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ABSTRACT

This review concern the developments on the biocidal properties of the organotin compounds with an emphasis on
the authors’s contribution to the field. The organotin compounds with avariety of nitrogen/oxygen and sulfur donor
ligands developed mainly during last decade has been reviewed. The article is focused on the design, synthesis and
biological peraspective of organotin compounds. Particular attention has been paid to the effectiveness of these
compounds as insecticides, nematicides and antifertility agents and biocides. © 2008 Trade Science Inc. - INDIA

INTRODUCTION

Over thelast 40 yearsresearch into the chemistry
of organometallic compoundsof tin hasrepresented one
of themost profilicareaof chemical activity. Asaresult
of widespread industria gpplications? themany fac-
etsof thisfield haveattracted theattention of chemists
of dl persuasions, aswell asthat of biochemists, biolo-
gists, pharmacol ogists, toxicologist and physicists, to
name but afew. Many excellent papers have been pub-
lished during last two decades and most relevant re-
sultshaveal so been reviewed covering thisfield®7,
Thechemical reactivity of organotin speciesand their
availability inawiderangeof structural featureshave
made the subject of organotin complexesarich and
diversefield of chemistry.

The various aspects of organotin'®? compounds
reviewedinthelast decadeincludepolyhedron organctin
compounds*¥, bidentate oxygen donor complexes of
tin®2, chemistry and gpplicationsof organotin(lV) com-
plexes of phosphorus based acidg*?, organotin(1V)
complexes of aminoacids and peptides!*+9,
chalcogenido metal ates of the heavier group 14 ele-
mentsand stannenes'’, toxicity and health effects of

organotin compounds?, toxicological activities of
organotin compounds*®, their therapeutic potential*
and organotin compoundsin theenvironment(2%,

Theuseof someorganometalicsemployed asbio-
cides, i.e. insecticides, pesticides, fungicides, and her-
bicidesand their possible short aswell aslong-term
effectson ecology and environment are attracting the
attention of scientists, in many casesarousing deep con-
cern of thesociety in generd of theorganometallics of
two metals, mercury and tin used extensively for their
biocidal properties, theuse of theformer having been
banned in many countries”. Thepronounced biologica
effectsof organotinsled to their wide applicationsin
fieldslike medicineand agriculture. Theever-increas-
ing practical usesof organometallicsasbiocidesinag-
riculture, asantiknock agentsin automobilesand as
cadyticagentsinanumber of industrid (especidly bio-
technological processes) haveledto anincreasing con-
cern about their environmental aspectsal so™.

Casaes et a.l?Y have reported the synthesis of
diorganotin(lV)-promoted deamination of amino acids
by pyridoxal; Pyridoxal 5'-phosphate (PLP) and pyri-
doxal (PL) itself were reacted with diorganotin(lV)
derivativesinthe presence and absence of aminoacids.
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With PLPcomplexes[ ShR(PLP-2H)] [R=Me, Et, and
n-Bu] wereisolated and characterized by El and FAB
mass, IR, Raman and mossbauer spectroscopy. The
positivefindingsof antibacteria activity of these com-
pounds against Pseudomonas aeruginosea (ATCC
27853), Saphylococcus aureus, Bacillus subtilis,
E.coli and acarbapenem-resistant Paeruginosastrain
have also been reported.

Ruis and coworkers?? have reported the synthe-
ssandinvitroantimicrobial activity of organotin(1V)
complexeswith triazolopyrimidineligands containing
exocydicoxygenaoms. Invitroanitimicrobid tetswere
reported on n-Bu,SnPh_Sn(HtpO,) and Ph_Sn(HtpO,)
and good antifungal and antibiofilm propertieswere
observed in particular for n-Bu Sn(HtpO,).

Organotin(lV) complexesof amino acidsand their
organic derivatives containing the carboxylic O-Sn(1V)
bond display significant antitumor activity and promisng
potentid inmany other fid dslikepolymer chemigtry, pes-
ticidal and antibacterid agents=*. Thestructura chem-
istry of organotin(lV) complexesof carboxylicmoieties
asamino acidsand N-protected amino acidswith aco-
ordination number higher thanfour isbeing extensively
studied because of their biologica activity, enhanced re-
activity and stereochemica non-rigidity=-%9,

Severa reportshavebeen cited intheliterature by
other research groups pertaining the bioactivity asanti-
tumour agentsand structural chemistry of di- aswell as
triorganotin(lVV) compounds®-43, Ashfag et a .[“! have
reported in vitro LD, antibacterial, antifungal and
antiyeast bio-tests of organotin(lV) complexesof 2-
mal e-imidoacetic acid, which proved them to be pow-
erful biocides. Theinvitro anti-tumour and analgesic
activitiesaso displayed excellent potential of thetitled
compounds.

Farina* and coworker’s have reported the syn-
thesisof organotin dithi ocarbamates derived from hy-
droxylated amines, which have been found to be bio-
logically active. The coordination of the Schiff baseni-
trogen with tin has been investigated in several sys-
temg“50, |n spite of thereservations arising dueto ac-
tual aswdl aspotentid environmenta pollution, awide
variety of organometallic compoundsarefindingin-
creasing usesas pesticides. For example, tri-phenyl tin
hydroxide and acetate are both used in numerousfor-
mulationsfor thecontrol of avariety of fungal growths
particularly potato blight. Tricyclohexyltin hydroxideis
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avery effectiveacaricidefor controlling fruit freered
spider mite on apples and pears. Besides these,
organotin compounds have been used as antifouling
agents, i.e., in protecting various surfaceslikethat of
wood fromthegrowth of mould. Thesariesof organatins,
(n-C,H,), Sn CH_R (where Risaquaternized amino
group) showed herbicidal activity with no phyto-toxic-
ity. n-Tri-butyl tinfluoridewas showntobesdectivein
controlling weedswithout damageto cornor rice. The
existence of atin cycle hasbeen investigated exten-
sively since 1970’sin view of thelarger quantities of
organotins entering the environment through their in-
creasing applications as pesticides. A number of path-
ways eg., oxidativemethylation of tin(ll), environmentd
methylation of tin and biomethylation of stannic oxide
and trimethyitin hydroxideby sediment microorganisms
have been suggested in thisdirection®!. Tinformsa
number of organometdlic compoundinwhichtinexigts
in Sn(I1) and Sn(1V) states. Many organo-tin compounds
are used as agriculture biocides to protect the crops
fromfungi, bacteria, insectsand weeds. The great ad-
vantage of organotin compoundsin these applications
isthat they are nontoxicto mammadiang®.

