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Summary. A microtiter assay was developed to monitor
cytotoxic activity of drugs alone and in combination at
varying ratios on a single plate. Combinations of meto-
clopramide or sodium thiosulfate with cis-diamminedi-
chloroplatinum(II) (cisplatin) were evaluated in vitro and
in vivo for cisplatin cytotoxicity to murine leukemia
L1210. The in vitro assay indicated that metoclopramide
did not interfere with cisplatin-induced cytotoxicity and
confirmed previously reported inhibition of cisplatin ac-
tivity by sodium thiosulfate. The drug combinations were
also evaluated in vivo for antitumor activity and the results
of these studies corroborated the in vitro results.

Introduction

Cis-Diamminedichloroplatinum(II) (cisplatin) has demon-
strated antitumor activity against a variety of murine tu-
mors and human malignancies [9]. Two of the major toxi-
cities associated with cisplatin therapy are nephrotoxicity
and emesis. There is interest in controlling these toxicities
through the use of protective agents in conjunction with
cisplatin therapy. Sodium thiosulfate was investigated as
an inhibitor of cisplatin-induced nephrotoxicity, but was
found to inhibit cisplatin activity as well as nephrotoxicity
[7, 11}. Metoclopramide has been shown to be effective
clinically in reducing the emetic effects of cisplatin with-
out apparent reduction in the therapeutic effect [5, 6].
Recently we have reported a method of evaluating
drug combinations in vitro in a microtiter cytotoxicity as-
say [1]. In the present study we evaluated the effects of
metoclopramide on the in vitro cytotoxicity of cisplatin
against murine leukemia L1210 cells. Sodium thiosulfate
in combination with cisplatin was included in these studies
as a positive control. Cisplatin alone and in combination
with metoclopramide or sodium thiosulfate was also evalu-
ated in vivo for antitumor activity against L1210. This
study has demonstrated the ability to evaluate drug combi-
nations in vitro by microtiter techniques which have been
proven to be rapid, sensitive, and cost-effective [2, 4].

Materials and methods

Cell culture. 1.1210 murine leukemia cells were obtained
from DBA/2 mice carrying an ascitic form of the tumor
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and passaged in vitro as suspension cultures in Dulbecco’s
minimal essential medium containing 2 mM L-glutamine,
25 u M 2-mercaptoethanol, penicillin/streptomycin (10 un-
its/ml and 10 pg/ml, respectively), and 10% horse serum
(enriched DMEM). Cells were maintained in logarithmic
growth at 37 °C in a 5% CO,, balance air, high-humidity
incubator.

Cytotoxicity assay. Each well of a 96-well V-bottom mi-
crotiter plate (Costar, 3896) received 0.15 ml enriched
DMEM. Cisplatin (50 ul 1 mg/ml in saline from bulk sup-
plies, Bristol Laboratories, Syracuse, NY) was added to
wells A3 through Al12 and serially diluted from row A
through row F by serial transfer of 50 ul with a Cetus pro/
pette (Cetus #85001-01011). Metoclopramide (50 pl
0.5 mg/ml in saline, A. H. Robbins, Richmond, Va) or so-
dium thiosulfate (50 pul 12.5 mg/ml in saline, Fisher Scien-
tific, Rochester, NY) was added to column 3, rows A
through H and serially diluted from column 3 to column
10, by serial transfer of 50 pl with the Cetus pro/pette.
This dilution scheme provides on a single plate two col-
umns of no-drug controls (columns 1 and 2), two columns
of cisplatin-only titrations (columns 11 and 12), two rows
of metoclopramide —~ or sodium thiosulfate — only titra-
tions (rows G and H, columns 3 through 10), and 48 wells
of drug combinations at varying ratios and concentrations.
Following dilution, 0.1 ml cell suspension (1 x 107/ml in
enriched DMEM) was added to each well with the Cetus
pro/pette and plates were incubated at 37 °C, 5% CO,,
balance air in an incubator for 2 days. Assays were per-
formed in duplicate.

