



































































































































































































































































































































































































































































































































EHC 116: Tributyltin Compounds

“slightly reduced”. However, there was a marked
reduction after treatment at 80 mg/kg diet.

The clearance of Listeria monocytogenes from the
spleen (a measure of host resistance) was monitored in
rats fed 20, 80, or 320 mg TBTO/kg diet for 6 or 7 weeks.
Statistically = significant increases in the number of
viable bacteria were seen 2 days after an iv injection
into animals treated with 320 mg/kg diet for 6 (p < 0.01)
or 7 (p < 0.001) weeks and with 80 mg/kg diet for 6 weeks
(p < 0.001). A dose-related reduction, statistically sig-
nificant (p < 0.05) at 80 mg/kg diet, in viable bacteria
was seen 1 day post injection in the group receiving TBTO
for 7 weeks, but this was not seen in the 6-week study.
The ex vivo phagocytosis of L. monocytogenes by spleen-
and peritoneal-derived macrophages from TBTO treated (20
or 80 mg/kg diet) animals was not significantly affected,
although a dose-related reduction in the phagocytic
activity of splenic macrophages was seen.

Cells derived from the spleen and peritoneal cavity
were tested for spontaneous cell-mediated cytotoxicity
against murine YAC Ilymphoma target cells labelled
with 51Cr. “Specific release” of the chromium label
(release in experimental minus spontaneous release in the
controls) was used as the end-point of the assay. Stat-
istically significant reductions in specific release were
found with spleen cells from rats fed TBTO at 80 mg/kg
diet (p < 0.05), but not in spleen cells from those fed 20
mg/kg diet. Statistically significant effects (p < 0.05)
were found in peritoneal macrophages derived from rats
receiving 20 and 80 mg/kg diet, but there were no signifi-
cant effects on non-adherent cells (“natural killer
cells”).

These studies were designed to investigate immune
function rather than to determine a no-observed-effect-
level, and the lowest dose used (20 mg/kg diet) produced
statistically  significant effects (in  particular, de-
pression of host resistance to T. spiralis and L. mono-
cytogenes). No evidence of general toxicity was seen at
this dose level. The only sign of general toxicity
recorded was a significant reduction in body weight gain
seen after exposure to 320 mg/kg diet for 3, 8§, and 20
days and to 80 mg/kg diet for 20 days.
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A study of TBTO (0, 0.5, and 50 mg/kg diet) adminis-
tered to groups of weanling Wistar rats (five animals of
each sex per group) for 2 years was briefly reported by
Yos et al. (1985) and Wester (in press). It should be
noted that the intakes in this study were lower, on a body
weight basis, than in the shorter-term studies, being
equivalent to 0,  0.025, 0.25, and 2.5 mg/kg body weight
per day for the controls, and low, medium, and high doses,
respectively (based on actual intake measurements). A
significant decrease in peripheral lymphocyte count and a
statistically significant increase in platelets were seen
in the females fed 50 mg/kg diet for 1 year. Circulating
levels of total IgM and IgA were significantly increased
at 4-6 and 16-18 months, in rats given 50 mg/kg diet,
while significant reductions in IgG levels were recorded,
particularly in females.

General effects on the Ilymphoid organs were not
recorded, though several specific tests of immune function
were performed using the methods of Vos et al. (1984). A
dose-related decrease in resistance to T. spiralis infec-
tion was seen at 5 and 16 months, achieving statistical
significance (p < 0.05) at 5 and 50 mg/kg diet. IgE titres
were reduced, but IgA levels increased approximately 50-
fold at the highest dose level. No effects on delayed-type
hypersensitivity were seen, in contrast to results in the
short-term study by Vos et al. (1984). Host resistance to
L. monocytogenes (as measured by the number of viable
organisms in the spleen) was significantly reduced at 5
and 17 months in the 50-mg/kg group, but a significant
increase was seen at 17 months in the 5-mg/kg group.
Natural killer cell activity against YAC lymphoma cells
was reduced significantly at the highest dose level after
15-17 months. It will not be possible to fully assess this
study until the final report is published, although it
would appear that 0.5 mg/kg diet (0.025 mg/kg body weight
per day) was the NOEL.

