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Cell Viability and Flow Cytometry Analysis of a Novel Antitumor Agent, Heptaplatin
in Human Melanoma Cell Line, SK-MEL-28

Su-La Choi and Pyung-Keun Myung”
Lab. of Clinical Biochemistry, College of Pharmacy, Chungnam National University, Daejeon 305-764, Korea

Abstract — Heptaplatin, cis-Malonato[(4R,5R)-4,5-bis(aminomethyl)-2-isopropyl-1,3-dioxolane]platinum(II), is a novel plat-

inum-based antitumor agent with clinical potential against human stomach cancer and the 3rd generation of the cisplatin.

This study was performed to study how cisplain, heptaplatin and sunpla which is a mixture of heptaplatin and mannitol

(W :w=1:2) affect cell viability of SK-MEL-28 human melanoma cell line. Heptaplatin (IC 5; 95.35 uM) and sunpla (IC;
10.95 pM) were less effect than cisplatin (IC 5;; 10.92 uM) on the SK-MEL-28 cells. By cell cycle analysis using flow cytom-
etry, it was identified that the cells were arrested at G2/M phase by cisplatin, heptaplatin and sunpla, and percentage of cell

death group was increased according to increasing of time and concentration. These results suggest that cisplatin, hep-

taplatin and sunpla are a novel anticancer agent against human melanoma cell.
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Fig. 1 - The structure of cisplatin (the 1st generation compound),
carboplatin (the 2nd generation compound) and heptaplatin
(the 3rd generation compound).

AEL] Q1A EME N FF(SK-MEL-28)ell thall cisplatin, L
2] heptaplatin®]] mannitolg- 7184 AP ZE THE sunpla
o 93t AAEATAAE vl FAjs] Kykon, tolr} of
Wt MEF7IE AT TR ot GaE JeReAE 24
SI5iT}

HEHYH

Alet, 719 o 719

ARg-gt T 59t AlEFQ) SK-MEL-28 A& Ay gad
TF-HellA] ool ARG o, MEYA] AMEEHE RPMI-
1640 81X, fetal bovine serum(FBS), penicillin-streptomycin,
phosphate buffer saline(PBS)= Gibco?lX, cisplatin, RNase 1
2|31 propidium iodide(PI}= Sigmali¥|, heptaplatini} sunpla=
AZJAEAERA Fadol ARGSISITE CO, 7he R7kA
ol A Flste] AREEIGIT, 1 9)ol) AREE Aok AEHLE-
Ajek HE= ETA)okS ARSI AlXS AlS= hematocytome-
terE o]&3te] 3k v 7 (BHS, Olympus optical Co. Japan)©.
2 Este] AAsisitt. 5ml flow cytometry-3 tubes= Falcon
#20522 AMR31911, N EF7]E0)Ade] Tk DNA content?] ¥
Ao Zuety oksh)ete] FACSCalibur(Bectone&Dickinson,
USAYS o]8310] SAIE Ao R AAIBIct

MIZBl ek

A EejoRE Bix 24 56°ClAM Wl E8/33%E 10% FBSS)
penicillin-streptomycin 100 unit/mi©] Z3E RPMI-1640 ui=|7t
AR o, AlEE BE Aol QloA 37°C, 5% COZt
A ¥ = CO, incubator(3546 S/N 26401-3156, Forma Scientific
Inc., USAYE ARE3}o] mlleisict. AlEe ooz A
£ wjoketn Y HiAE ZAAHA W2 1X Trypsin-EDTA
£ M(Gibco)2 2 CO, incubatorellA] 283t ¥FSAIZ] § AEE
o]tk 7 ¥ AEeste] MEE AlFsta sleeste] RPMI-
1640 $HHiA|Z Ffst 5 Aok s Aol ARSI

NEZMEE 3

24 well plate®] welld 5x10°719) MZS wjoksla 2447¢
% cisplatin, heptaplatin, A&z} #EF5 %7} 0, 0.001, 0.01,
0.1, 1, 10 2183 100 pMe] HA s=E=Z A8l 1en
6, 12, 24, 48 I 72717t B3t 7 wells AITPEE wioRe & 4
7} A 24 well 9] ¥ioFF} trypsin-EDTA <45 ©]83}
ol AXE w29} AIZPEE TE-3 FACS tubeol $4313]
7 @34tk ©] FACS tube 25°C, 1500 rpmelld 527 44
FEAE Hela NEFHES] PBSE 100w ¥

e ¥
oh AEE $R4% F 104 A3 012 tryphan blued S

10 WA go] & 96 wellell 22} 711 2 E3%t F hemato-
cytometer} coverglass AFolo] ZAAHA FUste] FHulA
el gelFaL AIEE Al SISt Tryphan blue8-3& &3]
A RS = |29} tryphan blue§ S BakA] 9o} 1}
FAS =] A MEZE BT A F % ¢S ARSI 94
APE Al 9 ES & Haghd BEAE AXtste] B43
skt

