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Abstract MKT-077 (1-ethyl-2-{[3-ethyl-5-(3-methylbenzo-
thiazolin-2-yliden)]-4-oxothiazolidin-2-ylidenemethyl} pyri-
dinium chloride), a novel rhodacyanine dye in phase I/II
clinical trials, may provide a new approach to cancer
therapy based on the accumulation in the mitochondria
of the cells of certain carcinomas, for example, those of
the colon, breast and pancreas. To support the devel-
opment of MKT-077 for clinical application as an in-
travenous (i.v.) therapy, we investigated the metabolic
fate of ['*CIMKT-077 in BDF1 mice as well as the dis-
tribution of MKT-077 in experimental LS174T tumor-
bearing mice using a high-performance liquid chroma-
tography (HPLC) method. The plasma levels of '*C
after i.v. administration of ['*CIMKT-077 declined in a
triphasic manner. In the first distribution phase, the
levels of "C decreased with a T, 52 of ~5min. In the
second and terminal phase, the T, of 14C was 2.8-4.6 h
and 16.2 h, respectively. C.x (1 min after injection)
increased from 0.3 to 1.5 pg/ml linearly, but less than
proportionately between the doses. The AUC o, at
0.3, 1 and 3 mg/kg were 0.030 £ 0.002, 0.60 = 0.12
and 1.73 £ 0.25 ug - h/ml, respectively. Plasma clear-
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ance was ~1.8 1/h per kg (at doses of 1 and 3 mg/kg).
The steady state volume of distribution (6.8 and 25.1 1/
kg) indicated that MKT-077 distributed as a lipid-solu-
ble molecule. The mean residence time (MRT) was 4.1
(at a dose of 1 mg/kg) and 14.1 h (at a dose of 3 mg/kg).
In the first rapid phase (5 min after dosing), '*C radio-
activity was detected in most of the tissues and organs,
most strongly in the kidney cortex, and not in the central
nervous system and testes. In the terminal phase (24 h
after dosing), '*C contents increased in the intestinal
tract, and in the kidney and liver were nearly to the
background level. After i.v. bolus administration at a
dose of 3 mg/kg of ["*CIMKT-077, the predominant
route of elimination of the radioactivity was via the fe-
ces, and recoveries of total radioactivity in urine and
feces corresponded to 33.5% and 61.1%, respectively.
More than 60% was recovered within 24 h and 95%
within 1 week. MKT-077 was primarily excreted in un-
metabolized form with five unidentified metabolites
found in the urine and plasma. Intact MKT-077 was
retained in the tumor tissue longer than in plasma and
kidney in LS174T tumor-bearing mice receiving MKT-
077 at an i.v. therapeutic dose (10 mg/kg). This accu-
mulation decreased very slowly, suggesting that the high
membrane potentials of tumor cell mitochondria may
help retain the drug in tumors.

Key words MKT-077 - Mitochondria -
Pharmacokinetics - Delocalized lipophilic cation -
Antitumor agent

Introduction

The rhodacyanine dye 1-ethyl-2-{[3-ethyl-5-(3-methylbenzo-
thiazolin-2-yliden)]-4-oxothiazolidin-2-ylidenemethyl} pyr-
idinium chloride (MKT-077, Fig. 1) was developed as
a novel antineoplastic compound against adenocarcino-
ma [1, 2]. In vitro, MKT-077 inhibits the growth of five
human cancer cell lines based on a new mechanism of
action: delocalized lipophilic cationic compounds (DLCs)
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Fig. 1 Chemical structures of MKT-077 and ['*CIMKT-077

accumulate in the mitochondria in response to high neg-
ative mitochondrial membrane electrical potentials [3-5].
In nude mice, MKT-077 inhibits the growth of subcuta-
neously (s.c.) implanted A498 human renal carcinoma
cells and DU145 human prostate carcinoma cells and
prolongs the survival of mice bearing intraperitoneally
(i.p.) implanted LOX human melanoma cells [6-9]. Phase
I/II clinical trials are in progress.