A preliminary report on a study where diets containing
TBTO (0, 0.5, 5, or 50 mg/kg diet) were fed to Wistar rats
(12 months old) for 6 months, has been issued (personal
communication by E.I. Krajnc to IPCS, 1989). Specific
tests of immune function were measured after 5 months of
dosing. Significant (p < 0.05) reductions in host resist-
ance to 7. spiralis and L. monocytogenes were seen at
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50 mg/kg only. These results suggest that aged rats are
less sensitive to TBTO in the diet than weanlings animals,
although this may be due to a lower intake on a per kg
body weight basis. Full assessment of this study will need
to await the completion of the statistical analyses and
final report.

A series of studies have been performed to investigate
certain aspects of immune function (Schering, 1989a,b,c,d).
When groups (10 animals of each sex) of young (4 to 5
weeks old) Sprague-Dawley rats were fed diets containing
TBTO (0, 0.5, 2, 5, or 50 mg/kg diet) for 4 weeks, no sig-
nificant effects were seen on total or differential white
blood cell counts. Serum immunoglobulin levels were not
measured. A statistically significant decrease in absolute
and relative thymus weight (p < 0.01) was seen in males
fed 50 mg/kg. A decrease in absolute and relative spleen
weight was also seen in this group, though it was not sig-
nificant statistically. The viability of cultured spleen
cells (monitored with trypan blue exclusion) obtained from
females fed 5 mg/kg was reduced (p < 0.05), but other
groups were unaffected. A significant decrease in total
thymus cell count was seen in preparations from males fed
50 mg/kg only (p < 0.05). A slight but significant
(p < 0.05) reduction in the thickness of the thymic cortex
was also seen in these males, this being the only signifi-
cant histological finding. Specific measures of immune
function were not performed in this study but in paraliel
studies. The NOEL in this study was 5 mg/kg diet
(approximately 0.6 mg/kg body weight per day, based on
measured intake) (Schering 1989a).

An assay of plaque-forming cells, a measure of humoral
immunity, revealed no effects due to TBTO (at levels of
0.5, 2, 5, or 50 mg/kg diet) fed to groups (10 animals of
each sex) of young (4 to 5 weeks old) Sprague-Dawley rats
for 5 weeks. The response was measured on day 36, follow-
ing an iv inoculation of sheep erythrocytes. The only sign
of toxicity was a reduction in body weight in males fed
50 mg/kg, but this was not statistically significant. No
investigation of general toxicity was performed. The NOEL
was 50 mg/kg diet (approximately 5.6 mg/kg body weight per
day) in this study (Schering, 1989b).

To assess the effects of TBTO on host resistance to
infection, the number of viable Listeria monocytogenes
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cells in the spleen, 4 days after inoculation with
1.4 x 108 cells, was counted. No effects were produced in
groups (10 animals of each sex) of young Sprague-Dawley
rats fed diets containing TBTO at 0.5, 2, or 5 mg/kg diet
for 34 days. However, statistically significant increases
in numbers of viable bacteria were seen in the spleen of
males (p = 0.055) and females (p < 0.01) fed 50 mg/kg
diet. No investigations of general toxicity were per-
formed. The NOEL was 5 mg/kg diet (approximately 0.6 mg/kg
body weight per day) (Schering, 1989c¢).

The effects of TBTO on delayed-type hypersensitivity
reactions, a measure of cell-mediated immunity, were
assessed in groups (10 animals of each sex) of 4- to 5-
week-old Sprague-Dawley rats fed diets containing 0, 0.5,
2, 5, or 50 mg/kg diet for 37 days. A sensitizing dose of
100 ug bovine serum ablumin (BSA) mixed with Freund’s
complete adjuvant was given on day 29, followed by a chal-
lenge dose of heat-inactivated BSA injected into a hind-
foot pad on day 37. No difference in response (increased
footpad thickness) was seen between test and control
groups. Body weight gain was unaffected, but no other
investigations of general toxicity were performed. The
NOEL in this study was 50 mg/kg diet (approximately 5.8
mg/kg body weight per day) (Schering 1989d).

