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Fig. 1 Tin content in human tissue®
*Values obtained from Anspaugh et al. (1971).
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Table 1. Tin content and inhibition index of the various bovine thymus extracts.

Inhibition index : EDso (ppm)

Extract % Tin KB Tumor P-388 Contents

(A) 0 0 0 Essentially water

(BCD) 0.055 100+ 75 Contains lipids,lipoproteins,and
’ some proteins

(B) 5.5 103 120 Essentially lipids

(cp) 0.068 250 218 lipoproteins, proteins

(B2) 7.5 35 14 Lipids

(IB) 2.2 260 260 Basically protein

(B, 111B) 30.0 87 55 Lipid

(11B) 45.0 45 25 Lipid

(I1IB) 2.5 0 0 Lipid
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Table 2. Inhibition indices for several tin steroids

EDso (mcg/m!)

Compound® Human KB tumor Mouse P-388 leukemia
Tripheyltin cholate 0.22 0.18
Cholesteryl-n-butylstannate 29 25.5
Triphenyltin testosterone 0.2 0.004
Tri-n-butyltin deoxycholate (I) 0.25 0.26
Triphenyltin cholesterol ether (II) 0.1 0.2
Cholesteryl tri-n-butyltin ether (II) 0.3 5.0
Cholesteryl tri-n-butyltin adipate (II) 0.20 0.05
Triphenyltin cholesterol ether (I) 0.24 0.40
Tri-n-butyltin deoxycholate (II) 0.23 0.31
Tri-n-butylin deoxycholate (III) 1.3 0.4
Testosteronyl-n-butylstannate 24.0 32.0
Estronyl-n-butylstannate 20 24

* Not single species, since none shows sharp melting points.
The degree of contamination by starting materials is unknown, but believed to be less
than 2%.
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Table 3. In vivo and in vitro function tests of the immune system of dibutyltin-or dioctyltin-treated rats

Cell-Mediated Immunity Effects™

In vivo

—delayed type hypersensitivity to tuberculin
—allograft rejection
—graft-versus-host reaction .

+ o+ 4+ +

—resistance to Listeria monocytogenes infection
In vitro -
—lymphocyte transformation by Phytohemagglutinin.
(PHA) and Concanavalin A (Con A) +
Humoral Immunity

In vivo
—thymus-dependent antibody synthesis to sheep red blood cells (SRBC) +
—thymus-independent antibody synthesis to E. coli. lipopolysacharide (LPS) -
In vitro
—plaque formation against SRBC +

—transformation of lympocytes by LPS . -
Phagocytosis by macrophages of carbon particles -
Sensitivity to LPS +

* + Denotes a suppressive effect on immune parameters or an increase of susceptibility to infection or E. coli
LPS ; — = no effect. . ’
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Table 4. Relative organ weights of rats fed various oganotin compounds (% of control)

Body

weight Thymus Adrenal Liver Spleen Kidney N
BuzSnCly 97 48% ** 125 93 98 96 6
BusSnCl 90 5R* ** 132* 93 75* 86 7
BuSnCls 95 106 116 91 89 106 6
BusSn 101 88 119 89 79* 96 6
Pr2SnClz 84 89 98 82% * 88 97 7
MezSnCl, 96 92 97 85™* 112 99 6
MeSnCls 105 85 103 101 92 100 6
0czSnCly 101 gk H ok E 100 104 116 100 7
Ph3SnCl 91 100 113 89* 87 99 6
SnCly 88 83 110 92 73% * 103 6

Note . Wistar-derived weanling rats (male,40-45g) fed independently 100ppm organotin for 10days. All values
are the mean of 6-7 animals ; those marked with asterisks differ siginificantly (Student’s t test) from the corres-

ponding control value : *P<0.05, **p<0.02, ***p<0.01, ****p<0.001.
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Fig. 2 Relative organ weights of rats fed 0 or 100 ppm BuzSnCls for 4 weeks and after
that period a normal diet for 6 weeks. Vertical bars denote SE of the mean for 10 deter-
minations; those marked with asterisks differ significantly (Student’s t test) from the cor-

responding control value :
group, (&) 100 ppm group.

