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Distribution
Tin distributes throughout of the animal body, and accumulates 

in most of the organs, particularly in the bone, and to a lesser extent 
in the liver, lung, tongue, lymph nodes and kidney [7,11].

Excretion
Clearance of the absorbed tin is depend on its biological half-

life, such as in bone, the half-life of tin is estimated to be 34 days 
(Sn2+) and 40 days (Sn4+) in the rat, as well as 10-20, 50 and 85 days 
in the kidney, spleen and the liver, respectively [7,12]. The organotin 
which has been absorbed in the body is mainly transformed by liver 
microsomal enzymes, and then most of the metabolites get into the 
kidney and the digestive tract, finally eliminated from saliva, milk, or 
eliminated through the respiratory tract mucosa [13].

Tin Compounds with Physiological Activity
Tin compounds can be divided into two main classes, inorganotin 

salt (valency +2 or +4) and organotin compounds. Inorganotin salts 
are generally considered to have a low level of toxicity, and tin oxides 
are considered to be non-toxic. For the organotin compounds, which 
have the general formula R4SnX4-n (n=1-4), the toxicological properties 
are affected by both the number and the nature of the organic groups 
(R) attached to the tin atom [14]. In generally, there are four styles 
of organotin compounds, which are monohydroxyltin compounds 
(RSnX3), dihydroxyltin compounds (R2SnX2), trialkyltin compounds 
(R3SnX) and tetralkyltin compounds (R4Sn) [15]. Physiological 
activity is in the order R3SnX>R4Sn>R2SnX2>RSnX3, and when R 
is butyl or propyl, the physiological activity of the tin compounds are 
up to the most. Among these compounds, the most contaminated 
and most studied organotin is Tributyltin compounds (TBT) and 
Triphenyltin (TPT). Several classes of organotin compounds--
carboxylates, amino-acids and their derivatives, oxamates, organotin 
thioamides, organotin dithiocarbamates, organotin drug conjugates 
and organotin schiff base complexes are known to exhibit significant 
cytotoxicity to tumor cells in vitro and in vivo [16,17].

Introduction
Tin (Sn), as an old element, is one of the earliest element found 

in the nature, it was used as tools in people’s daily life from two or 
three thousand years ago. In modern days, tin or tin compounds 
is widely applied in the automotive industry (steel plate), atomic 
energy industry (protection material), fusible alloy (reagents and 
catalysts), chemical industry (drugs), plastic industry (synthetic 
rubber), polyester industrial (stabilizer and contact agent) and daily 
life (food packaging and tooth fillings materials). More and more 
studies have been proven that tin is an essential trace element for 
plants [1,2], microorganisms [3,4] and animals [5], which has many 
biological functions. Tin deficiency would cause negative effect on 
animals. However, high dose exposure to tin or tin compounds is 
harmful to people or animals. The purpose of this review is to clarify 
the effect of tin or tin compounds on the animals with respect to 
the absorption, distribution and metabolism of tin, the biological 
functions of tin or tin compounds, the requirement dose of the tin in 
animals, the deficiency and toxicity of tin, the relationship between 
tin and immunity and so on. Finally, we hope that this review could 
provide theoretical knowledge and guiding lines in future research 
and application of tin in animal production.

Absorption, Distribution and Excretion
Absorption

Tin compounds exist in two major groups of organotin and 
in organotin compounds. In organotin is poorly absorbed from 
the gastrointestinal tract in animals (2.8% of Sn2+ compounds and 
0.64% of Sn4+ compounds). In laboratory species, more than 90% 
of an ingested dose of in organotin is recovered in the faeces [6,7]. 
Organotin compounds can generally enter the body through the 
respiratory, digestive tract and skin mucosa. Many factors can affect 
the absorption of tin, such as valence (Sn2+ salt is about four times 
more readily absorbed than the corresponding Sn4+ salt), anion 
complement [8], citric acid [9,10] and some others. 
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Biological Function of Tin or Tin Compounds
Anti-bacteria and anti-corrosion

Organotins are usually used for industrial and agricultural 
purpose and antibiologic agent. A number of bacterial processes can 
be inhibited by organotins, whose inhibition effect is relate to the 
bacterial membrane functions [4]. Some of those microorganisms 
have been used for bioremediation studies and bio-reporters for 
detecting TBT pollution in the environment [18]. Tin compounds 
are also used in the synthesis of a variety of pesticides, fungicides, and 
pharmaceuticals. In the industry, tin is used as mildew preventive and 
preservatives [19]. 

