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Selective Cytotoxicity of a Novel Platinum (II) Coordination Complex
on Human Gastric Cancer Cell Lines and Normal Kidney Cells
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We have synthesized novel platinum (II) coordination complex containing cis-1,2-diaminocyclohexane
(DACH) as a carrier ligand and 1,2-bis(diphenylphosphino)ethane (DPPE) as leaving group. Furthermore,
nitrate was added to improve the water-solubility. A new series of [Pt(cis-DACH)(DPPE)] - 2NO; (PC)
was evaluated its antitumor activity on various MKN-45 human gastric adenocarcinoma cell-lines and
notmal primary cultured kidney cells. The new platinum complex demonstrated high efficacy in the
cytotoxicity on MKN-45 cell-lines as well as adriamycin-resistant (MKN-45/ADR) and cisplatin-resistant
(MKN-45/CDDP) cells. The cytotoxicities of PC were found quite less than those of cisplatin in rabbit
proximal renal tubular cells, human renal cortical cells and human renal cortical tissues using MTT assay,
[3H]—thymidine uptake and glucose consumption tests. Based on these results, this novel platinum (II)
coordination complex, was considered as better a valuable lead for improving antitumor activities with
low nephrotoxicities in the development of a new clinically available anticancer chemotherapeutic

agents.
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INTRODUCTION

Cisplatin (cis-diamminedichloroplatinum II) is one
of the first line chemotherapeutic agents for the
treatment of ovarian carcinoma, testicular cancer,
bladder cancer and cancer of the head and neck (Hill
et al, 1975; Gottlieb & Drewinko, 1975; Einhormn &
Donohue, 1977; Harstrick et al, 1989). The platinum
(II) coordination complexes are cytotoxic agents that
were first identified by Rosenberg and coworkers in
1965. Growth inhibition of E. coli was observed when
electrical current was delivered between platinum
electrodes. The introduction of the square-planar com-
plex cisplatin has resulted in dramatic improvement
in the response rate for some tumor types, notably
testicular tumor and ovarian carcinoma (Rosenberg,
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1978; Hamilton et al, 1985).

While the unfavorable toxicity profile of cisplatin
(primary nephrotoxicity) has been overcomed by the
development of the second-generation agent, carbop-
latin, there remains an unquestionable need for ad-
ditional platinum (II) coordination complexes which
have more favorable therapeutic indices and circum-
vent resistance (Harstrick et al, 1989; Ettinger et al,
1994; Fields et al, 1994). It was also known that renal
cortical accumulation of cisplatin leads to the necrosis
of the proximal tubule and late development of
internal cysts (Hardaker et al, 1974; Krakoff, 1979;
Litterest, 1981). To date, there have been notable
investgations for novel platinum chemistry adressing
their stabilities, broad antitumor activities, and lower
nephrotoxicities. The antitumor activities of platinum
(D) coordination complexes containing diaminocycl-
ohexane (DACH) as a carrier ligand were investigated
by Connors (1972), Clear (1973), and Gale (1974).
Kidani (1985) also synthesized [Pt (II) (oxalato)
(trans-l-DACH) [/-OHP] and [Pt (II) (malonato) (trans-
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[-DACH)] [I-PHM] using oxalic acid/malonate with
selected trans-I-DACH among trans-I, trans-d and
cis-isomers.

Consequently, there is much interest in obtaining
agents that have less toxicity and more favorable
anticancer chemotherapeutic indices. To accomplish
this aim, we have reported the sythesis of a new
platinum (II) coordination complex containing DACH
as a carrier ligand and 1,2-bis(diphenylphosphino)
ethane (DPPE) as a leaving group.

In the present study we evaluated in vitro antitumor
activity of the new platinum complex on the various
human gastric adenocarcinoma cell-lines and its neph-
rotoxicities on the rabbit proximal tubular cells, hu-
man renal cortical cells and histocultured human renal
cortical tissues.