Mono-organotin(lVV) compounds, considered the
|east toxic among organotin(lV) derivatives (R, Sn(IV)*
>R, Sn(IV)*>R Sn (IV)**>Sn*, toxicity scal€), have
not achieved as much commercia applications as
diorgano- and triorganotin(lV) derivatives. However,
they are often used as hydrophobic agentsfor building
materialsand cellulosic matter and can be presentin
theaquatic environment asthefirst sepintheakyla-
tion of inorganic Sni>3,

Thischapter isparticularly concernedintheof bio-
logical relevance of organotin compounds. So far, fo-
cushas centered on nematicidd, insecticiddl, antifertil-
ity and biocida activitiesof these compounds.

Pesticidal activity

The most common method of pest control isby the
useof chemicas, which areknown aspesticides. Based
on thetarget organisms, these pesticides are grouped
intoinsecti cides, nemati cidesfungicides, weedicidesand
rodenticides.

I nsecticidal activity

Theoldestinsecticidesused by humanswereof plant
origin. These were prepared from the roots, stems,
leaves, seeds, flowersand oilsof variousplants. These
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botanica pesticideswerefollowed by thedevel opment
of inorganic syntheticinsecticideslike Parisgreen, lead
arsenate and calcium arsenate. In 1867, Parisgreen, a
crystal compound of acetate and arsenite of coppe,
having approximate composition Cu,(CH,CO,),
(AsO,), wassuccessfully used for the control of Colo-
rado potato beetlein USA. Another arsenic compound,
lead arsenate (PbHASO,) wasfirst used against Gypsy
mothin USA in 1892. Inorganic compounds containing
mercury, tin or copper werealso used as stomach poi-
sonsduring thisperiod. Intheearly 1900s, sodiumfluo-
ride and cryolite replaced some arsenical s because of
lower phytotoxicity.

With the devel opment of theseinsecticides, thefo-
cusof researchin entomol ogy dowly shifted from eco-
logical and cultura control practicesto chemical con-
trol during the period 1920-1945. Thefirst synthetic
organic compoundsto be used asinsecticideswereakyl
thiocyanates prepared by reaction of dkyl halideswith
sodium thiocyanate during 1930s. Another compound,
Lethane, conssting of ether linkagesinakyl chainswas
prepared in 1936.

Thedevel opment of these compoundswas perhaps
prematurely arrested by the dramatic successof DDT
[2,2-bis-(p-chlorophenyl)-1,1,1-trichloroethane]. The
impact of DDT on pestcontrol i s perhaps unmatched
by any other synthetic substance and paul muller was
awarded Nobel prizein 1948 for discoveringthein-
secticidal propertiesof DDT. Nearly 1.5 billion kg of
DDT wasused during the three decadesfollowingits
introduction in agricultureduring 1940s. By 1961, there
wereover 1200 brandsof DDT registered for useon
334 agricultural commodities against 240 species of
insect pestsin USA. The period since 1940shasrightly
been called the ‘age of pesticides’ and can bedivided
into three distinct phasesthe eraof optimism, 1946-
1962; the era of doubt, 1962-1976; and the era of
JPM, 1976-onwards®.

Trogodermagranarium (Everts) commonly known
as khapra beetle belongs to order coleoptera and
dermestidaefamily, isanimportant pest of both mate-
rid of plantsand animd origin. Itissaidtobeof Indian
origin and has spread to whole of world dueto ship
transactions. It isamajor pest of stored wheat in hot
and dry partsof theworld. Thedamage is sometimes
so seriousthat whole of grainisreduced to husk and
only seed coats with empty cavities are left behind.

Besidewhest it generally infectscereds, pul ses, stored
malt, riceand coriander seedg™.

Theliteratureontheinsecticidd activity of organotin
compoundsthrough 1964 hasbeenreviewed very com-
pletely by Ascher and Nissim®, Therefore, only the
main lines have been discussed here and afew recent
publicationsmentioned.

The first mention of insecticidal properties in
organotin compoundswas madein aseries of patents
published around 1929. In addition to compounds of
Group V elements, organotin compoundsin general
were claimed asmothproofing agentg®. Twenty years
later onlytridkyltin chlorideswereclamedin apaent™
dealing with the control of insects other than moths.
Hueck and Luijten® in 1958, found mothproofing ac-
tivity only in some compounds of thetype R,SnX.

Systematicinvestigationsontheinsecticidd activity
of organotin compounds started with thework of Blum
et a.in1960. Blum and Bower®! had aready shown
thet triethyltin hydroxideand someaf itssdtswerehightly
toxic when applied topically to houseflies (Musca do-
mestics). The LD, of the compoundswas somewhat
higher for DD T-res stant fliesthan for susceptibleflies
(e.g. of thehydroxide, 0.40ug ascompared with 0.31ug
per fly). Blum and Pratt’® thereuponinvestigated ase-
riesof forty organotin compounds by the sametech-
nigue. They found ahigh activity for atrisubstituted
compounds, amoderate activity for compoundsof the
type R,Snand R, and R,SnX, and alow neither the
nature of thegroup X nor thelength of thealky chains
(at least upto butyl), had much influence ontheinsecti-
cidal activity. A similar result was obtained by Gras et
al 1283 who tested aseries of organotin compoundsin
agueous ol ution againgt mosguito larvae (Culex pipiens
berbericus). They extended the series of trilky1 com-
pounds somewhat further, however, and found asud-
denfall in activity after hexyl. The concentration of
trialkyltin compoundskilling half of thelarvag(LC, )
from methy1 through hexyl was0.4-0.5mg/1. Thisis
still tentimestheLC,_, of DDT, lindane, and malathion
inthesametedt. Intheaboveinvestigations, tripphenyltin
compoundshadtheactivity asthelower triakyltin com-
pounds.