DNA cell cycle &2

T25 cm? flaskell 5% 10°709) AEZ wjokst & 244|700 X%t
£ ) cisplatin, heptaplatin 7211 XZ21E HFE%7 0, 1, 5,
10, 50 Z2=]31 100 uMe] HA FE=EE X3ttt 2441313
48A17F EQt 242} kst Fofl T25 cm? flask%rS) MU S 5
T A7 E 23 50 m) tubeol] %1 ©L flask vl H
Zeloils AZE Aed AXss HHoE 25 Fol 7} tube
of ¥t AR F ASHS vEz dolle AE HPE
S PBSE UHA] AlHabHA] FACS tubeZ SZTH thA] 9435
2] & s w2)a doBle AE FHES 75% EtOH 1ml
Z -20°CeI 24xF B gAZAch J=ar dalEe] & EtOH
& WY 23€ AE FAES PBSE 7 W AlH3EI 20 ug/
m/ PIg} 0.1 mg/m/ RNase7} E010= PBS 1mi& Al 3HE
of ¥i o] F-& Ao 3087 HeAI AT 18 F flow
cytometer® HEE F43I3c),
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Cisplatin, heptaplatin 18] 3% A&} 279 HFFEE 0,
0.001, 0.01, 0.1, 1, 10 Z8]22 100 uMe] FA) EEH=E s}
I 6, 12, 24, 48 W 7247} Bt AJZPEZ okt & SK-MEL-
28 AE| NEAEES S8 1 F cisplating Foi3}

A 92 Aol B3l cisplating FoI3t MEES TR} vlgA]

Zro] F7V5te) wet AEAEFO] ZHAsh= AoE vehde)
0.0017} 0.01 uME Fol31e woll= ZE miokAIZllA 80%
opte] MEAEES vEon, 0.1 uM ol EToldE= 72
A|ZE BjA, 50% o)EtE AT A & 5 AT} 3]
00 UME Foi AL wojl= Al7ko] Zrhatel whel AE]
QEgo| F73) Aaske Ao bt 4847k 7247
ufjokAloflE= MIZAEFO] 242t 1751 4.33%2} 3.7+ 1.08%% 7F
250] 0|5 FEeNE HE=Ao] A= HOF HrlEolgnt

(Fig. 2A).

Heptaplatin® 73-%-, HZ5%7} 0.001, 0.01, 0.1 72]1 1M
o] HA Xz|st] MEE wlokst A, wjkst BE AIZHA
90% ool NEAEES BTH(Fig. 2B). 10 uME Foigt 73
SO 48A17F HIFOE 91.5%2] H2 AEES RIA|T 724
b e olE 66.9%% BA3] HAsE Ao Jehdth I
I 72AZF WA, BETY TVl it MEAEES A4t
v Ao PR 9 249 FT) cisplatin®] Z-¢-EUHE ¢
sREglon, E35] 100 uM FoA] MEAIEE] 49.8%2 cisplatin
9] 3.7% Bt} wl F2 ASES HSIT)

A Ee}e] 79+ heptaplatin® ¥ HA 2 A129 mannitolo]
1:29] FRH|E E3Hojx] Q17] wiiel] MEeksel gl
# 9J+ heptaplatin®] E =S 0.001, 0.01, 0.1, 1, 10 22 3L
100 uM= Alz3le] AFa M=oz FEellA 6, 12 2
I 2477F Tk vjoket A3, 80% o) del NENEES et
UIITHFig. 2C). 18y 481171} 72417 <t vkl woll=
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Fig. 2 — Time kinetics of viability of SK-MEL-28 cells treated with various concentrations of cisplatin, heptaplatin, sunpla and mannitol. SK-
MEL-28 cells were treated with these compounds at concentrations of 0, 0.001, 0.01, 0.1 1, 10 and 100 uM and incubated for 6, 12,
24, 48 and 72 h. The results represent cell viability and Bars indicate mean=+SD from three independent experiments. It was
represented A : cisplatin, B : heptaplatin, C : sunpla D : mannitol and 4 : OuM, [ : 0.001 pM, A : 0.01pM, X : 0.1uM, O: 1uM, M :

10uM, @ : 100 uM.
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Bt S| w2t AZAAEEe] BAske AES YERIN
t}. o} AZete] IC, w2 72A17F vllekAl 10.95 uMEX, 573t
222l heptaplatin(ICs, : 95.35 uM)el] Bl3l] O =2 FEoflA
SK-MEL-28 X% £ + e 5345 Uehl= 2e & =
Sigic}. Heptaplatind} AZ2ke] AZAEE AR} IC, %48 A
o7} A7) o8 LolR Al MEElelnt FRPAR EFE o
7] )& mannitole SK-MEL-28 AlZol| X2jsln 71 a3 &
13l H9keh(Fig. 2D).