METHODS

Materials

Dulbeco’s Modified Eagle’s (DME), Ham’s Nutri-
ent Mixture F12 (F12) and RPMI-1640 media were
purchased from Gibco (Grand Island, NY). Cisplatin,

hormones, transferrin and other chemicals were pur-

chased from Sigma Chemical Corp. (St. Louis, Mo).
Powdered medium, EDTA-trypsin and soybean tryp-
sin inhibitor were obtained from Life Technologies
(Grand Island, NY). Class IV collagenase was obat-
ained from Worthington Co. (Frechold, NY). Iron
oxide was prepared by the method of Cook & Pic-
kering (1958). Stock solutions of iron oxide in 0.9%
NaCl were sterilized in an autoclave and diluted with
phosphate buffered saline (PBS) prior to use Pt (II)
(cis-DACH) (DPPE) (2NOs); PC was synthesized in
the Department of Pharmacochemistry, College of
Pharmacy, Kyung Hee University as previously re-
ported (Jung et al, 1995). This agent was dissolved
in sterilized cell culture media prior to use.

Cell cultures

Primary rabbit kidney proximal tubular cells:
Each growth study was conducted with an individual
primary culture set derived from purified proximal
tubules obtained from a single rabbit kidney. Indi-
vidual kidneys were obtained from male New Zealand
White rabbits (2~2.5 kg). Primary cultures were
initiated from purified rabbit kidney proximal tubules

by a modification of the method of Chung et al
(1982) (Jung et al, 1992; Taub, 1997). To summarize,
each kidney was perfused via the renal artery, first
with PBS, to remove the blood, and then with a 0.5%
(w/v) solution of iron oxide. The renal cortex was
removed by slicing, and the renal cortical slices were
homogenized in a sterile Dounce homogenizer. The
tubules in the homogenate were then filtered (253 p
mesh screen, and then through an 83 4 screen). The
material which remained on the 83 x mesh (proximal
tubules and glomeruli) was transferred to a 50 ml tube
containing basal medium (DME/F12). The glumeruli
(which were coverd with iron oxide) were then re-
moved with a stir bar. The remaining material, renal
proximal tubules, was incubated for two minutes at
23°C in basal medium containing 0.125 mg/ml colla-
genase (class IV), and 0.025% soybean trypsin inhib-
itor. The tubules were washed by centrifugation, and
the primary- cultures were inoculated into 35 mm
culture dishes containing basal medium further sup-
plemented with 5 xg/ml insulin, 5X 10~® M hydro-
cortisone and 5 pg/ml transferrin. Approximately 100
culture dishes of proximal tubular cells could be
obtained from a single rabbit kidney preparation. The
cultures were maintained in a humidified, 5%
CO0,/95% air environment at 37°C. The purified rabbit
kidney proximal tubules attached to the culture dish
during the day of plating. The day after plating, the
medium was replaced so as to remove unattached
tubules. The medium was replaced every two days
thereafter. During the initial 4 days in culture, cell
outgrowth from attached tubules occurred.

Primary human kidney cortical cells: Normal
human kidney tissues were obtained at the time of
radical nephrectomy in patients with renal cell car-
cinoma. Human kidney cortical tissues were washed
3 or 4 times with DMF/F12 (1 : 1) medium supple-
mented with penicillin G/streptomycin. A single-cell
sespension was obtained by mechanical disaggre-
gation with a srerilized surgical knife and subsequent
incubation with collagenase (0.124 mg/ml) and
trypsin inhibitor (2.5 mg/ml) for 2 minutes. The
process was stopped by centrifugation (1,000 rpm for
5 minutes) and the particles of the kidney cortical
tissues were suspended in DME/F12 media supple-
mented with insulin (5 gg/ml), transferrin (5 pg/ml),
hydrocortisone (5 X 10™° M), triiodothyronine (5 g/
ml), prostaglandin E; (5% 107% M) and 1% fetal bo-
vine serum (FBS) (GIBCO, Grand Island, NY). These
suspended cells were seeded in a culture dish in an
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incubator at 37°C maintaining a highly humidified
atmosphere 5% CO,/95% air. After 2 weeks of incu-
bation, the cells were confluent and used for ex-
periments.