Kochkin et a.[% likewiseinvestigated a series of
organotin compounds, but extended the number of in-
sect toincludeflies, bed bugs, cockroaches, mosquitos
andfleas. Thefliesweretreated topically; theLD_’s
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found correspond with those observed by Blum and
Pratt’®. Therussian authorsmoreover found trialkyltin
compounds active as contact insecticides against all
species. Conflicting resultswereobtained with triphenitin
compounds. Gardnier and Poller®!, when testing ase-
riesof tentriphenyitin sdtsascontact insecticidesagangt
Stophilusoryzae adults, found none active. Onewon-
ders, however, whether in latter investigation the ex-
perimental set-up wasfavourable. Where K ochkin et
al. Used glass plates, Gardiner and Poller used paper
discs, and it isknown that organotin compoundsare
fixed cellulosg®l. Kubo® who investigated the activ-
ity of triphenlytin organphoshates ascontact insecticides
against the adult Azukibean weevil (Cellosobruchus
chinens s) again used glass (Petri dishes). Many strong
influenceof thenature of theacid radical wasnotedin
this case, and Kubo could demonstrate acorrelation
between theactivity and the solubility of thecompounds
inorganic solvents.

A differenceinthemodeof action betweentriakyl-
and triphenyltin compoundsissuggested by theresults
of mothproofing testsby Gardiner and Poller®. Inthese
tests, tested sampl es of wool were exposed to attack
by larvae of the common clothes moth (Tineola
bisselliella). Theauthorsfound no attack and 100%
kill with 1% of tributyltin oxide in the wool. With
tri phenyltin saltsin the same concentration somewool
was dwayseaten and the percentagekill never atained
100%. Theauthorsconcludethat tributyltin oxide acts
asacontact insecticidebut thetri phenyltin satsasstom-
ach poisons. Their observation that the nature of the
acidradicd inthetriphenyltin sdltshasadistinceinflu-
enceontheinsecticida activity iswith Kubo’s®.

A limited seriesof organotin compoundswastested
by Graves et a.[%® against larvae of the bollworm
(Heliothiszea) and thetobacco bud worm (Heliothis
virescens). Ontopical application thefollowing LD, ’s
werefound: trimethyltin hydroxide and acetate about
0.2 ug/larva, tributyltin oxideand diethl octyltin acetate
about 5ug/larvaand triphenyltin hydroxide and acetate
morethan 10 pg/larva. A small but consistent differ-
encein sengitivity wasnoted betweeninsecticideresis-
tant and susceptible strains. A few investigators exam-
ined only one compound, in most casesthe commer-
cidly availabletributyltin oxide. Richardson’® tested
tributyltin oxidein powdered biscuitsagainst thelarvae
if thedrug-store beetle (S'egobium paniceum) aclose
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relative to the common furniture beetle (Anobium
punctatum). Onetenth of apercent wassufficientin
thelongruntokill dl larvae.

A compound of the type R, SnX., the commer-
cidly availabledibutyltin dilaurate (used both asasta-
bilizer in PV C and asan anthelminticin poultry), has
repeatedly been tested in vivo against end parasitic
insect larvaein cattle. Thelarvae of the so-called heel
files (Hypoder ma lineatum and H.bovis), known as
cattle grubs, live under the skin of cattle. After initia
success, however , only negativeresultshave been ob-
tained™. Anorganotin compound of quiteanother type,
viz. hexamethylditin, hasrecently been introducted as
an agricultural insecticide under the trade-name
Pennsalt TD-503271,

Organotin compoundsin additionto atoxic effect
canexert anantifeeding effect oninsects. Theantifeeding
effect, whichisprobably based on taste, occursat very
low, sublethal concentrations. It has so far only been
described for triphenyltin compounds. After itsdiscov-
ery infieldtestsin whichtriphenyltin hydroxideand ac-
etate had been used as agricultural fungicides|abora
tory experiments have confirmed itsexistence. Ascher
et al.["Z showed that |eaves of sugar beet, sprayed with
suspensions of triphenyltin acetate of increasing con-
centrations, were eaten to adecreasing extent by lar-
vae of two kindsof moths. Prodenialituraand Agortis
ypsilon. Protection of theleaveswas about 90% at the
0.035% concentration. Further experimentsagainst P.
liturawith triphenyltin hydroxide and acetate showed
thelatter to be superiorto theformer. Theresultsover
the capable of quantitativetreatment. The superiority
of the acetate over the hydroxidewasasoborneoutin
experiments with larvae of the potato tuber moth
(Gnorimoschema operculella) and the striped maize
borer (Chilo agamemnon). No compl ete protection
against theseinsects was obtained, however, even at
the highest concentration employed (0.05%)1™. Intests
withlarvae of the Colorado potato beetle (Ieptinotarsa
decemlineate) Byrdy et a1 compared the antifeeding
activity of aseriesof triphenyltin compounds. From
experimentsfirgt with potatoleavesand thenwithwhole
plants the methoxide, benzoate and acetate emerged
asthemodt active. Theantifeeding effect of triphenyltins
on housefly larvewasagain investigated by Acher et al.
Triphenlytin hydroxideand acetatewereadded to moist-
ened whest bran in concentrations of 10-40 mg/kg. At
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these concentrations, pardld toamoderate antifeeding
effect, atoxic effect wasobservefor both compounds™!.
Also hexamethylditin has been found to possess anti
feedant propertied™. Triphenyltin acetate and chloride
according to Kissam and Hays"" were already quite
toxic concentrationsreuired for sterilizing houseflies.

