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CHAPTER ONE.

1.0 LITERATURE REVIEWV AND STUDY OBJECTIVES

1.1 Background Information

Organotin compounds ara a group of
synthetic chemicals formed from the union of
tetravalent tin atom and carbon compounds. These
group of compounds were first introduced in the
mid-1960s, ten years after thelr fungicidal
propertj was recognized. Four classes of organotin
compounds are generally in use; these include the
mono—, di-, %tri- and tetra-organotins. The general
chemical formulee for these compounds are: RSnXa
RuSnXe:, kaSnX and RaSn, where R is usually the
butyi, octyl, cyciochexyl ar phenyl group, and X a
chloride, fluaride, onxide, acetate, hydroxide or
carboxylate. Among these compounds, the di-, and
tri-organotins have +the most widespread fileld
application. The tri- and tetra-organotin
compounds are more toxic than the others.

| Two of the nmost important tri-organotins in
use for food preservation are the tributyltin-
acetate (TBTA) and triphenyltin acetate (TPTA). At
the Ahmadu Bello University Zaria, these two

compounds were synthesized, tested, and found to



be effective against the fungus which causes yam-
raot (Bonire, 1977; Esievo, 15384 and Lodhi, 1985),
This finding is of great importance in agriculture
slnce yoam is a staple WNigerian diet. Literature
reports indicate that these types of compounds may
be moderately toxlc to mammals (Poller, 19702,
Barnes ot al,., 1958; 8Stoner, 1965 and RKlimmer,
1263). These compounds have alsoc been shown to
produce histopathologic lessions in numercus
mammalian aorgans {(Klimmer, 1964; Felican and Cern,
1968; FAO/WHO, 1971; Mijatovic, 1972 Guardascione

and di Bosceo, 1967; Horacele and Domlelle, 15702,

1.2 SQynthesis of Organotin {ompounds

Organctin compounds are formed when tin, at
oxldation four state, react with carbon in the
appropriate amount. The four commercial methods in
use for the manufacture of these compounds are
Grignard, Wurtz, Aluminium alkyl and the Direct
method (Vander kerk, 16703, The first three
methods start by preparing tetraorganotin
compounds (RaSn) from stannic c¢hloride as shown in

the schematic below:



(Eq.1.1)> SnCla + ARMgCl —--~- > RaSn + 4MgCl:.
(Eq.1.2)> SnCla.+4RC1+8Na ———-- > RuSn+8NaCl.
(Eq.1.3) 3SnClas + 4RgAl —~——-—— > 3RaSn+4AlCla.

After this initial steps, the second staeps
involve the preparation of organctin compounds of
lower organtc substituents from the three
processes, This step can be carried out by various
methods. One method 1s the comproportion or
redistribution process, which iz establishad. as
the most efficient. In this method stoichicmetric
amount of tetraorganocotin and stannic chloride are
heated together at temperaturas above 120=C to
praodu~e moneo-, <di-, and/or +{ri-organcotia halides
{(Vander DBerghe and Vandar ¥Xalen, 1566}, sesa
equations below.

(Eq. 1.4} 3RaSn + SnCla~~~-~> 4R.SnCl.
(Eq. 1.5) RaSn + SnCla----> 2RaSnCl=,

(Eg. 1.6} RaSn = 38nCla-~---2>4RSnCly

The fourth method of production, the
direct synthesis method, involves the heating
together at femperatures above 150~C, +tin netal
and alkyl halides. A suitable catalyst is required

to accelerate the rate of product formation.



The organotin halides are +the starting

materials in the preparation of other organotin
compounds (Pollar, 1970; Anderson et al., 18547,
The organoctin acetates (ftributyltin acetate and
triphenyltin inclusive) are prepared by mixing au
organotin hallde and sllver acetate in diethyl

etbher. The reaction principle is equated below:

(Eq. 1.7 n-BusSnl] + CHaCOOAg ----> n~Bus$nD,COCHa, + Agll,

1.3 Physical and chemical Properties of orgaantin
Compounds

Organotin compounds have poor solubility in
water but are readily soluble in many of the
common organic solvents. The solubility in water
at ambient tempsratures 1is 1in the order of
5-50mg/litre (WHO, 1980)., Vith regerds tc chemical
reactiivity, these vompounds are susceptible to
attack by nucleophilic and electraophitic agents.
Thus they may undergo hydrolysis, acidic and basic

attack, and halogenation,



Stability of the compounds,

The organctin compounds can be degraded
chemically, biochemically or hy physical agents.
The rate of degradation hawever, vary with
environmental conditions. For example, hydralysis
occur only at extremes of pH (K1 nr 213%, in the
abseance of chemical or physical catalysis (WHG,
1980). Solvolysis on the other hand occur mainly
in cases of extreme laboratory conditions. The
half-11fe of such reactions may range from one
minute to upwards of about 100 days (Bassinadale,
et al., 1971; Roberts and El-Kaissi, 1968). In
casaes of photochemical decomposition, the reaction
yleld 1is higher at the lower wavelengths. The
prhotolytic decomposition of ¢riphenyltin acetate
has been observed under laboratory conditions
(Chapman and Price, 1872).

The rate of organctin decomposition wvary
considerably from one compound to another. For the
triphenyltin compounds the half-time is between a
fow days to 140 days under environmental
conditions (Freitag and Roche, 1274b). The half-
time is shorter for the diorganotins (Mazasv ot
al., 1976). Bruggemann and Klimmer (1964) and
Bruggemann et al., (1864a and b achieved the

complete degradation of triphenyltin acetate



within the fifth week of applying it to sugar beet
leaves at a concentration of 2470mg/kg. Dther
authors (Cenci and Cremonini, 1969> reported the
degradation of triphenyltin acetate and
hydroxide in 3-10 days and 3 days respectively,
when the compounds were mixed with soil at a
concentration of 80mg/kg of soil. In all the above
cases the participation of microorganisms in the

pracess were not established.

Erpducts of Degradation

In a study by Akagi and Sakagaml (1971>
triphenyltin chloride solution yielded triphenyl-,
diphenyl-, and phenyltin in addition to inorganic
tin compounds, within 6 hours o0f exposure *to
ultraviolet 1light. Similarly, irradiation of
trlalkyltin cmpounds yielded a mixture of di- and
mono alkyltin compounds, and inorganic tins within
the same time. Triphenyltin acetate irradiated ot
60 hours at a wavelength of 23%nm yielded 10
percent of wunchanged +triphenyltin compound, 30
percent diphenyltin, 18 percent paenyl compound,
and about 45 percent inorganic tin in the form of
hydroxides and hydrated oxides. (Chapman and

Price, 1972; Barnes et al., 1873). Mazaev et al.



(1976> and Sheldon (1975) studied the degradation
of some tri- and di-butyltin compounds in water.
They found the half-time for degradation to be
1.14 days to 18.2 days at 20<C. They also found
tin (IV) oxide as the final degradation product.
In this experiment the diorganotins were found to
have shorter degradation time when compared to the

triorganotins.



1.4.1 Antifupgal Action

L

H#ny Organcotin compounds have been found to
be fungicidal (Vander Kerk, 19%4; Notec et a2l1.,
1961 Foller, 1970> Tri-n-butylecin oxide 1is
effective agaisnt the rice blast causiax fungus
Pericularis oryzaa (Tamura and Hirokuni, 1965).
Triphenyltin acetate has an effect an the fungus
species causing potatoes and sugar beet diseases
(Hartel, 1.9568). Receuntly bLoth compounds have heen
found to be effective against yam rot causing
fungi: Fusariun PP, Candida albicans and
Panictlliuvm oxalicum (Bunire, 1877; Esievo 1984;
Lodhi, 1685).

The fungicidal activity of organotin
compounds depend on the organic groups attached to
the tin atgm. The maximun activity is found with
Triorganotins (Poller. 1970). The msgnitude of
fungicidal activity af Tri-n—-butyltin and
Triphenyltin acetates are comparable toc that orf
organomercury compounds which are known to be the

most potent fungicides up to date. More recent



wark by Adaudi <(1683) has further confirmed this

observation.

1.4.2 Bacteriostatic Action

Some organotin compounds have pronounced
bacteriostatic properties. Trialkyl and Triaryltin
compounds are very effective against gram positive
Staphylococcus aureus in concentirations of 1-16
parts per million (ppm? {(Pollar , 1970) or 25 ppm
{(Eslevo, 18684). However, they have low activity
against gram negative bacteria.

Bacteriostatlc activity has also ben found
among the dialkyl and tetraalkyl-tin compounds.
The dialkyl-tins cause growth 1inhibition of
several gram positive and gram negative bacteria.
Diethyltin dichloride in particular, 1inhibit the
growth of & c¢opli. The mode of bacteriotstic

action i1s similar to that of arsenite.

