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Experiments on the effects of 0.025–0.40 �g of
dibutyltin dichloride (DBTCl) per kilogram
body weight (kg bw), on sperm density, viability
and morphology in mature mice were conducted
by daily intraperitoneal injection for 7 days at
22 � 2 °C and 12 h light–dark cycle conditions.
The results demonstrated that DBTCl exhibited
strong toxicity on sperm quality. Dosed
with � 0.05 �g DBTCl/kg bw groups, the testes
weight, sperm density and the rate of survival of
sperm decreased, whereas the rate of sperm
abnormalities increased significantly. In addi-
tion, treatment with 0.05 �g DBTCl/kg bw
resulted in increasing rate of sperm head
abnormalities, whereas administration at 0.20
and 0.40 �g DBTCl/kg bw significantly in-
creased the rate of sperm tail abnormalities. In
the group treated at � 0.10 �g DBTCl/kg bw,
the mice body weights decreased. It appeared
there was a noticeable dose–response relation-
ship between DBTCl and the parameters stu-
died. ED50 values (7 days) of DBTCl for survival
rate of sperm and density were 0.17 �g/kg bw
and 0.19 �g/kg bw respectively. The present
study provides a possibility for early diagnostic
indicators and methods for sperm quality
induced by organotin compounds (DBTCl) in
mammals. Copyright � 2001 John Wiley &
Sons, Ltd.
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Organotin compounds are used in a variety of
applications, such as stabilizers for polyvinylchlor-
ide (PVC), industrial and agricultural biocides,
wood-preserving and anti-fouling agents, and
catalytic agents and catalysts in a variety of
industrial processes.1,2 There is growing concern
about the biological effects of organotin com-
pounds widely distributed in the environment.
Despite the large amounts of toxicological data,
only recently have the teratological and embryo-
lethal effects of organotins on mammals been
reported for a limited number of chemical
species.3–5 Scientific interest has focused on
tributyltin (TBT) because it is introduced directly
into the environment by its use as an anti-fouling
agent in paints. The presence of this compound in
the aquatic environment has been reported.6,7 Food
chain bioamplification of TBT has been demon-
strated in oysters, Crassostrea gigas,8 mud crabs,
Rhithopanopeus harrisii,9 marine mussels, Mytilus
edulis10 and the chinook salmon, Oncorthyncus
tshawytscha.11 Concerning the effects of organotin
compounds on mammals, only very few data have
been reported. Penninks and Seinen2 reported that
organotin compounds, especially dioctyltin-, tri-
phenyltin- and dibutyltin-chlorides are known to be
immunotoxic. Ananie et al.12 previously reported
that 0.01–0.10 �g of tributyltin di-chloride (TBTCl)
per kilogram of body weight (kg bw) and 0.01–0.13
�g of monobutyltin dichloride (MBTCl)/kg bw
enhanced the immune system in mice, but con-
centrations higher than these suppressed the
immune system. At both low and high concentra-
tions, dibutyltin dichloride (DBTCl) caused im-
mune suppression. The adverse effects of organotin
compounds on reproduction have been reported,
TBT is known to induce imposex (imposition of
male sex characters onto the female) in the dog-
whelk, Nucella lapillus.13 Short and Thrower13

found that a low concentration of TBT decreased
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hormone content in the dog-whelk. Li et al.14

