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Triorganotin compounds (R;SnX) are probably the most widely studied and most
biological active tin compounds. The biological activity of organotin compounds
shows an increase with increasing lipophilicity of the alkyl substituents. However,
the increase in n-alkyl chain length to octyl through dodecyl causes a sharp
decrease in biological activity (Cooney 1995). This so-called “cut-off™ effect, i.e.
the quasi-parabolic course of the dependence of biological activity on the
lipophilicity of the alkyl substituent, has been confirmed for many homologous
series of organic compounds (KraPova et al. 1992). It was reported that butyl and
phenyl substituents having comparable lipophilicity had approximately the same
biocidal activity (Davies and Smith 1980).

The lipophilic nature of most organotins ensures ready penetration of biological
membranes and thus access to intracellular sites (Cooney and Wuertz 1989).
Briefly, organotins are likely to accumulate in lipid-rich organelles and to
penetrate biological membranes more readily than inorganic tin compounds.
Tributyltin (TBT) acts as a ionophore, facilitating halide-hydroxyl exchanges, and
interfering with energy transduction processes in chloroplasts and mitochondria
(Cooney and Wuertz 1989). TBT can inhibit microsomal cytochrome P-450 in
algae (Cooney, 1995). Trisubstituted organotins are active against a number of
enzymes (Cooney and Wuertz 1989).

Organotins, the emerging chemicals of the end of last century, are without a coun-
terpart in natural substances. They contribute significantly to the pollution of
aquatic ecosystems (Fent and Hunn 1991). Because triorganotin compounds of the
type R3SnX, mainly tributyltin (TBT) and triphenyltin (TPT), are used as
antifoulants in antifouling paints for the protection of ship hulls and equipment
submerged in water, they leach into the aquatic environment and can cause toxic
effects to non-target organisms, even at very low concentrations. TBT and TPT
are lipid-soluble and have the potential to be concentrated in higher organisms
(Maguire 1996). Fent and Hunn (1991) and Avery et al. (1993) reported their
toxicity to algae. Microalgae constitute the first trophic level within the aquatic
environment and alga tests are recognized by regulating authorities as being
relevant and sensitive indicators of pollutants (Tadros et al. 1994). Most infor-
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mation about effects of organotins is related to marine water and estuarine
organisms (Waite et al. 1991; Alzieu 1996). Relatively few reports have been
published on the comparative toxicity of TBTs and other organotins to freshwater
environments (Holwerda and Herwig 1986; Fargasova 1996; 1998).

Attention is now being directed to understanding the relationship between
structure and antialgal activity of triorganotin compounds. The biological
efficiency of tested triorganotin compounds was examined on the freshwater
plankton alga, Scenedesmus quadricauda, with the observed parameters including
growth rate, chlorophyll @ production, and photosynthetic oxygen evolution.

MATERIALS AND METHODS

In the tests the following organotins were investigated. As standards:
commercially available liquid (bis-tributyltin oxide (TBTO) and tributyltin
naphthenate (TBTN); Schering AG, Germany) and solid (triphenyltin chloride —
Brestanol (TPTCIl) and triphenyltin acetate — Brestan (TPTA); Bayer AG,
Germany) products were used. Other tested compounds included tribenzyltin
chloride (TBeTCl), tributyltin N, N-diethyldithiocarbamate (TBTDEDTC), tri-
phenyltin N, N-diethyldithiocarbamate (TPTDEDTC), and tribenzyltin N,N-di-
ethyldithiocarbamate (TBeTDEDTC) and were prepared at the Department of
Organic Technology, Faculty of Chemical and Food Technology, Slovak
University of Technology, Bratislava, Slovak Republic by known laboratory
methods (Kizlink 1991). The analytical evaluation of prepared compounds was
carried out by the GC method elaborated for various N, N-dialkyldithiocarbamates
(Stdb et al. 1993). The purity of all prepared compounds was 97%. Freshly made
stock solutions were made in 10% (v/vay) aqueous ethanol for each final
concentration of organotin required prior to the tests. To eliminate or reduce the
toxicity of ethanol on the alga cells, a preliminary study established that a con-
centration of ethanol up to 0.33% (v/v,aq) posed no significant effect on the algae
studied in terms of their population growth, chlorophyll production and oxygen
evolution. All of the organotins tested were soluble in 0.33% (v/v,) aqueous
ethanol at concentrations specified for the tests. During experiments the triorga-
notins were tested at 10 different concentrations ranging from 0.01-100.0 pM in
a logarithmic sequence.