To support the development of MKT-077 for clinical
application as an intravenous (i.v.) therapy, we investi-
gated the metabolic fate of ['*CIMKT-077 in BDFI mice
as well as the distribution of MKT-077 in experimental
tumor-bearing mice. We examined the pharmacokinetics
(disposition, distribution and excretion) of ['*C]-MKT-
077 in male BDF1 mice, and the distribution in plasma,
kidney and tumor of MKT-077 in tumor-bearing nude
mice receiving MKT-077 i.v. at a therapeutic dose
(10 mg/kg) using a high-performance liquid chromato-
graphic (HPLC) assay system.

Materials and methods

Chemicals

Non-labeled MKT-077 was synthesized by Fuji Photo Film Ka-
nagawa, Japan, and radiolabeled ['*CIMKT-077 was synthesized
by Amersham (Fig. 1). The specific activity of ['*CIMKT-077 was
43.3 uCi/mg and the radiochemical purity, based on thin-layer
chromatography (TLC), was more than 98.4%. The purity of
MKT-077 was more than 99% based on HPLC.

Animals

Male BDF1 mice (7 weeks old) and female Balb/c nu/nu mice (5
weeks old) were obtained from SLC Japan, Edogawa, Tokyo. An-
imals were acclimated for approximately 1 week prior to use. BDF1
mice were fed laboratory chow (CE-2; CLEA Japan, Meguro, To-
kyo), and water ad libitum, and were housed in temperature- and
humidity-controlled rooms (22 + 10 °C, 60 + 10%). Balb/c nu/nu
mice were fed laboratory chow (CFR-1; Oriental Yeast, Itabashi,
Tokyo, Japan), and water ad libitum, and were housed in temper-
ature- and humidity-controlled rooms (22 + 20 °C, 55 + 15%).

Disposition study

[*CIMKT-077 was diluted with non-labeled MK T-077 and prepared
as a solution in saline for injection (JSP grade). Five mice were used
for each dose. ['*CIMKT-077 solution was injected i.v. via a tail vein.
The dose was adjusted based on each animal’s body weight (0.3 mg/
kg dose, 13.0 pCiin 5 ml; 1.0 mg/kg dose, 43.4 pCiin 5 ml; 3.0 mg/
kgdose, 129.3 pCiin 5 ml). Blood samples (20-300 pl) were collected
atintervalsof'1,5, 10 and 30 minand 1, 2,4, 6, 8,24, 48 and 72 h after

administration of the compound. After centrifugation (5000 rpm,
8 min) of whole blood samples to obtain plasma, radioactivity was
measured in all plasma samples using a liquid scintillation counter
(model Aloka LSC-1000) after dissolving 10-100 pl plasma in 10 ml
dioxane-type scintillator cocktail with external standard quench
correction. The radioactivity levels were converted to the equivalent
concentrations of MKT-077 (ng eq/ml).

The plasma samples (5 min after 3 mg/kg dosing) were extracted
using methanol after lyophilization. The extract and ['*C] MK T-077
were separated by TLC on silica gel 60 Fs4 (Merck, TLC Art. 5715,
Merck, Darmstadt) using chloroform/methanol (4/1, v/v). The TLC
plate was placed in contact with an imaging plate (Fuji Photo Film
Co.) and analyzed using a Bio-imaging analyzer BAS-2000 (Fuji
Photo Film Co.) to measure the distribution of radioactivity.

Pharmacokinetic analysis

The results are expressed as the mean values and standard devia-
tion (SD). The half-life (T, ;) was estimated at 0.693/k, where k is
the least square regression of the log-linear concentration time
points. The area under curve (AUC) was calculated using the
modified trapezoidal method [10]. The portion of AUC from the
last measurable plasma concentration to infinity was estimated as
C/k, where C represents the last measurable plasma concentration.
Plasma clearance (CL,) was calculated as the dose divided by total
AUC g ). The apparent volume of distribution at steady-state
(Vdgs) and the mean residence time (MRT) were determined ac-
cording to a previously described method [11, 12].