Cancer cell-lines: MKN-45 human gastric adeno-
carcinoma cell-lines (MKN-45/S, MKN-45/ADR and
MKN-45/CDDP) were obtained from Cell-Biology
Lab. of Atomic Power Hospital, Seoul, Korea. MKN-
45 cells were cultured in RPMI 1,640 medium sup-
plemented with 10% FBS, 20 mM sodium bicarbonate,
15 mM HEPES, 92 units/ml penicillin G and 200 pg/
ml streptomycin. All the cells were incubated in 5%
C0,/95% air in a humidified incubator at 37°C.

Histoculture: Normal kidney tissues, identified by
frozen section the time of radical nephrectomy, were
transported in a container to the laboratory which was
near the operating room. The notmal human kidney
tissues were devided into 2 to 3 mm diameter pieces
and five pieces were placed on the top of previously
hydrated Spongostan gel (1X1X1 cm) (Health De-
sign Indust. Rochester, NY). One gel was put in each
well of six-well plate. 3 ml of Eagle’s minimal essen-
tal medium (MEM) supplemented with 10% FBS, 50
pg/ml gentamicin and 1 gug/ml cefotaxime were
added to each well of the plate. The final volume of
medium was sufficient to reach the upper gel surface
without immersing it. Covered culture plates were
maintained in a humidified 5% CO, incubator at
37°C. Histoculture was incubated in medium con-
taining 50 M of newly formed platinum (II) coordi-
nation complexes and cisplatin, the specimens were
washed with PBS and transferred to fresh media
(Freeman & Hoffman, 1986; Chang et al, 1992).

In vitro antitumor activity

Cancer cell-lines were cultured in the growth media
for each cell lines in an incubator maintaining a
highly humidified 5% CO,/95% air at 37°C. After 3
days culture, all cell lines were dissociated with
0.025% trypsin-EDTA for dispersal and centrifuged at
1,000 rpm for 5 minutes. The pellets were suspended
with fresh medium. Individual wells of 96-well tissue
culture microtiter plate were inoculated with 0.1ml of
the appropriate media containing 10° cells. New
platinum (IT) coordination complex and cisplatin were
added at various concentrations. After 48 hours of
incubation, 0.05 ml of 3-(4,5-dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) solution (5 mg/
ml) were added to each well. After 4 hours of ex-

posure, 0.05 ml of DMSO were added to each well
and absoption rates were read at 630 nm by an
ELISA reader (Shimoyama et al, 1989).

Cytotoxicities on normal kidney cells

The confluent primary rabbit kidney proximal tu-
bular and human kidney cortical cells were disag-
gregated by using 0.02% EDTA in 0.05% trypsin.
Single cell suspension was then produced by centri-
fugation (1,000 rpm, 10 minutes), and resuspending
in DME/F12 medium. This suspension was seeded at
10 cells per well on 96-well plate in 100 41 of me-
dium. Drugs were added at various concentrations
(final concentration; 5, 15, 50, 150, 300 and 500 M)
and the cell cultures were incubated for 48 hours in
an incubator maintaining a highly humidified atomo-
sphere of 5% CO/95 air at 37°C. There after, 50 ul
of the medium containing MTT (5 mg/ml) was re-
moved and the wells were washed with PBS, and then
of 50 ul of DMSO were added to each well to
solublize the precipitates. Then the plates were trans-
ferred to an ELISA reader to measure the extracted
dye at 630 nm. All experiments were performed at
least 3 times, with 6 wells for each concentration of
new platinum (II) coordination complex and cisplatin
(Mossman, 1973).