Themodeof action of organotin compoundsonin-
sectsis not known with certainty. Investigations by
Pieper and Casidd™ ontheinhibition of adenosinetriph-
osphatasesinthe housefly, haverevealed acorrelaion
between potency for invitro AT Paseinhibition and tox-
icity of triorganotins. The authors suggest that the
insectical activity of triorganotinsmay result frominter-
ferencewith ATPase activity of related processescon-
fersresistanceto organotin insecticidesand actsasan
intensifier of parathion reistance™. It hasbeen shown
that this gene acts by decreasing therate of aabsorp-
tioned,

Singh et a8 have reported that the complex
Ph,Sn(Sa-A-StH) is more toxic than other tin com-
plexes. Tin complexes are more active than the parent
sdicya anilide sulphathiazoleligand. Dimethyltin com-
plexesarelessactivethan their triphenyltin compl exes.

Nematicidal activity

Thefacilesynthes sand studieson the stereochem-
istry and biochemical aspects of some organosilicon
(IV), organotin(lV) and manganese(l1) complexesde-
rived fromimine having NNNNO donor system have
been cited®. Thesecomplexesarehighly activeagainst
nematode (Meloidogyne incognita) and insect
(Trogoder ma granarium). These studiesdemonstrate
that the nematicidal activity increased withincreasing
concentration and the concentrationsreached levels
which aresufficient toinhibit and kill the pathogens.
Thetincomplexesshow better activity than sulphonamide
iminesand bimolar metal complexeswerehighly active
than unimolar metal complexes. It wasalso observed
that triphenyl metad complexesin 1:1 molar ratio show
better activity than diphenyl metal complexes. Knowl-
edge of the mechanism of the action of compoundis
important from apurely scientific point of view which
can bedistinguished with three different methods by
which complexescan exert their action.

» Theeffect of resonating structures such asbenzene
rings (in present case) may serve as powerhouseto
activate potentidly reactivegroupings. If toxicity is

dependent on oneor more chemical reactions, then
any moleculewhichwouldincreasetherateof chemi-
ca reactionsmust, perforce, enhancetoxicity.

» Theintroduction of alipophilic substituent, either aryl
or akyl, often conferred toxicity asdid the substitu-
tion of polar groups.

» Complexeshaving amido groupsor reactive halo-
gen atomstend to hydrolyse to form compounds,
which havemodified activity spectrum. Thehaogen
replaced by hydroxyl ion and asaresult of slight
akalinepH theincreasein activity was observed.

Theindirect nematostatic effects of nonfumigant
neméti cidesresulting fromimpai rment of neuromuscu-
lar activity!™, interferewith movement, feeding, inva
sion, devel opment, reproduction, fecundity and hatch-
ing of nematodes are considered moreimportant than
their direct killing action and hence, much smaller
amountsof non-fumigant than fumigant nematicidesare
needed in plant protection against nematodes.

Antifertility activity

With the ever growing world population, contra-
ceptionisanimportant healthissuefor the 21% century.
Fertility isanissueof globa and nationa publicissues
concerning therapid growth of the country. Thetotal
world population of thiscentury, therate of increase of
thepopulation wasabout 10 million per year. Now itis
increasing at amuch faster rate of 100 million per year.
If the rate of increase remains continuousat the same
pace, it isexpected to reach 7 billion by theend of the
present century. Therapid increase of population has
got an adverseeffect on theinternational economy and
astheincreaseisonly limited to the developing coun-
tries, the problem becomes an acute on the fruits of
improvement inthe different sectors, which arebeing
eroded by thegrowing population. Moreover, increas-
ing number of birthshas got adel eteriouseffect onthe
hedlth of mother and child and hinders socia and eco-
nomic progress. Theregulation of human fertility has
global consequencesin termsof resources depletion,
population and poverty. Now, it has become one of the
prioritiesof the National Family Programsand there-
fore, thereisan urgent need to improve theaccessand
thequdity of contraceptive serviceinthecountry.

Anidea chemica contraceptivefor malewould
be one which effectively arrests the production of
sperms(spermatogenesis) or inhibitssperm fertilizing
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capacity without ateringlibido, accessory sex organs
and pituitary function and onewhichiseasly adminis-
trable. The facts reported above are true in case of
human beings. However, smilar treetment ispossiblein
caseof animals. Sincethepresent sudiesarerelated to

TABLE 1: Effectsof ligand and itstin complexeson thebody
and reproductive or gan weightsof malerats

Body weight - . Semind Ventra
Comp. (9) Testes Epididymis vesde prodate
Initial Final < mg/ 100 g body weight —»
Control 2350 2450+ 13500 460.0 5050+ 480.0+
GroupA +150 170 +308 +130 320 210
(Sag)'A' 2200 2300+ 12100 4100 )0 0 o 4000+
Groupe 170 150 +150° +10.07 2007
(s'\grefgt) 2270+2380+ 10400 2800 3060+ 3100+
GroupC 160 150 +19.0° +150° 16.0 16.0
(sih/is.gt) 232.0+ 239.0+ 900.0 + 250.0 300.0b 290.0 +
GroupD 140 170 300° +200° +170° 150
PhSn
(SaA- 2280 2350 8700+ 210.0 2850 270.0+
StH) +150 +160 180° +21.0° +180° 17.0°
GroupE

TABLE 2: Altered sperm dynamicsand fertility after treat-
ment with ligand and itstin complexes

Sperm Sperm density

Compound  motility cauda (million/ml) Fetrgtity
epididymis  Testes Epididymis

E?QSE’L\ 70.0+ 6.10 l(f% 510+185 98.1+ve

Gemp V0030 T 4204170 esv-ve

gﬁfﬁ'&) 38.0:+6.0° %?118} 250+1.80° 95%-ve

oD gs0s700 QpF 22041300 e8%-ve

gﬁ;( ?A&H) 300+7.1° %_31%} 205+ 1.60° 100%-ve

Values are mean+SEM six determinations: a=P <0.01; b =P<
0.001, Group A compared with Group B; Group C compared with

Group B.; Groups D, E, F, G, H and | compared with Group B

thedeve opment of new pesticides, theexperimentshave
been done on the rats and not on the human beings.
Theprdiminary studiesonratsarein postivedirection
and need further deep studiesin the subject. Herethe
studiesin vivo for oneligand and itssilicon, tin and
manganese complexes have been attempted and the
obtai ned results have been described:

Diorganotin(lV) complexesof sulphonamideimine

Malerats exposed to ligand; SaH-A-StH (salicyl
anilidesul phathiazole) and itstin complexesshowed d-
tered reproductiveactivity.