Excretion study

After i.v. administration of ["*C]-MKT-077 (3 mg/kg), the mice
(n = 3) were housed in metabolic cages. Urine and feces were
collected at 24, 48, 72, 96 and 168 h (1 week) after administration.
CO, in expired air was collected in a series of two traps containing
monoethanolamine solution. The traps were replaced at the same
time as the collection of urine and feces.

The radioactivity in the urine was counted directly and in feces
was counted after homogenization with water. The radioactivity
from '"“CO, was counted in the monoethanolamine solution. The
radioactivity of each sample was determined using a liquid scin-
tillation counter (model Aloka LSC-1000) after dissolving the
sample in 10 ml liquid scintillation cocktail.

The urine samples (24 h after i.v. dosing) were analyzed by TLC
on silica gel 60 Fys4 (Merck, Art. TLC 5715) using chloroform/
methanol (4/1, v/v). The TLC plate was placed in contact with an
imaging plate (Fuji Photo Film Co.) and analyzed using a Bio-
imaging analyzer BAS-2000 (Fuji Photo Film Co.) to measure the
distribution of radioactivity.

Distribution study

A ["*CIMKT-077 solution was injected into three male BDF1 mice
i.v. via a tail vein at a dose of 3 mg/kg (131.4 uCi/mg, 5 ml/kg).
The mice were euthanized under ether anesthesia at 5 min, 6 h and
24 h after i.v. dosing. The mice were then frozen in liquid nitrogen
and kept in a freezer (=20 °C). The limbs and tails were removed
and the carcass was embedded in 5% carboxymethyl cellulose so-
lution on the stage of a microtome and frozen in liquid nitrogen.
The sections were placed in contact with an imaging plate (Fuji
Photo Film Co.) and analyzed using a Bio-imaging analyzer BAS-
2000 (Fuji Photo Film Co.).

Distribution in LS174T-bearing nude mice

Human colon carcinoma LS174T was obtained from Dr. Shuji
Kojima (Research Institute for Bioscience, Science University of
Tokyo). Human xenografts were propagated by s.c. serial trans-
plantation in female Balb/c nu/nu mice. On day 0, tumors were
carefully trimmed to remove all connective tissues, cut into frag-



ments of 3 mm> and implanted s.c. using a 12-gauge trocar needle.
On day 11, these mice were used in the distribution study.
MKT-077 was injected intravenously via a tail vein into three
mice at a dose of 10 mg/kg (2 ml/kg). Animals were euthanized at 2,
24 and 48 h after administration of drug. Upon sacrifice, blood
samples (300 pl) were collected and the kidneys and tumors were
removed. After centrifugation of whole blood (5000 rpm, 8 min), the
plasma was separated and stored at —20 °C until analysis. The kid-
neys and tumors were weighed, and stored at —20 °C until analysis.

Determination of MKT-077 in plasma samples

Each plasma sample (100 pl) was transferred to a 1.5-ml centrifuge
tube. Acetonitrile (200 ul) containing glacial acetic acid (0.6%
solution, v/v) was added and the sample mixture was vortexed well
and centrifuged for 5 min at 3000 rpm. After centrifugation, the
supernatant was filtered and transferred into another centrifuge
tube. The filtrate (150 pl) was diluted with water (150 pl) containing
acetonitrile, glacial acetic acid and triethylamine (20 mA solution)
and mixed well. Then 50 pl of the solution was loaded onto the
HPLC system comprising a reverse-phase column (TSK-gel, ODS-
80TM, 4.6 mm x 50 mm; Tosoh, Chuo, Tokyo, Japan) with a
guard column (Guard-Pak C18; Waters). The mobile phases con-
sisted of methanol/water (60/40, v/v) containing 0.2% triethylamine
and acetic acid (pump LC-9A; Shimadzu Seisakusho). The flow rate
was 1 ml/min. MKT-077 was detected at the visible wavelength of
490 nm (detector SPD-10AV; Shimadzu Seisakusho). The Reten-
tion time of MKT-077 was 8.5 min. The column temperature was
controlled at 40 °C. The peak was integrated using a data processor
(C-R4A Chromatopak; Shimadzu Seisakusho, Kyoto, Japan). The
results are expressed as the mean values and SD.