reported that triphenyltin oxide (TPTO) affected
the ovaries and testis and embryonic development
in the oyster. Triphenyltin acetate (TPTOAc) and
triphenyltin chloride (TPTCl) produced degenera-
tive changes in ovarian tissues of rats, indicating
decreased ovulation potential and fertility.15 Winek
et al.16 reported that triphenyltin hydroxide
(TPTOH) caused anti-fertility effects in female rats
after oral administration on days 1–7 of pregnancy.
Harazono et al.17 reported that TBTCl on days 0–7
of pregnancy or on 0–4 days of pregnancy produced
a significant and dose-dependent reduction in
fertility in mice. The effects of DBTCl on
reproduction have not been studied. The present
study was conducted to examine the effects of
DBTCl on testis weight, sperm viability, sperm
density and morphology.
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DBTCl (Alarch. Corp. USA; 98% purity) was
dissolved in 50% of ethanol (95% purity). Healthy
Kunming male mice of about 7–8 weeks of age and
weighing 35 � 5 g were purchased from the
Institute of Genetics, Chinese Academy of
Sciences. They were acclimated to our laboratory
for 1 week prior to the experiment. All mice were
weighted and randomly distributed into five treat-
ment groups plus one control group. Seven or eight
animals were assigned to each group and were
housed one mouse per plastic cage with pine
sawdust as bedding. Mice were provided rodent
chow and tap-water ad libitum throughout the
experiment. A 12 h light–dark cycle, an ambient
temperature of 22 � 2 °C and humidity of 60 � 5%
were maintained. The experimental groups were
administered by intraperitoneal injection (ip) 0.025,
0.05, 0.10, 0.20, and 0.40 �g DBTCl/kg bw per day
for 7 days. The volumes given to the treated and
control groups were based on body weight, which
was monitored every day. At 24 h after the
completion of dosing, body weight gains were
measured and mice were killed by cervical
vertebral dislocation.18 Blood samples were col-
lected from the retro-ocular venous plexus for
subsequent determination of sex hormone concen-
trations; both right and left testes and epididymes
were then carefully trimmed; only testes were
weighed. Testes were dissected free, weighed and

processed for subsequent ultrastructural analysis
and intertesticural spermitid count. Determination
of sperm viability, density and morphology was
accomplished by dissecting out the epididymis and
teasing it in a known volume of cultural solution.
Sperm were incubated at 37 °C for 2 h, during
which time the viability and motility were assessed.
Sperm density and determination were done using a
haematocytometer count according to the methods
of Egbunke and Elemo,19 Mattison,20 Kempinas et
al.,21 and Muller.22 Morphological changes in the
head of sperm were accomplished by placing a drop
of sperm suspension on a clean slide and spreading
gently to make a thin film. The film was air dried,
fixed with ethanol for 5 min and then observed
under an optical microscope for changes in sperm
morphology.21,23 The criteria chosen for head
abnormality were head without hook, with exces-
sive hook, amorphous, and short head. Tail
abnormalities recorded were coiled flagelium, bent
flagelium, bent flagelium tip and twisted flagelium.
The results are presented as percentages. The data
were subjected to standard statistical analysis
according to Steel and Torrie.24
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There were no deaths or signs of overt toxicity in
any of the treatment groups, although in the mice
dosed with 0.40 �g DBTCl/kg bw the experimental
animals were less active than mice in the other
groups. Compared with the control group exposure
to DBTCl slightly decreased body weights at doses
of 0.025 and 0.05 �g DBTCl/kg bw, whereas doses
of 0.10, 0.20 and 0.40 �g DBTCl/kg bw signifi-
cantly decreased both body and testes; testes weight
also decreased significantly at 0.05 �g DBTCl/kg
bw (Table 1). It has been reported that organotin
compounds can inhibit metabolism enzyme activ-
ities, such as ATPase;25 this might be the reason
that DBTCl decreased mice body weight. In
addition, organotins are known to induce tissues
and cells necrosis and also to decrease sex hormone
production;9,12,15,26 this could be one of the
possibilities for reduction in mice testes weight,
or the cause of testes atrophy.

The reason that DBTCl decreased mice body and
testis weights may be due to inhibition of this
compound on metabolic enzymes, such as ATPase.
Although DBTCl exhibited inhibitory effects on the
parameters studied, when analyzed for its effects on
the sex hormones estradiol and testosterone the
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results were different. The results demonstrated that
when DBTCl � 0.05 �g/kg bw, both estradiol and
testosterone contents in treated mice increased
significantly with increasing dose and presented
dose–response relationships. The estradiol content
increased more significantly than that of testoster-
one.27 The effect of DBTCl on the testis resulting in
testis atrophy may be due to necrosis of testis
caused by DBTCl, and not due to the elevation in
testosterone content.

The data presented in the Table 2 indicate that
0.025 �g DBTCl/kg bw had no effect on sperm
viability, density and morphology in mice; whereas
doses ranging from 0.05 to 0.40 �g DBTCl/kg bw
caused significant dose-related changes in these
parameters.