Mannitolol] 9]t A EE4-S H7}1317] $3l cisplatin, hep-
taplatin 72|31 AEete] Z9-¢ TYst 20w AP A,
0.001, 0.01 783 0.1 uMZ HFF57F HA Hefst 5 Wikt
TE AlZklA 80% o)) MEAEES Bt 3HATE 484]
243} 7270 BlFA] 1uM o]de] FEoMFEE AZAESE
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Z9 cell cycleddl ol G3kE- PIX=A] flow cytometer= -
Attt

Cisplating 2|3t A7}, F59} Al7te)] &0 So)7k=
AEA(cell death groupy] F718He & 4= AAcHFig. 3). 1
g1 on] B AFES T3 2uHod ukel ol cisplatine]]
2J3) cell cycle & GZ/M717} AAEE AL gl & 4 35tk
Fig. 3¢ Table II, IIell YERG ghellA & 4= 9%, 10 uM A&
5 24712H 4813 B HldRISE W, A7 54.6812.32%%}
71.1314.30%= cell death group®] §-%-&°) 712 H& 7oz
VFERREAL, 50 pMa 100 pMellx] 244131 wikA] 23.91E1.41%%}
26.5411.38%= 4847} HIFA] 54.0114.85%) 74.08%7.58%5
23]8 cell death group®} F-550°] 4TS 2 5 YUt =
3 G2/M712] BAE T, 247RE wllA] 1 puMellA 64.5316.05%
2 AAgo) 71 Egton, 4817k HjkA ol 5 uM XAl
42.08+1.79%=. “gA1&°] 71 Zoh ¥, GO/GY I8} V1= 24
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Fig. 3 - Cell cycle analysis of SK-MEL-28 cells by cisplatin, heptaplatir. and sunpla. Cells were treated with concentrations of 0, 1, 5, 10, 50
and 100 uM of these compounds for 24 h and 48 h. M1 to M4 represent cell death group, GO/G1, S and G2/M phase, respectively.
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Table I - ICs, value of compounds about SK-MEL-28 cells for 72 hrs

Compound 1Csy (UMD
Cisplatin 10.92
Heptaplatin 95.35
Sunpla® 10.95
Mannitol 36.15

9The mixture of heptaplatin and mannitol (w:w=1:2) to make
a product.

A7 48A17F wlloFA] cisplatine 223t RE FEoA 9 #F
£°] cisplating A2k §& A29] FEgrRt ¥ f5g
& BHeoR A9 avh= gle 2R dlHglt

Heptaplatin®ll 2]3t cell cycle 4 A3}, cisplatin®] 239}
AR 1ol G2/M7 & AAleks a3E 130H, v55}
AlZbol] 9JEA 07 cell death group®] S7FsH= Z1o& et
Ch(Fig. 3). Heptaplating A &]3}o] 2417k} 48713 5T ol

ode] FRolXFE fE80] TASTHTables 1T, TI).
AZge] 23t cell cycles 43 A}, o] AT 9A] SK-

MEL-28 A|%of G2/M719] AAS dogon FEl A7k
QFAH 0= cell death groupS Z7M)7)1= Alw ‘/}E}%‘:}(Fig

3). Heptaplatind} AZ2+e] A3E v)ws)| £ o, 50 uM3}+ 100
uMe X2]3t & 2477t vll9FA] heptaplatin®] 35 242 16.36
16.92%2} 44.7919.78%2} cell death group F-5&S B3l ¥t
W, AEZEeME 11.3913.39% 32.1416.09%= 27t @A) v}t
Ebom, 48A17F Hll9FA o= heptaplatin®] 73-9-, 5034 100 uM

oA 24z} 77.916.43%$} 82.75+2.49%% A VERS wbE A
Za}= 37.5%8.69%%} 5847£8.90%% B2 & cell death
group 588 YeRASITE G2/M7= 247171} 481131 HljoA]
E5 10uME %28kl ul, 49.71£2.43%9} 62.53+ 1.70%%
7V HA7E A3tk Tables T, ). ol AEAEE A2 5EH
B2 IC; e ke A, MEvhs £315°17 mannitol