Determination of MKT-077 in kidney and tumor samples

Stored tissue samples were thawed at room temperature. Each
sample was homogenized with a threefold weight of 50% DMSO
solution (v/v) at 700 rpm for 2 min. Then a fourfold weight of
acetonitrile containing glacial acetic acid (0.6% solution, v/v) was
added to the mixture, and the mixture was vortexed well and agi-
tated. After centrifuging the mixture at 1000 rpm for 10 min at
4 °C, the supernatant was applied to a SEP-PAK Cg (Waters,
Shinagawa, Tokyo, Japan) column preconditioned with 5 ml
methanol containing glacial acetic acid (0.6% solution, v/v) fol-
lowed by 10 ml acetic acid and triethylamine solution (20 mM).
Then the column was washed with 10 ml acetic acid and triethyl-
amine solution (20 mM ) and dried by passing air through. The
column was washed with 1 ml methanol containing glacial acetic
acid (0.6% solution, v/v). Finally, 50 pl water was added to the
eluate, and 50 pl of the solution was loaded onto the HPLC system
described above.

Antitumor activity against LS174T human colon carcinoma
xenografts

MKT-077 was administered i.v. to LS174T-bearing nude mice
(n = 6/group) every other day between days 1 and 20 at doses of 5,
7.5 and 11.25 mg/kg. Antitumor activity was assessed on the basis
of mean tumor weight changes between day 1 and the final day of
evaluation relative to the control. The results are expressed as the
mean values and SD. Student’s ¢-test was used to evaluate the dif-
ferences between the means from the control and treatment groups.

Results
Plasma pharmacokinetics of ['*CIMKT-077

Figure 2 shows the plasma levels of radioactivity after
i.v. administration of ['"*CIMKT-077 at doses of 0.3, 1
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Fig. 2 Plasma levels of radioactivity after i.v. administration of
[14CIMKT-077

and 3 mg/kg to male BDF1 mice. The pharmacokinetic
parameters obtained from compartmental analysis are
shown in Table 1. Because the plasma profiles were not
fully defined at the doses of 0.3 and 1 mg/kg, the ter-
minal elimination constants defined by those data were
used to calculate the residual AUC, clearance and MRT
for each dose. The radioactivity level of the plasma de-
clined in a triphasic manner at the dose of 3 mg/kg. The
T/, values of 14C materials in the rapid (a, 1-10 min),
slower (f, 1-8 h), and terminal (y, 872 h) phases were
4.1-4.8 min (0.3-3 mg/kg), 2.8-4.6 h (1 and 3 mg/kg)
and 16.2 h (3 mg/kg), respectively. Cp,.x increased from
0.3 to 1.5 pg/ml linearly, but less than proportionately
between the doses. AUC o, at doses of 0.3, 1 and
3 mg/kg were 0.030 £ 0.002, 0.60 £ 0.12 and
1.67 £ 0.25 pg - h/ml, respectively. The CL, value was
1.4-1.6 1/h per kg (at doses of 1 and 3 mg/kg). The Vdg;
values (6.8 and 25.1 I/kg) indicated that MKT-077 dis-
tributed as a lipid-soluble molecule. The MRT was 4.1 h
at a dose of 1 mg/kg and 14.1 h at 3 mg/kg.

The contents of metabolites in the plasma samples
(5 min after injection) are shown in Table 2. The re-
covery of the extraction method was 83.7%. More than
50% of extracted material consisted of MKT-077. Five
spots which appeared to be metabolites were detected by
TLC, and the major metabolite was M-1. The radioac-
tivity detected at the origin by TLC included impurity of
the administered material.

