 FES AF 1.8~2.0
kgel E7E AHSEAT AlRE AMGRA ARR (B 9
APAER AL, SR BS TESEA 29
FE7F 2R ARSAA 257 488 8412
T ALgstg o, AE 23+2°Coll A HABHET

nocarcinoma),

I ADAAS| &M

1,2-bis(diphenylphosphino) ethane dichloroplatinum
dD : [P(OPPE)CL,] - PtCl, 1 g(3.76 mmol)$t DP-
PE 1.50 g(3.76 mmol)Z chloroform 150 miol 7}3}
3 8o 3AZ A7) F A ol ahale] Tk
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A 221HE 53] Wi AAJEka, oHe 40 ml =R
7528 F n-hexane 40 miE 7}ake] YAsh= W

< 3G47A 9] glass filter® 7HtA 38k & ace-
tonel.2 53] AlFEste (Pt(DPPE)Cl,)(M.W.664.5)
2.12 g(84.8%)E AUt

1,2-bis(diphenylphosphino) ethane dinitrateplatinum
(D : [POPPE)NO;),] - (Pt(DPPE)Cl) 1 g(1.50
mmol)#} AgNO; 0.5 g(2.94 mmol)& 233 £7]9
3 31, dichlromethane 100 mI¢} ethanol 100 mi9] 1:
1 AL 718t F 4278 aghakg- A3} 25gstel) 2}
AdHsta ZA1E AAS F JAE ks Eate] A4
3 WAAAS methanol2 AAAEIY (Pt(DPPE)
(NO3)o) (M.W 717.6) 545 mg(51.2%)& A3}t

1,2-bis(diphenylphosphino) ethane(l,2-diaminopro-
pane) platinum(IDdinitrate : [Pt(DAP)(DPPE)(NO,),]
- 2H,0 - [Pt(DPPP)(NO3),) 488 mg(0.68 mmol)
¥ DAP 0.68 mmoldl] a33h= 2 w8710 ¥
200 mi9] FHTE 7het F 4AZF ank wkg-A| AT 2}
A sl FAE AT Foll ARE 7YE 53t
A3 WAAA S FHSE A YAsl] WHSEHE
(Pt(DAP)(DPPE)(NO3),)} 2H,OM.W. 823.73) 125
mg(F54 25.6%)S AU
E72 SMIST AMMES Y - Jungs 9
Holl E3ld o gokstd, AT 2.0 kg = E7)
cervical dislocationoll 2j3 XAAIZl vh&, A&
E5ta AEHE B3t Qi $EENPBI)E
43t A3t ©hr] DME/F,, WX 2 28] 4133
F 0.5% At A& FYstar, 4 wAwg vk 3
o] DME/F}, ¥iA]9ll ¥ Dounce-homogenizer® &
A3} A7t} HomogenatorZ 253 pm mesh filterE
$372]17]1 12, 83 pm mesh filterel oA Moy} A}
FAE DME/Fy; WiX]ell €731, AbtAlE magnetic
stirring barg ol 83t AFANESE AASAY 2
2|3 trypsin inhibitor$}t collagenase(10 mg/mDE
dol 287 A-goA wjddt ¥ insulin(5 pg/mb),
transferrin(5 pg/ml) 2 hydrocortisone(5x 10 ®
M)E 37t DME/Fy, iAo} 2F-A174 g4 o)
FPAol HE3kaL, CO, incubatorol X 37°CE 253
v st
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atal, penicillin G ¥ streptomycin® 3=
DME/F,(pH 7.4) 8% 2 53] H&std & o2 re-
nal capsule A A3}L1L messE M43t 2o HThe
gbd Ak vhe Tt AdelstelA] E st YA
o] DME/F,(pH 7.4) 5417131t} Trypsin in-
hibitor#t collagenase(10 mg/mDHE 0.2 m/¥ QaiL

B2k A8 vjeksl & insulin(5 pg/ml), trans-
ferrin(5 ug/ml) % hydrocortisone(5x10 * M),
prostaglandin E(5x10 * M), triiodothyrosine(5
g/mD R 1% FBSE 33 4 wiAe] /21710
wjekg Aol gEstaL 37°C, 5% CO. incubatorol A
277k vttt

MTT assay — 2}zte] Al 25 242t 10° cell/mls
=2 FAsta, A A IDAAE 5 uMellA 500
uMF =2 231k 96 well titer platedl] Al 3]
Aol 0.1 ml B 2+F Fx9 HA 0.1 mlE 78t
48A1 7 &<k vt v £l 5 mg/mis =9
MTTEH 50 wA-& 7tste] 447k vl st & A E5AE
AL DMSO 50 W& 7tsted AHES 2
t}& ELISA Reader® 570 nmolld &%=
At