1.4.3 lnsecticidal Actjion

The insevticidal activity is largsly

confined +tu the Airiorganotin compounds. Some

grganctin compounds, in decreasing order of
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insecticidal properties, are: trimethyltin
acetate, bistributyltin oxide, triphanyitin
acetate, tributyltin acetate, diethyltin oxiae and
dibutyltin oxide (Pollar, 1570

The mode of insecticidal action is said +n
depend on the type of arganotin. Triphenyltins are
said to act as stomach poiscons rather than contact
insecticides, where as tributyltin oxide act as
funigant (Pollar, 1970>. Triphenyltin acetate and
hydroxide were reported to exhibit a selective
antifeedant effect towards certain 1lnsects. This
property makes +them pntentialy useful for crop

protection {(Anne, 19842,

1.4.4 Miscellaneous Effectg

The organotin compounds exhibit other
effects. Some +tributyltiin compounds are reported
to be highly effective as rodent repellants (Anon,
1967>. and are used for impreguating cable sheaths
to protect electrical and telephone cables against
gnawing by rodents. Tributyltin oxide (TBTO) and
some triphenyltin compounds are effactive i1in
controlling the snalls which act as intermediate
hosts for the parasites causing the +tropical

disease known as bilharziasis (Vander Kerk, 1970).
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Dibutyltin dilaurate (Butyrcvate) has been found
to be effective against some intestinal worms of
chickens, and has been used as antidote for that
purpose {(Vander Kerk, 1970). Triphenyltin has been
reported to have a potent immunosuppressive effect

{Verschumre et al.,, 1970>.

1.4.5 Useg of Orgenotins

Organotin compounds ware developed
primarily for wuse in the industry, and about 79
percent of the total production of the compounds
are used to heat-stabilize poly-vinyl c<hloride
(PVC> 1in plastic industry (WHO, 1980). 0Uf the four
categories of organotin compnunds, dialkyltin and
monoalkyltin compounds are the most commonly ucad
for +this  purpose (Vander  Kerk, 1970>. The
dialkyltin are used to stabilize PVC plastics
during manufacturse and to prevent their
degradation during wuse. They are also used as
catalysts in the productlion of polyurethane foam
products. The mono-alkyltins have a limited use as
heat stabllizers for PVC plastic films.

The +triorganctins are mainly used in
agriculture as fungicides (Anne Marie Coles,

1584). Some are alsc used in the industry as
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blocides and surface disinfectants (Vander Kerk,
19705, Triphenylitin (fentind acetate and
hydroxide were the first to be used in agricuture,
Triphenyltin acetate is used as fungicide on a
variety of crops such as beans, celery, ocarrotis,
cocan, c<offee, unions, potatoes, rice, sugar best
and many other valuable crops. It is also used as
olgiclide and molluscide in padday rice fileld, and
in fish ponds. Both triphenyltin acetate and tri-
n-butyltin acetate are currently belng proposed
for use against yamn rot {Bonire, 1e77>,
Triphenyltin Aydroxide 1is used against tuber
blight diseage 1in sugar beet, as well 2s rodent
repellant. Tricyclohexyltin hydroxide has a strong
miticidel property, and ils used to halt the spread
of phytophagous mites which damage fruits, cotton,

vegetable and tea crops.

Iodustrn el

Tributyliine compaunds are particularly
useful as a gencral {industrial biocide and as
surface disinfectants. Tributyltin oxide (TBTO) is
used in antifouling paints for the purposes of
wood preservation, and also for keeping clean the

recirculating water of cooling towers (Vander Kerk



i3

19070). It is incorporated in synthetic rubber for
surface protection o©of the manmufactured products
{Goodrich Company, B.F.U.5.3,426,473,1668). Scme
tributyltin formulations act as rodent repellants
to protect cable csheats and electrical telephone
cables {(Anon, 19587), while other formulations are
used as constituents of hospltal and wveterinary
clinics diginfectants (Wanke, 1967, The
tetraorganctin compounds have very limited
industrial uses. Some tetralkyltin derivatives arse
used as intermediates in the manufacture of other
compounds. Tetraphenyltin have been used as heat
stabllizers for polychlorinated biphenyls which

are used as transformer oll (Vander Kerk, 1970).

1.5 Metaboligm Of Orgapotin Compounds

1.5.1 Abgorpfion

Studies 1in animals have shown that the
absorption of orally ingested organotin compaunds
varies considerably between different aninal
specles. In general, the compounds with short akyl
chains are more readily absorbed from the

intestinal tract. Ethyltin trichloride was found
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to be poorly absorbed when a single dose of
25ng/kg was orally administered to rats Aboul 9z
percent of this dose was eliminated in Iaeces
within +two days. Triphenyl:in  which was
administered orally was alse poorly absarbed hy
sheep {Herok and Ezotte, 1964> and COWS
{Bruggemann et al., 1964a), but was well absorbed
by the guinea pig and mice (Stoner, 1966).
Trialkyltin compounds are uswally well
absorbad through +the dermal route. W¥hen a 20
percent fat solution of various triethyltin
derivatives were applied to the skin of rats and
mice for 10 minutes, they caused 100 percent death
within 20-30 minutes {(Ignatjeva et al., 1968). In
contrast, +triphenyltin acetate did not penetrate

the unbroken skin readily (Stoner, 1966).

1.5.2 Pigstribution

After absorption, organotin compounds are
distributed into various animal tissues. Studies
in rats and some other laboratory animals showad
that the highest concentration of the chemicals
are nmostly found in the liver. In rats and mice
glven dibutyl- and diethyl-tin intravenously, the

highest concentration of the compounds were found
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in the liver and kidney tissues with the unchanged
compounds being excreted in the bile (Barnes and
Magee, 1958). When rats were fed with limg of
triethyltin hydruxide over a period of 80 days 40
percent of the dose was distributed in the blood,
29 percent in skeletal muscle, 28 percent 1n the
liver. Some quantities of the chemical were also
found in the kidney, brain, heart, and spleen
(Cremer, 1957). The same pattern of distributiaon
‘was cbserved when the same cowpound was 'given
intraperitoneally +o the rabbit,. Howevcr, some
spacies differances have been observed in in
vitro teste (Cremer, 1657).

Following an oral or intravenous
adninistration of the radionuclide 11 3n
triphenyltin, to rats and guinea pigs thae
concentration of the radicactive tin was found in
the brain, but the form in which the +tin was
bPresent in the brain was not satisfactorily
identified (Heath, 1967). When the 1'a8n—~1abelled
triphenyltin acetate was administered orally to
sheep at a dose of 10mg/kg per day the highaest
concentration of the ''%8n was found in the liver,
but tha brain was also found to contain sone
measurable amounts of the toxicant (Herok aznd

Gotte, 1964),
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Trace amounts of tricyclohexyltin hydroxide
were found in the tissues of the rats and dogs fed
up to 12mg/kg body welght per day, for a period of

45 days to 2 years (FAG/WHO, 1971). .

1.9,3 Bigtransformetion

Many orgauotin compounds are transformed in
the tissues. In laboratory animals, tetra—, tri-,
and di-substituted organotins are mainly
transiormed in the liver. Some metabolism in the
gut was also abserved with the disthyltin treated
rats (Bridges et al., 1067).

The metabolism of organotin principally
inveolve the carbou—-tin boad cleavage
{destannylation}, which involves dealkylation or
deacylation of the compound. Triethyltin was
ideantified as the metabolite in rats and rabbits
Eiven an intravenous dose of tetraethyltin (Cremer
1987 and 1658). Bridges et al. (1967) detected
some dealkyliion products with diethyltin in rq&s
which he attributed to gut and tissue metabolism.
Dicyclchexyltin o©oxide and trace amounts of
cyclohexyl stannoic acid were detected in the
tissues of rats and dogs treated with

tricyclohexyltin hydroxide (FAQ/WHO 1971). Small
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anmounts of inorganic tin compounds were detacted
in the mnilk of sheep treated with ''¥Sn-labelled
triphenyltin acetate. Stonner (18682 had observed
that the compound was not metabolized in the body.