Distribution of ["*CIMKT-077

Figure 3 shows whole-body autoradiograms at 5 min,
and 6 and 24 h after i.v. bolus injection of ["*CIMKT-
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Table 1 Pharmacokinetic data for MKT-077 after administration of single doses in male mice (values are means = SD from five animals)

Route Dose Ca Tl/2a T]/z/} Tl//zn/ AUC (0—00) CL Vdss MRT
(mg/kg) (ng/ml) (g~ h/ml) (ke (ke (h)
1-10 min 18 h 872 h
(min) (h) (h)
Bolusiv. 0.3 281.0 £ 429 4410 -° b 0.030 £ 0.002 100 £ 0.8 2.7+ 0.7 03 £ 0.1
1.0 6894 + 864 41 +£03 46+ 14 b 0.60 = 0.12 1.7+ 04 68 +08 41+ 1.1
3.0 14944 + 3693 48 + 1.6 28 £0.7 162 £ 23 1.73 £ 0.25 1.8 £ 03 251 £ 6.5 14.1 £ 2.1

#The blood samples were taken 1 min after i.v. administration
b Radioactivity was not detected in these phases

Table 2 Composition of metabolites in plasma and urine after i.v.
administration of MKT-077 at a dose of 3 mg/kg

Metabolite Rf value Plasma content Urine content
(%) at 5 mm (%) at 24 h

M-1 0.57 10.7 19.0

MKT-077 0.26 55.8 51.8

M-2 0.10 32 11.7

M-3 0.09 3.7 6.1

M-4 0.04 34 2.9

Origin 0.00 15.7 5.3

Concentration of 380

radio-activity in Plasma

(ng eq/ml)

Recovery (%) 83.7 100

Lung

Kidney Liver

Brain

A: 5 min

Small Intestine Salivary Gland  Pituitary

Stomach
Lung

Small Intestine  Kidney l Harder's Giand
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o
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Fig. 3A-C Whole- body autoradiograms after i.v. administration
of ["*CIMKT-077 to mice at a dose of 3 mg/kg. A 5 min, B 6 h, C
24 h (upper left lateral aspect, lower central axial aspect)

077 to three male BDF1 mice. Radioactivity was de-
tected in most tissues and organs 5 min after injection.
Tissues and organs that had high radioactivity were the
kidney, liver, thyroid, brown fat, heart, salivary gland,
pituitary, tongue, urine in the urinary bladder, pancreas,
stomach, the contents of the cecum, intestinal wall and
the contents of the intestine. Radioactivity in the central
nervous system (CNS) and testes was at background
levels at all observation time-points. Although the renal
cortex and the liver had high concentrations of radio-
activity at 5 min, '*C levels had declined by 6 h, espe-
cially in the liver. The liver and lung did not retain high
levels of '*C-labeled material 24 h after injection. At
24 h after injection, kidney, salivary gland, skeletal
muscle tissue, diaphragm and heart retained low levels
of 'C-labeled material.

Excretion of MKT-077

The cumulative excretion of radioactivity in the urine
and feces after i.v. bolus injection of ['*C]MKT-077 at a
dose of 3 mg/kg to male BDF1 mice is shown in Table 3.
About 61.1% of the radioactivity was excreted in the
feces. About 33.5% of the dose was recovered in the
urine. The excretion of radioactivity in expired air as
'*CO, was 0.3% of the dose within 168 h of adminis-
tration. Total radioactivity in the urine, feces and ex-
pired CO, recovered within 168 h of administration was
about 95% of the dose.

The contents of metabolites in the urine samples 24 h
after administration at a dose of 3 mg/kg are shown in
Table 2. More than 50% of the extracts consisted of
MKT-077. Five spots, which appeared to be metabo-
lites, were detected by TLC, and the major metabolites

Table 3 Cumulatlve excretion of radioactivity after i.v. adminis-
tration of ["*C] MKT-077 at a dose of 3 mg/kg. Values are percent
of administered dose £ SD (NC not counted)

Time (h)  Urine Feces Respired air Total

6 16.1 £ 20 NC NC 16.1 £ 2.0
24 262 £ 1.4 421 £22 0.1 £0.0 684 + 1.3
48 300 £ 09 538 + 1.7 0.2 = 0.1 84.1 £ 2.0
72 31.6 £ 0.6 564 + 1.2 0.3 + 0.1 882 + 1.5
96 320 £ 0.6 58.1 + 1.2 03 £ 0.1 90.4 + 1.5
168 33.5 £ 0.7 61.1 £09 03 =+ 0.1 95.0 = 1.0