*H-Thymidine uptake assay — =} vjoksla] 720
A1 10de] At B Aol 24 Alnd APAE
2 olAle) A AAAMAELE 24 well plateo ZF
welld 10708 HZEstar 12]7F B9 vig3Isict. oAl
o710 7+ welld 50 pMel =2 M (D AAE 7}
3t % 37°C, 5% CO, incubatorol| A 48417t St vl
atgich. 1 pCi/mil %9 *H-thymidines 7} thg
Al 24707 B2t WSt trypsinA 2late] 22 A
2 10% trichloroacetic acid 2 A4tAFE&Ho2
A3t 0.5 M-NaOHE 7138le] 37°CollA] 2417k
¢t £3j21713 0.5 M-HCLZ2 5384171 & scintil-
lation cocktail 10 mi°] ¥ scintillation vialell
0.1 m/® &7 B-counter® =AY Bl WGER
T CDDP& Abg3tgien AAgle] TY3 702
vjoket AXE HRL O 3to] 100% thymidine’d 3

Table II— IR spectra of KHPC-070

%2 593, 2 Folol ME thymidineX &= )
WIS BEES FHAT

4

CDDPe] 4 &8 ¥ Lhd 32 w2 345 %
AFEES] FUEAE A1 o CDDPY
amine ligand® A3A 7| Y leaving
group?! chloride® dlAlslh= W& AHEsle] o
FEAEE PG 2 =T
(ID #A 32 725 #8928 CDDPE o
Z 2R AMR-EY] in vitroo| A MESAAES MTT 2
*H-thymidine '8& AHg-3le] £7 239 29 A
wd AAE D A G A3 A FF M EelA
£48 HESAY

HIADXAIL] M - PtCLo B2H softdh sisix}
2 42 9= 2 1, 2-bis(diphenylphosphino)etha-
ne(DPPE)& A¥AIZ thg +-448 7M1 B5o
2 CI' 78S NO; 7|12 M@t (PLHDPPE)(NOy),)
= ALt 7)ol carrier ligand2A] 1, 2-diami-
nopropane(DAP)E ZA¥AIA diamineR®% dipho-
sphine®& &#3 E@ua=A  (Pt(DAP)
(DPPE)).NO(KHPC-070) 2 sl o d48A
A= Table ol YeRL T,

IR spectra®l 83 #57]d WE Fuss=
Table TIo EABINC} (Pt(DAP)(DPPE)INO=
phenylZ19A F#l=+E P-CY) &53457} 1435 cm’
4, NO; oA fdde F5a5E 1384 cm ol
Al Jehda glen 19 NH,o F5iss

e}
4A&

Table I — Elemental analysis of KHPC-070

Calculated Found (%)
H C N H C N
(Pt(DAP){(DPPE)]}.NO; 4.57 46. 6.74 4.34 43. 6.47

DAP: 1,2-diaminopropane, DPPE: 1,2-bis(diphenylp-
hosphino)ethane.

Compounds

Compounds vNH, vCH (phenyl) oNH vP-C (phenyl) VNO; C(?n‘iiﬁzréi{n
(Pt(DAP)(DPPE)].NO, 3421,3165 3060 1637 1436 (Vs) 1384 (Vs) 2363

DAP: 1,2-diaminopropane. DPPE: 1 2-bis(diphenylphosphino)ethane.
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Table II— “C-NMR spectra of KHPC-070

Compounds Pheny! group Bridging CH, Diamine moiety
8C, 8Cu6 8C;5 3C, 8C(CH.) 8C(P-CH 8C(CH, &C(CH)
[PL(DAP){DPPE)],NO; a 133.0(t.) 129.6(t.) 134.2(s) 16.8(s) 54.6(s) 50.7(s)

DAP:. 1.2-diaminopropane, DPPE: 1,2-bis(diphenylphosphino)ethane. a: Resonance not observed, 8: ppm from

TMS.

34213} 3165 cm ', overtone/combination®} 0~
2% phenyl7]= 2363 cm 'ollA 218 5= 2AYet.

