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, ABSTRACT 

In vivo, dialkyltin compounds such as dibutyltin exhibited 
antitumor activity towards various tumor systems such as Ehrlich 
ascites 'tumor, IMC-carcinoma, p-388 lymphocytic leukaemia and 
sarcoma 180 in descending order of activity in mice. In 
addition, in a two-stage mouse skin carcinogenesis system of 
initiation and promotion, the optimal dose of dibutyltin 
inhibited the promotion stage, especially the first stage of 
two-stage promotion system, more strongly than the initiation 
stage. On the other hand, in vitro, dibutyltin dramatically 
inhibited the proliferation of malignant cells such as thymic 
lymphosarcoma cells and HeLa cells, and further inhibited the 
initiation stage of two-stage transformation of BALB/c 3T3 cells. 
Further, the compound selectively inhibited phosphatidylinositol 
(PI) turnover and arachidonate release without affecting directly 
Ca 2 + entry into the cells. The compound also caused a 
significant increase in the membrane order of inositol 
phospholipids (PIP2) that are the substrate of phospholipase C. 
Moreover, the compound inhibited selectively the phosphorylation 
of lipocortin, a phospholipase A 2 inhibitory protein, whereas the 
compound had no direct inhibitory effect on phospholipase C, 
phospholipase A 2 and protein kinase C. From these results, the 
suppressive effects of dibutyltin on cell proliferation system 
appear to reflect the membrane-mediated inhibition of the signal 
transduction leading to DNA synthesis such as the phospholipase 
activation system, because an affinity of intracellular 
dibutyltin to the nucleus was little or no. 

INTRODUCTION 

Organotin compounds such as dibutyltin dichloride 
(Bu2SnCl2) and dioctyltin dichloride (Oc^SnC^) induce a severe 
thymus atrophy on the oral treatment with weanling rats. This 
atrophy was reversible and dose-dependent. Recently, we found 
that this atrophy was due to the depletion of thymic lymphocytes 
and the depletion depended on the degree of inhibition of DNA 
synthesis and further cell proliferation''. 

Therefore, in this study, the inhibitory effects of 
organotin compound on the proliferation system of various 
malignant cells was examined using various carcinogenesis systems 
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in vivo and in vitro. Further, the mechanism for the inhibitory 
effects was investigated using lymphocyte transformation which 
has been most fully defined. 

EXPERIMENTAL 

I. Materials and Appliances 
The following organotin compounds were used in this study: 

monomethyltin trichloride (MeSnCl-j), mono-n-butyltin trichloride 
(n-BuSnC^), dimethyltin dichloride (MenSnCl?), di-n-propyltin 
dichloride ( n - P ^ S n C ^ ) , and di-n-butyltin dichloride (Bu2SnCl2) 
were purchased from Κ & Κ Laboratories (Plainview, N.Y.); 
di-n-octyltin dichloride (n-Oct2SnCl2)t trimethyltin chloride 
(Me3SnCl), triethyltin chloride (EtoSnCl), tri-n-butyltin 
chloride (n-Bu-^SnCl) , and triphenyltin chloride (Ph3SnCl), were 
obtained from the Aldrich Chemical Co., Inc. (Milwaukee, Wis.). 
The purity of these compounds was not less than 98%. All of 
radiolabeled compounds were purchased from the Japan Isotope 
Center. 

The RPMI medium 1640 (with L-Glutamine), fatal bovine serum 
(heat inactivated) and penicillin-streptomycin solution (5,000 
U/ml-5,000 mg/ml) were purchased from Gibco Laboratories (NY, 
USA). Bacto-concanavalin A (ConA) was purchased from Difco 
Laboratories (Detroit, Michigan, USA). Standard phospholipids 
such as L-pi-phosphatidylcholine (PC, from frozen egg yolk), 
L-tf-phosphatidylserine (PS, from bovine brain), L-oi-phosphatidyl-
inositol (PI, from soybean), L-tf-phosphatidylinositol 
4-monophosphate (PIP, from bovine brain), L-tf-phosphatidyl-
inositol 4,5-diphosphate (PIP^, from bovine brain), 1,2-dioleoyl-
rac-glycerol (DAG), L-o<-phospnatidylethanolamine (PE, from egg 
yolk), L-^-phosphatidic acid (PA, from egg yolk lecithin) and 
arachidonic acid (AA, from porcine liver) were purchased from 
Sigma Chemical Company (St.Louis, MO, USA). Dimilume-30 and 
Soluene-350 were obtained from the Packard. 1,6-Diphenyl-1,3,5-
hexatriene (DPH) was obtained from the Aldridge Chemical Company 
(Milwaukee, WI, USA). 

Other reagents included special-grade organic solvents such 
as chloroform, methanol, ethanol, and acetone (each provided by 
Wako Pure Chemicals Co., [Tokyo, Japan]). Further, culture tubes 
(12 χ 75-mm style, clear with cap from Falcon Co., [Oxnard, 
Calif.]), Acrodisc (disposable filter assembly, pore size: 
I.2 jam, diameter: 25 mm, from Gelman Science, Inc. [Michigan]) 
and liquid scintillation vials from Wheaton Scientific 
(Millville, N.J.) were used as the experimental appliances. 