The effects of inhaled TBTO were studied in groups (10
animals of each sex) of young (initial weights 86-131 g)
SPF Wistar rats exposed to 0, 0.03, 0.16, or 2.8 mg/m3
for 4 h/day, 5 days per week, for 21 to 24 exposures. The
two lower doses were provided by filtered vapour, and the
highest dose was provided by an aerosol with over 90% of
the particles < 5 pm in diameter (Schering 1983). Lympho-
cyte and total leucocyte counts, measured at 2 or 4 weeks,
were unaffected by TBTO. Some inconsistent changes in
reticulocyte counts were found, but these appeared to be
primarily related to use of the respiration chamber and
not to TBTO exposure. Immunoglobulins were not measured.
Thymolysis and lymphocyte depletion of the thymus-depen-
dent areas of the spleen and lymph nodes were reported in
the 11 animals (five males, six females) from the highest-
dose group that died during the study. No such lesions
were detected in the survivors, although in three sur-
vivors from the highest-dose group an increase in the
number of macrophages. containing nuclear debris was seen
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in the thymic cortex. No significant (p > 0.05) changes
were seen in absolute or relative weights of the thymus,
spleen, or iliac lymph node in animals surviving the
study, but no organ weights were recorded for those ani-
mals dying or sacrificed during the study. No specific
aspects of immune function were studied. Histological
signs. of general toxicity were limited to those consistent
with inflammatory reactions within the respiratory tract
and, with one exception, were confined to animals exposed
to the aerosol. Food intake and body weight gain were
reduced in both sexes, the reduction being statistically
significant (p < 0.01) in male rats exposed to 2.8 mg/m3.
The cause of death in the 11 animals from the highest-dose
group was not ascertained (Schering, 1983).

When TBTO (0, 4, 20, 80, or 200 mg/kg diet) was fed to
groups (10 animals of each sex) of CD-1 mice, aged 6 to 7
weeks at commencement of the study, for 3 months, leuco-
cyte counts were increased at 80 and 200 mg/kg in both
sexes, although this increase did not reach statistical
significance (p > 0.05). Immunoglobulins were not
measured. Thymus weight was reduced in both sexes at 200
mg/kg, but this was not statistically significant
(p > 0.05). Spleen weights were increased in both sexes
at 80 and 200 mg/kg (reaching statistical significance
(p < 0.05) at 200 mg/kg), possibly secondary to effects on
erythrocytes. No specific immune function tests were per-
formed. Histological changes were seen in the livers of
both sexes at 80 and 200 mg/kg. Dose-related, statisti-
cally significant (p < 0.01) increases in absolute liver
weights were seen at 80 and 200 mg/kg, and adrenal weights
were significantly (p < 0.01) increased in the male rats
fed 200 mg/kg. The NOEL in this study was 20 mg/kg diet
(approximately 4 mg/kg body weight per day) (Biodynamics,
1989a).

In studies by Schering (1989¢), groups (two animals of
each sex) of beagle dogs received variable doses of TBTO
in arachis oil by oral gavage:

Group 1: controls;

Group 2: 0.1 mg/kg body weight per day for 5 weeks,
0.2 mg/kg body weight per day for 4 to 5 weeks, then
10 mg/kg body weight per day for 8 to 9 weeks;

Group 3: 0.5 mg/kg body weight per day for 5 weeks
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then 1 mg/kg body weight per-day for 13 to 14 weeks;
Group 4: 2.5 mg/kg body weight per day for 5 weeks
then 5 mg/kg body weight per day for 13 to 14 weeks.

All males in groups 2 and 4 died as a result of mis- dosing
to the lungs. Increased leucocyte and neutrophil counts
were seen in group 4 at weeks 9 and 18 (p < 0.05), and
there was a statistically significant increase in leuco-
cyte count recorded at 13 weeks in group 2 (p < 0.05).
Non-statistically  significant  reductions in  leucocyte,
neutrophil, and lymphocyte counts were found in group 2 at
18 weeks. Specific immunoglobuhns were not measured.
Thymus weights were reduced in the two survivors of group
2 (09 £ 0.1 g compared with 40 + 0.6 g in controls), and
slight increases in thymus weights were seen in groups 3
and 4. Iliac and mesenteric lymph node weights were
reduced, though spleen weights were increased, in the two
survivors from group 2. Histological changes in lymphoid
organs were confined to group 2 where a reduction of lym-
phocyte numbers in the thymus, spleen (particularly PALS),
and lymph nodes was seen. A dose-related increase in rela-
tive liver weight (33.1, 41.7, 499, and 57.6 g/kg body
weight in groups 1, 3, 4, and 2, respectively) was
accompanied by cytoplasmic vacuolation of hepatocytes in
group 2 (Schering, 1989e).