Recent studies have shown that a
biclogical oxidation reaction is  the major
metabolic route of degradation for sOome
organotins. Fish et al. (1975) obtalned alpha-and
beta—hydraxylatad matabolitez with tributyltin
acetate using rat mnicrosomal .enzymes 1in an in
vitro study. Kimmer ei al. (1977)>obtained the same
result in vivo using a '4C-labelled tetrabutyltin
acetate in mice. The =ame author alsoc abtained
diphenyl-, and phanyl-derivatives with
triphenyltin acetate 1in rat studies, He alseo
observed that a carbon hydroxylation of cyclchexyl
group is the major metabolic reaction for

tricycliohexyltin compounds Iin vitro.
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1.5.4 Excreiion

The route of excretiom of organctia
compounds in laboratory aninals depends largely nn
the +type of compound. For example, athyltin-
trichloride was found tc be excreted mainly in the
urine whan adminitered intraperitonially to rats,
but dlethyltin is eliminated in the fasces, urine
and tha Tile (WHO, 1980; Bridges et al., 1867).
Triphenyltin acetate was excreted in urine and
nilk of lactating sheep when the animal was gilven
the chemical at the rate of 10mg/day for 20 days
{Herok and Gotta, 1964),

The rate of excretlon of various organotins
varies, and many cowmpounds are slow to disappear
from the organs especlially the brain. In guinea-—
plgs, the half life of triphenyltin concentration
iln the brain was reported to be over 10 days, but
in rats it was found to be 3 days (Heath, 1963 and
1967 . For tricyclohexyltin hydroxide the
biological half-life was found to be between 5 to
40 days in rats when the chemical was added 1in the
diet for a prolonged pericd. Tre brain was
observed to be one of the tissues from which the

conmpound was removad slowly (FAC/WHQ, 1971,



1.6 Acute toxicity of organotin compounds

1.6.1 Acute toxicity Values (LDuc)

Many organotin compounds are poisonous. The
acute toxicity values (LDeo) of trimethyl and
triehyltin compounds are comparable to that of the
well known poisonous chemicals (Neumann, 1967’

The acute and chronic toxicity of the
organotins varies according to the number of
organic groups attached to the tin atom. The
lowest LDeo value, and hence the highest toxicity,
is shown by compounds having 3-tin carbon tonds
(Triorganotins). For example the (LDso) of
trimethyltin acetate and triethyltin-acetate,
chloride and sulphate in rat is less than 10mg/kg
(WHO, 1980; Neumann, 1967).

Toxicity is also dependent upor the nature
of the organic group attached to tin. The most
poisonous of these compounds are trimethyl- and
triethyl-tin derivatives, even though no organotin
compowpd is regarded as extremely toxic, that is
having lethal value at 1mg or less (Neumann,
1067). All butyltins, high alkyltins, and
phenyltins belong to the category of moderately
toxic compounds LDs« value of 50-500mg/kg, and
practically non toxic organotins, with the LDso

value of 5-15gm/kg (Spector, 1955), The n-octyl
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organotins are the least toxic (Klimmer and Febsl,
1960). There is a wide variation 1in the LDua
figures reported for triphenyltin and tributyltin
acetate 1n rats <(Poller, 1970; Barnes et al.,

1954; Esievo, 1984; Lodhi, 19085).

1.6.2 Acute toxlecity symptoms

Typlcal signs aof acute toxicity have been
reported in many animal speclies following acute
doses of wvarious organctins. With <+tripheanyltin
acetate the typical symptoms of acute toxicity in
rats are flaring of the nostrils, rapid and
challow breathing, and apnoea (Esievo, 1984)., Tri-
n-hutyltin acetate produced similar symptoms i1in
rats, in addition to instakility in galt, dus to
hind 1Jlimb extension, and chronic c<onvulsions
(Lpdhi, 1985>., In mice given 500mg/kg tributyltin
n% acetate, c¢hloride, benzoate or ocleate orally
the typical signs of acute toxlclity were seen four
hours following the administration. But in the
carw@ of laurate, the signs were delayed for a
further four hours. The acute toxicity symptoms
following a Bmg/kg triehyltin sulphats 1in rats
include prostration, flaceid paralysis and

encephalopathy {Stonner et al., 19553 . For
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tetraethyltin series the major sigrs observad
include muscular weakness and paralycis, followad
by respiratory failure. Thoe development of these
signs are sald to be slow (Canjolle et al., 1954).

Acute doses of organotins also produce
tissue lessicns 1n animals., A single dose of
400mg/kg butylstannoic acid, butylthiostannoic
acid, and butyltin trichloride in mice produced
fatty degeneration of the renal corticai tubular
epithelia, gastrointestinal haemorrhage, lymphatic
tissues necrosis, and liver enlargement in mice
(Pelikan and Carny, 1970b). Single oral doses of
dibutyltin dichloride at 5O0Omg/kg body weight
produced cangestion and inflammation in the lower
part of the bile duct in rats while higher doses
produced necrotic changes in the liver of mice and
rats (Barnes and Magee, 1958; Gaunt, 1968). Bile
duct injury has been observed also in rats and
rabbits following dermal application of dibutyltin
dichloride at 10mg/kg body weight (Barnes and
Magee, 1958). Pulmonary congestion and cedema were
reported in rats after a single intravenous dose
of 20mg/kg diethyl-, dipropyl-, diiscpropyl-, and
dipentyl-tin dichloride, or 10mg/kg dibutyltin
dichloride (Barnes and Stonner, 1058). Some
dioctyl compounds a2t an oral dose of 4000mg/kg

body welght produces changes in germinal centres
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of the spleen and steatosis of hepatocytas in mice

{(Pelikan and Cerny, 1870a’.

Acute doses of some trialkylitin cumpounds
are reported to cause a characteristic lesion in
the central nervous system and some othar tissue
changes. Hedges and Zaren (18697 describesd
papilloedema in monkeys followlng a single
intraperitoneal dose of triathyltin acetate at
0.1mg/kg body weight. A single oral dose of
tributyltin acetate, benzoate, chloride, laurate
or ovleate at 50mg/kg body weight produced fatty
Infiltration of the liver in mice <{(Pelikan and
Cerney, 19688, An aqueous sclution of bis
{(tributyltind oxide produced slight local
irritation when applied to the shaved skin of rats
at lower doses (0.36-0.9mg/kg’, but at higher
doses skin necrosis was observed <(Pelikan and
Cerny, 1968 and 1967>. Skin reaction was also
reported in rats given s single dose of 1Sng/kg
tripenyltin acetate (Kllmer, 1.64)., Both bis
(tributyltln > oxide and +triphenyltin hydroxide

were reporied to cause severe eye irritation and
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sometimes corneal opacity after brief exposure

(Felikan and Cerney, 1968; Mark et al,, 19697,

1.7 Sub-Acute and Chronilg Toxicity of
Qrganotin Compounds

1.7.1 Sub-acute and Chronlec Toxicity Values

Subacute and chronic toxicity wvalues of
organotin compounds are reiatively less 1LLan the
acute toxlcity. The lowest cral dally dose of
dibutyltin sulphate causing intoxication in rats,
during a 7 months chronic exposure was found to be
0, lmg/ kg (Mazaev and Korolev, 19667, For
triphenyltin the lowest dletary level causing
death in rats within 17 days of dally exposure was
reported to be S0mg/kg, =and the lowest leval
causing grawth retardation in the same anlmal was
found to be ZS5mg/kyg as compared to Smg/kg of
triethyltin hydroxide (Klimmer, 1664). The lowest
dietary level of <ftricyclohexyltin hydroxide that
resulted 1in loss of apetite, waight, and
subseguent death in dogs 1s 12wg/kg. This |is
compared to the intravenous LDso of l4mg/kg in the

animal. The lowest 1lavel of the samne compound
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causing toxic effects 1in rats was found to be

25mg/ kg by the same authors (FAQ/WHC, 1971).