Body and or gan weight

Therewereno significant differencesin the body
weight at theend of the experimental period away the
treated groups as compared with control in TABLE 1.
However, theweights of testes, epididymis, seminal
vesicleand ventrd prostateweredecreased Significantly
inligand (P<0.01) and itsvariouscomplexes (P<0.01
t00.001) asshownin TABLE 1.

Sperm dynamicsand fertility

The sperm motility in caudaepididymiswas de-
creased significantly in ligand (P<0.01) and itscom-
plexestreated animas(P<0.001) asshownin TABLE
2.Also, asignificant decreasein sperm density intestes
and caudaepididymis(P<0.01to0 0.001) wereobserved
inligand and itsvarious complexestreated rats.

Biochemical changes

Marked reductions (P<0.01t00.001) insidicacid
and protein contentsof testes, epididymis, ventral pros-
tate, and seminal vesiclewereobservedintheligand
anditscompl exestreated anima swhen compared with
control inTABLE 3. However, asharpincreaseintes-

TABLE 3: Effectsof ligand and itstin complexeson tissue biochemistry

Total protein (Mg/g) Slliac add (mg/g) Choetgo  Frudose Pt}pg)hat;n/fsmgﬁp
. 1berat r/m
Compound . Epidi- Seminal Ventrd L Epidi- Seminal Ventrd |(mgg) (mglg)saminal tissue) 9
dymis vesde progate dymis vedde progate tedes vesde Add  Alkaline
o 501170 2300k00 200 200 765,07 670105 689104 695406 770+02 4600+00 294018 1050+065
GroupA +180 +150
SHASH) o5 0155180001000 200 1700 6opi69 51403 52403 51405° 85t01° 4000+100° 35+0.1CF 130+050°
GroupB +100° +100°
MeNSEA-S) 1080 12a0r13 1200 00 56,00 354017 38+02 3140 119402 22404178 48+011° 170+060°
GroupC +160°  +140°
WNSEAS) on 1970 poria B0 1080 55010 34402 350 30+0P 12140 2000+130° 474012 1714065
GroupD +170 +180°
PheSn(SarA-SH) 1100+50 107.0+60 1080 1000 30+05° 31+06° 38+05° 32+03° 125+08° 1800+150° 50+0.90° 180+0.90°
GroupE +70P  +170P

Values are mean+SEM six determinations; a = P < 0.01 ; b = P < 0.001 Group A compared with Group B, Group C compared with

Group B, Groups D, E, F, G, H and | compared with Group B.
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TABLE 4: Blood analysisafter treatment with salicylanilide-S-benzylditithiocar bzate (Sal. BenzH,)

Total Total . . Mean Mean corpuscular  Mean corpuscular
Trestment Erythrocyte Leukocyte Herr(E%)ob n Heir;gt\c/x):r it corpuscular Hemoglobin hem_oglobin lill?g
count Count volume(MCV) (MCH) concentration (MCHC)
Million/mm® per cumm  gm% % fl Pg % mg/100m
Control 51 8853.33 145 40.6 82.0 28.7 30.50 389
Group | +0.43 +405.4 +0.34 +29 +35 +21 +23 +36
2mg/day for 4.87™ 8770.0™®  1351™ 37.5™ 81.5™ 24.0™ 31.66™ 42.4™
60 days Group 1 +0.80 +460.01 +041 +15 +3.66 +22 +057 +4.02
4mg/day for 4.41™ 8708.1™"  14.29™ 34.9™ 87.1"™ 27.34™ 319" 42.0™
60 days Group 111 +0.35 +205.3 +27 +23 +4.28 +0.39 +1.52 381
7mg/day for 4.2 8450™ 13.89™ 43.2"™ 89.6™ 25.5™ 32.5™ 40.9™
60 daysGroup IV~ +0.21 +530.0 +0.92 +25 +84 +0.59 05 +51
Mean+SEM of 6 animals: ns = non significant
TABLE 5: Blood analysisafter treatment with (CH ), Sn(Sal. Benz. H)
Total Tota . . Mean Mean corpuscular
Trestment Erythrocyte  Leukocyte Hew(wg%l)ob n H?Qg\;«)} it corpuscular I-Il\/le’?gg?gbﬁ\lzi/lwcl:i) Hempglobin Bulrogs
oount Count volume(MCV) concentration (MCHC)
million/mm® per cumm  gm% % fl Py % mg/200ml
Control 5.3 8013.1 13.8 439 79.89 259 30.26 35.84
Group | +0.14 +402.1 +0.08 +0.47 +4.6 +1.23 +19 +37
2mg/day for 60 4.9® 7889.4™ 11.7% 40.26™ 87.2"™ 27.5™ 31.2™ 48.05™
days Group |1 +0.29 +320.4 +0.65 +1.31 4.1 +30 +31 +231
4mg/day for 60 4.1* 8161.4™ 11.3* 39.6* 83.3™ 27.1™ 32.9™ 64.06*
days Group |1 +0.29 +3%4.2 +0.61 +1.26 +49 +31 +21 41

Mean+SEM of 6 animals. ns= non significant* = significant

ticular cholesterol, acid and akaline phosphatase con-
tentswere observed in varioustreated groups. Semina
vesi cular fructose contentswere decreased Sgnificantly
inTABLES3.

Here, ligand and its complexeswere adminstered
torats at the dose level s 9-50 mg/kg/day for 60 days
which brought about marked dterationsintheweights
of testes, epididymis, semind vesicleand ventrd pros-
tate. Significant declineinthetestesweight may bedue
to the decreasein number of spermatogenic e ements
and spermatozoa. Reduction inweight of sex acces-
sory organsdirectly support thereduced availability of
androgeng®. Suppression of gonadotropinsmight have
caused decreasein sperm dengity in testes. Low candal
epididymal sperm density may bedueto dterationsin
androgen metabolism® and 65% to 100% negative
fertility may beattributed to lack of forward progres-
sion and reduction in density of spermatozoaand al-
tered biochemical millieu of caudaepididymig®. De-
clineintotal protein concentrationintestisand other
accessory reproductive organsindicated suppressed
androgen activity. Further, reduced contentsof sidic
acidinvariousreproductive organsreported herein sug-
gest adverse effects on the metamorphosi sand matu-
rational stages of spermatid®. Theriseinthetesticular
cholesterol contents dueto various compoundstreat-
ment suggests suppressed androgen biosynthesiS%®1. An

increaseintesticular acid and alkaline phosphatase ac-
tivitiesindicate metabolic disturbance and imparement
of thefunctiond integrity of thetestes.

