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Abstract

Dibutyltin dilaurate functions as a stabilizer for polyvinyl chloride. In this study, experimental rats
were intragastrically administered 5, 10, or 20 mg/kg dibutyltin dilaurate to model sub-chronic poi-
soning. After exposure, our results showed the activities of superoxide dismutase and glutathione
peroxidase decreased in rat brain tissue, while the malondialdehyde and nitric oxide content, as
well as nitric oxide synthase activity in rat brain tissue increased. The cell cycle in the right parietal
cortex was disordered and the rate of apoptosis increased. DNA damage was aggravated in the
cerebral cortex, and the ultrastructure of the right parietal cortex tissues was altered. The above
changes became more apparent with exposure to increasing doses of dibutyltin dilaurate. Our ex-
perimental findings confirmed the neurotoxicity of dibutyltin dilaurate in rat brain tissues, and
demonstrated that the poisoning was dose-dependent.
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Research Highlights

(1) After dibutyltin dilaurate sub-chronic poisoning, the activities of superoxide dismutase and glu-
tathione peroxidase in rat brain tissue decreased, while the malondialdehyde, nitric oxide content
and nitric oxide synthase activity increased.

(2) After dibutyltin dilaurate sub-chronic poisoning, the percentage of cells at Go/G: phase in rat
brain tissue increased, while that of cells at S phase and G,+M phase decreased. Also, the apop-
totic rate of brain cells increased, and DNA damage was aggravated.

(3) 20 mg/kg dibutyltin dilaurate exposure resulted in apparent neuropil cavitation in rat brains, as
shown by cavitation and other ultrastructural changes, with glial filaments dissolving within the axon.

accounts for 70% of the output of total or-
ganic tin compounds. Since tributyltin can
induce sexual aberration in marine life™,
organic tin as a pollutant has received in-
creasing attention. Research and emerging
regulations restrict the production and use of
organic tin. In industry, organic tin has
been widely used in ship and marine con-
struction as an antifouling coating.

INTRODUCTION

Organic tin is a metal organic compound
that has important industrial application po-
tential, by serving as a polyvinyl chloride
stabilizer, and as antifouling coatings in pes-
ticides and fungicides. The primary role of
tin is as a polyvinyl chloride stabilizer which
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Therefore, its dialysis into the ocean may pollute bays
and ports, which results in tin being found in seafood. In
agriculture, organic tin is used as an insecticide, and is
directly sprayed onto crops and accordingly enters the
environment. Ritsema et al P found a strong adsorption
and complexation effect of organic tin on soil. These
compounds can be accumulated via biological enrich-
ment and enter the human body through the food chain,
thus impacting human health®.. In addition, organic tin
compounds, and especially tributyltin, can be toxic to
the mammalian reproductive, neurological and immune
systems®. Tributyltin exposure, which can lead to the
apoptosis of rat mesencephalic neural stem cells cul-
tured in vitro®,induces oxidative damage through the
inhibition of glutathione S-transferase activity in in vitro
cultured hippocampal slices™™. Intraperitoneal injection
of tributyltin chloride also leads to toxicity and the
apoptosis of olfactory cells®™. Organic tin compounds
are strongly toxic against Scenedesmus obliquus and
Daphnia magna'®. Dibutyltin dilaurate is an organic tin
compound, with a lower toxicity than tributyltin™.
Dibutyltin dilaurate mainly serves as a promoting agent
in the rubber industry, as a polyethylene plastic stabi-
lizer, and as a catalyst for aldol condensation and es-
terification. Dibutyltin dilaurate also plays a crucial role
in marine antifouling coatings, wood preservative pro-
tection, fluorescent dyes, photochemical reactions, and
ceramic and polymer modifications™". Organic tin
compounds can affect nervous system development
and function because of their neurotoxicity™?. Although
people are exposed to dibutyltin dilaurate through daily
life and work exposure, its cerebral neurotoxicity is
seldom reported. Dibutyltin dilaurate can damage the
phosphatidylinositol signaling system in rat brains and
decrease the levels of diacylglycerol and inositol phos-
phates in the cerebral cortex™. High-dose (40 mg/kg)
dibutyltin dilaurate increased the contents of cerebral
polyamine and spermine levels in the pons, hypothala-
mus and frontal cortex, which led to synaptic dysfunction
and aggravated poisoning symptoms™. This study aims
to observe the effects of dibutyltin dilaurate on oxidative
damage, lipid peroxidation, changes of cell cycle and
apoptosis, DNA damage and ultrastructure changes in
rat brain tissue, in a broader attempt to reveal the
mechanism(s) underlying dibutyltin dilaurate’s neurotoxi-
city.