II. In Vivo Studies 
The antitumor activity of organotin compounds in vivo was 

examined towards the sarcoma 180, IMC-carcinoma, P-388 
lymphocytic leukemia, and Ehrlich ascites tumor in male mice. 
The mice were inoculated ip the peritoneal cavity with an ascitic 
tumor at a level of 5 χ 10° cells. Organotin compounds were 
suspended in a Tween-80/distilled water/alcohol mixture (1:97:2). 
One day after inoculation, the mice were injected 
intraperitoneally with the suspensions of the compounds. A total 
of one to five injections were given at daily intervals in one 
experiment. The dose per injection was kept in the range of 10 
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to 0.1 mg/kg body weight. The results of the screening were 
evaluated by computing the T/C, which is the mean survival time 
of the treated group divided by that of the control group, and 
the increase in life span of treated animals as compared to the 
controls, since the increase in life span = (T/C)% - 100. A T/C 
value of 100 means that the drug has no effect of either 
increasing or decreasing the tumor, while a T/C value > 115 
means significant activity. ' 

Further, the antitumor activity was examined using two-stage 
mouse skin carcinogenesis system. Initiation was performed with 
100 η moles of 7,12-dimethyl benzanthracene (DMBA). One week 
later, twice-weekly applications of 5 /ag of 12-0-
tetradecanoylphorbol 13-acetate (TPA) or acetone were begun 
(promotion stage I). Starting on the third week of promotion, 
the mice received twice-weekly applications of 2.5 p q of mezerein 
or acetone (promotion stage II) for the rest of the 14-week 
experiment. A Bu2SnCl2 was applied 30 min before treatment with 
the initiater or promoter '' 2 ' . 

Ill. In Vitro Studies 
Two-stage in vitro transformation of BALB/c 3T3 cell was 

measured by the method of IARC/NCI/EPA working G r o u p 1 3 ' 4 ' . 
Briefly, BALB/c 3T3 A31-1-1 cells, obtained from Dr. T.Kakunaga, 
were cultured in Eagle's minimal essential medium supplemented 
with 10% fetal calf serum. For induction of transformed foci, 
1 x 1 0 cells were seeded onto 60-mm dishes, and 
20-methylcolanthrene (MCA, 0.1 /ag/ml) was added to each culture 
dish on the following day. After 48 hr of treatment, MCA was 
removed by washing with fresh medium and by replacement with 
promoter (TPA, 0.1 ^ g / m l ) containing medium. Dibutyltin (3 χ 
10 Μ or 3 χ 10 Μ) was simultaneously added with either MCA 
or TPA. The culture medium was changed every 3 or 4 days for 5 
weeks. Types of transformed focus were determined under a 
dissecting microscope after fixation and Giemsa staining. Only 
densely stained foci with clear criss-crossing of the cells at 
their periphery were scored as transformed foci. 

Thymocytes were obtained by mincing rat thymus gland of 
Wistar-derived rat with scissors in cold RPMI 1640 medium and by 
gently passing the mince through a stainless steel sieve (220 /am 
diameter) with the same cold medium. 

The viability of the cells (1 to 3 χ 10° cells in 1 mi) was 
determined in hemocytometers with a 0.04% erislosin solution in 
saline after the incubation with 10 to 10 Μ individual 
organotin compounds in RPMI 1640 medium containing 10% fetal calf 
serum, penicillin (100 units/ml), and streptomycin (100 /ag/ml) at 
37*C in a humidified atmosphere of 5% C 0 2 in air for 24 hr. 

The individual organotin compound was dissolved in ethanol, 
and 5 /al of it was added to 1 ml of the cell . suspension and 
vesicle solution. The final concentration of ethanol in the 
medium should be less than 0.5%, the concentration that did not 
affect cell survival and polarization measurements of 
phospholipid vesicles. 

The synthesis of DNA and RNA was determined by measuring the 
incorporation of [6-^H]thymidine ipto DNA and of [5-^HJuridine 
into RNA. Thymocytes (1 to 3 χ 10 cells) were suspended in 1 ml 
of RPMI 1640 medium containing 10% fetal calf serum, penicillin 
(100 units/ml), and streptomycin (100 ug/'ml) and preincubated in 
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the absence or presence of 10~^ to 1 0 - / Μ organotin compounds 
(5 μΐ in EtOH solution) at 37°C for 1 to 2hr. For the evaluation 
of DNA synthesis, the cells were radiolabeled with 1.0 jaCi of 
[6- Η]thymidine (5.0 Ci/m mol, RCC [Amersham, England]) per 
culture during the final 4 hr of a 24-hr culture. For the 
evaluation of RNA synthesis, the cells were radiolabeled with 
2.0 juCi of [5- Η]uridine (25 to 30 Ci/mmol RCC [Amersham, 
England]) per culture for variable intervals. When the synthesis 
of DNA and of RNA in the mitogen-stimulated cells was to be 
determined, the cells were first stimulated by the addition of 
concanavalin A (ConA, 5 .ug/ml) after the 1- to 2-hr preincubation 
with organotin compound. This concentration of ConA gave a 
maximal stimulation of [6- Η]thymidine incorporation into DNA 
after 24 hr incubation. After the incubation, the cultures were 
cooled in ice and the cells were harvested by aspiration through 
an Acrodisc Filter Assembly (pore size: 1.2 jum; diameter: 25mm) 
from the culture tubes. The cells collected on the filter discs 
were washed by aspirating 3 to 4 ml of cold 5% trichloroacetic 
acid (TCA) aqueous solution for DNA assay and of 10% TCA for RNA 
assay into the syringe. The TCA-insoluble fractions on the 
filter discs were transferred to glass scintillation vials 
(Falcon) by pressure elution with 0.6 ml of Soluene-350 (Packard) 
prefilled in the syringe, homogenized with 5 ml of Dimilume-30 
(Packard), and then counted in a Packard Tri-Carb 3255 liquid 
scintillation spectrometer. 