Triorganotin(IV) complexes of hydrazinecarbo
dithioicacids

No significant changeswere noticed in the body
weight after thetreatment of ligand (Sd.Benz.H,) and
itscomplexesat 2 mg, 4 mg and 7 mg doselevel s/per
day for 60 days, similarly no significant changeswere
observed at 2 mg, and 4 mg dose level of (CH,),Sn
(Sal.Benz.H)and (C,H,).Sn(Sal.Benz.H) inthe body
weight of rats, when compared with their initial body
weight. Oral administration of ligand and complexes
caused significant reduction (P< 0.01) intheweight of
testes and accessory sex organswhereas no changes
were observed in the weight of kidney and adrenal
glands. Spermmotility of caudaepididymidesand sperm
density of the testes and caudaepididymideswas de-
creased significantly (P< 0.001) inratstreated with
ligand anditscomplexesat dl thedoseleves. 40to 65
percent negativefertility was observed at different dose
levelsof ligand and itsvarious compl exes.

Tota erythrocyte count (TEC), total leukocyte
count (TL.C), hemogl obin concentration, hematocrit and
blood ureavalueswere in normal range after ligand
treatment, whereas tin complexes (CH,),Sn(Sal.
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TABLE 6: Blood analysisafter treatment with (C H,).Sn(Sal.Benz.H)

Total Total . . Mean M ean corpuscular

Trestment Erythrocyte Leukocyte Her?g%l)ob n He(r;gt\c/)gr It corpuscular hl\élmeiglgﬁlg/llj(l:i) hem(_)globin ‘ilrog

count Count volume(MCV) concentration (MCHC)

million/mm® Per cumm  gm% % fl Pg % mg/100ml

Control 523 8086.3 141 476 82.0 29.2 30.29 39.0
Group | +0.25 +303.32 +0.13 +1.76 +55 +210 +23 +6.1
2mg/day for 60 4.3® 8280.0™ 12.6™ 38.5™ 84.5™ 25.2™ 31.66™ 42.2™
days Group |1 +0.65 +406.20 +0.95 4.7 +35 +21 +1.52 +4.0
4mg/day for 60 3.9* 9210.0™ 11.2* 36.5* 81.0™ 27.3% 32.9™ 67.1*
daysGroupIll  +£0.16 +393.80 +0.77 +25 +4.2 +0.3 +15 +3.8

Mean+SEM of 6 animals ns= non significant ,* = significant
TABLE 7: Tissuebiochemistry after treatment with salicylanilide-S-benzylditithiocar bzate (Sal. BenzH.)

Cholesterol Glycogen Protein Sialic acid
Treatment Epidid gg'/ggp stat Epididy- Seminal Prostat
Testes Liver Testes Liver Testes —Poioy- SEMINAL FTOSIAE oy o EPICICY- SEMINAL FTOSIALE
mides vesicle gland mides Vesicle gland

Control 1013 1596 258 6.90 1924 208.00 204.7 170.0 53 4.8 5.4 5.27
Group | +0.27 +018 +0.13 £+039 76 6.7 +58 +67 +010 +040 +04 £0.30
2mg/day for 60 10.09™ 15.4™ 247" 6.03™ 164.0® 199.6® 197.6™ 163.3"° 50™ 42" 478" 491™
daysGroupll +03 +£201 +010 +0.8 +55 +80 +4.7 +61 +020 +£026 +15 +12
4mg/day for 60 9.16* 15.39™ 2.11* 565™ 148.1* 180.1* 180.5* 140.1* 4.9® 4.06™ 4.05° 42%
daysGroup Ill £0.05 +0.26 +0.08 +23 +72 +46 +49 +60 +03 +07 +£040 +£0.09
7mg/day for 60 8.8* 14.91™ 2.01* 510™ 113.1* 1456* 168.6* 127.2* 4.0* 3.5* 3.9* 3.64*
daysGroup IV +0.02 +044 +014 +22 +153 +1409 +83 +£102 +030 +022 +£0.02 02
(Mean £ SEM of 6 animals): ns = Non significant, * = P< 0.01 — significant, ** = P < 0.001 — Highly significant
TABLE 8: Tissuebiochemistry after treatment with (CH,), Sn(Sal. Benz. H)
Cholesteral Glycogen Protein Sialic acid
mg/gm
Teses Liver Teses Liver Teses Epi_didy- Seminal Progtate Teses Epi_didy Seminal Progate
mides vesicle gland -mides vesicle gland
Control 1113 1659 253 629 19957 2400 2142 1801 502 594 4.86 4.6
Group | +037 +018 +013 +039 +120 +£1111 +74 +139 006 +007 009 +015
2mg/day for 60 9.06* 16.02™ 1.19** 591™ 1580* 190.8* 182.01* 111.0* 3.82** 4.79* 3.9** 3.5%*
daysGroupll +03 +029 +019 +019 +42 +54 +66 +103 +013 +02 +005 004
4mg/day for 60 6.7** 14.26* 1.11** 456 136.1** 160.0** 138.0** 106.31** 3.67** 4.18** 358* 3.30**
daysGrouplll +0.82 +044 +002 +0.09 =59 +109 +£118 +50 +005 +£019 +004 +007
(Mean = SEM of 6 animals): ns = Non significant, * = P< 0.01 — significant,** = P < 0.001 — Highly significant
TABLE 9: Tissuebiochemistry after treatment with (C,H,),Sn(Sal.Benz.H)