RESULTS

Quantitative analysis of experimental animals
Forty rats were randomly divided into a normal control
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group and dibutyltin dilaurate groups at high, medium
and low doses. Respectively, they were intragastrically
administered corn oil (1 mL/200 g), and 5, 10, and

20 mg/kg dibutyltin dilaurate (median lethal dose

175 mg/kg™). After exposure, two rats in each of the
high dose and medium dose groups had mild euphoria
and fought each other to the death. All 40 rats were an-
alyzed in the results.

Dibutyltin dilaurate reduced superoxide dismutase
and glutathione peroxidase activities, and increased
the malondialdehyde content in rat brain tissue
Compared with the normal control group, the activity of
superoxide dismutase and glutathione peroxidase in rat
brain tissues dose-dependently decreased with the in-
creasing doses of intragastric dibutyltin dilaurate (P <
0.05), while the content of malondialdehyde gradually
increased (P < 0.05; Table 1).

Table 1 Effect of dibutyltin dilaurate (DBTD) on superox-
ide dismutase activity (U/mg), glutathione peroxidase ac-
tivity (U/mg) and malondialdehyde content (nmol/mg) in rat
brain tissue

Group SL_Jperoxide Glutathione Malondialdehyde
dismutase  peroxidase
Normal control 73.99+1.35  3.99+0.45 2.28+0.13
DBTD
Low-dose 65.90+1.48%  3.40+0.55% 2.96+0.38%
Medium-dose  62.06+0.96* 3.05+0.29° 3.79+0.28%
High-dose 59.41+1.52%%° 2.45+0.37%°  4.40+0.31%°

The data were expressed as mean + SD. There were 10 rats in
each group. The differences between groups were compared with
one-way analysis of variance. ?P < 0.05, vs. normal control group;
bp < 0.05, vs. DBTD low-dose group; °P < 0.05, vs. DBTD medi-
um-dose group.

Dibutyltin dilaurate increased nitric oxide content
and nitric oxide synthase activity in rat brain tissue
Compared with the normal control group, the nitric oxide
content and the activity of nitric oxide synthase in rat
brain tissues dose-dependently increased with intra-
gastric dibutyltin dilaurate treatment (P < 0.05; Table
2).

Effect of dibutyltin dilaurate on cell cycle and apop-
tosis in the rat right parietal cortex

Along with dibutyltin dilaurate exposure, the percentage of
cells at the Go/G; phase in the right parietal cortex gradu-
ally increased (P < 0.05), and was significantly higher in
the high-dose and medium-dose dibutyltin dilaurate
groups compared with the normal control group (P < 0.05).
The percentage of cells inthe S phaseand G,+ M
phase gradually decreased (P < 0.05), and was signifi-
cantly lower in the high-dose and medium-dose
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dibutyltin dilaurate groups compared with the normal con- nificantly increased in the dibutyltin dilaurate groups
trol group (P < 0.05). The apoptotic rate of cells in the rat compared with the normal control group (P < 0.05;
right parietal cortex gradually increased with increasing Figure 1, Table 4).

doses, and the high-dose and medium-dose dibutyltin

dilaurate groups showed significantly higher apoptotic
rates than the normal control group (P < 0.05; Table 3).

Table 2 Effect of dibutyltin dilaurate (DBTD) on nitric
oxide content (umol/g) and nitric oxide synthase activity
(umol/g) in rat brain tissue

Group Nitric oxide  Nitric oxide synthase
Normal control 2.28+0.32 14.57+0.40
DBTD

Low-dose 3.64+0.84% 14.64+0.49
Medium-dose 5.54+0.42% 14.68+0.57
High-dose 5.73+0.38% 15.04+0.31%

The data were expressed as mean + SD. There were 10 rats in
each group. The differences between groups were compared with
one-way analysis of variance. ®P < 0.05, vs. normal control group;
®P < 0.05, vs. DBTD low-dose group.