Under the optical microscope, sperm head and
tail abnormalities were observed and the percentage
of each abnormality in correspondence to the dose
used was calculated. The results demonstrated that

sperm with amorphous heads were dominant,
whereas sperm with twin heads were very few
(Table 3). On the other hand, sperm tails appeared
to be more sensitive than other parts of sperm
(Table 4).

The probability of depressed sperm viability and
density being correlated to the log of DBTCl was
high (Fig. 1). The ED50 values of DBTCl in terms
of sperm viability and density were 0.17 �g/kg bw
and 0.19 �g/kg bw respectively. The incidence of
morphological abnormalities of sperm was signifi-
cant after exposure to doses of DBTCl ranging from
0.05 to 0.40 �g/kg bw. The correlation between the
incidence of sperm abnormalities and dose are
presented in Fig. 1. The data mentioned above
suggest that all of these parameters were more
sensitive indicators of DBTCl exposure than body
weight. This finding is in agreement with the effect
of DBTCl on the immune system, including body
weight and spleen index in mice.13 0.10–0.40 and

Table 1 The effects of DBTCl on body and testis weights in micea

DBTCl (�g/kg bw)
Number of mice

(head/group)
Initial body weight

(g) Final body weight (g) Testes weightb (g)

0.00 7 39.39 � 1.4 42.82 � 2.1 0.40 � 0.08
0.025 7 38.58 � 1.8 38.10 � 1.1 0.34 � 0.09
0.05 7 39.66 � 1.2 38.22 � 1.3 0.31 � 0.07*

0.10 7 39.85 � 1.6 35.12 � 1.4* 0.29 � 0.07**

0.20 7 38.71 � 1.1 33.23 � 1.7** 0.24 � 0.05**

0.40 7 40.21 � 1.5 32.22 � 2.1** 0.22 � 0.06**

a Data presented as mean � standard error.
b Testis weights are weights of the right and left testes.
* Significantly different from the control at P � 0.05.
** Significantly different from the control at P � 0.01.

Table 2 The effects of DBTCl on sperm viability, density and morphological abnormalities in micea

DBTCl
(�g/kg bw)

Number of mice
(per group)

Incubation time
(min)

Sperm viability
(%)

Sperm density
(� 106 /ml)

Sperm abnormality
(%)

0.00 7 120 99.72 � 2.1 3.56 � 2.4 0.20 � 0.02
0.025 7 120 98.93 � 1.9 3.52 � 1.3 0.18 � 0.04
0.05 7 120 89.22 � 4.6* 3.11 � 1.9* 6.23 � 1.4**

0.10 7 45 68.55 � 3.8** 2.64 � 2.6** 16.48 � 2.1**

0.20 7 30 48.22 � 7.8** 1.75 � 3.2** 21.74 � 3.5**

0.40 7 15 18.31 � 5.2** 0.92 � 4.1** 29.22 � 2.3**

a Data presented as mean � standard error.
* Significantly different from the control at P � 0.05.
** Significantly different from the control at P � 0.01.
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0.10–0.05 �g DBTCl/kg bw slightly decreased
mice body weights and spleen indices respectively,
whereas 0.10–0.40 �g DBTCl/kg bw significantly
decreased mice spleen indices. In addition, 0.10–
0.40 �g DBTCl/kg bw demonstrated a very high
toxicity with an ED50 value of 0.18 �g/kg bw on B-
lymphocytes by inhibiting antibody secretion sig-
nificantly.

The results demonstrated that DBTCl induced a
dose-related decrease in sperm viability. After 2 h
of incubation, the percentage sperm mortality
induced by 0.025 �g/kg bw and 0.05 �g/kg bw
was 1.07% and 10.78%, respectively. At a dose of
0.10 �g/kg bw, DBTCl induced 31.15% of sperm
mortality during a 45 min incubation period. 0.20
�g DBTCl/kg bw induced 51.78% mortality a after
30 min incubation period. 0.40 �g DBTCl/kg bw
induced 81.69% mortality within 15 min, and for
these two last groups the survival sperm had a
strange motility. All sperm died at doses of 0.20 and