& AlE 25 Mg 7P w2 %EOJ 100 pMolA 242 4479 o] 23 &3 Q18| heptaplatinihS X 2§+ A|EoA B} ¢
£9.78%%} 82.75%2.49%% 71} %2 cell death group 58  FS AXEFES FEATlE AoZ BZE A, heptaplatin
o] vebhgoer, cisplatin®th= 1 %2 ko)A cisplatin® & 2 cisplatin® 7o) DNAo} A&A-S vehe, F3F A<l
ALt cell death group FFE8-S 9S4 A%tk 2817 G2ZM  mannitoh heptaplatino] A¥j¢] DNAZ 378k RS 4l
71 24713F BiA] 10 uMollA 47.47£10.42%2, 48A13F i %F sk Ao AbzE o7t} Cisplatin} heptaplatin®] 73-9-011 4]

Al 5 uMellA 39.01£0.56%2 EAEe] 7 =dch =8 GO/ 9} 2Zo] HEe)] s AE GO/GL7I S7I7E AAE A
G719} 715 A% 23, o] F 2|odXe A 7ol OFOFTh. 24A17FT} 48AIZF WISEA] B, MTete] Hwrt Sote

$1%1.21, heptaplating *2ls}#] ¢k AERT} ;qg]fg}oq Hjok
3k M52 G0/G17) -5-89°] heptaplatin®] FE7} S71EE
Pashe S Btk 915 2407 WA 10 uM S5
= heptaplating A|2]3}A] o2 MEL} &S f5-85 Holt
7} 11 obe] el Basigiom, 48N HilelE 5uM

FE GG 582 wastdARt, 50 uM=} 100 pMS- #)
313E ol 247171 wliokr] 24.36223.84%114 30.57+2.25%
2, 487)7F wiekA] 24,577.54904 30.26+5.83%F F71eHS
et 282 18 2% A, 24807 sikAlellE 50 uM

742 A9 AR e Blon, 4847 wid el w e

Table II - Cell cycle analysis® of SK-MEL-28 cell cultured for 24 h after treatment of cisplatin, heptaplatin and sunpla

P? Cisplatin Heptaplatin Sunpla

ceNL ol GoGL s M S GGl s GeM o o cosl s GeM
0 1.590 48.42 18.62 31.24 2.64 51.76 24.71 21.11 2.28 49.66 21.56 26.5
+0.38 +1.72 +3.63 +4.49 +0.43 +3.14 +1.80 +4.93 +1.22 +4.90 +6.16 +3.31

1 3.95 14.33 18.83 64.53 2.5 40.34 25.83 31.08 2.14 42.84 22.04 32.29
+1.59 +3.11 +0.61 +6.05 +0.25 +1.34 *2.79 +2.21 +0.67 +4.29 +1.99 +2.60

5 22.04 20.57 14.47 42.18 2.94 24.26 24.97 47.31 2.56 29.17 23.84 45.15
+4.69 +532 +145 +3.69 +1.08 +1.97 +1.91 +3.98 +0.55 +5.69 +5.94 +5.46

10 54.68 24.25 8.31 13.98 4.12 22.52 25.5 47.47 4.58 21.24 24.75 49.7
+2.32 +2.05 +0.79 +1.57 +1.84 +6.25 +4.09 +10.42 +1.43 +1.77 +2.37 +2.43

50 23.91 44.43 15.02 15.99 16.36 21.76 18.67 43.5 11.39 24.36 22.45 42.9
+141 +8.55 +1.55 +3.11 +6.92 +1.96 +1.46 +7.33 +3.39 +3.84 +6.97 +2.94

100 26.54 36.1 19.18 20.18 44,79 35.31 7.05 13.38 32.14 30.57 13.46 25.03
+1.38 +0.90 +1.19 +2.02 +9.78 +6.18 +0.98 *7.06 +6.09 +2.25 +2.76 +3.83

SK-MEL-28 cells were treated with various concecntrations of cisplatin, heptaplatin and sunpla for 24 h. And cell cycle analysis was
performed by flow cytometer. Data represent percentage of mean+S.D from three independent experiments.

“Cell cycle analysis was performed by flow cytometer.

SK-MEL-28 cells were incubated for 24 h after treatment of compounds.

“SK-MEL-28 cells were treated with cisplatin, heptaplatin and sunpla at concentration of 0, 1, 5, 10, 50 and 100 pM.