Mechanism of immunotoxicity

The precise mechanism of the immunotoxic effects of
TBTO is not yet clear. However, a hypothesis has been put
forward, based on the work of Snoeij (1987) and Pieters et
al. (1989).

a) Absorbed TBTO is present as the TBT+ cation or a salt
(chloride or carbonate). Studies using TBT chloride
are, therefore, relevant to TBTO immunotoxicity.

b) As dibutyltin chloride (DBT chloride), a metabolite of
TBT chloride, is, mole for mole, more potent that TBT
chloride at producing effects in the thymus and thymic
cells, it is probable that DBT chloride or another DBT
salt is the active species in TBTO toxicity.

¢) The primary action of DBT is to suspend the maturation
of immature thymocytes by inhibiting their inter-
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action/binding with thymic epithelial cells. The turn-
over period of thymocytes is 3 to 4 days. Therefore,
as cell proliferation/maturation is inhibited, rapid
depletion of thymocyte numbers without cytotoxicity is
expected, followed by a rapid proliferation (observed
by Snoeij et al. (1988b) and Funahashi et al. (1980))
on removal of DBT.

Other evidence indicating that TBT compounds have a par-
ticular effect on the thymus is provided by the in vitro
studies of Snoeij (1987), which show TBT chloride to be
cytotoxic to thymocytes.

The demonstration of reduced thymus weights in certain
fish species (e.g., the freshwater guppy) indicates that
TBT may have immunotoxic effects on a wide range of
species.

Effects on the endocrine system

The weights of both the adrenal and pituitary glands
of Sprague-Dawley rats were significantly increased after
exposure to 6 mg TBTO/kg body weight daily, by intubation,
for 26 weeks. Pituitary weight was also significantly
increased by 3 mg TBTO/kg body weight given daily for
26 weeks (Funahashi et al., 1980).

After 4 weeks, the serum insulin concentration of rats
was not significantly affected by dosing with TBTO at up
to 80 mg/kg diet, but was undetectable (< 2 millilU/litre)
in rats fed 320 mg/kg (control levels of insulin in serum
were 111 and 74 millilU/litre for males and females, re-
spectively) (Krajnc et al., 1984). In a further study, the
same authors monitored endocrine changes in male Wistar
rats exposed to TBTO in the diet (0, 20, or 80 mg/kg) for
6 weeks. Serum thyroxine, thyroid stimulating hormone
(TSH), and insulin levels were reduced significantly at
the higher dose level, but serum follicle stimulating
hormone (FSH) and corticosterone levels were unaffected.
Only insulin was significantly affected at 20 mg TBTO/kg.
The luteinizing hormone (LH) concentration in serum was
significantly increased by TBTO at 80 mg/kg, but was
unaffected by 20 mg/kg. The authors further examined endo-
crine function by monitoring hormone release following
physiological  stimulus. Insulin  release, following iv
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administration of glucose, was unaffected by a 6-week
exposure to TBTO at either 20 or 80 mg/kg diet. The effect
of TBTO on insulin was attributed by the authors to a
decreased food intake. The release of TSH, after iv admin-
istration of thyrotrophin releasing hormone (TRH), showed
a tendency (p < 0.1) to be inhibited in rats fed at 80
mg/kg. The titre of circulating TSH, 20 min after TRH
administration, was significantly reduced compared with
controls. Release of both LH and FSH, in response to
luteinizing hormone releasing factor stimulation, was
enhanced in rats fed TBTO at both 20 and 80 mg/kg diet,
but only significantly so at the higher dose rate. Histo-
logical examination of endocrine organs after a 6-week
exposure to TBTO revealed some changes. No differences
were observed in either insulin- or glucagon-producing
cells in the pancreas. Some flattening of the epithelial
lining of the thyroid follicles was observed after
exposure of rats to 80 mg/kg but not to 20 mg/kg. Immuno-
cytochemical staining of the pituitary gland identified
each cell type producing the different pituitary hormones.
There was a dose-related decrease in both the intensity of
staining of TSH cells and the number of cells stained.
Conversely, there was a dose-related increase in the
staining intensity of LH cells. No effects were found on
FSH, growth hormone, or adrenocorticotrophin cells in the
pituitary (Krajnc et al., 1984).