Staining and evaluation. A modification of the method of
Parish was used to quantitate viable cells following drug
incubation [8]. Briefly, microtiter plates were centrifuged
at 800 g for 5 min, and 0.15 ml medium supernatant was
removed. Each well received 50 pl 0.04% Neutral Red
Stain in HBSS and was mixed by pipetting. Plates were in-
cubated for 20 min at 37 °C, 5% CO, and stopped by cen-
trifugation and aspiration. Cell pellets were washed once
with 0.1 ml cold 0.9% saline, centrifuged, and aspirated.
Stained cell pellets were lysed with 0.2 ml 0.1 M acetic ac-
id/ethanol (1:1, v:v) and mixed well; optical densities
were then determined at 540 nm on a Dynatech microtiter
plate reader. Cisplatin cytotoxicity (ICsy) in the presence
and absence of the second compound was determined by
linear regression analysis of optical density data.



In vivo assay. DBA/2 and (BALB/cx DBA/2 F, (CDF))
mice were used for these studies. Food and water were
provided ad libitum. The L1210 leukemia was maintained
in ascitic form in DBA/2 mice as described previously
[10]. Experiments were initiated by implanting 10° L1210
cells i. p. into CDF| mice weighing 18~22 g each. One day
after tumor implantation the mice, in groups of six per
dose, were treated i. p. with one of the following: cisplatin,
metoclopramide, sodium thiosulfate, or cisplatin in com-
bination with one of the other drugs. Groups treated
with combinations received cisplatin first, then the other
drug immediately afterwards. A saline-treated tumor-con-
trol group was included. Selected doses of the combina-
tions were administered in non-tumor-bearing mice to de-
termine toxicity. Cisplatin was dissolved in saline and the
other drugs in water. The concentrations of the drug solu-
tions were adjusted according to the average weight of
each experimental group (18-22 g, determined on day 0),
so that the correct dose was administered in a volume of
0.5 ml/mouse. The doses of cisplatin and sodium thiosul-
fate were based on previous reports [7, 10], whereas the
metoclopramide doses were multiples (2x, 4%, and 8 x)
of the usual optimal dose (8 mg/kg) of cisplatin.

Antitumor drug activity was determined based on the
% T/C using the median survival time (MST) of the drug-
treated (T) mice divided by the MST of saline-treated tu-
mor-control (C) mice x 100. The experiment was terminat-
ed on day 30. Mice dying on or before day 6 were ex-
cluded from the calculations.

Results

Cytotoxic concentrations of metoclopramide and sodium
thiosulfate to L1210 cells in vitro were determined in
preliminary experiments. Concentrations of metoclopra-
mide and sodium thiosulfate for the drug combination as-
say were then chosen to include one toxic concentration

Table 1. In vitro cisplatin cytotoxicity to L1210 cells in the drug
combination assay

Compound Concentration Cisplatin ICs,
(ug/ml) (ug/ml)+ SEM

None - 1.6+ 0.3
Metoclopramide 125 Toxic2

31.25 09+ 0.1

7.8 1.5+ 0.1

2.0 08% 0.1

0.49 12+ 0.1

0.12 1.5£ 0.2

0.03 1.6+ 0.1

0.008 14+ 0.1
Sodium thiosulfate 3125 Toxic?

‘ 781.3 652+15.2

1953 100+ 1.8

48.8 4.0+ 09

12.2 14+ 0.1

3.0 1.6+ 0.2

0.8 24+ 04

0.2 1.6+ 0.2

a Metoclopramide or sodium thiosulfate alone was toxic to L1210
cells at this concentration
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Fig. 1. Concentration of cisplatin (ug/ml) required to kill 50% of
L1210 cells in vitro with increasing concentrations of metoclopra-
mide (M) or sodium thiosulfate (O)

and seven nontoxic concentrations extending 4 logs below
the toxic concentration. The results of the in vitro studies
are summarized in Table 1. The cytotoxic activity of cis-
platin to L1210 cells was not altered by the presence of
nontoxic concentrations of metoclopramide. In contrast,
sodium thiosulfate was found to inhibit the cytotoxic activ-
ity of cisplatin in a concentration-dependent manner. The
concentration of cisplatin required to kill 50% of L1210
cells was increased 40-fold (1.6 pg/ml to 65.2 pg/ml) at the
highest nontoxic concentration of sodium thiosulfate eval-
uated. Figure 1 compares the effects of increasing concen-
trations of metoclopramide and sodium thiosulfate on cis-
platin cytotoxicity, Metoclopramide did not significantly
alter cisplatin cytotoxicity, whereas sodium thiosulfate was
inhibitory in a dose-dependent manner.