Figure 1 Effect of dibutyltin dilaurate on DNA damage in rat

Effect of dibutyltin dilaurate on DNA damage in rat . ) :
cerebral cortical cells (single cell gel electrophoresis, x 200).

cerebral cortex cells

Low-dose dibutyltin dilaurate induced the DNA smearing
phenomenon in rat cerebral cortex cells and DNA dam- (B) In the high-dose dibutyltin dilaurate group, rat cerebral
age was aggravated with exposure to the low dose (P < cortical cells exhibited nucleus fragmentation, DNA
0.05). The total DNA damage rate in the high-dose damage and DNA smearing.

dibutyltin dilaurate group reached 79.7%, and was sig-

(A) In the normal control group, rat cerebral cortical cells
were round, with no DNA smearing.

Table 3 Effect of dibutyltin dilaurate (DBTD) on cell cycle and apoptosis in the rat right parietal cortex (percentage of cells to
total cell number)

Group Go/G1 S G+M Apoptotic rate
Normal control 87.64+0.67 4.83+0.06 7.5240.70 2.50+0.38
DBTD low-dose 88.21+0.95 4.37+0.08° 7.51+1.07 2.730.42
DBTD medium-dose 90.94+0.31%° 3.14+0.07% 5.91+0.33% 3.1140.21%°
DBTD high-dose 92.82+0.46°" 2.28+0.09°° 4.89+0.46%° 4.57+0.54%°

The data were expressed as mean + SD. There were 10 rats in each group. The differences between groups were compared with one-way
analysis of variance. P < 0.05, vs. normal control group; °P < 0.05, vs. DBTD low-dose group; °P < 0.05, vs. DBTD medium-dose group.

Table 4 Dibutyltin dilaurate on DNA damage in rat cerebral cortical cells

Number of different degrees of DNA damage cells in 1 000 cells

Group Damage rate in 1 000 cells (%)
0 level 1 level 2 level 3 level 4 level
Normal control 823 101 52 16 8 17.7
DBTD low-dose 579 198 89 56 78 42.1°
DBTD medium-dose 392 215 132 95 166 60.8%°
DBTD high-dose 203 356 122 121 198 79.7%%¢

The differences between groups were compared with one-way analysis of variance. P < 0.05, vs. normal control group; °P < 0.05, vs. dibutyltin
dilaurate (DBTD) low-dose group; °P < 0.05, vs. DBTD medium-dose group.
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Dibutyltin dilaurate damaged the ultrastructure of the
rat right parietal cortex

In the normal control group, the rat right cerebral parietal
cortex neuropil showed normal structure with a large
number of synapses. The neuropil also displayed visible
presynaptic membranes, postsynaptic membranes and
synaptic clefts; the neuronal nuclei had clear nuclear
membranes, intact cytoplasmic organelles, and evenly
distributed nuclear chromatin. Glial cells exhibited normal
structure, with a large nucleus, evenly distributed nuclear
chromatin, and mitochondria in the cytoplasm. In the
low-dose dibutyltin dilaurate group, the rat right cerebral
parietal cortex neuropil structure was normal. In the
neuropil, capillary peripheral edema was visible, and
protrusions surrounding blood vessels occurred in the
mitochondria cristae. This cavitation change was
demonstrated because the neurofilament fracture was
dissolved, and an increasing number of dark neurons
was observed. The dark neurons contained cellulose
inclusion bodies in the nuclei, while the cytoplasm was
deeply colored, and mitochondrial cavitation and crest
fractures were observed. Glial cells demonstrated obvi-
ous cavitation, even in the cytoplasm and nuclei. In the
high-dose dibutyltin dilaurate group, rat right cerebral

parietal cortex neuropil cavitation was apparent. Cavita-
tion changes included glial filaments being dissolved
within the axon, and deformed neuronal nuclei. Many
lysosomes were visible and the mitochondria swelled,
while the number of organelles decreased. Intranuclear
heterochromatin was also condensed in glial cells, and
occasionally, mitochondrial cavitation was observed
(Figure 2).