Table 4 Tissue distribution of MKT-077 in LS174T-bearing nude
mice after i.v. administration at a dose of 10 mg/kg

Time after injection (h)

2 24 72
Plasma (ng/ml) 148.0 + 3.2 532 £+ 3.5 9.0 £ 4.1
Kidney (pg/g) 1247 £ 16.3 69.0 = 104 6.0 £ 1.3
Tumor (ng/g) 2.8 £ 1.1 1.3 £ 0.7 0.7 £ 0.6

were M-1 and M-2. The radioactivity detected at the
origin on the TLC plate included impurity of the ad-
ministered material.

Distribution of MKT-077 in LS174T-bearing nude mice

The tissue distribution of MKT-077 in the plasma,
kidney and tumor after i.v. administration are summa-
rized in Table 4. The validity of the HPLC method was
indicated by the linearity of the standard curves (20—
1000 ng/ml for kidney samples, r = 0.995; 20-1000 ng/
ml for tumor samples, » = 1.000; and 2.5-600 ng/ml for
plasma samples, r = 0.9998). The recovery of MKT-
077 in these samples ranged from 75 to 100%.
Concentrations of MKT-077 in the kidney and tumor
were higher than that in plasma, indicating that MKT-
077 behaves as a lipophilic molecule, which supports the
results of the whole-body autoradiography described
above. At 2 h after i.v. administration, the concentration
of MKT-077 in the tumor was 2.8 £+ 1.1 pg/g tissue, in
the kidney was 124.7 £ 16.3 pg/g tissue and in the
plasma was 148.0 £ 3.2 ng/ml. The ratio of MKT-077
in the tumor to that in the plasma was approximately 19,
which increased to 23 at 24 h after administration.

Antitumor activity against LS174T human colon
carcinoma xenografts

The response of human colon carcinoma LS174T s.c.
xenografts to i.v. treatment with MKT-077 is shown in
Fig. 4. MKT-077 showed increasing antitumor activity
against LS174T at doses of 5, 7.5 and 11.25 mg/kg. At
11.25 mg/kg tumor growth was markedly inhibited
(P < 0.05).

Discussion

We examined the pharmacokinetics (disposition, excre-
tion and metabolism) of MKT-077 in male mice and its
distribution in tumor-bearing mice as a preclinical model
species.

Although the plasma concentration profiles were not
fully defined at the low doses, the plasma levels of ['*C]
MKT-077 declined in a triphasic manner at a dose of
3 mg/kg. In the first distribution phase, the levels of '*C
decreased with a T, of ~5 min. In the second and
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Fig. 4 Antitumor activity of MKT-077 against LS174T human
colon tumors (*P < 0.05)

terminal phase, the T, of C was 2.8-4.6 h (at 1 and
3 mg/kg) and 16.2 h (at 3 mg/kg). The C,,,x and AUC
were less than proportional between the doses. The
correlation between these parameters suggested that at
least two factors, protein binding and excretion rate,
especially metabolic rate, contributed to the differences
in C,.x and AUC linearity. The Vdg (6.8 and 25.1 1/kg)
indicated that ["*CJMKT-077 (including metabolites)
distributed as a lipid-soluble molecule. In the first rapid
phase (5 min after dosing), '*C radioactivity was de-
tected in most of the tissues and organs, most strongly in
the kidney cortex, but not in the CNS and testes. The
observation of behavior changes in preclinical toxicity
studies might be due to this rapid distribution to the
organs but not the CNS [13, 14].

In the terminal phase (24 h after dosing), "*C con-
tents increased in the intestinal tract, but in the kidney
and liver were nearly at the background levels. Higher
levels of ["*CIMKT-077, which was found to be MK T-
077 from the nude mice study data, in the kidney indi-
cate some specificity for renal cells, that may be related
to the renal toxicity. Some parameter changes relating to
renal toxicity have been observed but neither neuro-
toxicity nor myelotoxicity have been seen in preclinical
toxicology studies in rodents or dogs (unpublished re-
sults).