Thymidine uptake

Primary cultured proximal tubular and cortical cells
were respectively seeded at the cell density of 10° per
well in 24 well plate. After 1 hour of incubation, plat-
inum (II) coordination complexes were added and
incubated for 48 hours under a humidified incubator,
5% C0,/95% air at 37°C. Thereafter, [’H]-thymidine
(1 uCi/ml ; specific radioactivity) was added to each
well, and cells were incubated for 24 hours in the
same humidified incubator.

After trypsin EDTA treatment, all cells were col-
lected and washed twice with 10% TCA and phos-
phate buffer. The cells were then solubilized with 0.5
M-NaOH for 2 hours at 37°C. The amount of radi-
oactivity uptake by the cells was determined by neu-
tralizing with 0.5 M-HCI, adding scintillating cocktail
(Scint-AXF, Packard, CT) and counting in a f-
counter (Beckman, LS 5,000 TD).
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Glucose consumption from histocultured specimens

This study was performed essentially as described
by Chang et al (1992). Briefly, 50 ul culture medium
were removed every 24 hours for determination of
medium glucose content in triplicate using the HK 20
assay kit from Sigma (St Louis MO). Measurements
were made by monitoring the change in optical
density at 340 nm due to the reduction of NAD
catalized by hexokinase with the glucose content of
the medium was plotted in semilog from versus time
using the Sigma plot program (Jandel Scienfic, Corte,
Madera CA). A simple exponential model of glucose
consumption was then fitted to the data with the
Systat program (Systat. Inc. Evanston, IL). The half-
life of glucose was calculated from the slope param-
eter of this model using the equation t=0.693/s where
s=slope of the best fit linear regression line of the
natural log of the glucose concentration plotted versus
time. The glucose content of the medium was mea-
sured daily for 3 days. The log values over 3 days
were plotted vs time and the slope of the best-fit line
was taken as the glucose consumption rate during the

3-day measurement period (one period).

RESULTS
Selective cytotoxicity

The sensitivities of the various MKN-45 human
gastric cancer cells, wild type, a resistant phenotype
to adriamycin (MKN-45/ADR) and a resistant pheno-
type to cisplatin (MKN-45/CDDP) to the 2 platinum
containing compounds are shown in Table 1. Drug
concentration (CCsg), cytotoxic index by 50%, was
determined through MTT assay after treatment with
compounds for 48 hours. Cisplatin did not show
significantly different CCso between MKN-45/S and
MKN-45/ADR cells, whereas the a new compound
(PC) showed 2-fold resistance against MKN-45/ADR
cells. On MKN-45/CDDP cell-line with acquired
cisplatin resistance, cytotoxicity of cisplatin was
prominently weak compared with other type cells,
while new compounds showed much higher cytotox-
icity. To investigate renal cytotoxicity, primary cul-

Table 1. In vitro cytoxicities of Pt (II) complexes on MKN-45/S, MKN-45/ADR and MKN-45/CDDP cells

CCso (M)
Compound
MKN-45/S” MKN-45/ADR" MKN-45/CDDP®
Cispatin 27.4+3.43% 22.8+1.86 149.5+15.67
PC 32.1£3.05 65.3+6.72* 61.0+7.14

CCs indicates mean cytotoxic concentration with MTT assay, a) wild type cell, b) adriamycin-resistant cell, c)
cisplatin-resistant cell, d) Each value is the mean+S.E. of three experiments. PC: Pt (I) (cis-DACH) (DPPE) - 2NO;

*Significantly different from- cisplatin-control (P <0.05)

Table 2. In vitro cytotoxicities of Pt (II) complexes on
proximal tubular cells of the rabbit kidney

Table 3. In vitro cytotoxicities of Pt (II) complexes on
cortical cells of human kidney

Compound CCso (M) Ratio” Compound CCss (M) Ratio®
Cisplatin 14.8+5.36" - Cisplatin 17.2+2.73% -
PC 187.5+17.52 12.7 PC 2254+19.18 13.1

a) The ratio is the CCso of the PC divided by that of the
cisplatin, b) Each value is the meanx S.E. of at least
three experiments

a) The ratio is the CCso of the PC divided by that of the
cisplatin, b) Each value is the mean*S.E. of at least
three experiments.
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tured rabbit and human normal kidney cells were
incubated with cisplatin and new compounds for 48
hours in various concentrations. The cytotoxicity of
PC on primary cultured normal kidney cells was
markedly lower 12.7 and 13.1-fold compared with
cisplatin (Table 2 & 3).