1.7.2 BSub-acute and chronlc toxicity

Subacute and chronic exposures +to organotin
compounds have been shown to produce many effects
in experimental animals. When 50mg/kg dibuyltin
dichloride was gilven orally to rats for 3
successive days, savare congestion and
inflampation of the proximal part of the blle duct
and portal vessels, as well as necrosis of the
liver were observed (Barnes and Msgee, 1958; Gaunt
et al., 1568). In anothar experiment, Mazaev and
Koralev (1969) reported changes in the kidneys in
rats treated with dibutyltin dichloride at 0.i and
1. 0mg/kg body welght. Gaunt et al. (1968} also
reported mild ﬁnaemia, growth retardation and
decreased food intake 1in rats kept con a dietary
| level of £0mg/kg dibutyltin dichloride for 69O

Cral administration of dibutyltiﬂ.
digulphide at 0. 1lnmg/kyg body weight for a period of
6 months, caused & decrease 1n the number of
arythocytes and reticulocytes and an increased

percentage af chromosomal aberaticons in bone
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marrow cells, as well as increased mitotic index
in small intestinal mucosa of rats (Mazaev and
Sleping, 1973)>. Dose dependent reduction in the
weight of the thymus and the peripheral lymphoid
organs was seen in rats fed with dioctyltin
dichloride and dibutyltin dichloride at a dietary
level of 80 and 150mg/kg for 6 weeks (Sienen, et
al., 1977). Similar effects on rats lymphoid
organs were seen with diethyltin dichloride and
diproyltin dichloride, but no such effects were
observed with the other dialkyltins or with tri-
or tetra-alkyltin compounds (Sienen et al., 1977),

Triphenyltin acetate at a dietary level of
10mg/kg body weight produced fatty degeneration of
the liver in the guinea pigs, when administered
over a 2-year period. The same drug also caused a
dose-related inhibition of growth rate in the same
animal species when given al diletary levels
exceeding Smg/kg for 2 years (FAO/VHO, 1971).
Decrease in the percentage of haemoglobin and 1in
the number of erythrocytes were reported in guinea
pigs treated with triphenyltin acetate at a
dietary level of 10mg/kg for 4 months. A decrease
in haemoglobin 2nd leukocytes were also seen in
rats after they were kept on a 50mg/kg levels of
triphenyltin hydroxide for 12 weeks (FAO/WHO,

1971). In one experiment with guinea pigs, a
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dietary level of 15mg/kg triphenyltin acetate for
77 days produced a decrease in plasma cells iu the
spleen and in the mesenteric, cervical, axillary
and popliteal lymph nodes. After feeding the same
dose to female guinea pigs for 104 days, a
reduction in immune response to tetanus toxoid
stimulation was observed (FAO/WHO, 1971). In
another experiment a reduction in the number of
lymphocytes and leukocytes, as well as
histological changes in the lymphatic tissues were
observed in female guinea pigs that were on
dietary levels of S5mg/kg, triphenyltin acetate,
and in males on 10mg/kg, for 12 weeks (WHO/FAO,
1971

A dietary level of triphenyltin hydroxide
of S5mg/kg for 90 days, caused a dimunition in the
size of the testes and a less advanced maturation
of the germinal epithelium in rats. However, a
three-generation study of the dietary intake
failed to demonstrate any adverse effect on the
reproductive indices(FAO/WHO, 1971). In another
experiment at a dietary level of up to 200mg/kg
over a 276 day period, Gaines and Kimbrough (1568)
observed a reversible reduction in fertlility in
male rats which was considered to be due to a

pronounced decrease in food intake. Nc effe~t on
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o
reproduction was obtained 1n experiments with
other trialkyltin compounds FAQ/WHO, 1971).

Triethyltin compounds have been observed to
cause depression aof the central nervous system. A
dietary level of triethyltin bydroxide of Z20mg/kg
caused a reversible hind legs weaknegs in rats. A
level of 80mg/kg 1in the same speéies caused
tremors resambling those saern in acute
trimethyltin polsoning (Stoner et al,, 1055) .,
Triethyltin sulphate adninistered to newborn rats
and their mothere at a2 dose of BSmg/litre in
drinking water for four months resulted in the
parailysis of the posterior limbe, severe carebral
cadema and status spongliosus of the white matter
in the mothers (Suzuki, 1971).

Trichlorchexyltin hydroxide was reported to
cauce cholengitis, congestion of the glomerulil and
mild toxic nephrosis 1n rats given the Arug at a
dietary level of 40Umg/kg <(Shirasu, 197C>. The
drug when given to rats at Z%5mg/kg deily for 19
days also produced intra~ and extra hepattc
cholengitis, toxic nephrosis and gastroeuteritis
(FAQ/WHG, 19%71). A slight reductlon in weight was
also reported in rats receiving a dietary level of

25nmg/kg of the drug for 80 days (Shirasu, 1970}.
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1.8 Objectives Qf The Current Fraject

Twa crganotin compounds tri—n—butyltin
acetate (TBTA) amnd +triphenyltin acetate <(TPTAY
have been synthesized locally at the Department of
Chemistry, Ahmadu Bello University. These
compounds were found to possess fungicidal action.
Current studies 1In our microbiology laboratory
have suggested that these compounds could be
useful in controlling yam rot. Since yam is a
popular Nigerian food craop, it would be necessary
that the chemicals are evaluated for human safety
before use. Scme preliminary toxicity studies have
been done on the <{wo compounds (Esievo, 1984,
Lodhi, 1985). This project however, is the first
attempt at intemsively investigating these +two
chemicais for their mammalian toxicity. Acute and
sub-chronilc toxicity studies would be done in the
rat to determine the effect of =a high level
one-time exposure to these compounds as well as a
moderate but preolouged exposure fo the compounds
as would be the case in diets. Histopathological
and post-mortem analysis would be done to
determine if there are subtle but significant
damages that a prolonged use of these compounds'in
food crops may provoke. The study is specifically

designed to:
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i) determine the median lethal dose (LDua?

of TPTA and TBTA in rats,

ii)> observe and record the clinical
signs and post-mortem findings

of treated rats, and

ii1> wuse the toxicological data obtained
from the study to assess the safety

of these compounds in food crops.



CHAPTER TVO

2.0 MATERIALS AND METHODS
2.10 MATERIALS

2.11 TEST CHEMICALS

Tri-n-butyltin acetate (TBTA? and
triphenyltin acetate (TPTA) are the two organotin
caompounds that were tasted. The chemicals were
synthesized at the Department of Chemistry, Ahmadu

Ballo University (ABU) Zaria, Nigeria.

2,12 QTHER CHEMICALS

Twean 80 (Polyoxyethlene sorbitone
monoleate) was usad to suspend the test chemicals,
It was obtained from Sigma Chemical Cowmpany, St.
Louis Missouri, U.S,A.

Formalin 10% (May and Baker Dagenhamn
England) was used for fixing the tissues prior to
their processing.

Absolute alcohol! (Hopkin Williams Chadwell
— Heath Essex, England) was used in processing the

tisesues.

30
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2.13 IEST ANIMALS

The test animals were adult ablino rats
(males and females)? which were inbred in the
Animal House, Faculty of Pharmmceutical Scilences,
Ahmadu Bello University..ﬂdditianal animals weare
obtained from the Faculty of Veterinary Madicine,
A.B.U. Al]l the rats used were first observed for
two weeks prior to admission into the experiments.
Any animals that showed apparent ill health ware

aexcluded from the experimant.

z2.14 ANIMAL FEED
Commercial Pfizer feoed pellets (Pfizess,
Ixeja, Lagos ¥igeria) were used to fecd the rats

throughout the period of study.

2.1%5 APFPARATUS
1. Pestle aud Mortar was used for the preparation
of test chemical solutions used for the

experiments,

2, A Vortex Mixer 220/250 V A.C. (stuat U.K.>, was
used to shake each individual sclution pricr to
its injections. This 1s top allow for more even

disparsion of the test chemical sglutions.
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3. 1 and 2ml &yringes and needles were used far

oral injection of the test chemical solutions. The

needle (21¥0) was bent at Qo= its sharp end was

cut off and covered with a rubber (Polyethlene)

tubing to allow for easy and safe injection into

the cesophagus of the test animals, The other end

was connected to the syringe ocontaining the tost

chemical solution,

4. 20ml Universal bottles were used to store
prepared solutions of test chemicals and tissue

specimans.

5. EDTA Bottles {saeward, U.K.) were used in

collacting bload for haematological test,

6. Avery balance <(W. and T. Avery limited -
Birmingham, BHEngland) was used in waighing the

experimental anlmals.

7. Mettler balance (P, 162 Gallen Kamp U.K.) was

used for welghing the TBTA and TBTA, as welil &8s

for waighlng Organs and tissues of posted animals.

& Non reactive and water soluble red mmrkers

(Steadtler, Germany K@ 352) were used to mark each
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individual rat on the tail for the purpose of

identification

S. Plastic cages (53cm x 38cnm x 20cm, E.X. - Brown
Ltd, London, U.K.) were used to cage the rats. 5
animals of same sex wers kept In each cage to give
enough room, and to avold pregnancy during the

peiod of experimentation.

10, 250ml and 500ml plastic bottles were used to
keep drinking water for the experimental animals.

The waver was changed after every 2 days.

2.20 BEXPERIMENTAL METHODS

2.21 PREPARATION QF TEST CHEMICALS S0OLUTIONS
Salutions of the +test chemicals were
prepared by triturating a weighed quantity of each
campound with a measured volume of 5% Tween 80 V/V
using pestle and mortar. The prepared solutions
were stored in 20ml Universal bottles, and kept at
raoom temperature for a maximum of 7 days after

which new ones were prepared again,
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2.22 ORAL ADMINISTRATION QF TLST CHEMICALS

The test chemicals were administratered
orally by ingserting the curved end of a needls,
coverd with polythene tubing i1nto the cesophagns
of the rat, and injecting the test chemical
solution contained in the syringe that was
connected st the other end of +the nesdle. For
acute tests the administration of each dose was
done once. In case of sub-chronic test the
administration was done 3 times in a week for 5
consacutlve waeks.

