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ABSTRACt 

Age related cytotoxicity of stannic chloride was evaluated in 
human lymphocytes considering mitotic index (MI), damaged cell 
(DC), chromosome aberration (CA), and micronuclei formation 
(MNC) as endpoints. Significant elevation of DCs, CAs, MNCs, and 
reduction of MI were observed in all classified age groups compared 
to each control set. The mean frequencies of abnormalities show a 
statistically significant increase with subject's age. Linearity of the 
effect of age was common for both untreated and treated lympho- 
cytes of both sexes. 

Index Entries: Stannic chloride; aging; human lymphocytes. 
Abbreviations: M1 --- mitotic index; DC = damaged cell; CA = 

chromosome aberration; MNC = micronuclei formation. 

INTRODUCTION 

The emergence of the industrial society has led to the use of chemi- 
cals of a diverse nature in a wide range of human  activities. Heavy metals 
are an important  class of environmental  pollutants, and some of these are 
implicated in the induction of tumors in experimental animals and ex- 
posed humans  (1). Interest in tin compounds  has been increased because 
of their extensive use as additives in PVC products, plating of containers, 

Biological Trace Element Research 55  I/ol. 38, 1993 



56 Ganguly 

general and agricultural biocides, and model compounds in neurobio- 
logical research (2). Migration of tin from plated containers into food, 
beverages, and drinking water, or from plastic medical devices into body 
fluids or exposure to biocides are the possible sources from which this 
metal can cause direct toxicological effects in humans. 

Age had been shown to significantly affect the frequency of sponta- 
neous micronucleus formation, chromosome aberration, and sister chro- 
matid exchanges, in lymphocyte population of the male and female 
populations (3,4). Age-related effects of organotin compound have been 
evaluated recently in detail by Ghosh et al. (5-7) on the frequencies of 
chromosome aberrations (CAs), micronuclei formation (MNCs), and sis- 
ter chromatid exchanges (SCEs). Only those with stannic chloride were 
studied, in three age groups, with a broad classification consisting of 21 
individuals. In the present communication the detailed age-related cyto- 
toxicity of stannic chloride was observed in mitotic index (MI), micro- 
nuclei formation (MNC), damaged cell (DC), and chromosome aberra- 
tion (CA) in a large population. 

MATERIALS AND METHODS 

Human lymphocytes were collected from venous blood of 52 healthy 
individuals of both sexes who reported that they had not knowingly been 
exposed to toxic agents. Donors were classified into seven age groups, 
each group covering a different 10-yr span. Four subjects were consid- 
ered in each group of both sexes. 

From each subject, 5 mL of blood was collected in heparinized vials. 
Cultures were set up with 0.3 mL of whole blood in RPMI 1640 (GIBCO, 
Gaithersburg, MD) medium supplemented with heat-inactivated human 
AB serum and phytohaemagglutinin (G1BCO). An aqueous solution of 
stannic chloride (4 txg/mL) was added at the time of inoculation. Repli- 
cate cultures for control and treated sets were incubated at 37~ for 48 h. 
Cells were collected following pretreatment with colchicine, hypotonic 
treatment with 0.09% NaCI, and fixation in 1:3 acetic acid:methanol, and 
slides were prepared following air drying and Giemsa schedule (8). 

All slides were coded prior to data analysis. For each subject 200 
metaphase plates for DC and CAs, 2000 cells for each of the M1 and 
MNCs were observed for control and treated sets. Observation was taken 
according to standard procedure (9,10). Data were analyzed statistically 
following Student's t-test. 

RESULT 

Following administration of stannic chloride to the lymphocyte cul- 
tures, the alterations in the frequencies of DCs, CAs, and MNCs, and MI 
in male and female subjects, and are presented in Tables 1 and 2. Stannic 
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chloride resulted in elevation of DCs, CAs, and MNCs, and in depres- 
sion of MI in lymphocytes of both sexes. The elevation of abnormalities 
and reduction of dividing cells were linearly related to the donor's age, 
which was more pronounced in male than in female subjects. The differ- 
ences in control and treated sets were statistically significant in all age 
groups. The types of aberrations observed in lymphocytes induced by 
stannic chloride were chromatid and chromosome breaks, gaps, dicen- 
trics, ring, and rearrangements (Fig. 1); when aberration frequency was 
compared with control sets, gaps were excluded from total aberrations. 

DISCUSSION 

The aging of a cell population that leads to senescence was defined 
as a group of harmful changes (11) and may also be accelerated by 
environmental and industrial toxicants. Steenland et al. (12) have dem- 
onstrated a marked influence of age on the enhanced frequency of spon- 
taneous chromosomal aberrations. Organotin compound, namely tri- 
methyltin chloride, enhanced the frequencies of CA, DC, SCE, and MNC 
in aged lymphocytes compared to younger ones, although there was no 
linear correlation with the donor's age (5,7,13), and the interaction of the 
donor's age and chemical concentrations was statistically significant in 
almost all endpoints. In another report it was found that stannic chloride 
resulted in severe damage in lymphocytes of elderly individuals (14). 

In the present report aging of male and female individuals was 
found to influence the clastogenic and mitostatic activity of stannic chlo- 
ride in lymphocytes in vitro. Elevated frequencies of mean CAs, DCs, 
and MNCs were estimated in all classified age groups of both sexes and 
compared to control within each age group. The dose-related clasto- 
genicity was observed in a previous report with the significant increase of 
CAs, DCs, and SCEs (15). Similar enhancement of abnormalities were 
observed in the treated lymphocytes of individual age groups. 

In general, the organotin compounds are highly toxic to living or- 
ganisms because of their lipid solubility and retention at tissue PH. 
However, in one experiment the relative higher dose of stannic chloride 
(20 p~g/culture) revealed more clastogenicity and that may be because a 
greater amount of the chemical was present in the medium. The eleva- 
tion of abnormalities in organotin treated lymphocytes were not linear to 
the increase of the donor's age (7). 

In the present study the enhancement of CAs and MNCs were di- 
rectly related to the increase of the donor's age. This is consistent with 
the earlier findings of Galloway et al. (16) and Soper et al. (4). Chromatid 
type aberrations were most commonly observed, which are distinct 
features of damaged induced by heavy metals, and which are inde- 
pendent of the phase of cell cycle at which damage occurs (17). 

The literature contains conflicting reports regarding the effect of 
aging on the variation of CAs, MNCs, and SCE frequencies. Galloway et 
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Fig. 1. (a,b,c) Chromatid gaps and breaks; (d) di- 
centric; (e) quadriradial; and (f) triradial rearrangements 
in lymphocytes treated with stannic chloride. 

al. (16) and Ghosh et al. (18) all reported a significant increase in aberra- 
tions and SCE frequencies with increasing age, whereas  no age effect was 
seen for SCEs and chromosome aberrations in other reports (19). Yew 
and Johnson (20) have shown that UV-induced excision repair decreased 
with age in T and B lymphocytes.  In the present  study structural aberra- 
tions in control as well as in treated sets were more frequent in older 
individuals. This is similar with the previous report  of Martin and Rade- 
maker  (21). Interindividual variability was frequently observed in both 
untreated and treated lymphocytes  of both sexes. This is consistent with 
the earlier findings of Gebhart  (22) in chemical induced chromosome 
aberrations. 

The mode  of action of stannic chloride is yet unclear. Tin (Sn4) 
compounds  readily combine with dithiol groups of protein and can form 
stable complexes with SH compounds  (23). Again tin (Sn4) can be bio- 
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methyla ted  in the env i ronm en t  and possibly in the cell where  it can cause 
toxicity to mammal i an  sys tems (24). 
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