[H] thymidine uptake on normal kidney cells

To evaluate the nephrotoxicity of new Pt (II)
complex, we measured [*H] thymidine uptake in rabbit
proximal tubular cells and human renal cortical cells.

Rabbit renal proximal tubular cells: The cyto-
toxicities of cisplatin and PC against primary cultured
rabbit renal proximal tubular cells are shown in Table
2. PC (CCso: 187.5 uM) showed less as compared
with cisplatin. In addition to MTT assay, cytotoxici-
ties were determined using [’H] thymidine uptake
assay. Results using this assay are shown in Table 4.

Table 4. Effect of platinum (II) coordination complexes
on 3H-thymidine incorporation into primary cultured
proximal tubular cells of rabbit-kidney

PC showed 59.2% of [3H] thymidine uptake as
compared with that of cisplatin (1.5%) at 500 uM.
These result indicate that cytotoxicity of PC was
significantly less than that of cisplatin, and [3H]
thymidine uptake assay is more sensitive than MTT
assay.

Human renal cortical cells: PC showed signifi-
cantly less cytotoxicity (CCso: 225.4 xM) than that
of cisplatin (CCsp: 17.2 uM) (Table 3). Table 5
shows that [*H] thymidine incorporation is signifi-
cantly inhibited by cisplatin (1.4%) as compared with
that of PC (42.3%).

Glucose consumption on human kidney tissues

The glucose consumption rate was calculated as the
medium glucose-content half-life. The medium glu-
cose half-life varied with two the different drugs
tested, depending on the drug concentration (Table 6).

Table 5. Effect of platinum coordination complexes on
*H-thymidine incorporation into primary cultured renal
cortical cells of human-kidney

[*H] -thymidine uptake

[*H]-thymidine uptake

Compound (cpm/10° cells) Uptake rate (%) Compound (cpm/10° cells) Uptake rate (%)
Control 598.3+75.15 100.0 Control 621.3+56.01 100.0
Cisplatin 9.0+3.46 1.5 Cisplatin 8.7+5.14 1.4
PC 354.31+42.68 59.2 PC 263.0+60.98 423

Concentration of platinum (II) coordination complexes in
culture medium: 5x107° M, PC: [Pt (D) (cis-DACH)
(DPPE) (NOs);], Values are means=+S.E. All the incor-
porations were determined in triplicate.

Concentration of platinum (II) coordination complexes in
culture medium: 5x107° M, PC: [Pt (II) (cis-DACH)
(DPPE) (NOs),], Values are means *+ S.E. All the incorpo-
rations were determined in triplicate.

Table 6. Nephrotoxicity on histocutured human kidney tissues by glucose consumption assay

Glucose Half-Life (hours, M+ S.D.)

Compound

1 2 3 4 5 6 7 (period)
Cisplatin 6333602 5924269 5921486 312.6141.30 328.4+38.06 2464134.66 242.0+32.98
PC 52.1+£3.67 49.71t449 49.8+3.28 55.6+2.38* 745+6.89** 70.317.29* 74.7+8.32*

The histocultured human kidney tissues treated with 10”* M cisplatin and 10™* M PC with 72 hours exposure. All
experimental histocultures had their own control (period 1, 2, 3). The glucose Tz was abruptly delayed after treatment
with PC and was not recovered. In contrast, the glucose Ty, was gradually increased and recovered in the case of
cisplatin-treated histocultures. PC: [Pt (I) (cis-DACH) (DPPE)] - 2NOs. *Significantly different from cisplatin-control