DISCUSSION

The development of modern agriculture and industrial
production allows for a wide application of organic tin
compounds™®. Metal ions can induce the generation of
reactive oxygen, resulting in oxidative damage to DNA
cells, protein and other biological macromolecules™™.
The human body contains oxidative and antioxidative
systems™™®, which maintain a dynamic balance. When
exogenous chemical substances enter into an organ-
ism, excessive free radicals may induce lipid peroxida-
tion in the biofilms, damage membrane structure,
cause overflow of the cell contents, and ultimately cell
death™,

x 7 500) showed normal ultrastructure.

cavitation (C", x 15 000) were visible.

Figure 2 Ultrastructure of rat right parietal cortex (transmission electron microscope).

In the normal control group, rat right cerebral parietal cortical neuropil (A, x 10 000), neurons (A', x 6 000), and glial cells (A",

In the low-dose dibutyltin dilaurate group, the capillary ultrastructure was normal (B, x 10 000), but neuronal damage was visible
(B', x 12 000), and glial cells demonstrated cavitation (B", x 7 500).

In the high-dose dibutyltin dilaurate group, neuropil cavitation (C, x 10 000), neuronal deformation (C', x 5 000), and glial cell

2216




Jin MH, et al. / Neural Regeneration Research. 2012;7(28):2213-2220.

Malondialdehyde was shown to be significantly in-
creased in the brain tissues of rats with neurodegenera-
tive diseases, such as dementia and Parkinson’s syn-
drome®?. Our experimental results showed that dibu-
tyltin dilaurate exposure significantly decreased the ac-
tivities of superoxide dismutase and glutathione peroxi-
dase, but significantly increased the content of
malondialdehyde compared with the normal control
group. These results show that dibutyltin dilaurate might
increase the production of lipid peroxidation in brain tis-
sue, decrease the activities of antioxidants such as su-
peroxide dismutase and glutathione peroxidase, disorder
the balance between oxidative damage and the antioxi-
dant system, and ultimately cause lipid peroxidation in-
jury in brain cells.

The appropriate amount of nitric oxide meets the needs
of physiological function, but redundancies or inadequa-
cies lead to brain tissue damage. Nitric oxide damages
the central nervous system by inducing apoptosis®®®. A
growing number of animal experiments and clinical
studies show that nitric oxide is an important cause of
cell necrosis or apoptosis®!. Nitric oxide freely crosses
through cell membranes and regulates cellular func-
tions®!. Nitric oxide can damage and crack DNA through
base deamination®®®. In this study, the nitric oxide con-
tent in the brain tissue of dibutyltin dilaurate-exposed rats
was significantly higher than that in normal control rats.
Also, the activity of nitric oxide synthase increased. Be-
cause nitric oxide synthase contributes to the generation
of endogenous nitric oxide, the rise of nitric oxide syn-
thase activity raises nitric oxide content. A large concen-
tration of nitric oxide could induce apoptosis, through
lipid peroxidation, mitochondrial damage, and/or the an-
tioxidant effect®?”), which relies on DNA damage.

Results of this study showed a significant increase in the
percentage of dibutyltin dilaurate-treated cells at the G,
phase, while cells at the S phase and G, phase signifi-
cantly decreased, dose-dependently. This suggests a G,
arrest hindered the transportation from G, phase to S
phase. The number of cells in the DNA synthetic phase
decreased, thereby affecting cell mitosis and inhibiting
DNA synthesis. This reduction in S phase cells disturbed
the normal development of brain cells and caused cell
apoptosis. In vitro experimental results demonstrated that
organic tin can increase the generation of thymus cell
reactive oxygen species and cause intracellular calcium
overload. Also, tin exposure induced apoptosis and oxida-
tive damage in PC12 cells® %! In vivo studies confirmed
that tributyltin induced the apoptosis of nerve cells
through producing reactive oxygen species®’. Similar to
previously published experimental results, the cell
apoptosis rate significantly increased with increasing