Influx of q 5 C a 2 + (10 to 40 mCi/mg Ca, [Amersham, England]) 
was assayed in a modified Hanks balanced solution (phosphate-
free). A cell suspension of thymocytes (10 cells per 
millimeter) was incubated with 10 juCi of 4 5 C a 2 + per 1 ml in the 
absence and presence of 10~ 9 to 10 Μ organotin compounds at 
37°C for variable intervals. At specified times, the cultures 
were harvested by aspiration through an Acrodisc Filter Assembly, 
as described above. The cell pellets on the filter was dissolved 
in 0.6 ml of Soluene-350 solubilizer and mixed with 3 ml of 
Dimilume scintillator, and the radioactivity was determined. 

Phospholipid synthesis was measured by the incorporation of 
carrier-free ^ 2P-phosphoric acid (100 mCi/ml, [Japan Isotope 
Center]) into the lioid fraction of the cultured cells. 
Thymocytes (1-4 χ 10 cells in 1 ml) were incubated in RPMI 1640 
medium containing 10 % fetal calf serum with 1 to 10 /jCi of 

P-phosphoric acid in the absence and presence of 10" to 10" Μ 
Bu^SnClp at 37°C at variable intervals. The cells were 
stimulated by the addition of Con A (5 jug/ml) 5 min after 
preincubation with BupSnCln. After the incubation, the cells 
were washed twice with iced phosphate buffered saline. The 
packed cells were then extracted with 3 ml of chloroform-methanol 
-water (1:2:0.8, v/v) for 30 min with occasional shaking. After 
centrifuging at 3,000 rpm (1,000 g) for 10 min, the supernatant 
was carefully aspirated and diluted with 1 ml of chloroform and 
1 ml of water. Further centrifugation at 3,000 rpm for 10 min 
resolved the emulsion into two phases. The lower phase (1 ml) 
was removed and the radioactivity of total lipid extracts was 
determined by a Model 3255 Packard liquid scintillation 
spectrometer. 

When the incorporation of radioactive label into the indi-
vidual phosphatides was to be determined, the phospholipid com-
ponents in the lower phase (1 ml) were first separated by the two 
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dimensional thin-layer chromatography (TCL) on a commercially 
precoated, silica gel plate ( 20 cm χ 20 cm, Art. 5721, Merk, 
[Darmstadt]) using solvent systems of chloroform-methanol-28% 
ammonia (65:25:5, v/v; the first dimension) and chloroform-
acetone-methanol-acetic acid-water (50:20:10:10:5, v/v; the 
second dimension) The separated phosphatides were located by 
radioautography and extracted. The radioactivity incorporated 
into the separated phospholipid components from Ρ phosphoric 
acid was counted in the liquid scintillation counter. 

Phospholipase activity was measured by the release of [ C] 
AA from the cellular lipids, mainly phospholipids with a 
modification of the method described by Hirata 8 ' 3 2 ' . Thymocytes 
(1 χ 10 cells/ml) were preincubated in a total volume of 20 ml 
of RPMI 1640 medium containing 1% fetal calf serum with 20 pCi of 
[1- C] AA (55.5 mCi/mmol, Dupont-New England Nuclear [NEN] 
Products [Billerica, Mass.]) at 37 PC in a humidified atmosphere 
of 5% C0 2/95% air for 1 hr. The cells were washed twice with 
fresh media containing 0.5% fatty acid-free albumin in order to 
remove the excess radioactive AA and resuspended in 20 ml of the 
same media and divided as contain 1 ml of cell suspension (1 χ 
10 cells) per culture tube. The prelabeled cells of each tube 
were further incubated in the absence and presence of 10 to 
10 Μ organotin compound for variable intervals at 37"C. The 
thymocytes stimulation was performed by adding ConA (5 ;ug/ml) or 
fMet-Leu-Phe (1 χ 10 Μ) after the organotin treatment. The 
reaction was terminated by adding 1 ml of ice cold 10-mM 
phosphate-buffered saline, pH 7.4. After centrifugation at 600 χ 
g for 5 min, an aliquot (1 ml) of the supernatant was transferred 
into a counting vial. To the counting vial was added 8 ml of an 
aqueous counting scintillant, ACS II (Amersham), and the counts 
per minute (cpm) of each sample were determined with a Packard 
Tri-Carb 3255 liquid scintillation spectrometer. 