*p<0.05 **p<0.01, ***p<0.001. (O) control (0 ppm)
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Fig. 3 Part of thymic cortex from a control rat (A) and a rat (B) fed 100 ppm BuzSnClz
for 2 weeks. Note the complete lymphocyte depletion of the cortex (B) . Hematoxylin and
eosin; X400.
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Fig. 4 Relationship between thymus atrophy and the concentration of dibutyltin in the
thymus of rats fed 100 ppm BuzSnClz for 4 weeks and after that period a normal diet for 6
weeks. (O) Concentration of BuzSnClg in rat thymus (pg/g tissue), (@) relative thymus
weights are given as percentages of control values. Vertical bars indicate SE of the mean
for seven determinations.
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Fig. 5 Effect of BuzSnCl; concentrations on DNA synthesis (O) and viability (@) of rat
thymocytes. Cells (10% cells/ml) were cultured in triplicate during 24 hr and [*H] tymidine
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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Table 5. Cell surface marker analysis of thymocytes and peripheral T cells of organotin-exposed rats

Relative count (%)*

Lymphocyte Thymocyte Peripheral T Cells
subpopulation Control oraganotin-exposed Control organotin-exposed
Thy 1,1 (MRC 0X-7) 99.42+0.19 98.58+0.57™ 38.90+£2.20 32.84+1.68"*
CD2 (MRC OX-34) 99.60i0.‘15 99.44+0.15 85.724+3.97 78.98+6.92
{%lph_a__/_Beta (R73) 80.26+2.03 61.72+2.12%** 98.50+0.84 97.60£1.05

cp4 (ws/2s). . 4.5040.91 5.48+1.55 - 48.41+2.28 48.75+3.06
CD4,CDS8 double positive 88.7241.11 77.12+6.54** 6.57+6.04 3.29+0.97
CD4,CD8 double negative 1.35+0.19 6.90+£2.64%*  30.30+4.78 34.97+3.87
CD8 (0X-8) 5.11+0.79 10.50+2.55* * 14.73+2.41 12.94+1.43

a) The values are the mean® SE of 5 Wistar-derived weanling rats (male,40-45g) per group. After 10 days of
feeding with NMF solid diet containing 100 ppm BuzSnCly (Oriental Yeast Co Ltd.), cell suspension were made of
the thymus and peripheral blood cells, and lymphocyte subpopulations analyzed on a fluorescence activated cell
sorter (FACS) with monoclonal antibodies to rat cell surface determinants. The clones of antibodies used are indi-
cated between parentheses. Those marked with asterisks differ significantly (Student’s t test) from the corres-
ponding control value *p<0.05,* *p<0.01, * k5 <0.001.

Log Radioactivity (dpm)

3 ’ ¢ & $
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10
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Fig. 6 Effect of BuzSnClz on DNA synthesis of proliferating cells. Cells (each, 1 X 10°
cells/ml) were cultured with varying amounts of BuzSnClz in octuple during 24 hr and
*H] thymidine was present during the last 4 hr of the culture period. ©)
ConA-stimulated thymocytes, (@) nonstimulated thymocytes, (&) thymic lymphosarcoma
cells, () HeLa cells.
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Fig. 7 Effect of BuzSnClz on two-stage in vitro transformation of BALB/c 3T3 cells. The
cells (1X10% were initiated with MCA (0.1 g/ml) and promoted with TPA (0.1 xg/ml).
BusSnCly 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 +BuzSn (3 X 1077 M)]-TPA, F . MCA- [TPA + BuzSn (3 X
1077 M)], G : [MCA+BuzSa (3X10™8 M)]~TPA, H : MCA-[TPA+BuzSn (3X107° M)].
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Fig. 8 Antitumour effect of BusSnClz on Ehrlich ascites tumour cells. BuzSnClz was in-
jected i.p. into dd-Y mice daily from days 1 to 5 after Ehrlich tumour cells (5X10% were
inoculated i.p. into the mice. (1) 3 mg kg™ X1 or 2 (---), (2) 2 mg kg 'X2or 4 (- -),
(3) 1mgkg *X5 (--), (4) 0.3 mgkg™'X5 (----), (5) 0.1 mg kg X5 (----), (6)

control (—).
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Table 6. Metal and metalloid compounds tested by the national cancer institute

mA
Al
Transition elements 90 Na VA VIA
Sc Ti \% Cr» Mn Fe Co Ni Cu Zn Ga Ge As Se