The freshwater alga, Scenedesmus quadricauda (TURP.)) BREB. strain
Greifswald 15, was used. Algae were grown statically in a calcium-depleted
modified Knop solution (pH = 7.2) (FargaSova 1998) 12 d under constant
temperature (25 + 1 °C) and permanent light conditions 70 pmE/s/m PAR (PAR =
photosynthetically active radiation). Algae at the logarithmic phase of growth
were used as inocula for experimental studies. Alga cells at initial density of
25,000 ceonobia/mL (four cells connected in one unit) were inoculated aseptically
into 50 mL sterilized Knop solution. The concentrated and diluted stock solutions
of organotins were spiked to individual cultures directly after inoculation. At two
day intervals the growth rate was determined using a spectrophotometer
(A=750 nm) (Bolier and Donze 1989).
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Chlorophyll g content was determined using a spectrophotometric method
(Fargafova 1996) from the same samples used to determine the growth rate.
Chlorophyll a was determined in 95% (v/v) ethanol extract measuring absorbance
(A) at 665 and 649 nm, respectively, and calculated under the equation:

Chlorophyll @ (Chl @) = 13.70(Asss) — 5.76(Ag40) (in pg/mL culture).

The photosynthetic oxygen evolution after 12 days growth in the presence of
tested trioganotins of alga S. quadricauda was measured with an oxygen electrode
connected to a computer (Farga$ova and Drtil 1996). Before each measurement of
oxygen evolution, the cultures were flushed with nitrogen gas in order to decrease
their oxygen content to 2-3 mg O,/L.. The defined oxygen production was adjusted
for the dry weight (DW) of algae.

All experiments were done in triplicates five times (two reference and three
elementary tests). Results from repeated tests were incorporated in one file and
referred to negative control. The standard deviations between the tests were less
than 5%. The ECsq values (ECso® — growth; ECsy"™ - chlorophyll a content;
ICs5o™ — photosynthetic O, evolution) and their 95% confidence intervals (CI)
were calculated by the moving average method of Gelber et al. (1985) and U.S.
EPA (1989).

RESULTS AND DISCUSSION

The ECs values expressing the inhibition of alga growth, photosynthetic oxygen
evolution, and chlorophyll g production in freshwater alga S. quadricauda for the
studied triorganotin compounds are given in Table 1. All these values reflect the
long-time effects. On the basis of calculated ECsq values the following rank orders
of inhibition were established:

Growth rate inhibition:
TBTO>TBTDEDTC>TBeTDEDTC=TPTDEDTC>TPTCI>TPTA>TBeTCI>TBTN;
Chlorophyll a content.
TBTO>TBTDEDTC=TPTA>TPTCI>TBeTCI=TBeTDEDTC>TPTDEDTC>>TBTN;
Photosynthetic oxygen evolution:
TBTO>TPTDEDTC2TBeTDEDTC>TBTDEDTC=TBeTCI>TPTCI>TPTA>TBTN.

From these ranking it was evident that the triorganotins, which were the most
lipophilic, exerted the greatest toxicity, e.g. TBTO, the most lipophilic test agent,
was the most toxic one. This compound best inhibited the alga growth and its
ECsy value was 10-100 times lower than those for other used triorganotins.
Triorganotins inhibited growth more intensively than both chlorophyll
production and oxygen evolution. A detected decrease in chlorophyll g content
was also connected with the changes in the appearance of the alga suspension.
Some cultures treated with triorganotins (TPTDEDTC, TPTCl, TBTDEDTC,
TBTO) were pallid and exhibited a color change from green to yellow-green.
Under microscopic observation a number of cultures showed deformations and
disintegration of coenobia.
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Table 1. ECsp values (uM) and their 95% confidence intervals (CI) for
Scenedesmus quadricauda growth (G), chlorophyll g content (Chla) and oxygen

evolution (Ox) after 12 days cultivation in media containing triorganotins

Compound ECso” £95% CI |ECsq™™ £95% CI | ECso™ £ 95% CI
TBTO (0_0()1'?5 02) (0.203'_3(5 34) (0.1%:201.24)
IBTN (4.342_75% 00) (14.52?2.41) (18.i§;?§-05)
TPTCI 0871:0.93) (2_827'_938,10) (3_239'5133.45)
TPTA (1.31éf113.49) (0.912.?10.10) (4.3‘;—541.73)
TBeTCI a .927'_520. 7 (5_155515? 60) (0.911'? 10_38)
TBTDEDTC (0.1%_200, 23) (0.803.?(190) (0.8%-913-10)
TPTDEDTC (0_3;3,4) (8.588-791.12) (0.4%-5(?52)
TBeTDEDTC (0.:(5);3. %) (5.4%?. 1) (0_5(2'.507, 60)