11.3 Long-term toxicity

Wester (in press) carried out a 106-week toxicity
and carcinogenicity study with groups of 50 weanling
Wistar rats of each sex. An additional group of 10 rats
was used for an interim sacrifice after 1 year. TBTO was
fed at 0, 0.5, 5, or 50 mg/kg diet (equivalent to 0,
0.025, 0.25, or 2.5 mg/kg body weight). Increased food
consumption occurred in all treated males (not clearly
dose-related), and there was increased water consumption
in males at 5 and 50 mg/kg. During the second year, the
body weight of the highest-dose group was significantly
lower than that of controls. Excess mortality, compared
with that of controls, was confined to the 50 mg/kg group
towards the end of the experiment (see section 11.6).
Haematological changes (anaemia, lymphopenia, and thrombo-
cytosis) and increases in plasma enzyme activities (ALAT,
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ASAT, and AP) were noted mainly at the high-dose level.
Serum IgM and IgA levels increased, while the IgG level
decreased (females). No effect was observed on circulating
concentrations of T, free T,, TSH, LH, FSH, or insu-
lin; only the free TgT, ratio was decreased. Organ
weight changes consisted of increased liver, kidney,
adrenal, and pituitary weights and decreased thyroid
weight. Non-neoplastic histological alterations consisted
of a decrease in cell height of the thyroid follicles (at
50 mg/kg diet after 1 and 2 years), decrease in splenic
iron content (at 5 and 50 mg/kg after 1 year only), slight
bile duct proliferation (at 50 mg/kg after 1 year only),
and vacuolation of kidney proximal tubular epithelium and
nephrosis (at 50 mg/kg after 2 years only).

11.4 Genotoxicity

Summary

The genotoxicity of TBTO has been the subject of extensive
investigation. Negative results were obtained in the vast
majority of studies, and there is no convincing evidence that
TBTO has any mutagenic potential.

Davis et al. (1987) conducted a comprehensive study of
the genetic effects of TBTO using a wide range of tech-
niques in order to assess possible hazards in the use of
the compound as a molluscicide for the control of schisto-
somiasis. TBTO did not produce gene (point) mutations in
Salmonella typhimurium strains TA1530, TA1535, TA1538,
TA97, TA98, or TA100, either in the presence or absence of
an exogenous metabolic activation system (rat liver S9).
The compound did give some evidence of gene mutation in
Salmonella typhimurium TA100 using the fluctuation method
in the presence of S9, but no dose-response relationship
was seen; negative results were seen in the absence of S9.
TBTO did not induce point mutations in the yeast
Schizosaccharomyces pombe. Negative results were obtained
when TBTO was tested in the sex-linked recessive lethal
assay using Drosophila melanogaster, the compound being
given in food and by injection, indicating that TBTO did
not produce gene mutations in Drosophila. Negative results
were also obtained when the ability of TBTO to produce DNA
damage in Bacillus subtilis (recombination assay) or the
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yeast Saccharomyces cerevisiae (mitotic gene conversion)
was tested.

The ability of TBTO to produce gene mutations in Sal-
monella has also been studied by Reimann & Lang (1987).
Negative  results were obtained using Salmonella
typhimurium strains TA1535, TA1537, TA1538, TA98, and
TA100, both in the presence and absence of rat S9. Simi-
larly, negative results were obtained with six TBT esters
(abietate, borate, linoleate, naphthenate, phosphate, and
tallate). Further negative results were obtained when the
ability of TBTO to produce mitotic gene conversion in
Saccharomyces cerevisiae was tested.