(*P<0.001)
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In glucose consumption, one period is defined as
more than 3 times measurement per day in 4 week-
culture of human renal cortical tissue. The half-life of
glucose before adding PC is approximately 50~52
hours and dose not show any significant increase at
4 period, and then showed more than 75 hrs at 5~7
periods. However, the effect of PC was less marked
than that of cisplatin. The medium glucose content
half-life was longer in cisplatin-treated cultures than
those of PC. PC showed slight increase in glucose
half-life compared to control. In the case of cisplatin
the glucose half-life was lengthened after treatment
compared with the pre-treatment control. The spec-
imens treated with 10* M of cisplatin still had
delayed glucose half-life in the post-treatment period.

DISCUSSION

Cis-diaminedichloroplatinum II (cisplatin) was found
to be the most active one among platinum (II)
coordination complexes in experimental tumor sys-
tems and has proven to be of clinical value (Ro-
senberg et al, 1967, 1969)

Since Rosenberg et al (1967) first described the
antitumor activity of cisplatin, cisplatin has become
an important drug in the treatment of selected human
malignant tumors. However, its clinical uses are
limited by its dose related renal toxicity. While the
unfavorable nephrotoxicity has been overcomed by
the development of the second-generation agent,
carboplatin, there remains an unquestionable need for
further improved platinum containing compounds
which have more favorable therapeutic indices and
circumvent resistance.

The advanced knowledge on structure-activity
relationship was clarified that the carrier ligands and
its leaving groups are essential for their in vivo
antitumor activities. The contribution of the carrier
ligand may be related to the potency and spectrum
of antitumor activity, and those leaving group may be
related to the dissociation rate from platinum com-
plex. One of the structural modification that is widely
accepted as having resulted in an increased thera-
peutic index is the attachment of DACH (Connors et
al, 1972; Cleare & Hoeschele, 1973; Gale et al, 1974,
Ridgway et al, 1977). Several DACH compounds are
existed such as the forms of such as cis-DACH,
trans-/-DACH and trans-d-DACH. Among these DACH
derivatives, trans--DACH has been known to have

more significant antitumor activity (Inagaki & Kitani,
1986).

Moreover, it is essential to consider that the leaving
group is an important factor influencing the activity
of platinum coordination complexes. The platinum
(IT) coordination complexes appear to penetrate cell
membrane by diffusion and then the leaving group is
displaced directly by hydrolysis with nucleic acid
groups. This is responsible for the formation of
activated species of platinum (II) coordination com-
plexes which reacts with DNA (i.e., with the guanine
N7 forms), causing the inhibition of DNA replication
and cytotoxic effect (Tashiro, 1988). In addition to
their reactivity with DNA, platinum (II) coordination
complexes can react with protein-bound sulfhydryl
groups of the renal proximal tubules with resulting in
significant toxic effect on renal function (Alden &
Repta, 1984; Appleton et al, 1989). These studies
indicated that the dissociation of leaving group is an
important factor in antitumoral and toxic activities.
However, when the rate of dissociation is much
higher, it causes toxic effects since the platinum
complexes react with normal protein instead of DNA
in cancer cells. Contrastly, when the dissociation rate
is too low, it is excreted to extracellular compartment
before showing any antitumor activity.