The higher ECsy values for the majority of compounds were calculated for
chlorophyll g content (ECso"™®) rather than for oxygen evolution (ECso™),
indicating a strongly unfavorable effect of the organotins on alga photosynthesis.
The inhibition of photosynthetic electron transport (PET) by the organotin
compounds resulted in inhibition of oxygen evolution, whereas inhibition of alga
chlorophyll production was probably related to changes in chlorophyll
biosynthesis. Consequently, it can be concluded that some compounds (mainly,
TBeTCl, TPTDEDTC and TBeTDEDTC) are more effective inhibitors of PET
than of biosynthesis of chlorophyll a. That was reflected in the dependence of
biological activities on lipophilicity of the compounds. Whereas inhibition of the
oxygen evolution rate showed an increase with increasing lipophilicity, for
inhibitory activity of chlorophyll production the dependence of biological activity
on the lipophilicity of the compounds showed a quasi-parabolic plot (with the
exception of compound TBTO). TBTN was found to be the least effective
inhibitor of the studied set.

The investigated triorganotin compounds are amphiphilic compounds showing
affinity for both metal ions and hydrophobic materials. It has been found that the
uptake of these compounds by phytoplankton cells proceeded by a simple
partitioning mechanism driven mostly by their hydrophobic character. The
positively charged tin atom in R;Sn" cations interacts with anionic sites on the cell
surface, such as sulfate and carboxylate groups (St-Louis et al. 1997). Tributyltins
are lipid-soluble and penetrate the cell by a direct interaction with membrane
lipids. An excess of tributyltin crossing the membrane might affect membrane
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fluidity by modifying the arrangement and interactions of the different lipids and
protein-composing membrane. The principal effect of organotin compounds on
the function of the eukaryotic cell has been ascribed to the inhibition of oxidative
phosphorylation caused by the damage of the mitochondria membranes. The
compound TBeTCl is also known to inhibit ATP formation and coupled electron
transport in isolated chloroplasts (Yatome et al. 1993). However, during our study
the inhibitory effect of this compound on alga growth was very low; its inhibitory
effect on chlorophyll a production and oxygen evolution was moderate. The
inhibition of photosynthetic electron transport (PET) was also observed for other
tributyl-, triphenyl- and tribenzyltins tested, except the TBeTCl. On the basis of
obtained results for oxygen evolution the tested compounds could be arranged
into four groups. The first group includes TPTDEDTC and TBeTDEDTC with
very strong inhibitory effect on oxygen evolution accompanied by a strong
inhibitory effect on PET. The second group includes TBeTCl and TBTDEDTC
with moderate inhibitory effect on oxygen evolution. Group three consists of
compounds TPTCI and TPTA which have in comparison with compounds from
two previous groups significantly lower inhibitory efficiency both to oxygen
evolution and to PET. The last group includes only compound TBTN with very
low inhibitory effect on the observed parameter. Low biocidal activity of this
compound has been known (Fargasova 1996; Fargaova and Drtil 1996). Naph-
thenic acid is a natural product consisting of different isomers and naphthenes,
corresponding to certain saturated hydrocarbons, specifically to five- and six-
carbon cycloparaffins and their alkyl derivatives, found in crude petroleum.
Compound TBTN was found to be the less effective inhibitor in the investigated
set, probably due to its lower water solubility causing limited passage of this
inhibitor through the intact outer alga membrane. On the other hand, TBTN
inhibited PET in the suspension of partially broken spinach chloroplasts (Sereti et
al. 1997). EPR spectroscopy experiments confirmed that TBTN interacted with
tyrosine radicals Tyr; and Tyrp which were located in 161* position in Dy and D,
proteins on the donor side of photosystem 2 and that in the presence of TBTN the
Mn?" ions are released from the oxygen-evolving complex (Sersefi et al. 1997).
TBTO was excluded from this assessment because of its different structure
containing two tin atoms.

In general, the replacement of butyl substituent (TBTDEDTC) by phenyl
(TPTDEDTC) and benzyl (TBeTDEDTC) in N,N-diethyldithiocarbamates led to
decrease of biological activity, supporting the role of lipophilicity of R substituent
as well as that of molar volume of R3;Sn group in generating bioactivity of
investigated triorganotin compounds (the molar volumes calculated for (C4Hyg)s-C,
(C4Hs)3-C and (CeHs-CHy)3-C groups were 2.251x10% m®, 2.431x10”® m® and
2.796x10% m? respectively. It can therefore be assumed that also the differences
between molar volumes of (C4Hg)s-Sn, (Ce¢Hs)s-Sn and (CsHs-CHz)3-Sn groups
will be similar) (Ertl 1992).

We found that the effect of the X group was not sufficiently expressed in

comparison with the effect of an R group (McDonald and Trevors 1988).
Therefore we conclude that the biocidal activity of the studied triorganotin
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(R3Sn-X) compounds is closely connected with the lipophilicity of the alkyl
substituent R as well as with the molar volume of R3Sn group. The effect of X
group on biocidal activity has not been significantly manifested.