doses of dibutyltin dilaurate. Our results indicate that
dibutyltin dilaurate may alter the cell cycle and accord-
ingly induce the apoptosis of nerve cells. In addition, the
apoptosis rate is associated with lipid peroxidation injury
and a pro-apoptotic effect on nitric oxide. DNA damage is
the main molecular mechanism underlying chemical
toxicity”. Results of this study showed that brain nerve
cells in normal rats demonstrated very little of the DNA
smearing phenomenon. After rats were treated with low
doses of dibutyltin dilaurate, single or double strand
breakages appeared in the DNA, while high doses
caused apoptosis in the nerve cells. Higher dibutyltin
dilaurate exposures demonstrated more broken DNA
chains and alkali denaturation fragments, because of the
excessive production of nitric oxide. There is little evi-
dence reporting the mechanism underlying DNA dam-
age-induced apoptosis. Other studies have proposed the
mechanism associated with DNA damage could be the
sustained activation of poly-ADP-ribose polymerase,
which leads to massive depletion of intracellular nico-
tinamide adenine dinucleotide, reduced contents of co-
enzyme | and Il, and damage to antioxidant capacity.
These outcomes eventually increase Ca®* influx and
induce apoptosis®. Therefore, dibutyltin di-
laurate-induced cell apoptosis may occur because of
dibutyltin dilaurate-induced DNA damage.

In this study, the ultrastructure of brain tissue was altered
after low-dose of dibutyltin dilaurate exposure. Glial cells
that had adhered to the capillary walls began to swell in
the protrusions, with apparent cavitations. In addition,
large amounts of dark neuron cells were visible. These
ultrastructure changes in the cerebral cortex suggested
that even low-dose dibutyltin dilaurate can damage glial
cells, cross through blood-brain barrier, and lead to slight
changes in neurons. High-dose dibutyltin dilaurate in-
duced the apparent cavitation of cerebral cortex neuropil.
High-dose dibutyltin dilaurate also caused neuronal nu-
clei deformation and swelling of mitochondria, reduced
the number of cell organelles, and showed apoptotic-like
changes, which contributed to the pro-apoptotic effect of
nitric oxide and lipid peroxidation damage. Tributyltin can
cause neurodegenerative changes, and its molecular
mechanism depends on the generation of reactive oxy-
gen species®. This is consistent with our experimental
findings, and all above changes indicate that increased
doses cause more apparent ultrastructural changes in
the cerebral cortex, and aggravate neuronal and glial cell
damage. We speculate that dibutyltin dilaurate can pass
through the blood-brain barrier, induce the apoptosis of
glial cells and neurons, damage the rat nervous system,
and is neurotoxic.
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MATERIALS AND METHODS

Design
A randomized, controlled, animal experiment.

Time and setting

Experiments were performed at the Experimental Center,
School of Public Health, Jilin University, China from
March 2005 to January 2007.

Materials

Animals

Forty Wistar clean rats, aged 10 weeks, male or female,
weighing 190 + 10 g, were provided by the Animal Ex-
perimental Center of Jilin University, China with license
No. SCXK (Ji) 2007-0003. The animals were housed in
separated noise-free cages, at 20—25°C with a relative
humidity of 40-60%, a 12-hour light-dark cycle, and a
light intensity of 15-20 Ix, with free access to water and
food. Our experimental proposals were in accordance
with the Guidance Suggestions for the Care and Use of
Laboratory Animals, issued by the Ministry of Science
and Technology of China®®.

Drugs

Dibutyltin dilaurate is a light yellow, oily liquid, with a
molecular formula of (C4Hg)>Sn(C4;H,3C0O0),. Dibutyltin
dilaurate contains 18.96% Sn, and is insoluble in water
but soluble in organic solvent®. Dibutyltin dilaurate is a
chemically active, moderately toxic organic tin compound,
with a specific gravity of 1.05 g/cm®. The half lethal dose
in rats is 175 mg/kg™®. In this study, different doses of
dibutyltin dilaurate solution were prepared with corn oil
(Sigma, St. Louis, MO, USA).

Methods

Dibutyltin dilaurate poisoning

High-, medium- and low-dose dibutyltin dilaurate groups
of rats were intragastrically administered 20, 10 and

5 mg/kg dibutyltin dilaurate, respectively. The normal
control group rats were given 1 mL/200 g corn oil. Rats
were weighed before each exposure, 5 days per week,
for 7 weeks.