BC-NMR9] #4]& Table Tl Lehd vt 7to],
(Pt(1,2-DAP)(DPPE)) 2NO;= phenyl9iel C&
133.0. 129.67} 134.2 ppm® peakel X, bridging
CH,9 Pe} 2§d 2719 &4 FEd ) 16.8
ppmeilr Eel=gien DAPSY C= 2442k 54.6, 50.7
ppmoltA B0 4= it oo AAES T
2w} DAP¢} diphosphine® = Pt(ID 9} w1 433t
of Ao 2 EAL S-S & T AR

MTTO)| 2|8t &ot &4 W MSM - T3 s3E
o] o] GME Z F4 B AT F AA A7TA
o thdt MESAHANE Table Vol Yehlig o
W2EAZAME CDDPE AHSSIGTh o8] A xF
of gt gt 84S CODPY ARSI 21 IC+ 17

Table IV— Sensitivity of cultured cells to cisplatin

UM ~43 pMEA M EFo)) uh2 uiAd o] 2ol & F5)
342 &gt KHPC-0702 E7l2 Mg A A
off th3t HA(ICs. 32.2 uM)2 v 2HERiI CDDP
(ICs: 0.4 uM)S}F vl w3l ¥ A7} FA3| F2 A4S
Yehigien Q1H) A4 A7 g disiae AR
& 31320l CDDPell B8] of 280 A= e 2lEAd0]
B A

’H-Thymidine uptake assayOff /8t ASA — E7
A =S A E diste] A2 FA Wz (D
A3FHE9l KHPC-070+ 50 pMol A} thymidine 4
F-&o°] CDDPl Hl8] frojstA & Aoz A&
2. (Table V) CDDPXt} AH2& wiZ(I1)2HA o 4
o] AX AFEEo] AA3A =kt

olAe] AA A AM¥EASE CDDP Hl3te] A
Fgol @XshA & Aoz JeEh} Y=E H3(ID
A7} ¢1A| 2] A AAE] g FAlol CDDPo H]

Table V— Effect of Pt(Il)complexes on *H-Thymidine
incorporation into primary cultured prox-
imal tubular cells of rabbit kidney

and KHPC-070
ICs (uM)

Cell lines CDDP KHPC-070
P-388 176x16 19.3*x15
NS, 23.4%+2.3 31628
MH,C, 244427 24.9+2.3
PC-14 28.8+3.1 276+2.2
PC-14/ADM 24.9+2.6 26.6+2.3
PC-14/CDDP 42.9+3.2 31529
MEKN-45 22.1£2.3 26.0+£1.8
MEKN-45/ADM 24.0+£2.2 31.3£25
MKN-45/CDDP 43.3+3.9 278432
Rabbit kidney 0.4+0.02 32.2+29
Human kidney 8.5+0.9 174+1.0

* ICs: Mean inhibitory concentration.
Results are the meantS.D of three independent
experiments performed with MTT assay

** Cells: P-388(mouse leukemia). N;Si(rat hepatoma),
MHCi(rat hepatoma), PC-14(human pulmonary),
MEKN-45 (human gastric), PC-14/ADM (adriamycin-
resistant human pulmonary)., PC-14/CDDP(cispla-
tin-resistant human pulmonary), MKN-45/ADM
(adriamy-cin-resistant human gastric), MKN-45/CD-
DP (cisplatin-resistant human gastric), rabbit kidney
(proximal tubular), human kidney(cortical).

Vol. 42. No. 5. 1998

Group ‘H-Thymidine Uptake rate (%)
uptake
Control 598.3+75.15 100.0
Cisplatin 9.0+3.46 1.5
KHPC-070 268.0+25.93 448

Concentration of Pt(IDcomplexes in culture medium:
5%107°M. Values are means*S.E. and the data were
determined in triplicate.

Table VI— Effect of Pt(Il)complexes on 3H-Thymi-
dine incorporation into primary cultured
renal cortical cells of human kidney

*H-Thymidine uptake  Uptake
Group (cpm/10° cells) rate (%)
Control 621.33£56.01 100.0
Cisplatin 8.7+5.14 14
KHPC-070 281.3+62.69 45.3

Concentration of Pt(II)complexes in culture medium :
5%107°* M. Values are means=S.E. and the data were
determined in triplicate.
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carrier ligandi= DAPE, -84 2 QA A #o3s}
1= leaving group®. 24 DPPEE AREste] 4284
ol Eghulelx} Wz (1) 2 A S FA3IHT gutye=s
W (D FAR: AAYe A Fofstd MEohs Z3jsh
% carrier ligand?} 7F-28& o} platinum?}
carrier ligand F$17F DNA2} BAlE AAlsle] AL
EA4E oA "o weld Bg(D) e g
212 carrier ligand$} leaving group$ #3tA|Ziel
ute} 3hohatAl 2l ebg Aol & S FA duh