Five increasing dose lavels 0of each
conpound wera used for the axploratory
(Preliminary} and final acute tests. 2 and 4 rats
per dose level werza used for the first and second
exploratory tests respectively, and 10 <5 males
and 5 females) were used for the final test, 10
control rats (males and females) each received
0.5m1 5 percent Tween "80" orally. The animals
wara observed for 24 hours for acute toxicity
signs and symptoms.

Thres gecmetrically selected dose levels of
each compound were used for the sub-chronic test.
A 85 percent Tween "80" was used as control. Ten
aninals (5 males and 5 females) were used for each
dose level and also for the control, as ia the

acute test. The volume of Twaen "80" injiected is
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the maximum volume gliven as test chemlcals
solution. The animals treated were observed daily
for 5 waeks for sub-chronic toxicity symptoms and
death. Every weaeak, body welight and daily feed
consumption of each individual rat was recorded.
Post mortem was performed on all animals used for
the sub-chronic test and on sone dead animals usad

for acute test.

2.23 DETERMINATION OF MEDIAE LETHAL DOSE (LDuc)

The per os median lethal dose of sach teast
chemical in rats was determined using standard
procedures (Aliu and Nwuds, 1982). Twc pllot tesis
were first carrled out by gilving % increasing
doses of each of the test clemicals to small
groups of rats of the same sex. Tha doses were
selected logarithmically, and ths lomst dose thet
killed all animals in a group Iin the pliot tests
one and two were used as focal points fcr the
determination o©f dose range to be uged in
subseguent experiments.

In the first pilot test, a pair of rats
each recelved one of the five dose levels selected
at 0.6 log (factor 4> interval, and in the second
test, 2 palrs each received a dose selected using

a factor of 1.4 (log 0.15).
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The final tests wers carried out using a
factor of 1.3 (log 0.11) and 1.2 d{log 0.08) for
TBTA and TPTA respectively. Fifty normal healthy
rats (average welight, 160g) were used for the tast
of each chemical. The animals were divided intoc 3
groups of 10 rats (0 meles, and § females). Each
group was given a predetermined dose of the
appropriate chemical. A control group of 10 rats
(6 males, 5 females) recelved 0.%5ml {(each) of 5
per cent Tween '80". The nuwmber of animals that
died within 24 hours were noted for each group.
The surviving rats were obsarverd for 14 days for
delayed toxicity symptoms.

The LDme was calculated by Arithmetic
method of Karber <(Aliu and Nwude, 1982), and by

Millar and Tainer (1944} graphic¢ method.

2.24 GROSS AND HISTOPATHOLOGICAL STUDIES

1. Necropsy

Post-mortem examination was rerformad on
some animals that died during the acute tests and
all the animals used for sub-chronic experimsnt.
These studies were conducted with the assistance
of a veterinary pathologist in the - Department

of Veterinary Pathology and Microbiology, Ahmadu
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Bello University Zaria. Gross pathological changes
were rennrded following visual examination of the

posted animals.

2. Iissue FProcessing and Seciioning

Fresh samples of the brain, liver, kidney,
lungs, heart, intestine, stomach and spleen from
both treated and control rats were fixed 1in 10
percent forpal-saline., Tissue slides of 3-4cm
thickness werc cut from each organ for procesing.
The cut tissues were transferred to the automatic
Lisgsue procassor where they were further fixed in
10 perrent DLuffered formal-saline for twe hours
aud Jehydrated for 2hr in each of an ascending
grad= of alcohol (70%, ©90% and 100% v/v). The
dehydrated tissuee were then cleaned in xylene for
2hr and the tissues impregnated . in molten
paraffin., This lasted for two hours, after which
thae tissue slices were left to cool. The sections
were then trimmed and sectioned on the microtomne
at 5 ailcrons. The sectlions were then flooded in a
warm water bath, attached to slides and dried on a

hot plate and stained.
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3. Staining of Sectioned Tissue
Haematoxylin and Eosin Stain (H&E stain?

The sections were dewaxed 1n xylene, and
rehydrated in descending grades of alcohol: 100%,
0% and 70%. Thev were then stalned in
haematoxylin for 10min, differentiated in 1% acid
alcohol, blued in Scott's tap water and stained in
eosin for 3min, They were then rinsed and
dehydrated in ascending grades of alcchol
eclution: 70%, ©0% and 100% and finally, cleaned
in xylene and mounted in Pox.

These slides were examined microscopically
for lesions with the assistance of a Veterinary
Pathologist at the Faculty of Veterinary Medicline,
Ahmady Bello University, Zaria. Photographs of any
lesions of interest were taken for illustration

"and record keeping.

2.25 HAEMATOLQGICAL EXAMINATION

Haematological examinations were per formed
on &ll the rats at the end of +the experimeant,
using standard methuds. The blood for the tests
was obtained by cervical decapitation cf rats and
draining sufficient quantity of blood inte 3swo

separate bottles (EDTA and plain bottles),
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Haematocrit (Het) values were determined by the
microhaematocrit method. Total Red Blood Cell (RBC) and
¥hite Blood Cells (VBC) counts were determined using the
Coultar Counter. Differential count was performed accardinag
to standard progedure as described by Coles (1974). The
sample blood smear was made by carefully a small drop of
uncoagulated bload in the middle nf a clean glass slide &and
spreading it with a spreader. This blood smear was air-dried
and then fixed in ethanol for & niutes. It was then stained
with Giemsa stain for 20 minutes, rinsed in tap water and
allowad to air dry again., The differential count was done by
examining the slide under a light microscope under &an oil
lmmersion lens.

The mean blood counts obtained for each treated

group of rats was then compared with those of the controls.

.26 CTATIGTICAL ANALYSIS

The statistical compariscn of the mean organ/bedy
weight as percentage ratios and the hasmatological values
for each group of experimeutal rats and centrol group were
conputer analysed using the University of Minnesota Fortran
computer, version B-0-77/03.24. The comparative analysis was
made using a Sudent t-test at a 5% (P<0.05) level of

significance.



CHAPTER THREE

3.0 EXPERIMENTAL RESULTS

3.1 ACUTE TOXICITY TESTS

The results of the acute toxicity tests for
TBTA and TPTA are as shown in Tables I to IV and
Figures 1 and 2. The tables indicate the various
doses of the chemicals administered per group of
rats and the number of death recorded within 24hr
of dosing. These data have been procaessed for the

calculation of LDso by two methods

Median Lethal Dese (LDmo) Caloulation

The median lethal dose values per os of
TBTA and TPTA were determined from these data by
Karber (Aliu and Nwude, 1982), and also the Miller
and Talner (1944) methods. The values are 2067.54
and 206.0, and 402,38 and 399.50mg/kg for TEBTA and
TPTA respectively. The Arithmetic Method value
was calculated by substracting the sum of the

praduct of the mean dead and the dose difference

40
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quotient from the least dose that killed all the
animals. The graphic method involve plotting a
graph of data, 10 to 90% effect, on logarithmic
probability graph paper. The LDuo values were read
off directly from the plots for TBTA and TPTA as
the dosage values at 50% from the straight line

fit plot,.
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Table 1
Data from the dose of TBTA administered and
the resulting |Mortality Rate Rocorded

within 24br Period.

Expt Rat Dose Administered pér oF Aninals Lose Differential X
§roup ag/kyg Differential Dead Mean Qead Mean Daad
] 160 0
48 . 0.5 24
2 208 1
k2.4 3 187.2
3 270.4 &
811 ] 486 .6
A 35,8 7
105,48 8.5 896,58
5 455 48 1

Total 1594,38

Caiculation of LDmo
LDse = 456.98 — 1594.38/10
= 456.98 — 1589.438
= 207.542
The LDme (24> for TBTA (tri-n-butyltin acetate) woas
calculated to be 297.54mg/kg by the Arithmetic

Mathod of Karber.
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Tabtle 11
Data for the determination of LDso of TBTA

by the graphic method of Miller and Tainer

Expt Rat  Dogse wg/kg Animal Percent Dead Corrected
droup per os Dead Survived Percant Dead
] t&n 0 n 0 0,25
2 208 | S 10 10
3 21,4 5 5 1 B0
4 351,58 7 3 76 70
§ 456,99 10 ¢ 100 97.%

Corrected Percent Dead Factor:

For 0% : 10€0.25)
n
and for 100% 100(n-0.25)>
“““““““ i
n

where n is equal to the number of animals in each

Frouvp.
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Table IIl
Data from the dose of TPTA Admianlsterad and
the Resulting Mortalivy Rate Recorded

within 24bhr Period.

gExpt Rat  Oose Administered per os Animals Dage Differential X
Group my/kg Diffarential Dead MNean Oead Mean Dead
1 250 n

50 . 0,5 25
2 .%0 ' oo

&0 : 2 _ 120
3 360 3

I _ 4,5 CAu
4 432 g

g%, 4 8 91,2
5 5184 ) 10

Total 11802

Calculation of LDua:

LDse = 518.4 - 1160.2/10

518.4 - 116,02

402,38
The LDwmw(24hrsd) for TPTA (triphenyltin acetatea)
was calculated to be 402.4mg/kg by the Arithmetic

Method of Karber.
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Table 1V
Data for the determination of LDs«o of TPTA

by the graphic methocd of Miller and Tainer.