Phosphorylation of lipocortin in vivo was determined by the 
method of Hirata'''. Neutrophils (5 χ 10^ cells) were 
preincubated with 10 ;uCi of monosodium [ 3 2P]phosphate (New 
England Nuclear, 100 mCi/mmol) in 1.0 ml of the medium (A) 
containing 10 mM Tris-Cl buffer, pH 7.4, 150 mM NaCl, 10 mM KCl, 
5 mM MgCl 2, 1 mM CaCl 2, 10 mM glucose and 1 % bovine serum 
albumin. After 1 hr preincubation, the ^ 2P-labelled cells 
were washed and resuspended in 1.0 ml of the medium (B) 
containing 5 mM sodium phosphate buffer, pH 7.4, 100 mM NaCl, 
10 mM KCl, 5 mM MgCl·, and 1 mM CaCl 2, and incubated with 
5 ;ul of organotin solutions at 1 0 - 1 0 M, the concentration 
that did not affect cell viability. Then, the reaction was 
started by the addition of 1 χ 10 Μ fMet-Leu-Phe (Peninsula) 
and stopped by the addition of 1.0 ml of 10% trichloroacetic 
acid. After centrifugation at 15,000 χ g for 10 min, the pellets 
were dissolved in 1.0 ml of 1% sodium dodecyl sulfate. After 
centrifugation at 15,000 x· g for 30 min, an aliquout (0.5 ml) 
of the supernatant was diluted 20-fold with 25 mM Tris-Cl buffer, 
pH 7.4, containing 0.5% sodium deoxycholate and 1% aprotinin 
(solution C) and incubated with 0.2 ml of serum from a patient 
with systemic lupus erythematosus for 16 hr at 4'C. After 
centrifugation at 27,000 χ g for 30 min, the immunoprecipitates 
of P-labelled lipomodulin were washed again with 2.5 ml of 
solution C and dissolved in 100 ;ul of 1% sodium dodecyl sulfate 
containing 10 mM sodium phosphate buffer, pH 7.0, and 0.1% 
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Table 1 Screening Data for Antitumor Activity of Dibutyltin 
Compound 

Tumor Dose*' Life spanb> 

mg/kg Injection Survival T/C 
i-P. time time(day) «) 

Sarcoma 180 0 5 15.1 ±0.4 100 
0.1 5 17.6 ±0.3 117 
0.3 5 17.8±0.4 118 
1.0 5 15.8±0.5 105 
2.0 2 15.0±0.3 100 
2.0 4 15.0 ±0.4 100 
3.0 1 13.2 ±0.3 87 
3.0 2 13.0 ±0.3 86 

IMC-carcinoraa 0 5 16.5±0.3 100 
0.1 5 18.6±0.4 113 
0.3 5 19.1 ±0.5 116 
1.0 5 19.8±0.5 120 
2.0 2 20.8 ±0.3 126 
2.0 4 21.3 ±0.7 129 
3.0 1 21.0 ± 0.6 127 
3.0 2 22.0 ± 0.7 133 

Lymphocyte 0 5 10.4 ±0.3 100 
leukeaia P-388 0.1 5 10.6 ±0.2 102 

0.3 5 12.1±0.5 116 
1.0 5 11.8±0.4 114 

2.0 2 12.3 ±0.5 118 
2.0 4 12.2 ± 0.5 117 
3.0 1 12.1 ±0.3 116 
3.0 2 12.5 ± 0.3 120 

Ehrlich ascites 0 5 21.1±0.4 100 
tumor 0.1 5 20.7±0.5 98 

0.3 5 21.8±0.7 104 
1.0 5 22.7±0.5 108 
2.0 2 29.1 ±0.4 138 
2.0 4 28.1±0.8 133 
3.0 1 39.3±0.7 186 
3.0 2 37.6 ±0.7 178 

A total of one to five injections were given at daily 
intervals in one experiment. 

b> The increase in survival of treated animals over control 
is expressed as T/C (%). The values of survival time are 
the means ±SE of 10 animals per group. 
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mercaptoethanol. An aliquot (50 ,μΐ) was heated at 100 eC for 10 
min and analyzed on 7.5% Polyacrylamide gel electrophoresis 
with sodium dodecyl sulfate Following electrophoresis, 
gels were sliced (2 mm) and Ρ radioactivity was determined. 

The activities of various phospholipases were measured by 
e method of Hirata ' using L-o^-dipalmitoyl-[choline-methy-
C-]-phosphatidylcholine (New England Nuclear, 153.0 mCi/mmol) 

as substrate. The reaction mixtures containing 0 or 4 χ 10 Μ 
individual organotin compound, 0.5 pCi of radioactive substrate, 
2 mM L-i^-phosphatidylcholine (Liver, Sigma), and 25 mM Tris-
glycyl-glycine buffer, pH 8.0, in a total volume of 250 ;ul, were 
incubated at 37 eC for 5 min after the addition of individual 
phospholipases, phospholipase A2 from porcine pancreas 
(Sigma,2.5 jug), phospholipase C from B. cereous (Boehringer 
Mannheim, 5.0 jug)· The reaction was terminated by 3 ml of 
chloroform/methanol/concentrated HCL (2:1:0.01, v/v). After 
centrifugation at 3000 rpm for 10 min, 2 ml of aliquots were 
dried under a stream of N2 gas. The products were separated by 
means of single-dimensional thin-layer chromatography on Silica 
Gel G plates with a solvent system of chloroform/methanol/water 

' (65:35:15, v/v). The radioactivity spots were localized by 
radioautography and the radioactivity in each area was determined 
by liquid scintillation. 