The mechanism of nephrotoxicity induced by
platinum (II) coordination complexes is not com-
pletely understood. To date, investigators have dem-
onstrated that cytotoxicity induced by a variety of
platinum coordination complexes may be attributable
at least in part to the inhibition of blood-flow in
kidney or depletion of intracellular glutathione(Meijer
et al, 1982). Dobyan et al (1980) have reported that
the site-specific injury was the pars recta (S3) seg-
ment of the proximal tubules. Gonzalez-Vitale et al
(1980) noted that the distal tubule was the most con-
sistently damaged region in human kidney. Further-
more, a number of investigators (Porter et al, 1981;
Jones et al, 1985) suggested that both of proximal and
distal tubules have been damaged. The nephrotoxicity
of cisplatin found in this study is very similar to that
of reported previously, in terms of both the histo-
pathology and the effects on various measures of
renal function (Dobyan et al, 1980; Jones et al, 1985).
The effects of different doses of cisplatin on kid-
neys have been published (Litterst, 1981; Daley &
McBrien, 1982).

The relatively modest level of nephrotoxicity
associated with the administration of high doses of
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cis-[Pt(NHa),(guanosine),]’" as compared with the
other platinum complexes investigated suggests that
analogous compounds resulted from the repair of
platinated DNA which will not produce reactive
species that exacerbate the nephrotoxicity arised from
the administration of the parent conpound. Such
repair products could be expected releasing slowly
when the characteristic cisplatin-DNA lesions are
repaired. Since this compound dose not readily un-
dergo substitution processes in which the guanosine
is removed (Jones & Beaty, 1991), the renal retention
of platinum following its administation may be
dependent on the occurrence of ligand substitution
processes in which one or more of the ammonia
groups bonded to the platinum are replaced by groups
such as sulfur atoms that are present in the sulfhydryl
groups of proteins. An alternative explanation is that
the metabolism of the coordinated guanosine may be
responible for the retention of platinum-containing
species in the renal tissue (Rosenberg, 1978; Daley
& McBrien, 1982, 1984).

New platinum (II) coordination complex produced
and used by in this study have generally been
screened for antitumor activity and nephrotoxicity
using MKN-45 human gastric adenocarcinoma cell-
lines, and normal human and rabbit kidney cells,
respectively. New synthetic platinum (II) coordination
complex, PC exhibited significant in vitro antitumor
activity aganist human gastric adenocarcinoma cell
lines.

A criteria for in vitro antitumor activity is generally
expressed in cytotoxicity index and is accepted as
possible antitumor drugs. PC showed comparable
antitumor activity to cisplatin. The comparison of
antitumor activities between PC and cisplatn exhibited
similar levels in MKN-45 cell-lines. Since the dif-
ference of chemical structure between PC and cisp-
latin is only “DACH-isomer”, it can be explained that
dissociation time or rate is different after absorbing
the compound in the cells due to the different leaving
groups.

In this study, PC was less cytotoxic than cisplatin
in renal tissues. This new compound is conceivable
that modification of the carrier ligand as a DACH and
leaving group as a DPPE derived from cisplatin
significantly decreased nephrotoxicities. Mortine &
Borch (1988) reported the LLC-PK; (pig proximal
tubular epithelial cell-line) was a good model to
evaluate nephrotoxicity induced by cisplatin in vitro.
In our present study using primary cultured cells

showed reliable data instead of LLC-PK; cell-line.

In vivo, the apperance of glucose in urine is one
of the early signs of proximal tubular dysfunction and
therefore we choose glucose consumption test as a
parameter to assess the nephrotoxicity in human renal
cortical tissue. Chang et al (1992) have reported that
histocultured renal cortical tissues evaluated for glu-
cose consumption test provided a good association for
cisplatin toxicities. Furthermore, glucose consumption
measurements in histocultured human renal cortical
tissues were more sensitive than the thymidine-
incorporation endpoint (Chang et al, 1994). The
results revealed that the newly-developed platinum
complex has similar or greater anticancer efficacy
than cisplatin, particulary at high concentrations. As
mentioned above, however, this new complex has
very low nephrotoxicity. Therefore, this new complex
may possibly be useful clinically for high dose
chemotherapy with reduced side effects.

Based on these results, this novel platinum complex
represents a valuable lead and justifies clinical studies
in the development of a new anticancer chemother-
apeutic agent capable of improving anticancer effi-
cacy with low toxicity.
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