- - - - -

Expt Rat Dose mg/kg Animal Percent Dead Currected
Group per os Dead Survived Percent Dead
1 250 0 10 0 0,25
2 300 1 9 1 10
3 360 3 7 3 30
4 432 6 4 & &0

5 518.4 10 0 10 97.5

- —— -
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- FIG.1. Determinaiion of LDS0 of TBTA Using graph:
Corrected *fe Mortality against Dose in mg/kg
( Rat).
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FIG2. Determination of LD50 of TPTA Using graph:
Corrected °/o Mortality against Dose in mqg/kg

Rat
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3.1.2 CLINICAL OSYMPTOMS AND SIGNS

Iri-n-butyltin Acetate

All rats orally dosed with tri-n—butyltin
acetate - TBTA, 160mg/kg and above showed signs of
dermal and gastrolintestinal irritation. This
manifested as excessive rubbing of the mouth and
abdomen as well as hind limb stretching within one
kour of oral injection of the chemical.

Other symnptoms were alsoc observed within
24bhrs of TBTA administration. Sedation was seen in
animals recelving doses above 160mg/kg; this was
followed by raplid and shallow breathing, sweating,
dyspnoea and finally death. Death started to occur
5~10hrs after drug administration in rats given
208mg/kg, and in those rats receiving higher
doses. Death was immediately preceded by tonlc
hind limb extansions, and convulsions. There was
alcso loss of appetite generally.

In the low dased surviving rats, dyspnoea
ceased within 2-3 days while sedation continued
until death. In the high dose groups,
incordination, loss of body reflex, severe occular
inflammation, frequent and prolonged tendency to
Ilying on the back were also ocbserved i1in the
surviving animals. Hair loss <{(alopecia, Fig. 3),

scaly limbs and soft faeces were also seen in
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addition to the above signs in two surviving rats
given 400mg/kg during one of the pilot tests.
However, this sign was not observed in subsequent
testing. The hair loss was most conspicuous on the
10th day after the administration of the compound.

Only the lower <dose groups (160 to

208mg/kg) rats recovered completely after Z24hrs.

Iriphenyliin Acetate (TPTA)

Signs o©f acute toxicity similar Lo thosa
seen within the first Z24hrs ol TBTA
administartion, waere also obcerved with
Triphenyltin acetate. However, with TPTA the signs
were less severe, and they had longer times of
onset and duration of persistence. Time before
death was also much more prolonged with TPTA,
occuring after 10-16hrs of oral administration.
Also unlike TBTA, marked excitatlon was observed
with the lower non-lethal doses, and depiression
was observed with high lethal doses of TPTA.

In the surviving rats ceasation of dyspnoea
followed by prolonged sedation was also observed
as in TBTA. Most of the surviving animals

recovered completely within 2 weeks of
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Figure 3

Alopecia observed in Rat treated with
an acute dose of 400mg/kg TBTA.

The Albino Rat
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being dosed with TPTA unlike the case of TBTA in
which the surviving animals recovered completely

only after a time period of 4 weeks.

3.1.3 GROSS AND HISTOPATHOLOQGICAL FINDINGS

Tri-n-butyltin Acetate
250mg/kg: Four cut of the 10 rats died. A giuss
post mortem examination of +Lhe rats revealed
congestion of the hrain, heart and lungs. This was

observed 1n most of these dead rats. Peiechial
|

haemorrhages as well as empty etomach and
intestine (sign of starvation) were seen in one of
the rats 1in addition to the above leslions. AlsoI
two of the rats showed an additional oatarrhall
enteritis. ' : : ' o

Histopathologic examination revealed <ihat
four dead rats had severe 'cuhgeaticn and
haemaorrhages 1in the lungs and brain (Figures 4
and 5). Mild congestion of the liver, petechial
haemorrhage in the kidney as well as destructinn|

of intestinal mucosa {(Figure 6). No lesions were

observed in the heart.



400mg/kg: At necropsy 4 out of the 7 dead rats
showed congestion of the brain, heart and livaer as
well as oatarrhal enteritis., Twa of the rats
showed haemorrhagas in the brain aud intestine and
cystitis in addition fo the abaove lesicns., Cne rat
also bhad congestion of the kidney tissues. In two
of the rats empty stomach =and intestine was:
observed, probably indlcating lack of food intake
during the period of observatlion. ;

| The histopathological observations were
similar to those of necropsy. All the major organs
showed severe congestion and haemorrhage. For the
rats which received lowar dose (250mg/kg) of the
drugs, severe pathologic sffects were only
observed in two organe namely, the lungs a2nd the
brain. In addition to the severe congestion in the
organs, the lung tissue also revealed interstitial
pneumonia and thickening of the alweoli septae in
one of the rats. There was also complete necrosis

0f the intestinal villi.

I:LphﬂnélilnﬁAQﬂiaia_ilﬁlAL

350mg/kg: Two out of the ten rats died. At

necropsy, beth rats showed congestion of the brain

I
and heart tissues, as well as haemorrhages in the

lungs. One of the rats alsoc showed congastion and
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petechial haemorrhages in the intestine and liver
tissues respectively, in addition to the described
lesions., One rat could not be posted.
Histopathologic examinations showed no
lesion in the heart and spleen. Illowever, severc
congestion and haemorrhages were observed 1in tke
lungs of both rats. Whilc the kidrney, livers and

brain showed only slight congestion.

500mg/kg: 6 out of the 10 rats died within 24hrs. At post
mortem, congestion of the braln as well as petechial and
generalised haemorrhages of the liver andlungs respectively,
were observed. Five rats showed congestion of the liver,
while two others showed catarrhal eneteritis. The intestines
were empty in 2 rats and these ones had no enteritis.

A moderate congestion of the liver (Figure 7), bLrain
and kidney (Figure 8) was observed in the tissue slides of
all the € dead rats. However, petechial bhaemorrhages were
seen only in the tissueslides of the kidneys. Also, as in
the two dead rats dosed with 350mg/kg, there was severe
congestion and generalised haemorrhage in the lungs. There
was also exfoliation of the stomach/intestinal muccsa. The
picture 1s somewhat similar but more severe with that of the

350mg/kg dosed rats.



Da

Figure 4
Part of the lung showing severe congastion in rat

pretreated with an acute dose of 250mg/kg TBTA. x400

Figure 5
Part of the brain showing severe congestion in rat

exposed to an acute dose of 250mg/kg TBTA. x250



Figure 6
Severe destreucticvn of intestinal mucosa in rat
exposed to 250mg/kg TBTA. x250

Figure 7
¥oderate congestion of the liver in rat exposed
to an acute dose of 500mg/kg TPTA. x250
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Figure 8
Part of the kidney tissue showing moderate

congestion in rat treated with an acute dose

of 500mg/kg TPTA. x 250
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3.2 SUB-CHRONIC ITOXICITY STUDIES

3.2.1 CLINICAL SYMPTOMS AND SIGNS

Tri-n-butyltin Acetate (TBTA)

Excitenment and dermal irritation
characterised by excessive scratching of the mouth
and nose were always observed within one hour of
injection of the highest and middle doses (16
ng/kg and &mg/kg) of TBTA respectively. These were
usually followed by mild sedation - especially in
the highest dose group. The lowest dose and
control groups did not show these symptoms and the
symptoms disappeared within 24 hours.

However, towards the end of the 3rd week
some rats in both the highest and middle dose
groups started having persistent sedation,
followed by a prolonged shallow breathing which
usually ended in death. 5 and 3 rats from the
highest and middle dose groups respectivaly died

after the 3rd week.
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Triphenyltin Acetate (TPTA2 . g

Very mild dirritation was obsé;vadf in the
highast dose group, but aggressive behaviour was
always observed few hours after the injection of
the drug. Laboured breathing was also seen as in
TBTA, but thisc was more pronounced in the last
weak of the aexpriment. 3 and 4 rats from the
highest and middle dose groups died. The desath was
mainly due to injurlies sustained from the fighting
with members aof +the group in the case of the

middle dosa group.