The ability of TBTO to produce gene mutations in
mammalian cells in vitro was extensively investigated by
Davis et al. (1987), and negative results were consist-
ently obtained. TBTO did not induce gene mutations in V79
Chinese hamster cells (using resistance to 8-azaguanine,
ovabain, or 6-thioguanine as markers) in the presence of
rat liver S9. Negative results were also obtained in the
V79 cell assays when epidermal cells of mice and humans
(primary cultures) were used as the source of metabolic
activation in cell-mediated assays.

The in vitro clastogenic potential of TBTO has been
investigated - in mammalian cells in two sets of studies.
When Davis et al. (1987) used Chinese hamster ovary (CHO)
cells, harvested at 8, 15, and 24 h, an increase in struc-
tural  aberrations  (mainly deletions), together  with
endoreduplication, was seen, but only at the highest
concentration tested (5 wg/ml in the presence of S9 and
1.5 pg/ml in its absence). The increase in the presence
of S9 was seen only after 15 h, “toxicity” precluding
any analysis of results at this concentration after § h.
The increase in the absence of S9 was seen only at 8 h,
there being no increase at either 15 or 24 h. The results
of these studies are difficult to interpret, since the
effect was limited to concentrations associated with high
toxicity and no data on mitotic index was reported. No
increase in sister chromatid exchange was seen at any
concentration.

Reimann & Lang (1987) used human lymphocytes to test
the clastogenic potential of TBTO and obtained negative
results both in the presence and absence of S9. In the
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latter case, TBTO was added 22 h after stimulation of the
cultures with phytohaemagglutinin, and cells were har-
vested 31 h later. In the former case, TBTO was added with
S9 after 26 h; 3 h later .the S9 was removed, and the cells
were harvested 22 h later. Parallel studies on blood cul-
tures that were differentially stained with BUdR indicated
that almost all cells analysed for chromosome aberrations
were in the first mitotic stage. The highest TBTO concen-
trations used (0.1 ug/ml in the absence of S9 and
1 ug/ml in its presence) were associated with a marked
reduction in mitotic index (57% and 58%, respectively). No
increase in aberrations was seen at any dose level. This
study, therefore, failed to confirm the suggestion of some
clastogenic potential in the studies using CHO cells.

The ability of TBTO to produce chromosomal damage in
vivo has been investigated in two separate studies using
the micronucleus test. In one study, four doses of TBTO
(31.25, 62.5, 125, or 250 mg/kg body weight) were given by
gavage, in arachis oil, to NMRI mice, and bone marrow
cells were analysed for micronuclei in polychromatic
erythrocytes 24, 48, and 72 h after treatment (Reimann &
Lang, 1987). The highest dose level resuited in marked
lethality (16 out of 36 animals died), precluding any
analysis of the results. The 126-mg/kg dose level was -also
associated with some deaths (4 mice died), but 5000 poly-
chromatic erythrocytes were analysed from five male and
five female mice at each harvest interval. Similar analy-
ses were carried out at the two lower dose levels. There
was no increase in micronuclei at any dose level or har-
vest time. This study provided no evidence to- indicate
that TBTO produces chromosomal damage in bone marrow in
vivo. A second micronucleus study (Davis et al, 1987)
used Balb/c mice. Groups of 10 male and 10 female animals
were given 30 or 60 mg TBTO/kg as a solution in olive oil.
Bone marrow cells were harvested from five males and five
females after 30 h and 48 h, and 1000 polychromatic eryth-
rocytes were analysed from each for micronuclei. An
increase in micronuclei was seen only in the male mice
after 48 h and at the highest dose level. These resuits
conflict with those of Reinmann & Lang (1987). Further-
more, there was an unusually high spontaneous incidence of
micronuclei (up to 5.8 per 1000 polychromatic erythro-
cytes) in the study of Davis et al. (1987). These factors
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prompted a re-analysis of the slides from this study by
the Institute of Occupational Health, Helsinki, Finland
(Schering 1986). This re-analysis, again using 1000 poly-
chromatic erythrocytes per animal, failed to confirm the
increase in micronuclei seen after 48 h in the male
animals given 60 mg TBTO/kg. A slight, but statistically
significant, increase in micronuclei was seen in the
female mice on re-analysis, but this was thought to be
biologically non-significant due to the high variability
in the control data. The re-analysis highlighted the
problem of interpreting studies in which only relatively
few polychromatic erythrocytes are analysed (1000) and
there is marked variability in the control data (with an
incidence outside the normal range at some time points).
Thus, no conclusions can be drawn from the micronucleus
study of Davis et al. (1987).