Vol. 47, No. 6, 2003
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Table III - Cell cycle analysis® of SK-MEL-28 cell cultured for 48 h after treatment of cisplatin, heptaplatin and sunpla

P® Cisplatin Heptaplatin Sunpla

ce\l o GGl S GeM S8 GGl S GaM o S GOGL S GaM
0 2.07 61.23 19.36 17.65 2.14 63.96 16.6 13.4 3.18 51.11 224 22.73
+0.47 +0.96 +0.44 +0.30 +0.63 +7.70 +4.04 +4.32 +1.20 +2.13 +4.42 +2.85

1 17.82 29.46 15 37.81 4.65 55.19 20.64 17.45 3.3 49.58 19.05 28.52
+1.49 +1.79 +0.77 +2.21 +1.45 +1.67 +2.13 +1.69 +2.40 +3.16 +3.79 +4.21

5 35.95 15.35 7.59 42.08 10.97 32.57 16.82 39.01 3.58 21.99 17.81 56
1348 +180 083  £179 067  +063 044  +056  £102 577 4449 560
o 73 1953 223 97 2083 1921 . 115 378 937 1513 1227 6253
+4.30 +2.21 +0.62 +1.90 +2.62 +0.68 +0.78 +1.57 +3.24 +=1.14 +2.29 +1.70
50 54.01 36.97 3.52 0.09 779 13.42 2.21 6.26 375 24.57 5.63 29.24
+4.85 +3.14 +1.72 +0.09 +6.43 +1.52 +1.05 +4.67 +8.69 +7.54 +0.10 +3.27

o 7408 1828 431 121 875 1566 1 052 5847 3026 306 711
+7.58 +4.84 +1.74 +1.14 +2.49 +2.27 +0.08 +0.36 +8.90 +5.83 +1.08 +0.79

SK-MEL-28 cells were treated with various concecntrations of cisplatin, heptaplatin and sunpla for 24h. And cell cycle analysis was
performed by flow cytometer. Data represent percentage of mean +S.D. from three independent experiments.

Cell cycle analysis was performed by flow cytometer.

°SK-MEL-28 cells were incubated for 24 h after treatment of compounds.
‘SK-MEL-28 cells were treated with cisplatin, heptaplatin and sunpla at concentration of 0, 1, 5, 10, 50 and 100 uM.

7t SR f580) AR 48 B9t (Tables 11, IID).

12322 Cell cycleo} GZM71eIA AAET &2 Cde2st
cyclin A =¥ cyclin B Agl FA)7F Az} gk 2Juisid,
E3] M719) oAl ful719s}t 5491 APCYY cyclin BS &
ul71815} s1=dl, o] cyclin B/} 40171918 54 @A, o]
B|7193HE cyclin B7} TR HoREe oJs) £alj=A] ¢k cell
cycle2 AAHA Bt o5 AL apoptos&‘-?— Jo o
AEE 59 F e st oy, 53] A4 SR AR

= cisplatin?| g 2 A 34|th i}ﬁwol heptaplathJr I A
QA AE} Akt A9E e HQ vl @A) o]E°] SK-
MEL-28 Al thale] HFAPET} ojmdt 7|H O F apoptosis
7} doju=rle) A7t AE T Qe Folrh
& 2

A AAA o= oid oF 5%2] BlE&E A8t e
o it FUAE L8] HAste] HFG AEL] UAA
K EF(SK-MEL-28)0]l thafl &= Alek 154! sunpla®) 43
Q1 hepataplatin®} cisplatin, 7237 heptaplatin®ll mannitol2- 3
7}l AP O T WE sunplaSell gt R AlEAG A A o
i$t Bl 437 o]Fo] ojwdt MEFTIE Ao =M It
E2IE VEREAE 43 dae os8 2

1. Cisplatin, heptaplatin 78]1 AZe} ZF2}e] HFFEE 0,
0.001, 0.01, 0.1, 1, 10 Z8]x 100 pMo| HAl F=E= Az}

I 7287 HljoFEr & SK-MEL-28 4|39 A ZEES 73
A} cisplatin®] IC;,ak-2 10.92 uME A, 4 E2HICy=10.95
uMy$} vl A Fete 73 952 heptaplatin(ICy, ¢

LT

95.35 uM)ell B3l o W2 sEo|A SK-MEL-28 4|33
T JE 2%F Yehle 2e & & Uik 34
mannitol®] ICg 3k 36.15 uMEH, heptaplatin]] H]3] €5-3]
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