Promote the growth, nucleic acid and protein synthesis
It is reported that tin is an essential trace element in life, the 

supplement of appropriate dose of tin has a significant growth effect 
and promote the metabolic reactions of proteins and nucleic acids 
[20]. For example, 50μg/kg TBT could increase the weight and 
promote the growth of the male mouse [21], and higher level of tin 
significantly reduced the growth rate, feed intake, and efficiency of 
feed utilization of broilers [22], and finally the growth performance 
was significantly affected by dietary tin supplementation in broilers.

Anti-tumor activities of tin compounds
There are four types of tin compounds with anti-tumor activity, 

R2SnX2, R2SnX2·L2, porphyrin derivatives, steroid derivatives and 
other tin compounds. It has been reported that the tin existing in the 
thymus hormone has anti-tumor effect, because it can produce one 
or more steroid or peptides compounds in the thymus [13]. Pellerito 
et al. (2006) [23] reported that the anti-tumor activity of organotin 
compounds may depend on the ability of release of Rn-Sn+ in the 
complex hydrolysis before formation of Sn-DNA, while the ability is 
related to the structure type of the hydrocarbon base, the space and 
electron effect of the hydrocarbon, bonding styles of ligand and tin 
atoms [24], and the bond length, such as the configuration B is not as 
stable as A, and the B compounds are better than A compounds in the 
inhibitory effect on tumor cells, as showed in below formula A and B.

As far as 1980s, studies have been found that some tin 
compounds exhibited anti-tumour activity and may play important 
roles in the cancer diagnosis and chemotherapy, or in controlling 
of the hyperbilirubinaemia [25]. Now, more and more tin based 
anti-tumour drugs have been synthesized [26-28] and nonplatinum 
based antitumor drugs containing tin (IV) illustrate the prominent 
strategies and applied prospect [29]. These functionalized organotin 
complexes incorporate with glycosyl substituents can enhance the 
tissue targeting, and act as an efficacious anti-proliferative drug by 
inducing morphological changes and apoptotic of the tumor cell 
[16]. Though the anti-tumor effect of organotin compounds or its 
derivatives has been widely recognized, but the development and 
application of organotin drugs have been hampered by their toxicity.

Relationship between tin and other trace element
Tin as an essential trace element, it can affect the mechanism of 

other elements. In general, tin has adverse effects on the metabolism 
of essential trace elements such as iron, copper, zinc, calcium, and 
selenium in rats or rabbit [30,31]. Tin (SnCl2) consumption in rats 
resulted in a significant depression of zinc in liver, iron in kidney, 
copper in liver and kidney, and increased calcium concentration after 
tin administration in the liver and kidneys in rabbits [32]. Fe, Cu 
and Zn status can be influenced by dietary Sn (SnCl2) concentrations 
lower than 50mg/kg in plasma, kidney, spleen or tibia in male rats 
[33].

Other functions 
Recent study has reported that tin protoporphyrin can mitigates 

acute kidney injury [34]. Tin pose a positive effect on the wound 
healing, and promote tissue growth and wound healing and energy 
metabolism [35].

Requirement of Tin in Animals
Tin is an essential trace element for plants [36,37] and fungi [38]. 

The essentiality of tin for animals has also been confirmed, which has 
growth effect on rats [5]. Recommended allowance of tin in dietary 
of pig, poultry, ruminants is ≤ 50mg/kg according to the national 
standards of the People’s Republic of China (GB26434-2010). Rats 
required 1μg tin as stannic sulfate per gram of experimental diet for 
optional growth, but this observation has not been confirmed [39]. 

Tin Deficiency 
It has been reported that dietary tin deficiency caused the 

considerable changes in tissue mineral concentrations in rat [5], and 
the animals showed lack of growth, seborrhea, shaggy fur, and loss 
of hair and hearing [40]. The weights of the liver and tibia of the rats 
were less, and decrease in food efficiency by tin deficiency [5]. 