3.2.2 NECROPSY FINDRINGS

3.2.2.1 Qrgan/bady Weight ratios

'fable V shaws the result of organ/body
walght percentage ratios as determined for both
treated and contral rat groups. There were
significant decreases only in the cases of lungs,
kidneys and spleens of some treated groups
{(marked by asterix on the table V). For lungs,
there was also a slgnificant decrease 1In the
organ/body weight percentage ratio for the groups
of rats ftreated with 16 and 8 mg/kg (highest and

middle docses, respectively) TBTA as well as the
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highest dose of TPTA (20 mg/kg). And for kidney
the decrease is significant in rats treated with
the highest and middle doses of TPTA (20 mg/kg and
10 mg/kg respectively’.

There was significant decrease in
spleen/body weight ratio only in the highest dose
group for TBTA and TPTA. The t-values are highest
in the case of the highest dose levels, signifying
more decrease 1in the organ/body weight ratio

percent.
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Table V

mean organ/body welght perceant ratio of rats
exposed to TETA at 16, 8 and 4mg/kg in groups
A, B and C respectively, and TPTA at 20, 10
and Sumg/kg in groups D, E and F respectively

over five weeks

VEIENT DF DRGANS : SD

froup  KIDNEY LUNGS LIVER BRAIN HEART SPLEEN

A 0,9475 0,8012* 340 0,8023 ¢,3150 0,2687*
10,0475 #0,1178 0,344 10,126 1G, 0541 10,0438

B 0,8474 0,5084* 3,5084 £,8064 0,373 047
10,1996 20,0981 £0,292 10,219 10,067 0,093

¢ 3,890 0,93§ 3,7618 0,7992 0,3850 0.594
20,1217 10,219 £0,2791 10,146 £0,0829 10,056

b 0,726* 1,0519% 3,4413 0,7908 0,219 0.9313
£0,0276 16,374 0,692 10,782 10,0769 10,0647

E 0,7894* 1,0563 3,504 0,7858 0,3427 0,559
&0, 0641 10,1475 10,2141 £0,066 10,0566 10,375

F 0,996 1,0M0 3,8858 0.8146 0,3229 0,590

£0,0782 10,1667 10,3410 £0, 0666 10,0323 10,0838

g ¢,9471 i, 1128 3,757 0,853 ¢,3482 f,5%63
0,099 10,0581 10,347 10,117 t0,0517 10,056
§ = control

* = gignificant decraase
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3.2.2.2 Gross Pathological Fipdingg

Iri-p-butyltin Acetate (TBTA)

Lungs, liver and intestines were the only
crgans found to have lesions 1in the pretreated
groups. Ho gross lesion was abserved in any of the
control rats, |

Three rats pretreated with 16mg/kg TBTA had
pneumonia, congestion and haemorrhage 1in  the
lungs; and two others had petechial haemorrhage in
the liver and intestine. Also 3 rats on 8mg/kg had
petechial haemorrhage in the lungs, while two from
the lowest dose Ang/kg) group had hsemorrhagic

liver only.

Iriphanyltin Acetate <(TPTA)

On visual examination of +the organs of the
pretreated groups, only lungs and gastrointetinal
tract were shown to have leslons. Most of the rats
in the highest dose (20mg/kg) group had petechial
harmorrhage in the lungs. 3 rats from i0mg/kg dose
group had congestion, haemorrhaga and abscess of
the lungs respectively. Twe of these also had
haemorrhagic 1intestine. Only two rats from +the

lowast dose (5mg/kg) group had haemorrhagic lungs.



Group 1 J&mg/kg): Most rats in this groups had

congestion and haemorrhages as the main
histopathologlcal lesion.the lesion appear to be
dose related as it is more severe in those rats
that survive up to the end of the experiment. It
was In few cases accnmpaniled bj necrnsis and
interstitial preunmonia with infiltration of
macrophagas (Figure ), as well ac enphysemna
(Fitgure 10) which indicate laboured respiration
that was obssrved as the major symptom of TBTA
toxicity in this study. The 1liver was +the next
nrgan in nrder of the occurance and of severity of
damage; up to 5 rats in this group showed mild to
savare congestion (Figure 11)>. On2 rat had slight
congestion in the heart, as well as congestion and
thickening of the blood vessels of the spleen.
Another rat had congestion of the brain and miid
congestlon of the kldney. Also in most of the rats
there was massive destruction of the intestinal
mucosa. None of the control rats had any of thaesa

lesions under histopatholagical examination,
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Group 2 {8mg/kgd: Three rate in this.grnup had

moderate congestion 1in the lungs, only one had
congestion together with hasmorrhage and
infiltration of lymphocytes and neutrophils
(Figure 12). This 1is another indication of dose
dependency of lung lesion as regards to TBTA. As
in group it above liver is the next organ in order
of severity of leslon, up to 3 rats had
congestlon. Two rats had exfolliation of the
intestinal mucosa. ¥o other organs apart from the

ones mentioned above showed any lesion 1in this

group.

Graoup 3 <(dmg/kgl): only 2 rats had areas oaof

petechial heemorrhage in their iungs and cne had
expoliation of intestinal wall. No lesicn was

observed in other organs.

Group 4 (controll: only one rat had mild
destruction on mucous membrane in the stomach. One

control group was used for both TBTA and TPTA.
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Group 1 (20mg/kg: Histopathological examination

indicate mild toc severe leslons In +the lungs,
intestine and kidnevs as well as in the brain. No
lesion was observed 1m the llver as compared to
that seen in the highest sub-chronlc dose of TBTA
{16 mg/kg above). Also other organs were not
aifected.

¥ost rats 1n this group had mild to saeverse
Qongestion of the lungs. This was accompanied by
massive infiltration of lymphocytes arcund the
bronchioles in 2 rats. Three rats had severe
exfolimtion of mucosa, 2 had severs nephrosis
{(figure 13), and another 2 had mild congestion in
the brain in addition to the _;angastian of the

lungs.

Group 2  (i0mg/kgo: Congestion and petechlal

haemofrhage of the 1lungs as well as kidney
wephrosls were seen in 3 rats of this group. In
addition there was mild haemorrhage in the brain
and destructicon of iIintestinal mucosa In 1 and 2

rats of this group respectively.



Figure 9
Part of the lungs showing severe congestion and
interstitial pneumonia in rat exposed to sub-
chronic doses of 16mg/kg TBTA. x 400

Figure 10
Part of the lung showing emphysema and severe con-
gestion in rat treated with sub-chronic doses of
16mg/kg TBTA. x 250
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Figure 11
Liver tissue showing severe congestion ip rai
expcsed to sub-chronic doses of lomg/kg TBTA., x 250

Figure 12
Part of the lungs showing massive proliferation
of lymphocytes and neutrophils in rat exposed to
8mg/kg TBTA for Sweeks, x 250
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Figure 13
Part of the kidney showing severe nephrosis in rat
exposed to 20mg/kg TPTA for Sweeks. x 250



1.

Group 3 Omg/ ke One rat had suppurative

pheumonia and mild disfuptiun of nmucosa menbrane

of the intestine.

3.2.3 HAEMATOLOGY FINDING

Mean Dblood wvalues obtained from both
pretreated and control groups are shown on table
VI. There is no significant difference in the Red
Blood Cell (RCB» count and Haematocrit (Hct)
values between the treated and the control groups,
and ail values are within the normal range.

The vﬁlues for total leucocyte (WBC)Y count
ware alsoc within the npormal range of 5,@00—
25, 000/mm™ reported for rats (Schemer, 1956)1 Even
though the wvalues im all *treated groups differ
from the control group, the difference is not
significant.

- There i1is nao slignificant change 1in the
neutrophil (Neut) count between all the +treated
groups and the control group.