The ability of TBTO to inhibit metabolic cooperation
between V79 Chinese hamster 6-thioguanine-resistant and
sensitive cells ‘has been investigated by Davis et al
(1987). This assay has been suggested as a model for
tumour promoter activity. Negative results - were obtained.
The significance of the assay is, however, unclear.

In summary, the genotoxicity of TBTO has been the
subject of extensive investigation. Negative results were
obtained in the vast majority of studies, and there is no
convincing evidence that TBTO has any mutagenic potential.

11.5 Reproductive toxicity

11.5.1

Summary

The potential embryotoxicity of TBTO has been evaluated in
three mammalian species (mouse, rat, and rabbit) after oral
dosing of the mother. The main malformation noted in rat and
mouse fetuses was cleft palate, but this occurred at dosages
overtly toxic to the mothers. These results are not considered
to be Indicative of teratogenic effects of TBTO at doses below
those producing maternal toxicity. The Jlowest NOEL, with
regards to embryotoxicity and fetotoxicity for all three
species, was 1 mg/kg body weight.

Invivo

Reproductive toxicity has been studied in NMRI mice.
The highest dose used (35 mg/kg body weight) was chosen to
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give minimal maternal mortality based on acute toxicity
tests. An increase in cleft palate was seen in the fetuses
of mice treated orally with 11.7 mg TBTO/kg body weight
(7% cleft palate), 23.4 mg/kg (24%), and 35 mg/kg (48%),
compared to the incidence in controls (0.7%). However, 11
out of a total of 15 affected mice were clustered in one
of the 18 litters and 15 litters contained none. The two
highest doses of TBTO also increased the frequency of
irregular ossification centres of sternabrae and of minor
abnormalities, such as fusion of the bases of os occipi-
talis. The strain of mice used in the study has a tendency
to produce these particular abnormalities as a result of
non-specific stress on the mother. The authors considered
that TBTO has a very low teratogenic potential; electron
microscopy 26 and 48 h after treatment showed no evidence
of damage to the embryos but considerable damage to the
maternal liver. At a level of 6 mg/kg body weight, TBTO
produced no increase in fetal abnormalities (Davis et al.,
1987).

Nemec (1987) investigated the maternal, embryotoxic,
and teratogenic effects of TBTO in New Zealand white
rabbits. The TBTO was administered in corn oil by gavage,
once a day from day 6 of gestation to day 18 inclusive, at
doses of 0.2, 1, and 2.5 mg/kg per day body weight in a
volume of 0.5 ml. Twenty female rabbits were dosed with
corn oil as controls and 20 rabbits were used at each dose
level. The rabbits were artificially inseminated and
injected iv with human chorionic gonadotrophin immediately
afterwards to ensure ovulation. With the exception of a
single female dosed at 1 mg/kg, all treated rabbits sur-
vived to day 29 of gestation when the experiment was
terminated. A total of 12 animals aborted during the
dosing period: 3, 1, 1, and 7 from the control, 0.2, 1,
and 2.5 mg/kg groups, respectively. Females aborting were
killed the same day and immediate postmortem examinations
carried out. The increased occurrence of abortions in the
highest-dose group was considered to be a secondary effect
of maternal toxicity. No clinical findings in the groups
given 0.2 or 1 mg/kg were considered to be the result of
TBTO treatment. There was a statistically significant mean
body weight loss in females dosed at 2.5 mg/kg per day
compared to controls between days 6 and 18 of gestation
(the period of actual dosing). Doses of 0.2 and 1.0 mg/kg
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per day had no effect on growth or survival of fetuses.
There was a  slight  (statistically  non-significant)
decrease in mean fetal weight in the group dosed with 2.5
mg/kg per day. This may represent minor fetotoxicity.
There were no differences in the types or frequency of
fetal malformations related to treatment and the con-
clusion was that TBTO was not teratogenic. Postmortem
examination of the mother rabbits indicated no changes
associated with treatment, and 1 mg/kg per day was con-
sidered to be the NOEL for maternal toxicity and toxicity
to the fetus.