Toxicity of Organotin Compounds in 
Animals

Most of the inorganotin compounds is considered to have a 
low level of toxicity or non-toxic, but majority of the organotin 
compounds is thought to be have high level of toxicity, and the 
toxicity level is depended on the molecular structure of the organotin. 

Reproductive toxicity
Many studies have reported that the organotin compounds have 

high toxicity to the reproductive systems of animals, for example, the 
Dibutyltin Chloride (DBTCl) (intraperitoneal injection ≥0.05μg/kg) 
induce the decrease of the testicles weight, sperm survival/density, 
and increase the rate of sperm deformation in mouse [41-43], and 
significantly decrease the sperm motility in rats [44]. Gracel et al. 
[45] reported that dibutyltin dilaurate (DBTDL) pose negative effect 
on the reproductive ability of rats. Tributyltin Compounds Chloride 
(TBTCL) caused increased of the number of cell fragments and 
deciduous cells in the seminal vesicles and epididymis [46]. In addition, 
the female animals are easily affected by organotin compounds. 
TBTCL can induce the infertility of the rats when exposed at the early 
stage of pregnancy [47,48], cause the abortion and fetal malformation 
when exposed at the middle stage of pregnancy [49], and induced the 
decrease in number of litter, weight loss, increase anus and genitals 
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distance when exposed at the whole stage of pregnancy [50,51]. 

The experimental study of the embryonal toxicity in vitro 
found that TBTCL (0.05mg/L) can inhibit the vitellicle growth and 
vascular differentiation, and increase the abnormal rate of embryo 
development [52].

Genotoxicity
It has been reported that all of the butyltin has genotoxicity to 

animals, among these compounds the Dibutyltin (DBT) (Sn20~40 
μg/L) is the most toxic compound, and less toxic is the Tributyltin 
compounds (TBT) (Sn20~90 μg/L), and the tetrabutyl tin and 
Monobutyltin (MBT) have the lowest genotoxicity to animals [53,54]. 
The genotoxicity effect mainly performed in the following aspects, for 
example, butyltin compounds can induce the genetic mutations [55], 
chromosomal or chromosomal aberrations [56], and the oxidative 
injury and DNA damage [57-59].

Neurotoxicity
Trimethyl Tin (TMT), as an organotin compound, which has the 

high level of neurotoxicity to animals. The toxicity of TMT is mainly 
focus on the central nervous system, TMT can get through the blood-
brain barrier, and resided in the central nervous system, and then 
result in a series of neurologic lesions and symptoms. TMT can lead 
to animal paraplegia, ataxia, excitement, attack behavior and epilepsy 
and other neurological symptoms, such as paraplegia, ataxia, agitation, 
aggression, epilepsy and other neurological symptoms [60,61]. In 
addition, animal studies indicate that TMT could impair the learning 
ability and cause the loss of memory [62]. The target organs of TMT 
neurotoxicity are hippocampus, dentate gyrus, caudate nucleus and 
cerebellum, brainstem and so on. TMT poses some negative effects 
on these organs by changing the neurotransmitter in the conduction 
process of the central nervous system [63,64], membrane potential 
[65,66], gene expression [67], and induced free radical damage, 
mitochondrial dysfunction [61], neuronecrosis (induced oxidative 
damage and neurodegeneration) [68,69], and at the same time cause 
the neurogenic inflammation [70], excitatory glutamate toxicity [71] 
and others.

Immunotoxicity 
The immunotoxicity of tin compounds mainly performed 

in the effects on the immune cells, immune organs and immune 
immunoreactive substances, the detailed contents are reviewed in 
section 7. 

The mechanisms of tin (take tmt for example) toxicity to 
the cells

The exposure of TMT causes the excessive release and 
accumulation of glutamate salts, and hence induces the excitatory 
toxicity of glutamate to cells [72]. The imbalance oxidation/
antioxidant in cells which induced by oxidative stress caused by 
TMT is another important reason of cellular injury. TMT can also 
promote the increase of intracellular calcium ion concentration and 
thus impaired the activity of the Calpain [73]. More importantly, the 
Stannin protein on the mitochondrial outer membrane is the main 
target of TMT specificity action target [74], so the mitochondria 
is always the first organelle impaired by TMT. The mitochondrial 
membrane rupture cause the cytochrome C released into the 
cytoplasm, and then after the cytochrome C combined with Apaf1, 

they can stimulate the caspases activity, lastly activated the self-
destruct program and eventually result in the apoptosis of the cells 
[75], as showed in Figure 1.