Only group D (2ZO0mg/kg TPTA) and E (1lO0mgrkg
TPTA) showed significant decrease in L(he mean

lymphocytes (Lymh) count compared to the control

group.
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In the case of monocyte (Mono) there is
significant decrease only batween group D (20mg/kg
TPTA) and the control. All other groups show no
significant difference with +the control. For

eosinophlls (Eos) only group D and E differed with

the contral (Table VI>,



Table VI
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Mean blood values of rats exposed to TBTA

at 16,

respectively and TPTA at 20,

8 and 4mg/kg in groups A,

B and C
10 and Smg/kg

in groups D, E and F respectively over five

waeaks,
BLOOD VALUES 5§, 0D,
Group Het REC Vel Neut Lysp Eos Mong
H LT 1000/n0 H H H 1

A 40,3 8,250 £,066,667 26,00 74,333 0,333 0,667
17,313 19,178 t 865,384 27,118 23,210 20471 10,943

R 41,429 8,221 . 6,214,286 26,86 74,300 0,286 0,443
13,289 10,778 t 842,494 2 4320 12,828 10,452 10,380

¢ 40,80 8,225 §,930,00 21,60 78,00 0,200 0,400
15,724  #1,0% t 885,494 t 4,716 17,183 20,400 10,663

0 41,M 8,164 £,885.714 27,143 71,14 o4 1,897
11,927 10,579 + 762,381 £ 3523 4,549 10,881 21,457

E 42,167 8,383 6,200,00 29,667 €8,3n 0,667 0,500
12,267 10,358 $ 667,992 +3.49% 15,121 20,943 10,764

F 40,00 8,05 §,710,00 26,90 78,40 0,300 0,400
13,715 20,648 170490 ¢ 4,085 24,086 10,640 10,663

€ 40,3758 8,056 5,728,00 %,75 718,50 0,28 0,75
12,781 10,89 $ 145,37 23,491 4,28 10,433 20,829

§ = Control group



DISCUSSION

4.1 Acute Toxicity

The result of acute toxicity test with TBTA
and TPTA (section 3.1) showed a moderate acute
oral toxicity for these compounds in rat. The
difference between the LDso for TETA (297.54mg/kg)
and TPTA (402.38mg/kg) as stated earlier (section
1.6.1) could be due to the nature of the organic
groups attached to the tin atom (Neumann, 1967).
The lower the group the higher the toxicity, hence
in this case the butyl group in TBTA is expected
to confer higher toxicity than the phenyl group
found in TPTA.

There is wide variation in the LDso figures
reported in the literature for both compounds,
even though most reports show the compounds to
posses intermediate and specie dependent toxicity.
In rat studies oral LDso of 380.2mg/kg (Neumann,
1967), 380mg/kg (Poller, 1970) and 287mg/kg
(Esievo, 1984) were obtained for T?TL. And for
TPTA 125-150mg/kg (Poller, 19703, 491mg/ kg

(Stonner, 1966) and 340mg/kg (Lodhi, 1985) were

71
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also reported. The LDso in this study therefore,
is comparable to some of the reported LDs« values.
Both Esievo (1984) and Lodhi (1985) used the same
chemical source with the present study and
probably the same specie of rats, hence the slight
difference between our result and theirs could be
due to differences in batches used. It was
discovered during the course of our pilot testing
that two different batches of TBTA in particular
differed in severity of effects. This necessitated
the use of one batch for all the studies. However,
previous studies have not reported any differences
in LDso wvalues due to differences 1n chemical
shelf life.

In this study as in that of Esievo (1984)
and Lodhi (1985) the signs and symptoms of TBTA
and TPTA poisoning indicate neurotoxicity and the
involvement of the respiratory center. The
symptoms are quite similar in both TBTA and TPTA,
However, in TBTA they are more severe. Also the
severity is more at higher doses.

The similarity in symptoms could suggest
similarity in mechanism of action for TBTA and
TPTA. Aldridge (1976) attributed the mechanism of
toxicity of all +trioganotin compounds +to the
derangement of the mitochondrial function which

also result into the wuncoupling of oxidative
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phosphorylation. Stock et al. (1970) showed that
the order of effectiveness for triorganotin
compounds in inhibiting coupled respiration was
Tributyl > Tripropyl > Triphenyl > trimethyl.
Earlier, Moore and Broody (1961) have suggested
the dnhibition of +the hydrolysis of adenosine
triphosphate {(ATP) and vuncoupling of oxidative
phosphorylation teking place in the mitochondria
to be a general cellular mechanism of ¢tin
toxicity. Symptoms like loss of appetite might be
saecondary to the respiratory effacts. Skin
irritation could be due to rapid absorption by the
skin in c2se of TBTA. TFTA is sald to e poorly
absorbhed by the dermis (section 1.5.12

Congestion, haemorrbages, aad necrosls are
the main lesions absarved in various organs.
Congestion i1in the 1lungs 1Is moure pronounced,
especially a2t higher dose of both TBTA and TPTA,
The lesions sugrest a direct effect of the
chemicals as evideanced by the presence of ¢ellular
lnfiltration which serves to clear the debris of
dead tissues. It could also be secondary to the
uncoupling action aof TBTA and TPTA which rezult in
the shortage of ATP in 211 tissues and organs of
the body. The consequence of <this 1s the

inhibition of alt cellular functions including
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respiration and subsequent death of tissue or the

animanl itself,
4.2 Sub-Chronic Toxicity

The result of sub-chronic toxiclty test in
rats for this experiment indicate that doses up to
4mg/kg TBTA and 5Smg/kg TPTA could not be used
directly in mammals up to 5Sweeks without any
adverse effects, However, they may be ogkay if
incorporated in  food. Moreover the minimum
inhibitory concentrations (MIC) obtained against
the specie of fungl that cause yam rot is far
below these 1levels for both TBTA and TPTA
(Olunrinola et al., 1988)>.

In this result as little as 8mg/kg TBTA and
10mg/ kg TPTA resulted in the death of some of the
exparimental animals. Thiec indicate a i1ow lethai
value for sub-chronic test. Howaver, for
organotinse sub-acute and chronic toxicity levels
ars observed to ba far less than the acute
toxicity vwvalues. Mazaev  and Korolev {1969
reported death at a level of 50mg/kg TBTA when the
drug was given to rats in the diet for 17 days.
Klimmer (1964) recorded loss of appatite, welght
gain and death in doges at a level of 12mg/kg with

cyclohexyltin hydroxide given in the diet. Moreover
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some of the recorded death in our study could also be
attributed to infection, because scme rats died as a result
of injuries sustained from their partners. The presence of
infiltration in some rats' tissue (section 3.2.2.3) seem to
confirm this.

The symptoms cbserved during sub-chronic exposure
with the chemicals show reversibity and a good correlation
with dose. Howevar, there was no good correlation with the
lesions observea especially in casa of TBTA.

The results of the grose and histopathologic
examinations of the sub-chromnic study in rats revealed the
presence of leslous in many organs. The cbserved lesions
were in some instances accompanied withk cellular
infiltration and haemaorrhages, depending on the given dose
of administered tcxicant.

Histopathological examination shows the lesiouns to
be more extensive in the lungs, liver, intestine and kidney.
The significant reduction Iin reported organ/bady ratios
(Table V) for lungs and kidney of higher dose groups serve
to comfirm the severity in these organs. In the litterature
sub-chronic doses of organotin were shown to produce many
lesions. (see introduction) The nechanism of formation of
these lesion might be related to be eifects of the TEBIA and
TPTA on the production and breakdowa of the ATP ia the

nitochondria mentioned earlier in the discussion.
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4.3 Haematological Findings.

The mean values of haematology parameters
obtained in this study did not differ from the
normal range for rats (Schemer, 1958). However,
some significat differences were obtained between
the control and treated groups in some parameters.

There was significant decrease in the mean
lymphocytes count for 20 and 10mg/kg TPTA-treated
groups. A reduction in the number of lymphocytes
and leucocytes were recorded in female and male
guinea pigs on dietary level of 5 and 10mg/kg
TPTA, respectively in a 12 weeks study (WHO/FAO
1971). Monocytes and eosinophil counts also
differ from +the control for the two groups
mentioned above (Table VI). These differences in
casa of the rat group treated with 10mg/kg TFTA
might have arisen from the infections that
developed in few of them as a result of injuries
they sustained. Since some of these cells are
associated with infections. Godwin, et al. (1964)
found an association between disease and changes
in some blond parameters. He reported high values
for WBC, neutrophil and monocytes and lower values
for lymphocytes in diseased rats as compared to

the healthy ones.
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4.4 Conclusion

If sufficient precaution 1is taken 1in
application, and moderate doses are used, the
residual levels which one would encounter in yam
seedling pre-treatment with TFTA and TETA or in
direct yam preservation treatments would seem
unlikely to provoke incidences of human toxicosis.
However, it has Dbeen shown especilally for
chemicals used in the treatment of food crops that
an agent may interact with other compounds to
which the crop is concurrently exposed to like
pesticides for instance or with compounds
contained in other food items consumed at the same
time; or common therapeutic agents (see Iyaniwura,
1988), Thus evaluation of the toxicity of these
compounds in future should give consideration to
the possibility of interaction with other
potentially toxic agents that may augment or
modify their respective toxicities. These should
be aliowed for in setting dietary limits for these

two copounds.
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