The results of the in vivo studies are summarized in
Table 2. Cisplatin was effective, resulting in a T/C of 180%
at the optimal dose of 8 mg/kg. Metoclopramide and sodi-
um thiosulfate had no antitumor activity and caused no
weight loss. The antitumor effects of cisplatin, 6 and 8 mg/
kg, in combination with metoclopramide were comparable
to those of cisplatin alone at these doses. Cisplatin at
10 mg/kg was less well tolerated in combination with met-
oclopramide than when given alone. Sodium thiosulfate
reduced the peak T/C values obtained with cisplatin and
shifted the optimal dose to higher values. This effect of so-
dium thiosulfate agrees with results reported by Howell
and Taetle [7]. Sodium thiosulfate also reduced the cisplat-
in induced loss of body weight in the present study.

In the non-tumor-bearing mice, the combination of cis-
platin at 8 and 10 mg/kg with metoclopramide (64 mg/kg)
caused lethality in many mice (7/11) by day 30. The cis-
platin and sodium thiosulfate combination was nonlethal.

Discussion

Anticancer drugs are often administered in combination
with other types of drugs to modulate the toxicity of the
anticancer agent. The use of metoclopramide to reduce the
emetic effects of cisplatin is one example of such combina-
tions. These combinations are often evaluated in the clinic
with little or no preclinical information regarding poten-



Table 2. Effect of metoclopramide and sodium thiosulfate on the activity of cisplatin against L1210 leukemia in vivo

Drugs Dose i.p. MST (days) %T/C Av. Wt. (g) Survivors
(mg/kg per inj) Day 5 Day 5 (30)
Cisplatin 12 7 93 -5 6/6
10 13 173 —5.1 6/6
8 13.5 180 —4.2 6/6
6 11.5 153 —-33 6/6
Metoclopramide 64 7 93 2 6/6
Sodium thiosulfate 1200 6.5 87 1.7 6/6
a) Cisplatin + a)12+b) 64 7 93 —4.7 5/6
b) Metoclopramide a)10+b) 64 8 107 —-49 6/6
a) 8+b) 64 14 187 —47 6/6
a) 6+b) 64 12 160 -32 5/6
a)12+b) 32 7 93 —4.6 5/6
a) 10+b) 32 7.5 100 —5.2 5/6
a) 8+b) 32 12 160 —2.8 6/6
a) 6+b) 32 12 160 —4.2 5/6
a)l12+b) 16 9 120 -5 6/6
a)10+b) 16 9.5 127 -5.1 6/6
a) 8+b) 16 12 160 —-4.38 6/6
a) 6+b) 16 12 160 —4.7 6/6
a) Cisplatin + a) 124b) 1200 10.5 140 ~18 6/6
b) Sodium thiosulfate a) 10+b) 1200 10 133 —14 6/6
a) 8+b) 1200 8.5 113 —17 6/6
a) 6+b) 1200 8 107 —0.1 6/6
a) 12+b) 800 11 147 ~2.4 6/6
a) 10+b) 800 11 147 —-23 6/6
a) 8+b) 800 9.5 127 -2 6/6
a) 6+b) 800 8.5 113 -02 6/6
Control Saline 1.5 100 23 10/10
Non-tumored control mice
a) Cisplatin + a)10+b) 64 7 - 45 5/5 (1)
b) Metoclopramide a) 8+b) 64 >18 - —~34 6/6 (3)
a) Cisplatin + a) 10+b) 800 >27 - —~25 6/6 (6)
b) Sodium thiosulifate a) 8+b) 800 >27 - —~1.5 6/6 (6)

Tumor inoculum: 10¢ ascites cells i.p.

Host: CDF, female mice

Treatment: All on day 1 only, combinations given simultaneously
MST: Median survival time

% T/C: (MST treated/MST control) x 100

Criteria: % T/C=125 = significant activity

tial effects on the efficacy of the anticancer agent. The
present studies were intended to evaluate the usefulness of
a mammalian-cell-based microtiter cytotoxicity assay to
analyze such drug combinations [1, 2].