Treatment

Cholegeral Glycogen Protein Salic acid
-mg/gm
Treatment — . — -
Tedes Liver Tedes Liver Tedes Ep|_d|dy- Sem_ma] Progate Tetes Ep|_d|dy- Sem_lnal Progate
mides vesde gland mides Vedde gland
Control 981 1659 269 466 2092 2200 1611 1984 5.16 5.7 53 4.96
Group | +050 +04 +022 +057 +143 +£1512 +819 +1318 +0.05 +018 +001 =+0.06

2mg/day for ~ 4.9% 169 159** 3.85° 11809** 128.1** 107.6* 110.8** 2.80%* A454** 402** 4.36%*
60daysGroupll +12 +018 +005 +002 +917 +79 +1117 +52 +003 +007 +003 +002
4mg/day for  3.6%* 1534* 1.32%* 323* 1050%* 113.7** 97.02** 100.0** 2.72%* 426** 304** 4.17%*
60daysGrouplll +0.17 +02 +007 +02 +100 +94 +98 +99 +002 +009 +02 +0.06
(Mean = SEM of 6 animals): ns = Non significant, * = P< 0.01 — significant, ** = P < 0.001 — Highly significant
Benz.H) and (C,H,).Sn(Sa.Benz.H) showedincreased  weresignificantly reduced after theligand anditscom-
valuesin total leukocyte(TLC), and blood urea. No  plexes. Administration reduced level of testicular gly-
changewasobservedintota erythrocytecount (TEC), cogen and cholesterol were noticed following the ad-
hemoglobin concentration and hematocrit at dl thedose  ministration of theligand and itstin complexesat al
levels(TABLES4-6). Totd protein contentsandsialic  doselevels (TABLES 7-9). Histopathol ogy of testes
acid concentration of testesand accessory sex organs  treated with different doses exhibited drastic changes.
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TABLE 10: Effectsof variouscompoundsof sper m dynamics
and fertility of malerats

Sperm motility Sperm density Fertilit
Compound (%) (Cauda  _ .~ Cauda y
epididymis) epididymis
i 0,
vehicledone - 755,48 43:042 611£48 1000
(olive oil) Positive
0,
LM 425:35° 24+010° 495+35° OO
egative
2 a c ¢ 95%
Ph,SN[LT], 340+48" 12+0.12°30.0+3.2 Negative
0,
PR,S[LYCI  380+36° 16+0.14° 3364550 91%
egative
0,
PhSnL]  350+42° 13+018°314+61° 270
Negative

Values are expressed as mean * SE., < 0.001, °p < 0.0, % < 0.02,
Yp < 0.05

M ost of thetubul es showed moreor less spermatoge-
nic arrest. However, the damage wasnot uniform. Re-
sidual spermsand the cell debriswere present inthe
lumen of sometubules. Interstitial stromahad dight at-
rophy and nacrotic nuclei. Theepididymisshowed nor-
mal epithelium. Theintertubular stromaappearedto be
degenerated. Thelumen was having less number of
sperm.

Organotin derivativesof benzothiazoline

Theresultsof experiments(TABLE 11) with benzo
thiozoline derivativesmay aso be correlated with the
well-known fact that sul phur-contai ning compounds
produceinfertility in malerats® Thusit can be postu-
lated that chelation through sul phur atomsinducesthe
derilizingactivity inthebiologica systems.

Biocidal activity

A systeminvestigation ontheantifunga activity of
organotin compoundswas started in 1950 at the Insti-
tutefor Organic Chemistry TNO, Utrecht, the Nether-
lands. Van der Kerk and Luijten soon found that among
organotin compounds of the several possibletypes.

R,Sn R,SIX R,SnX, RSnX

3
(R= hydrocarbon radical; X= anionic group); (Some
representatives of the type R,SnX possessed a high fungitox-

icity)

Initially tests were carried out with series
tetragthyltin, triethyltin chloride, diethyltindichlorideand
ethyltintrichloride. Only triethyltin chlorideinhibited the
growth of test fungi at concentrationsbelow 10mg/I.
Variation of theacid radica had only aminor influence
ontheactivity of triethyltin salts. Subsequent examina-
tion of aseriesof tri-n-akyltin acetates, on the other

TABLE 11: Antifungal activity of sometriorganotin acetates

Minimal concentration in mg/1 causing complete
inhibition of growth of the fungi

RsSIOCOCH,R BovitsPenicillium A. -~ T. g
allii  italicum niger nigricans
CH; 200 500 200 500 [99]
CoHs 1 10 2 2 [99]
n-CsH 0.5 05 05 05 [99]
n-C,H; 0.1 05 1 1 [99]
n-C4Ho 05 05 1 1 [99]
i- C4Hg 1 1 10 1 [99]
n- CsHyp 5 2 5 5 [99]
Cyclo-CsHg 05 0.5 5 05  [100]
N- CeHis 500 500 500 500 [110]
Cyclo-CgHyy 20 20 50 20 [239]
CeHs 10 1 05 5  [147]

hands, showed acong derableinfluence of thelength of
theakyl groups(TABLE 11). Thedatagiveninthis
TABLE differ somewhat fromthosegivenintheorigi-
nd publication. They wereobtainedinlater, careful test-
ing using aprolonged incubation timeand aricher vul-
ture medium. Themost active compoundsintheseries
of tri-n-alkyltin acetatesweretripropyl-and tributyltin
aceate. They inhibited the growth of thetest fungi at
concentrationsof 1 mg/l or lower®,

Experimentswithunsymmetricd tridkyltin acetetes,
I.e., compoundsin which thetin atom bore mutually
different akyl groups, reveal ed that not the nature of
theindividual groups, but thetotal number of carbon
amosinthethreegroupswasdecisve. Dimethyloctyltin
acetate, for example, had the same high activity as
tripropyltin aceate, whereasboth trimethyl tin acetate
and trioctyltin acetate had alow activity. For ahigh
antifungal activity thetotal number of carbon atomsin
thealkyl groupsof atriakyltin compound should be
about 9-120%81,

Inadditiontothetri-n-alkyltin acetates, numerous
other triorganotin acetatesweretested for antifungal
activity. Triisoakyltin acetateshad an activity whichwas
comparableto that of the normal isomerd®. Tricyclo
pentyl- and tricyclohexyltin acetate, however, were
moreactivethanthen-akyl derivatives'®, Triphenyltin
acetate had about the same activity astriethylting ac-
etate. Tri-m-tolyl-and tri-p-tolytin acetate different little
from triphenyltin acetate but tribenzyl- and tris (2-
phenylethyl) tin acetate were somewhat lessactive. Tri-
o-naphthyltin acetate, probably because of itslow solu-
bility, did not show any antifunga activity.