0.40 �g DBTCl/kg bw after 2 h of incubation. At
the same time the density of sperm was also
decreased. These data suggest that DBTCl can be
considered to be spermatocidal, like other organo-
metallic compounds, such as organoarsenic, orga-
nomercuric and organovanadium species.25,27 It is
clear that the decrease in sperm density was due to
the atrophy of the testes. In mice injected with 0.05
�g DBTCl/kg bw, sperm with immature heads were
dominant (73.3%). In mice treated with 0.10 �g
DBTCl/kg bw, sperm with teratic heads (no hook,
short head, pin head, or amorphous head), and bent
tails were more prevalent than other teratic sperm
(66.6% and 25% respectively). In mice adminis-
tered 0.20 �g DBTCl/kg bw or 0.40 �g DBTCl/kg
bw, sperm with twin heads and tails, and sperm
with only twin tails were equally prevalent. These
results were consistent with previous reports about
organometallic compounds and heavy metals.23,28

The present study also showed dose-dependent

Table 3 The percentages of sperm head abnormalities in micea

DBTCl
(�g/kg bw) No. sperm No hook (%)

Excessive hook
(%) Amorphous (%)

Short head
(%)

Twin heads
(%)

0.00 200 0.02 � 0.00 0.00 0.00 0.04 0.00
0.025 200 0.32 � 0.02 0.00 0.03 � 0.00 0.00 0.00
0.05 200 2.41 � 0.04* 0.32 � 0.00 3.10 � 0.01* 1.27 � 0.04 0.00
0.10 200 4.82 � 0.11** 1.44 � 0.02 5.01 � 0.62** 1.79 � 0.32 0.72 � 0.02
0.20 200 8.00 � 0.63** 1.78 � 0.03* 9.54 � 0.22** 2.09 � 0.51* 1.03 � 0.21
0.40 200 9.11 � 1.02** 2.49 � 0.41* 13.01 � 0.16** 2.22 � 0.73* 1.68 � 0.01

a Data presented as mean � SE.
* Significantly different from the control at P � 0.05.
** Significantly different from the control at P � 0.01.

Table 4 The percentages of sperm tail abnormalities in micea

DBTCl
(�g/kg bw)

No.
sperm

Coiled flagelium
(%)

Bent flagelium
(%)

Bent flagelium tip
(%)

Twisted flagelium
(%)

Twin flagelium
(%)

0.00 200 0.00 0.03 0.00 0.02 0.00
0.025 200 0.04 � 0.02 0.00 0.00 1.21 � 0.04 0.00
0.05 200 1.25 � 0.33 3.29 � 1.24* 5.67 � 1.22** 4.51 � 0.23* 0.02 � 0.01
0.10 200 1.67 � 0.23* 5.02 � 1.65** 8.95 � 2.13** 5.21 � 1.02** 0.47 � 0.02
0.20 200 4.55 � 1.23** 6.98 � 2.22** 12.01 � 3.12** 7.33 � 2.12** 1.03 � 0.03
0.40 200 8.96 � 2.56** 9.88 � 3.04** 15.41 � 3.78** 9.06 � 2.56** 1.56 � 0.01

a Data presented as mean � SE.
* Significantly different from the control at P � 0.05.
** Significantly different from the control at P � 0.01.
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decreases in sperm viability, sperm density, and
increased sperm morphological abnormalities. This
may be due to the effects of DBTCl on various
morphological and biochemical events related to
spermatogenesis, or it may due to the atrophy of the
testes, which led to a reduction of sperm
number.25,29 In addition, the organotin compounds
are well known to be potent inhibitors of enzyme
activities,26,28 which can lead to destruction of
seminiferous epithelium and losses in germinal
elements. This, in turn, could result in a reduction in
the number of spermitids associated with the
decrease in sperm production in testes. Low sperm
production could further lead to decreased sperm
release in the epididymes of DBTCl-treated mice.

The current study revealed that DBTCl might
interfere with fertility in mammals by causing
atrophy of the testes, including different types of
abnormality and reductions in sperm viability and
mortality. Further research is needed to show the

mechanism by which DBTCl reduces fertility in
mammals.
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