Phospholipid vesicles were prepared by the following proce-
dure. Phospholipids (1 mg) dissolved in chloroform-methanol were 
mixed at the desired composition and dried under a stream of 
nitrogen, followed by high vacuum pumping for 2 hr. They were 
then suspended in 5 ml of 20 mM Tris-HCl buffer (pH 7.5, 
containing 100 mM NaCl) and briefly sonicated at 0°C for 1 min in 
a bath type ultrasonicator, followed by vigorous vortexing. 
Small unilamellar vesicles were prepared by further sonication at 
0 eC until the suspension became clear (for about 3 min). 

Fluorescence polarization was measured at 25 eC by a Parkin-
Elmer Model MPF-44B fluorescence spectrophotometer using DPH as a 
fluorophore. The fluorescence was excited at 365 nm and detected 
at 425 nm. Lipid concentrations were approximately 21-23 nmol/ml 
and the ratio of DPH to lipid was 1/200 to 1/100. Fluorescence 
data were presented by either I / i / IJL 1 P= ( I υ /IJL. - 1 )/(I Μ / I i + 1 ) 
as the degree of fluorescence polarization, or r = (In /Ij. - 1) 
/(In /Ij. + 2) as the fluorescence anisotropy, where I n and I i 
are the fluorescence intensities measured at parallel and perpen-
dicular to the direction of polarization of the exciting beam, 
respectively. Results were expressed as a percentage change in 
the degree of fluorescence polarization, 100(P-P Q)/P Q. 
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RESULT AND DISCUSSION 

I. Antitumor activity of organotin 
The antitumor activity of organotin compounds in vivo 

towards various tumor systems was investigated (Table 1). As a 
result, n-Bu2SnClo was found to exhibit reproducible activity 
in vivo towards Enrlich-ascites tumor, IMC-carcinoma, P-388 
lymphocytic leukemia, and sarcoma 180 systems in descending order 
of activity. Particularly, the compound showed the highest 
activity against the Ehrlich-ascites tumor system and gave T/C 
value in the range of 98 to 186 with dosage ranging from 0.1 to 
3.0 mg/kg, the maximum activity being observed at a single dose 
of 3 mg/kg in the present case. Generally, a total of one to two 
injections of high dose levels (2 to 3 mg/kg), at which the 
compound do not show any toxicity, were more effective against 
any tumor than five injections of low dose levels (0.1 to 0.3 mg/ 
kg) . 
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Fig. 1. Antitumor effect of Bi^SnCl^ on Ehrlich ascites tumor 
cells. BupSnCl, was injected i.p. into dd-Y mice daily from days 
1 to 5 after Ehrlich tumor cells (5 χ 10°) were inoculated i.p. 
into the mice. Survival times are the means of 10 animals per 
group. (1) 3 mg/kg χ 1 or 2 ( ), (2) 2 mg/kg χ 2 or 4 ( ), 
(3) 1 mg/kg χ 5 ( ), (4) 0.3 mg/kg χ 5 ( ), (5) 0.1 mg/kg χ 5 
( ), (6) Control ( ). 

Fig. 1 is that shows anti-tumor effect of dibutyltin on 
Ehrlich ascites tumor cells. The survival days of the control 
group was about 22 days. By the administration of dibutyltin, 
the increase in survival was observed. Particularly, a total of 
1-2 injections of high dose levels was more effective against 
the tumor cells than 5 injections of low dose levels. 
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Table 2 shows the effect of dibutyltin on tumor initiation-
promotion systems in mouse skin carcinogenesis. When the optimal 
dose of dibutyltin existed at the first phase TPA promotion stage 
(Stage I promotion) of the two-stage promotion system, the most 
effective inhibitory effect was obtained. Particulaly, when 5 /ag 
of dibutyltin was given at the TPA promotion stage, the 
occurrence of papillomas was completely suppressed (Fig. 2). 

Weeks of Promotion 

Fig. 2. Inhibitory effect of Bu2SnCl2 on two-stage mouse skin 
carcinogenesis .. system of initiation and promotion. The mice were 
initiated with 100 nmoles of DMBA and promoted with 5 μς of TPA 
and 2.5 pg of mezerein. Bu2SnCl2 (5 pg) was applied 30 min 
before treatment with the mitiater and promoters. Each point is 
expressed as papilloma number per mouse and vertical bars denote 
SE of the means for 10 animals per group. ( Ο ) Control, 
( · ) DMBA-Bu2SnCl2 (initiation stage), ( A ) TPA-Bu2SnCl2 
(promotion stage I), ( • ) Mezerein-Bu2SnCl2 (promotion stage II). 