Sampling

48 hours after the last exposure, rats were anesthetized
with ether, and femoral vein blood samples were har-
vested. After the rats were killed, brain tissue was excised
and preserved. Left brain tissue pieces (0.1-0.2 g) were
weighed and placed into a 2-mL tube, mixed with 9
times volume of PBS, and ultrasonically homogenized at
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4°C. Then a 10% homogenate was prepared and centri-
fuged at 3 000 r/min for 10 minutes. The supernatant was
collected for further use.

Detection of lipid peroxidation in brain tissue

The activity of superoxide dismutase in brain tissue ho-
mogenates was determined using the xanthine oxidase
method®®. Glutathione peroxidase activity was deter-
mined using the enzyme dynamics method®, and the
amount of the lipid peroxidation product, malondialde-
hyde, was determined using the thiobarbituric acid reac-
tion method. Nitric oxide content was determined using
the nitrate reductase method®®, while nitric oxide syn-
thase activity was analyzed using hemoglobin spectro-
photometry®®. The protein levels in brain homogenates
were measured using the Coomassie brilliant blue
method™®".. All reagent kits were provided by the Nanjing
Jiancheng Biological Engineering Research Institute
(Nanjing, Jiangsu Province, China).

Flow cytometry detection of cell cycle and apoptosis
Brain tissues from rat right parietal cortices®®® were
rinsed with 0.01 mM PBS twice, grinded with a slide,
triturated with PBS solution repeatedly, and centrifuged
at 1 500 r/min for 5 minutes. After the supernatant was
removed, the tissue was rinsed with PBS twice and fil-
tered through a 200-mesh nylon. Each sample was pre-
pared into a 1 x 10°/mL single cell suspension, which was
fixed with 70% cold ethanol. Then single cell suspensions
were removed and centrifuged at 1 500 r/min for 5 minutes,
followed by the removal of ethanol. Samples were again
rinsed with PBS twice and centrifuged as above. After the
supernatant was discarded, a 0.5 mL solution was ob-
tained and incubated with 0.01% RNase (200 pL). The
solution was stained with propidium iodide (0.5 mL of
0.05 g/L, containing 0.03% Triton X-100) at 4°C in the
dark for 30 minutes. The samples were detected with
FACScan (Becton Dickinson, Franklin Lakes, NJ, USA).
A thousand cells were collected using CellQuest soft-
ware (Becton Dickinson) and the data were analyzed
with ModFit software (Becton Dickinson). The cell per-
centage and apoptosis rate at each phase were record-
ed.

Single cell gel electrophoresis assay for the detec-
tion of DNA damage in cerebral cortical cells

The single cell gel electrophoresis assay was performed
by the modified Singh method®. After ethidium bromide
staining, 50 cells in each slide (two slides in each group)
were observed under UFX-II fluorescence microscopy
(Nikon, Tokyo, Japan) using the 549 nm excitation filter
and the 590 nm emission filter. We microscopically found
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DNA smearing shaped like a comet in the damage. DNA
damage was divided into five levels as follows: level 0

(< 5%), no damage, no smearing, only a round nucle-
us-formed fluorescent head; level 1 (5—-20%), low dam-
age, a small amount of smearing; level 2 (20-40%),
moderate damage, apparent smearing; level 3 (40-95%),
great damage, severe smearing; level 4 (> 95%), severe
damage, forming a fragment®®%.,

Transmission electron microscopic observation of
the rat cerebral cortex ultrastructure

Right inferior parietal cortical tissues were cut into 1-mm?®
pieces, prefixed with 2.5% glutaraldehyde, rinsed with
0.1 M phosphoric acid solution, postfixed with 1% os-
mium tetroxide, rinsed with 0.1 M phosphoric acid solu-
tion, dehydrated with ethanol, embedded in Epon812
epoxy resin, and cut into semi-thin sections (0.8 ym
thickness) using a LKB-IIl microtome. Then 50-nm ul-
trathin sections were prepared for uranyl acetate and
lead citrate double staining. Under transmission electron
microscopy (JEM-1200EX; JEOL, Tokyo, Japan), the
ultrastructural changes in the rat cerebral cortex were
observed.

Statistical analysis

The data were statistically analyzed with SPSS 10.0
software (SPSS, Chicago, IL, USA) and expressed as
mean + SD. The difference between groups was com-
pared with one-way analysis of variance.
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