When, through the addition reactions of organotin
hydridesto ol efinsfunctionally substituted organotin
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compounds becameavailable, anumber of then, both
of thetypeR,Snand R EnX, weretested for antifungal
activity. It turned out, however, that inno casedid a
functiona ly substituted compound hasahigher activity
than acomparabl e unsubstituted compound. On the
contrary, inmost casestheintroduction of afunctional
group severely reduced antifungal activity, especialy,
hydrophilic groups had an adverse effect!'*2,

No active compoundswere ever found among the
types R,Sn, R,SnX,, and RSnX_ in spite of careful
screening. Thesoleexceptionisdiphenyltindichloride
whichinhibitsthe growth of thefungi mentioned in
TABLE 1 at concentrations of 10-20mg/12%, Inafew
casesinwhich acompound of thetype R,Sn showed
some activity, either acompound of the R,SnX was
present asanimpurity or an easy cleaveage of one of
the R groups probably occurred. An example of the
latter istributyl (cyanomethyl) tinwhich easly losesthe
cyanomethyl group under hydrolytic circumstances®®2,

Several other groups of workers have studied the
antifungal propertiesof organotin. Independent research
onsmpleakyl- and aryltin compoundswith apractica
aim has been carried out by Baumann!** and Hartel
1051061 gt FarbwerksHoechst, Frankfort, Germany. This
work hasled to thetriphenyltin acetate. Other workers
have extended the above results. In most casesthein-
fluencesof varyingtheacidradical intriorganotin salts
was studied™*?, Resultsat variancewith therulesfor-
mulated above were only obtained when compounds
with highly fungitoxic acid radical sweretested! 171,

Theaction of the organotin compoundsat thelow
concentrationsemployedinthetestsinfungistatic rather
than fungicidal. The mode of action of the organotin
compoundsisstill not understood, athoughit hasbeen
suggested®1% that inhi bition of oxidative phosphory-
lation inthe case of thetriakyltin compounds may be
the cause of the observed inhibition of fungal growth.
Thedifferencesin activity among theseverd tridkyltin
compounds might then beattributed both to differences
inintring c activity on the enzyme system and to differ-
encesinpermesability intothecells. Permesbility inits
turn may be dependent on the partition coefficient of
the organotin compounds between water and lipids.

Antibacterid testswith organotin compoundshave
been carried out by Kaars Sijpesteijni*®19, Organotin
compoundsare, in general, much moreactivetowards
Gram-positivebacterialike Bacillussubtilis, Micobac-

e ReV/ew

terium phlel and Srreptococcus lactis than towards
gram-negative ones like Escherichia coli and
Pseudomonsfluorescens. Themost active compounds,
inhibiting growth of the gram-positive speciesat 0.1-5
mg/1, again belong to the type R,.SnX Among the
triakyltin acetates maximal activity isassociated with
the propy1 and buty compounds, athough tripentyltin
acetateistill, highly active against Mycobacterium
phlei. Triphenyltin acetateis as active asthe most ac-
tivetrialkyltin acetates.

Itisremarkablethat, for the gram-negative bacte-
ria, triehyl-and tripropyltin aceate arethe most active
trialkyltin acetates. They inhibit their growth at 20-
50mgL. Dipropy1-, and dipentyltin dichloride haveno
antifungd properties, but they inhibit thegrowth of gram-
positive bacteriaat aconcentration of 20-50 mg/1.

Triakyltin compoundshavea so beentested against
pathogeni ¢ bacteria, notably staphylococcus aureus
(Gram-positive) and some Pseudomonas species
(Gram-negative). Theresultd**1'2 confirm thetrends
sgnaized above.

As to the mode of action of the organotin com-
poundsagai nst bacteria, the same remarkscan be made
asinthe case of their action against fungi. It is sup-
posedi®1U thet thetri organotin compoundsact by their
inhibition on enzymescontaining thiol groups. Evidence
for thelatter hasrecently been presented.

The fungicidal activity of the ligand hydrazine
carbothioamide and itstin complexes have been re-
ported®-&, The need for further study and researchin
thefield of chemotherapy hasbeen felt withaview to
develop moreand moredrugswith high efficacy against
variety of pathogens. Besides, investigationsinto the
modus operandi of existing drugs have a so been car-
ried out to facilitate the study of microbiology. Theex-
clusivecharacteristics of non-transition and transition
metd chdateswiththeir gpplicationsinmultisphereshave
opened new vigtasinthefield of inorganic biochemis-
try. We have reported®-# somederivatives of tin(1V)
with biologically activeligands such as sulphonamide
imineand study their activity invitroaswell asinvivo
against anumber of pathogenic fungi and bacteriaThe
resultsshow that theactivity isenhanced on undergoing
cheation. Itisawell known fact that the concentration
playsavita roleinincreasing thedegree of inhibition.
Asthe concentrationincreases, the activity increased.
Thefungicida activity was better ascompared to the
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bactericidd activity
Futureprospects

Theimportanceof ligandsin modifyingthebiologi-
cal effectsof metal based drugs can not be overesti-
mated. Ligandscan modify theora systemicbio avail-
ability of meta ions, can assist thetargeting specifictis-
suesor enzymesand can deliver, protect or sequester a
particular meta ion, depending on therequirements, for
thetherapy and diagnosis. To summarize, we can State
that several organotin compoundsexhibit rather prom-
isinginvivoandinvitro nematicidal, insecticidal and
antifertility activity. However, morework hasto bedone
on thesynthes sand testing of organotin moleculesthat
might become useful nematicidd,, insecticidal and anti-
fertility agentsin future.,
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