8 87 84 253 273 883 844 734 | 1275 | 861 59 226 | 1254 | 734

Y Zr Nb Mo Te Ru Rh Pd Ag Cd In Sn Sb Te
10 59 28 170 0 145 257 435 145 124 18 2008 | 353 51

La® Hf Ta w Re Os Ir Pt Au Hg TI Pb Bi Po
27 15 15 118 41 25 41 1538 | 121 823 37 288 81 0

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
30 23 27 0 20 79 18 40 22 12 18 12 13 11

I 2B (Ao T2 a vy bR TaE—Ya Y) VAT LT AHUESR AL L,
STFNBE TR 3 VB, & CARMVER- VI ATV (TPA) WKL AAT -V 1IOTHE-
Ya vEELEIT S (Fig. 9% 72780,

BAE, = OSALEY OPHREY % R AT 012 Fig. 10007 & 9 24 OREDSBILEW A
AMERTWD, SR ECIOKETEHIETR (NC) BV THMIEE 7 A b SN RE LI A8
4 P DL % Table 6127 T o 3 H%L T, BUE2000HULOILEWA € OHHMMEEZ T A P
Twh,

2-4. BIREREOmHERE
B, U7 VE VIS E DRREMICTHESRERYT 52 b o7 (Fig 1) ZHIGHBEH OB
7OV AL SRR AR ES 4 b LA ORI BB LD OTERNWI &5
(Fig. 12), BZ 5 AW RDOERFHIZL Db OTHS D L BELNE' . S HIEHTE O5HHE &l
B2 F 04 NARIVE Y OFIERE 2 72562 OEH & % 2 &b b LEIRER,

3. HESEOEYEMREICET 2MiBELENEE

HHRSL AW MO, TBEIC L - CEMBERBIORE, HRIHFL(RED, JOEWEED
B 1 DI I I RR T B AR W D3, BV R 2 AUZ IR O IR M P~ OB
BHDET &b LAMMNAHORIZE B SO ThE, YTFLEH, P TFE, b7 =NEO
ii&ﬁ*ﬁﬁ%%@I%J&AK%?&5K,ﬁ?ﬁ?ivxyfvyfd&<,&Eﬂ@ﬁw?
-/ NIRRT HE A B350 9590 | B 2 BT E S X F VT TFIVERO &) R ek
oIS s AP R T 1Ee: 1 PUIET 3 S SN i1 I n S
(Fig. 13-B)o =V kM HERE LBk A8, 2R NT L VRO ROBRIEE (Fig
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Fig. 9 Inhibitory effect of BuzSnCly on two-stage mouse skin carcinogenesis system of in-
itiation and promotion. The mice were initiated with 100 nmol of DMBA and promoted with
S pg of TPA and 2.5 ug of mezerein. BuzSnCly (5 pg) was applied 30 min before treatment
with the initiater or promoters. (O) Control, (@) DMBA-Bu,SnClz (initiation stage), (&)
TPA-BuzSnCl; (promotion stage 1), (H8) Mezerein-BuzSnCl (promotion stage 1I).
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Fig. 10 Octahedral diorganotin dihalide complexes.
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Fig. 11 Relative thymus weight of rats fed 0 or 100 ppm dibutyltin dichloride BusSnCls
throughout the experimental period. Vertical bars denote SE of the mean for 10 determina-
tions; those marked with asterisks differ significantly (Student’ t test) from the corres-
ponding control value : *p<<0.05, **p<0.01, ***p<0.001. (B8) control (0 ppm) group, (@)
100 ppm group.
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Fig. 12  Movements of dibutyltin and its metabolites in the thymus of rats fed 100 ppm
dibutyltin dichloride throughout the experimental period. Vertical bars denote SE of the
mean for 10 determinations. (@) monobutyltin, (&) dibutyltin.
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Fig. 13 Intracellular distribution of various organotin compounds in fixed.cell. Human
skin fibroblasts were fixed with 0.5% glutaraldehyde for 10 min at room temperature,
washed, and incubated for 10 min at 37°C with 50 M BusSnCls (A) or 100 #M MesSnCly
(B) . The cells were then washed, incubated with 100 zg/ml morin for 5 min at 37°C,
washed again, and photographed.