Fig. 3 shows the effect of dibutyltin on two-stage in vitro 
transformation of BALB/c 3T3 cells. The cells were initiated 
with MCA and promoted with TPA. Dibutyltin was added at 
approximately the same time as MCA or TPA. A line is whole 
negative control, Β line is MCA alone, i.e., initiation only. 
C line is TPA alone, i.e., promotion only. Under these 
conditions, the cells do not transform. However, like line (D), 
when the cells were initiated with MCA and promoted with TPA, the 
cells were transformed completely. This is positive control. 
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On the other hand, like line (E), when three hundred nanomolar 
(3 χ 10 M) of dibutyltin existed at the MCA initiation stage, 
the transformation was completely suppressed. Reversely, like 
line (F), when the same amounts (3 χ 10" 7 Μ) of dibutyltin 
existed at the TPA promotion stage, the transformation was not 
suppressed. Like line (G) and line (H), when low concentration 
(3 χ 10~ 8 M) of dibutyltin existed at the MCA initiation stage 
and TPA promotion stage, respectively, the suppression of 
transformation did not observed. From these results, dibutyltin 
is a potent inhibitor of MCA initiation stage in a two-stage 
system of cell transformation. 

In contrast to this result of in vitro two-stage 
transformation studies, in vivo studies of two-stage mouse skin 
carcinogenesis systems showed consistently that dibutyltin 
effectively inhibited the TPA promotion stage. The reason for 
this apparent discrepancy between results in vivo and in vitro 

Fig. 3. Effect of Bu 2SnCl 2 on two-stage in-vitro transformation 
of BALB/c 3T3 cells. The cells (1 χ 10 4) were initiated with 
MCA (0.1 ;ug/ml) and promoted with TPA (0.1 pg/ml). Bu 2SnCl 2 was 
added simultaneously with either MCA or TPA. 
A: whole negative control, B: MCA alone (promotion blank), C: TPA 
alone (initiation blank), D: MCA-TPA (positive control), E: [MCA 
+Bu 2Sn(3 χ 10"' M)]-TPA, F: MCA-[TPA+Bu 2Sn(3 x 10"' M)], G: [MCA 
+Bu 2Sn(3 x 10~ 8 Μ)]-TPA, H: MCA-[TPA+Bu 2Sn(3 χ 10 8 Μ)]. 

is unknown. Further in vivo and in vitro studies on its effects 
are needed. 

Further, thymic lymphosarcoma cells (BW5147) and HeLa cells 
were selected as malignant culture cells, and the effects of 
organotin compounds on the proliferation of these cells in vitro 
were examined being compared with those of thymocytes in which 
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DNA synthesis is more active than in other normal tissue cells 
(Fig. 4). The result was that DNA syntheses of thymic 
lymphosarcoma cells and HeLa cells were more dramatically (and 
also in dose-related fashion) inhibited by n-Bu2SnCl2 of more 
than 1 Ο" 7 Μ as compared with those of mitogen and nonstimulated 
thymocytes. By the way, at the concentration of range from 10 
to 10 M, n-Bu2SnCl 2 affected little cell viability of 
thymocytes, much less that of other tissue cells. These results, 
taken together, suggest that n-Bu2SnCl 2 may inhibit the further 
growth of malignant cell poppulation by preventing the mitotic 
division of the cells and that the compound may be available as 

Bu 2SnCl2 Concentration (M) 

Fig. 4. Effect of B u p S n C ^ ^ o n DNA synthesis of proliferating 
cells. Cells (each, f χ 10" cells/ml) were cultured with varying 
amounts of Bu 2SnCl 2 in octuple during 24 hr and [ ] t h y m i d i n e was 
present during the last 4 hr of the culture period. Vertical bars 
denote SE of the mean for 10 determinations. ( O ) ConA-stimulated 
thymocytes, ( · ) non-stimulated thymocytes, ( A ) Thymic 
lymphosarcoma cells, ( A ) HeLa cells. 
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II. Suppressive effects of organotin on cell proliferation system 
Proliferating cells such as thymic lymphocytes were more 

sensitive to dialkyltin compounds such as dibutyltin and 
dioctyltin than to other organotin compounds and also than tissue 
cells of other organs (Table 3). 

As shown in Fig. 5, DNA synthesis of the thymic lymphocytes 
was significantly inhibited by dibutyltin even at the 
concentration of 10 Μ at which cell viability was not yet 
impaired. Moreover, a parallelism between dose-response curves 
of dibutyltin for DNA synthesis and cell viability was found. 
These results indicate that dibutyltin primarily induces an 
inhibition of cell proliferation and secondarily causes cell 
death. 

Table 3 Inhibition of Thymidine Uptake in Rat Lymphoid Cells and Tissue Cells by Dibutyltin 
Compound 

Molarity of Bu2SnCl2 Uptake of 3H-labeled thymidine (X of control) 

Thymocytes Spleen cells Liver cells Kidney cells Brain cells 

lxlO"4 Μ 15.8±0.3 16.8±0.4 61.111.7 62.111.0 95.4±2.8 
lxlO"6 Μ 26.0±0.5 33.710.7 89.512.5 92.112.7 106.213.1 