When Crofton et al, (1989) treated pregnant Long-Evans
rats with TBTO by gastric intubation at 0 to 16 mg/kg per
day body weight from day 6 to day 20 of gestation, litter
size and pup weight were significantly reduced by doses of
10, 12, or 16 mg/kg per day but no effect was seen at
doses of 2.5 and 5 mg/kg per day. Maternal weight gain was
affected by the same -dose levels that affected litter size
and pup weight. Pup survival was further reduced in the
first 3 days after birth. Litter size was reduced by 50%,
73%, and 96% at dose levels of 10, 12, and 16 mg/kg per
day, respectively, on day 1 post partum and by 63%, 88%,
and 100% on day 3 post partum. Pup weight on day 1 post
partum was reduced by 45%, 45%, and 68% at the three dose
levels. Two out of 71 pups born had cleft palate, but no
controls showed any abnormalities. These two pups were
both born dead. The five pups born to rats given 16 mg/kg
per day showed no malformations, but all died within 3
days. The authors concluded that it was impossible to
distinguish between possible fetotoxicity and maternal
toxicity, since all effects on offspring occurred at TBTO
dose rates that also affected the weight of the mother.
They also showed that pregnant female rats were more -sen-
sitive to TBTO than non-pregnant females; the MTD (maximum
tolerated dose) for non-pregnant females was 16 mg/kg per
day, whereas pregnant females showed an MTD of between 5
and 10 mg/kg per day. Most effects on pups were transitory
in that survivors to adulthood showed only reductions in
body weight and brain weight compared to controls even at
the highest dose rates. Motor activity of offspring was
monitored in a maze fitted with photoelectric detectors.
During the pre-weaning period there was a significant
age/treatment interaction, but only on post-natal day 14
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was there a significant response per individual day. All
doses of TBTO produced a significant decrease in activity
on that day. Post-weaning activity was reduced on post-
natal days 47 and 62 (p < 0.01) but only at a level of
10 mg/kg per day. There was no clear effect on acoustic
startle response.

In a two-generation reproduction study, TBTO was given
to rats at dietary concentrations of 0, 0.5, 5, and 50
mg/kg. The parental (F;) generation (30 males and 30
females per group) was exposed for 10 weeks before mating,
whereas the pre-mating treatment period for the F, adults
(30 of each sex per group) was 15 weeks. Culling of
litters was performed on day 4 in the F, and F, gener-
ations. Preliminary data (Biodynamics, 1989b) on mor-
tality, body weight development, fertility indices, litter
data, and organ weights have been reported. There was no
evidence of compound-related mortality, and body weight
development was normal in the F, generation. At 50 mg/kg
diet, the pup weights were decreased on days 14 and 21 in
the F; generation and on days 7, 14, and 21 in the
F, generation. Among the F; parents, at 50 mg/kg, lower
body weights were noted in males throughout the pre-mating
period and in females during the first 3 weeks only. No
effects on mating, pregnancy, and fertility rates were
noted in either generation, and number of pups, litter
size, and pup survival were not affected by treatment in
either the F, or the F, generations. Relative and
absolute thymus weights were decreased in both sexes at
the dietary concentration of 50 mg/kg.

Invitro

Krowke et al. (1986) demonstrated an effect of TBTO on
the development of limb buds of mice in organ culture.
Clear-cut interference with differentiation was seen at
the lowest dose tested (0.03 mg/litre), while at 0.1 mg
per litre drastic impairment and abnormal development of
the paw skeleton were recorded. The effect was more pro-
nounced still at the highest dose tested (0.3 mg/litre).
In view of their failure to show effects on the embryo in
vivo, Davis et al. (1987) suggested that there is only
very limited movement of TBTQ across the placenta of
mice.

187






































































































































































































































