Fig. 14 Effects of organotin compound on the morphology of the Golgi apparatus in living
cells. Human skin fibroblasts (SF-TY) were incubated in the absence (A) or presence (B)
of 1 #M BuzSnCl; for 2 hr, and then were stained with Cg-NBD-ceramide-BSA and viewed
in the fluofescence microscope.

Fig. 15 Effects of organotin compounds on the morphology of the ER in living cell. Afri-
can green monkey kidney epithelial cell lines (CV-1) were incubated in the absence (A) or
presence (B) of 5 #M BusSnCl for 10 min at 37°C. Further, the cells were fixed with 0.5%
glutaraldehyde for 5 min at room temperature, washed, and incubated with 2.5 pg/ml
DiOCs (3) (3.3'-dihexyloxacarbocyanine iodide) for 15 sec at room temperature. The cells
were then washed and photographed.
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$ of total fluorescence

Cg-NBD-Cer Cg-NBD-GlcCer Cg-NBD-SM

Fig. 16 Effects of organotin compound on the metabolism of Ce-NBD-ceramide in Golgi
apparatus. CHO cells were incubated without (control, B) and with 10 #M BusSnCla (Im)
for 3 hr, and then incubated with C¢-NBD-Cer/BSA. Each value represents the mean £ SE
of four independent experiments; those marked with asterisks differ significantly (Student’s
t test) from the corresponding control value (* p<0.001). Cer : ceramide, GlcCer/ glucosy-
Iceramide, SM I sphingomyelin.
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Fig. 17 Effects of organotin compounds on IP3-induced intracellular Ca®" mobilization.
Saponin-permeabilized RBL-2H3 cells (5 X 10° cells/ml) were incubated with 5X 1075 M
individual organotin compound for 10 min after the addition of 1.5 #M Fura-2. The kinetics
of Ca?™ release were resolved by determination of fluorescence intensity ratio using dual
excitation mode of 335 and 375 nm after the addition of 333 nM IPs. Each point denotes the

mean for five determinations : control (Q), BuSnCls (&), BusSnCl (@), BusSn (),
TBTO (@).
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Fig. 18 Effect of organotin compounds on phospholipid
synthesis of rat thymocytes. Phospholipid synthesis was
measured by the incorporation of 32p into the lipid frac-
tion of the cultured cells (1.5 X 10° cells/ml) after sti-
mulation with ConA (5 #g/ml) in the absence (O) and
presence of 1077 M #n-BuzSnClz (&), 1077 M MeSnCls
(), or.1077 M PhsSnCl (). Each point is corrected
for radioactivity incorporated without ConA at each in-

cubation time. Vertical bars denote SE of the mean for

TIME (hr) five determinations.
3.0
-

5 2.04

2 —

g

-

o

>

B ]

it

(4]

o

0

-

a .

o .

| v HIE_I IH[Z {{I%] %:i
o
N
m
0o - -
PI PA PS PE PC

Fig. 19 Effect of BuzSnClz on phospholipid metabolism. Rat thymocytes (3X10° cells/m1)
prelabeled with [32P]-phosphoric acid (10 £Ci/ml) ‘were treated without and with ConA (5
s g/ml) in the absence and presence of BuzSnCly (5X 1077 M) for 5 min. The mean
radioactivity of each phospholipid component separated from the control culture ([I) Iwas
taken as 1.0 and was compared to that of the corresponding phospholipid component from
the experimental cultures treated with BuzSnCl; (&2), ConA (), and ConA plus BuzSnClz
().
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Fig. 20 Effect of BuzSnCl; on the membrane order of various phospholipid vesicles. Each
phospholipid vesicle containing DPH in 20 mM Tris-HCl buffer (pH 7.5, containing 100 mM

NaCl) was incubated without and with BusSnCly (10™* M) for 5-7 min at 25°C and the.

membrane order was measured by fluorescence polarization. Each value was éxpressed as a
percentage change in the degree of fluorescence polarization, 100 (P-Po) /Po. All the phos-
pholipid vesicles contained 18 #g/ml total phospholipid. In case of the mixture vesicles, the
ratio of each phospholipid to PC is 1/2.
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Fig. 21 The proposed intracellular transport of phospholipids.
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Fig. 22 Signal transduction via phospholipid turnover and Ca mobilization.
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Fig. 23 Cell growth and transformation via oncogene products.
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