CDDPs= AlEre] DNAY7] #]dl -SH7|& 714
metallothionein®} 28 AdawWdne LA 458
F Qed'Y olggke Ag-e ke uE AAY
o] =TS Jehe Acw daiA glvh wabA,
carrier ligand9] o|&%#o] YF & B Lodde &9
EHE 3R] b g U §- 2 A9l v
2o} s a7 target site?! DNASH Ag3tr] Aol
thE A A Y Fitete] S49E 248 Aot
FAE WEADAA 9] GBS A Ak o
2 FAEE ALB3le] HEZAE ARG AT Table
IVe) vlehdutel zro] P-388 leukemia, rat hepa-
toma cell?! N;S; 3 MH,C A 3Z0A A2 nj&:8 A
¥ =44 vehligltt. Human pulmonary adeno-
carcinoma A|¥2Q! PC-149} human gastric ade-
nocarcinoma Al ¥ MKN-452] wild type Al oA
¥ CDDP9| ICs7t 28.8, 22.1 uM$] wbd KHPC-
0708 27.6 2 26 uMEA A9 #Alslg e CDDP
YWAAIEQ PC-14/CDDP®F MKN-45/CDDPellA]
CDDP# KHPC-0702] 1C;2 247} 429 pM, 24
pM3} 31.5 uM, 27.8 uMZA GA] H)$=3E A E=A4
< Vel

CDDPell tigh widatd 9 gdAste] fdglezs=
AE JZ] o] Ejo] A3tEo] MEU e oFE
FH g0l Zasn A% gAgAo] AstE 7% 3hH,
CDDP AAlef] 23t MEe] glutathione®2 GST
(glutathione-S-transferase)?) BAZ7/2 %4E9]
A LJujHd Eo] 5719 metallothionein®] fxof 93t
CDDP W& ot gl Astzos ¢4

¢

—

A Aot wpela] w2 2sleHE o] 52129191 DNASH
o] Agse el At Z2 571" DNA-repair &
22 93 intrastrand adduct?} E7tE 7 A= Pt-
DNA adduct &% 2 yAISdo| z1-& HAgto] g+
Ao FgrtelA| i et 2 adriamycin vesis-
tant AI¥Q MKN-45/ADRelI4E CDDPe] 43.3
uMelel uhstel KHPC-0702 31.3 pM=EA i %
T AEEAE st

CDDP®l 7H¢ & Al o2 A =o) e gle 413
242 2T A JAtd] 2 fQgle] Q=
ROoZ FEHoA| 1 9}, ubepA daf wlgd E7) &
A A AR} QA A AT A Eol] g
A2 WA (KHPC070)2) AE5A-E MTT 24
off 9%k ICsx(uM) 2 *H-thymidine uptake (%)=
AESH o E7) TAART AFA¥NA CDDP:
0.4 uM, 1.4%¢°) H]sled KHPC-0702 32.2 uM, 44.8
% 183l QAAHA ANFAEANA CDDPE 85 UM,
1.4%%) 9+ A28 3JHE-LS 174 pM, 45.3% =4 &
A3 e MM E A4S ERIC

2 B

Carrier ligand24] DAPE leaving group® &
DPPEE AIAMNA T84 EFhiAA 5349
(Pt(ID)(DAP)(DPPE)).NOs& 443t} MTT-as-
say°ll 23 P-388 leukemia, N1S1 rat hepatoma,
PC-14 pulmonary adenocarcinoma 2|3 MKN-
45 gastric adenocarcinoma’s ¢ EE) gk zhzt
o MFEAS 2AVEAL, E7 Y] S9MART AT A4
AELL QA A A AR i AEE=AA
’H-thymidine uptake¥¥< E3l9 B3 & 2
2& 4t

1. A2 @48 H3ADAEEL (PUID(DAP)
(DPPE) J.NO3(KHPC-070)2 ¥4 ¥4, IR spec-
tra @ "C-NMREA & F3) Felsiicth.

2. KHPC-0702 P-388, N;S; ¥ MH,CAIZel] o
ste] i oM=<l CDDP} ti% g AE 5438 ey
At

3. KHPC-0702 PC-14 ¥ MKN-45 wild typed}
adriamycin WA MlXol] tfste] CDDP$} bjsedt A%
%4¢& vgoy, CDDP UlA PC-143 MKN-45 Al
Foll gistede CDDPHET 245 8438 Veliict,

e
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4. KHPC-0708] E7129A=d A9l gzt
Al g Ao thE AESAEL HzokE]
CDDPoj| u]sted @3] 530t}

o]}e] Aitell A DAP9 DPPEE wiIA= s
= (ID#A= CDDP 8]523}71 CDDP A4 Al 29l
M Bk 23 A S-S 2ol v Erle QlAe] A
A3 A2l g 21542 CDDP #)ste] @A3] A
sixlol =g W (IDEA KHPC-0702 do=
in vivo ¥ F4HEPT Al AR 8 F Ao
2 Azbert

ZAe 2

£ A7 19989 % Asivsta 25 A7H 8 B
B AuARoR SR o)) RAE =
Huet,

2 ¥
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