The in vitro and in vivo activity of cisplatin against
murine leukemia L1210 cells alone and in combination
with metoclopramide or sodium thiosulfate were analyzed.
Sodium thiosulfate is a known inhibitor of cisplatin [7, 11],
as was confirmed in the microtiter assay as well as in vivo.
The in vitro drug combination microtiter assay indicated
that metoclopramide did not interfere with cisplatin cyto-
toxicity, which was also corroborated by the in vivo study.

Microtiter assays in general provide a rapid, sensitive,
cost-effective system [2, 4]. In addition to the assays previ-
ously described for anchorage-dependent cells [2, 4], the
methodology for evaluation of suspension cells in a mi-

crotiter system is presented in this study. A major advan-
tage of this drug combination microtiter cytotoxicity assay
is that duplicate rows of no-drug controls, drug A only
and drug B only titrations are available on the same plate
as the drug combination. Additionally, the quantitative na-
ture of the assay allows analysis by linear regression or
even more sophisticated techniques such as the median ef-
fect analysis recently described by Chou and Talalaly [3].
Furthermore, it is possible to perform in vitro scheduling
experiments with this drug combination assay using an-
chorage-dependent cells. The second drug can be added
and titrated hours after the first drug. This drug combina-
tion assay greatly expands the utility of microtiter-based
cytotoxicity evaluations. Additional drug combinations
need to be evaluated to determine the scope and limita-
tions of this assay method.



References
1. Catino JJ, Francher DM (1985) Analysis of combinations of

calcium channel blockers with cytotoxic drugs in a two-di-
mensional microtiter cytotoxicity assay. Proc AACR 26: 1363
. Catino JJ, Francher DM, Edinger KI, Stringfellow DA (1985)
A microtiter cytotoxicity assay useful for the discovery of fer-
mentation-derived antitumor agents. Cancer Chemother
Pharmacol 15: 240

. Chou T-C, Talalaly P (1984) Quantitative analysis of dose-ef-
fect relationships: The combined effects of multiple drugs or
enzyme inhibitors. Adv Enzyme Regul 22: 27

. Finlay GJ, Baguley BC, Wilson WR (1984) A semiautomated
microculture method for investigating growth inhibitory ef-
fects of cytotoxic compounds on exponentially growing car-
cinoma cells. Anal Biochem 139: 272

. Gralla RJ, Itri LM, Pisko SE, Squillante AE, Kelsen DP,
Braun DW, Bordin LA, Braun TJ, Young CW (1981) Antiem-
etic efficacy of high-dose metoclopramide: randomized trials
with placebo and prochlorperazine in patients with chemo-
therapy-induced nausea and vomiting. N Engl J Med 305: 905

10.

11.

. Gralla RJ (1983) Antiemetic studies with metoclopramide in

chemotherapy-induced nausea and vomiting. In: Laszlo J (ed)
Antiemetics and cancer chemotherapy. Williams and Wilkins,
Baltimore, p 129

. Howell SB, Taetle R (1980) Effect of sodium thiosulfate on

cis-dichlorodiammineplatinum(II) toxicity and antitumor ac-
tivity in L1210 leukemia. Cancer Treat Rep 64: 611

. Parish CR, Mullbacher A (1983) Automated colorimetric as-

say for T cell cytotoxicity. J Immunol Methods 58: 225

. Prestayko AW, D’Aoust JC, Issell BF, Crooke ST (1979) Cis-

platin (cis-diamminedichloroplatinum IT). Cancer Treat Rev
6:17

Rose WC, Schurig JE, Huftalen JB, Bradner WT, (1982) Anti-
tumor activity and toxicity of cisplatin analogs. Cancer Treat
Rep 66: 135

Uozumi J, Ishizawa M, Iwamoto Y, Baba T (1984) Sodium
thiosulfate inhibits cis-diamminedichloroplatinum(II) activity.
Cancer Chemother Pharmacol 13: 82

Received September 30, 1985/Accepted April 8, 1986