Cells (106 cells/ml) of each organ were cultured with or without Bu2SnCl2 during 24 hr, and 
[3H]thymidine was present during the last 4 hr of the culture period. Each value is expressed 
as a percentage of the control value obtained in the absence of Bu2SnCl2, and is the means 1SE 
of 10 determinations. 
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Fig. 5. Effect of B u 2 S n C l 2 concentrations on DNA synthesis ( O ) 
and viability ( · ) of rat thymocytes. Cells (10 6 cells/ml) were 
cultured in triplicate during 24 hr and [ 3 H } t h y m i d i n e was present 
during the last 4 hr of the culture period. Vertical bars denote 
SE of the mean for seven determinations. 
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For the present, the mechanism of cell proliferation and 
transformation is not fully understood. However, some hypotheses 
are proposed for a main pathway leading to DNA synthesis and 
ultimate mitotic division 9 3 ' . Either way, a signal 
transduction leading to DNA synthesis appears to be initiated by 
stimulating the phospholipase activation system and provoking PI 
turnover and arachidonate release (Fig. 6). Therefore, the 
inhibition mechanism of dibutyltin on the cell proliferation 
was examined using the lymphocyte transformation which has been 
most fully defined as a model. 

Of many results tested, i.e., of the early events leading to 
DNA synthesis, RNA synthesis was significantly inhibited by 
dubutyltin of more than 10 Μ (Fig. 7). However, Ca 2 + entry 
into the cells, which may be one of the main pathways leading to 
DNA synthesis, was not inhibited at all by dibutyltin (Fig. 8). 
Fig. 9 shows the effect of dibutyltin on phospholipid synthesis. 
Total phospholipid synthesis was significantly inhibited by 
dibutyltin of more than 10 M. So, it was further examined 
whether or not this inhibition was restricted to certain 
phosphatides. 

As shown in Fig. 10, at the earliest stage of lymphocyte 
transformation, significant changes are almost increases in 

TIME (hr) 

Fig.7. Effect of organotin compounds on RNA synthesis. 
Incorporation of [3H]uridine into RNA of thymocytes (10° cells/ 
ml) after stimulation with ConA (5 ̂ ig/ml) was measured in the 
absence ( O ) and presence of 1 Ο"7 Μ n-Bu2SnClo (A), 10 - / Μ 
Ph-jSnCl (•), or 1 Ο - 7 Μ MeSnCl, (•). Each point is corrected for 
radioactivity incorporated without ConA at each incubation time. 
Vertical bars denote the SE of the mean for five determinations. 
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i.e., the acceleration of PI turnover 2 9' 3 1 *. However, the 
presence of dibutyltin of more than 10 Μ inhibited this 
remarkable acceleration. Moreover, a parallelism was found 
between dose-dependent inhibition of acceleration of PI turnover 
and that of DNA synthesis by dibutyltin. Increases in 
phosphatidylserine (PS), phosphatidylethanolamine (PE) and 
phosphatidylcholine (PC) synthesis were not observed during the 
first 5-30 min of the lymphocyte stimulation, and at least 2-3 hr 
exposure was required for their significant increases. 

On the other hand, the degradation of phospholipids was also 
inhibited by the presence of dibutyltin. Fig. 11 shows the time 
course of arachidonate release from phospholipids by 
phospholipase A 2. The acceleration of arachidonate release was 
significantly inhibited by dibutyltin of more than 10~ 7 M. 
However, the direct inhibitory effects of organotin compounds on 
phospholipase Ay, C and D were not found, although the substrate 
was hydrolyzed to three main products depending upon the species 
of phospholipase (Table 4). These results suggested that the 
compound also may inhibit the activation system of phospholipase 
a 2 ' 

Usually, the phospholipase activation is demonstrated to be 
regulated by phosphorylation of lipocortin, a phospholipase 
inhibitory protein ' . 

Therefore, the effect of dibutyltin on the phosphorylation 
of lipocortin was examined. Fig. 12 shows the time course of 
phosphorylation of lipocortin. At 1 min. after the stimmulation, 
a transient increase of the phosphorylation was significantly 
inhibited by the presence of dibutyltin of more than 10" M. 

By the way, this lipocortin is an extrinsic membrane 

Table 4 In Vitro Effec t of Organotins on Various Phospholipase Act iv i t ies 

Phosphatidylcholine hydrolyzed (% of to ta l counts) 

Enzyme source Organotin added ( lx lO ' 7 M) 
Spot No. Control — 

Bu2SnCl2 Bu3SnCl Ph3SnCl 

Phospholipase A2 1 25 .0±0 .7 27 .310 .2 31 .310 .8 30 .110 .7 
(porcine pancreas) 2 5 . 5 ± 0 . 2 7 . 3 1 0 . 3 8 . 2 1 0 . 9 9 . 0 1 1 . 2 

3 4 . 8 ± 0 . 1 5 . 9 1 0 . 5 7 . 1 1 1 . 1 6 . 5 1 0 . 7 
Phospholipase C 1 7 .ό±1 .3 8 . 2 1 1 . 0 5 . 3 1 0 . 5 6 . 8 1 0 . 3 

(B. cereus) 2 0 .7±0 .2 0 . 7 1 0 . 1 0 . 6 1 0 . 1 1 . 0 1 0 . 2 
3 70 .0±4 .2 63 .012 .8 75 .015.9 63 .013 .1 