In order to enter the brain, drugs must pass through
the endothelial cells of the capillaries of the CNS, the so-
called blood-brain barrier (BBB); there are no slit
junctions, unlike in the liver and spleen. Therefore, the
chemical nature of the drug strongly influences its ability
to cross the membrane. Although the Vdg of ['"*CIMKT-
077 and autoradiograms after i.v. injection indicate that
this drug should behave as a lipophilic molecule able to
cross the BBB, ["*CIMKT-077 did not distribute in the
CNS, and probably did not pass through the barrier.
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This phenomenon could be explained by the following.
The partition coefficients of MKT-077 (log P = —1.6)
[6] indicate the ability to penetrate the BBB and per-
meate fatty tissue such as CNS drugs are able to do [15].
However, the water-soluble (>200 mg/ml in water)
[2, 6] property and the positive charge may prevent
MKT-077 from passing through the BBB. Also, P-gly-
coprotein (Pgp) may mediate the efflux of MKT-077, as
well as other DLCs such as Rh123, from the endothelial
cells of the capillaries of the CNS [16]. Pgp has been
found in hepatocytes and renal cells in in vitro studies
using Rh123 [17, 18]. It would be of interest to investi-
gate whether Pgp plays a role in the transport of MKT-
077 into the brain, in biliary and renal excretion and in
the distribution of MKT-077. Such studies could be
conducted using mdrl knockout mice and Pgp modu-
lators such as cyclosporin A and verapamil [19, 20].

After i.v. bolus administration of ["*C]MKT-077 at
a dose of 3 mg/kg, the predominant route of elimina-
tion of radioactivity was via the feces with 61.1% of
the dose eliminated in 1 week, probably via bile, based
on the data from rats (unpublished data). Urinary
excretion was the secondary excretion pathway with
33.5% of the dose eliminated within 1 week. Elimina-
tion via CO, exhalation was 0.3% of the dose within
168 h after administration, indicating that oxidative
de-ethylation seldom occurs in this ethylpyridinium
moiety. MKT-077 was primarily excreted as the
unmetabolized form with five unidentified metabolites
found in the urine and plasma. No attempt has suc-
cessfully identified the chemical structure of these me-
tabolites. More than 60% was recovered within 24 h
and 95% within 1 week. Slow excretion of MKT-077
from the tissues may be due to retention in the mito-
chondria, which appear to be a reservoir for DLCs [5].
A prediction from these observations is that MKT-077
may show pharmacological activity when injected every
other day as well as every day [6]. In comparison with
excretion in rats and dogs, the elimination rate and the
amount of metabolites of ['*CJMKT-077 in mice were
similar to those in dogs but faster than those in rats
(unpublished data).

We also examined the distribution of MKT-077 in
the plasma, kidney and tumor in tumor-bearing nude
mice receiving MKT-077 at an i.v. therapeutic dose
(10 mg/kg). MKT-077 showed a significant but not
large efficacy against this tumor in our animal study
(Fig. 4). The tumor concentration of MKT-077 was
much lower than that in the kidney. It may be signi-
ficant to show antitumor activity against and distribu-
tion studies in tumors such as human renal carcinoma,
since Koya et al. [6] have demonstrated significant ac-
tivity of MKT-077 against this tumor in nude mice.
The ratio of MKT-077 in the tumor to that in the
plasma was about 19, which was lower than that of
Rh123 using different s.c. tumor-bearing mice [20]. It
will be of interest to examine if the drug has efficacy
against naturally occurring tumors such as those of the
colon, stomach and liver [21] because MKT-077 dis-

tributed in these tissues well. It is noteworthy that,
while the accumulation in the tumor was small, the
accumulation decreased very slowly, suggesting that the
high membrane potentials of tumor cell mitochondria
may not only play a role in retaining the drug in
the tumor but also serve as a slow-release device for
MKT-077 [5].
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