Acknowledgement: The study has been done with the support of the VEGA grant
No. 1/7346/20.

REFERENCES

Alzieu C (1996) Biological effects of tributyltin on marine organisms. In: de Mora
SJ (ed) Tributyltin: Case Study of an Environmental Contaminant.
Cambridge University Press, Cambridge. pp. 167-211

Avery SV, Codd GA, Gadd GM (1993) Biosorption of tributyltin and other
organotin compounds by cyanobacteria and microalgae. Appl Microbiol
Biotechnol 39: 812-817

Bolier G, Donze M (1989) On the accuracy and interpretation of growth curves of
planktonic algae. Hydrobiologia 188/189: 175-179

Cooney JJ (1995) Organotin compounds and aquatic bacteria: a review.
Helgolander Meeresunters 49: 663-677

Cooney JJ, Wuertz SW (1989) Toxic effects of tin compounds on
microorganisms. J Ind Microbiol 4: 375-402

Davies A, Smith PJ (1980) Recent advances in organotin chemistry. Adv Inorg
Chem Radiochem 23: 1-77

Ertl P (1992) MGP — Molecular graphic package for IEM PC compatible
computers. Chem Papers 86: 465-467

FargaSova A (1996) Inhibitory effect of organotin compounds on the chlorophyll
content of the green freshwater alga Scenedesmus quadricauda. Bull
Environ Contam Toxicol 57: 99-106

FargaSova A (1998) Comparison of effects of tributyl-, triphenyl-, and tribenzyltin
compounds on freshwater benthos and alga Scenedesmus quadricauda. Bull
Environ Contam Toxicol 60: 9-15

FargaSova A, Drtil M (1996) Respirometric toxicity test: Freshwater alga
Scenedesmus quadricauda sensitivity to organotin compounds. Bull Environ
Contam Toxicol 56: 993-999

Fent K, Hunn J (1991) Phenyltins in water, sediment, and biota of freshwater
marinas. Environ Sci Technol 25: 956-963

Gelber RD, Lavin PT, Mehta CR, Schoenfeld DA (1985) Statistical analysis. In:
Rand GM, Petrocelli SR (eds) Fundamentals of Aquatic Toxicology:
Methods and Applications. Hemisphere Pub Corp, Washington DC

Holwerda DA, Herwig HJ (1986) Accumulation and metabolic effects of di-n-
butyltin dichloride in the freshwater clam, Anodonta anatina. Bull Environ
Contam Toxicol 36: 756-762

Kizlink J (1991) Tributyltin N,N-dialkyldithiocarbamates as fungicides for wood
preservation against rot. J Oil Colour Chem Assoc 74: 329-330

Kralova K, Seren F, Cizmarik J (1992) Dimethylaminoethyl alkoxyphenyl-
carbamates as photosynthesis inhibitors. Chem Papers 86: 166-169

761



Maguire RJ (1996) The occurrence, fate and toxicity of tributyltin and its
degradation products in freshwater environment. In: deMora SJ (ed)
Tributyltin: Case Study of an Environmental Contaminant. Cambridge
University Press, Cambridge. pp. 94-138

McDonald L, Trevors JT (1988) Review of tin resistance, accumulation and
transformations by microorganisms. Water Air Soil Pollut 40: 215-221

Stdb JA, Cofino WP, van Hattum B, Brinkman UAT (1993) Comparison of
GC/MSD and GC/AED for the determination of organotin compounds in
the environment. Fresenius J Anal Chem 347: 247-255

St-Louis R, Pelletier E, Marsot P (1997) A mechanistic approach to tributyltin
(TBT) sorption by marine microflagellated alga Paviova lutheri. Appl
Organometal Chem 11: 543-550

Serseri F, Kralova K, Fargasova A (1997) Effect of triorganotin compounds on
photosynthetic process. In: Ondrejovi€¢ G, Sirota A (eds) Progress in
Coordination and Organometallic Chemistry, Vol. 3. Slovak Technical
University Press, Bratislava. pp. 227-232

Tadros MG, Philips J, Patel H, Pandiripally V (1994) Differential response of
green algal species to solvents. Bull Environ Contam Toxicol 52: 332-337

U.S. EPA (1989) Toxic Substances Control Act Test Guidelines: Final Rules,
Federal Register, 50, 797.1050, and 797.1060 (see also Technical Support
Document)

Waite ME, Waldock M.J, Thain JE, Smith D.J, Milton SM (1991) Reduction in
TBT concentrations in UK estuaries following legislation in 1986 and 1987.
Mar Environ Res 32: §89-111

Yatome Ch, Yamauchi Y, Ogawa T (1993) Effects of organotin compounds on the
synthesis of nucleic acids and ATP in the growth process of Bacillus
subtilis. Bull Environ Contam Toxicol 51: 234-240

762