Tin or Tin Compounds and the Immunity 
A lot of studies have been reported that tin or tin compounds 

pose effects on the immune organs, immune cells, the immunoactive 
substance and intestinal mucosal immunity [76-78].

Effect of tin compounds on the immune organs
The immune organs is the place where immune cells are formed, 

mature or concentrated, include the bone marrow, thymus, spleen, 
lymph node, and bursa of Fabricius (unique to birds). Most studies 
suggested that TBT and TBTCL could induce the atrophy of the 
thymus and spleen of mice [79-81], TBTCL induced the thymic 
atrophy of the crimson-spotted rainbowfish (Melanotaenia fluviatilis) 
[82]. TBTCL can also decrease the density of cortical cells in the 
thymus, and induce the substantial damage of the thymic structure 
and the formation of apoptosis body in mice [83].

Effect of tin compounds on the immune cells
The immune cells mainly consist of T lymphocyte, B lymphocyte, 

K lymphocyte, NK lymphocyte, mast cell and mononuclear phagocytic 
system and so on. Some studies indicated that low level of the TBT 
has positive effects on the B and T lymphocyte, and increase the 
antibody production of the B lymphocyte, and increase the number 
of the T lymphocyte [84]. However, high level of the TBT could 
decrease the ANAE positive rate of T lymphocyte in peripheral blood 
and the conversion rate of T lymphocytes in the spleen [80]. TBT 
can also affect the B lymphocyte, decrease the survival rate and its 
proliferation activity in vitro [53]. Harford et al. (2007) [85] reported 
that the murray cod (Maccullochella peelii peelii) were injected with 
TBT significantly decrease the B lymphocyte proliferation index in 
vivo, and the inhibiting effect was also observed in vitro.

The high dose of TBTCL can affect the phagocytic activity 
of macrophages in the liver and spleen of mice [80], and reduce 
number of natural killer cells of rats [86], decrease the macrophage 

Figure 1: Mechanisms of TMT toxicity to the cells (remake according 
reference [71]).
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phagocytosis rate [83]. Other researches also reported that TBTCL 
can inhibit the NK cell activity, produce irreversible inhibition effects 
on NK cells [87,88].

Effect of tin compounds on the immunoactive substance
The immunoreactive substances are produced by immune cells 

or other related cells, there are three main types, which are antibodies 
(immunoglobulins), lymphokine (such as cytokines, interferon and 
other factors), and lysozyme. It has been reported that the appropriate 
dose of TBT can increase the mRNA expression of TNF-α in cells [89], 
and increase the production of the interleukin-6 (IL-6) in pig [90]. 
TBTCL inhibit the activities of Acid Phosphatase (ACP), Alkaline 
Phosphatase (AKP) [91,92] in rat or clam, and decrease the activity 
of lysozyme in serum and kidney of fish [93]. TBT can decrease the 
immune response to vibrio anguillarum and inhibit the production of 
specific antibody in channel catfish [94], and pose great effects on the 
level of serum IgM, IgG [80].

Effect of tin compounds on the intestinal mucosal 
immunity

The intestinal mucosal immune system, which is consisted of 
intraepithelial lymphocyte, lamina propria lymphocyte and Peyer 
Patch (PP) and other lymphoid tissues, which is the first line of 
defense against infection. A study has reported that TBTCL can 
inhibit the immune related genes expression in foregut and hindgut 
hepcidin of carp, and then the carp mucosal immune was suppressed 
[95]. 

Future Perspectives of Tin or Tin Compounds 
on Animals 

At present, most of the researches suggested that the organotin 
compound can be used as the cancer chemotherapy drug because 
their lower toxicity and price, we believe that a lot of organotin 
drugs with antitumor activity will be found. However, the organotin 
pollution level in the environment and food safety issues to people 
health should be considered. So in the future studies, we should pay 
more attention on the research of microcosmic aspects, such as genes 
or proteins level, to explore the mechanism of tin or tin compounds 
(especially organotin) on animals or people, and to find a suitable 
biomarkers to monitor and to effectively avoid organotin pollution. 
The inorganotin is now begin to used in treatment of some diseases, 
but the toxicity and the mechanisms of them should be considered. 
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