Phospholipase D 1 15.8±0.9 17.411.2 17.611.2 16 .810.7 
(cabbage) 2 1 . 0 1 0 . 1 1 . 3 1 0 . 1 1 .410 .1 0 . 9 1 0 . 1 

3 1 .510 .3 2 . 3 1 0 . 2 2 . 1 1 0 . 2 1 . 4 1 0 . 1 

The spot numbers indicate the hydrolyzed components of substrate, 
L-a-dipalmitoyl-[choline-aiethyl-1 4C-]-phosphatidylcholine. The total recovered 
radioact iv i ty fro« one sample was taken as 100% and the r e l a t ive radioact iv i ty 
in each spot was determined from this value. Each value is the mean + SE of f i ve 
determinations. 
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Fig. 8. Effect of organotin compounds on calcium uptake. 
Incorporation of 4 5 C a 2 + into thymocytes (10° cells/ml) after 
stimulation with ConA (5 /jg/ml) was measured in the absence (O ) 
and presence of 10" 7 Μ n-Bu 2SnCl 2 ( A ) , 10 _ / Μ Ph 3SnCl ( φ ) , or 
10~ 7 Μ MeSnClj ( P ) , and 4 5 C a 2 + uptake by nonstimulated 
thymocytes was measured in the absence ( · ) and presence ( A ) of 
10 Μ n-BujSnCl 2. Vertical bars denote the SE of the mean for 
five determinations. 

protein, and it has a strong affinity toword charging 
phospholipids such as PI and PS at the inside of a membrane. 
Therefore, to investigate whether or not the inhibitory effect of 
dibutyltin on phospholipase activation system was associated with 
the membrane-mediated inhibition, i.e., the changes in physical 
properties and structure of the surrounding phospholipid 
membrane, the fluidity of phospholipid vesicle membranes was 
measured by the fluorescence polarization. As shown in Fig. 13, 
significant decreases of the membrane fluidity were observed at 
the dibutyltin concentration of 1 χ 10 Μ, although this 
concentration was physiologically high, it was needed for 
obtaining the detectable results, i.e., the changes in physical 
properties in all phospholipid vesicles. Particularly, 
dibutyltin showed a far stronger "ordering" effect on 
phosphatidylinositol 4-monophosphate (PIP·, ) and 
phosphatidylinositol 4,5-diphosphate (PIP2) vesicle membranes 
than on other phospholipid vesicle membranes. These significant 
decreases in the fluidity of PIP^ and PIP 2 vesicle membranes were 
also dose-dependent. It is worthy of note that PIP 2 is the 
immediate target in provoking the breakdown of inositol 
phospholipid, and is the substrate which is hydrolyzed to 
diacylglycerol (DG) 4 4 - 4 6 ' and inositol phosphate or inositol 
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polyphosphate 47-49) by phospholipase C (Fig. 6). This suggests 
that the alteration of membrane fluidity and lateral clustering 
of substrate may be directly linked to activation of 
phospholipase. 

Fig. 9. Effect of organotin compounds on phospholipid synthesis 
of rat thymocytes. Phospholipid synthesis was measured by the 
incorporation of 3 2 P into the lipid fraction of the cultured 
cells (1.5 χ 10 6 cells/ml) after stimulation with ConA (5 jug/ml) 
in the absence ( · ) and presence of 10~ 7 Μ n-Bu 2SnCl 2 ( A ) , 
10 Μ MeSnCl 3 ( Π ), or 1 Ο" 7 Μ Ph 3SnCl ( φ ). Each point is 
corrected for radioactivity incorporated without ConA at each 
incubation time. Vertical bars denote the SE of the mean for five 
determinations. 

Taking these results into consideration with the fact that 
dibutyltin did not directly inhibit phospnolipase C, 
phospholipase A 2 or protein kinase C, the suppression of cell 
proliferation by dibutyltin appears to reflect the membrane-
mediated inhibition of the signal transduction leading to DNA 
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synthesis such as the phospholipase activation system, because an 
af^jnjL^y of intracellular dibutyltin to the nucleus was little or 

Fig. 10. Effect of B v ^ S n C ^ o n phospholipid metabolism. Rat 
thymocytes (3 χ 1 Ο 6 cells/ml) prelabeled with [ 2 P ]-phosphoric 
acid (10 ^Ci/ml) were treated without and with ConA (5 μq/ml) in 
the absence and presence of 10~ 7 Μ B u 2 S n C l 2 for 5 min. The mean 
radioactivity of each phospholipid component separated from the 
control culture ( ΠΙΠ ) was taken as 1.0 and was compared to that 
of the corresponding phospholipid component from the experimental 
cultures treated with Bu^SnCl? (E2J ) , ConA ( C H ) and ConA plus 
Bu 2SnCl 2 ( m l . 
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Fig. 12. Time course of phosphorylation of lipocortin. 
Neutrophils were preincubated with Ρ and then 
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Bu2SnCl2 
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The J^P-labeled lipocortin was immunoprecipitated with 
a serum'from a patient with systemic lupus erythematosus. 
Vertical bars denote SE of the mean for five determinations. 
( Δ ) Control, ( O ) fMet-Leu-Phe, ( · ) Bu2SnCl2 + fMet-Leu-Phe. 
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Horizon bars denote SE of the mean for 10 determinations. 
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