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Abstract. The effect of organic-metallic compounds includilegd, (GHs)sPbCl, and tin,
(CeHs)sSNCl, on cucumber leaves and green affeenedesmus quadricaudere studied. Both com-
pounds, in concentration of @nol dni®, caused increased emission of ultra weak chenmiesnence
(UCL) of cucumber leaf discs after 20 hours of tiremt, and activity of tin triphenyl chloride was
stronger than that of lead triphenyl chloride. [Ggl at high light of the studied discs treatedbmgh
compounds increased UCL intensity more than theaames. Suspension of green al§aenedesmus
quadricaudatreated for 1 h, 2 h and 4 h byg)sSnCl in concentration 0.smol dni® decreased the
value of thel, parameter indicating inhibition of photosynthetiectron transport. However, after
20 h of treatment, adaptation ®€enedesmus quadricauttathe applied tin was observed. Otherwise,
(C¢Hs)sPbClI caused a stronger decreaseyadepending on duration of treatment.

Keywords:Cucumis sativug., delayed luminescenc8cenedesmus quadricaulairp.), ultra-
weak chemiluminescence, organotin and organoleagbeonds

INTRODUCTION

There is an increasing body of literature on plant respondesatgy metals,
due to the intensified awareness of and concern over contaminatmiluon
of the environment (Bugan and Pasternakiewicz 2005). Direct or indirect toxici-
ties to plants have been reported. Both tin and lead are generadiyctive met-
als and they are quite easily oxidised, tin usually to tin(IV) lead to lead(ll).
Results of controlled studies of acquisition of lead and tirplaypts, mainly in
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inorganic forms, have been reviewed (Krupa and Besky1995, Memon 2001,
Prasad 2004). These metals are relatively low toxic for pianthis from. Roots
seem to be particularly affected, perhaps because they @iparteain consid-
erably higher concentrations than those in shoots (Boucher ancnGarg®99,
Mohammed and Markert 2005). Lead mainly affectdy am high concentration,
mitochondrial respiration and photosynthesis btudigng electron transfer reactions
(Woolery and Lewin 1976, Olivares 2003, Xioagal. 2006). Length of corn root
was reduced by 48% at 500 ppm Pb, and wheat raghtrreduced by 22% at 1000
ppm. Burzyiski and Ktobus (2004) showed very slight effecPbfin concentration
of 1 mM on assimilation of CQstomata conductivity and internal €&ncentration
in cucumber plants. Furmanek and Andrzejewska-Paremm(2006) showed in-
creased content of malone dialdehyde in tomataptagated by lead nitrate, which
indicated lipid peroxidation in biomembranes. Brabsorbed by plant root hairs, but
generally is not redistributed elsewhere in thentplnorganic tin is generally un-
available to plants and algae, but at high conatoirs some toxic effects were ob-
served (Romnegt al. 1975, Fargasova 1994).

Compounds containing a metal and an organic rautitahct with living organ-
isms and exhibit toxic action. Such organic tin satl compounds are, in general,
considerably more toxic than inorganic compoundthefmetals (Przestalsét al.
2000). They markedly contaminate the environment an@ d¢mm many sources; in
particular from the paint industry and plant protectiombals. The literature on the
effect of organotins and organoleads on membrasggcially model lipid mem-
branes, is poor. Amphiphilic character of organattietcompounds enables them to
intercalate and penetrate cell membranes, potgrafécting various vital cell func-
tions (Gabrielsk&t al.2004). Compound adsorption onto the membranes depends on
the compound properties, as well as on the memlm@amgosition and state. When
adsorbing onto the lipid surface, phenyltins laealat areas where lipid bilayer or-
ganization is compatible with the compound spatgjuirements (Langnest al.
2000, Htadyszowslet al. 2002). Oxidation of lipids can by detected by ¢hemilu-
minescence method. Application of chemiluminesceadbe study of lipid peroxi-
dation reactions is based on the occurrence of-bhed free radicals and excited
states derived from side reactions of the lipidogiglation process (Boverist al.
1981). Thus, the light emission yield is extremiglyr. Chemiluminescence is in-
duced or enhanced by conditions that normally amelipid peroxidation or that
create a peroxidative stress, i.e. toxic effedbygierbaric oxygen or infusion to the
intact organ with organic hydroperoxides. The higigantum yield of light-induced
emission allows a better study of the photoemisspeaxies occurring in the chemi-
luminescence system. The purpose of this work egesction of toxic symptoms in
cucumber plants and green algae subjected to digamal organolead compounds,
i.e. (GHzs)sPbCl and (GHs):SnCl in a low concentration using very sensitiveitu
nescence methods: ultraweak chemiluminescencesadaged luminescence.
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MATERIAL AND METHODS

Plants of cucumbeQucumis sativug. cv. Dar) were grown in controlled con-
ditions of light (PPFD 200umol ms?, photoperiod 12 h) and temperature
(22°C/18C, day/night). 18 discs (@ 30 mm) were cut from seeond leaves of
cucumber plants and divided in three series withdéach series. The first were put
into Petri dishes with distilled water (controlpdethe second and third — into solution
of 2umol dm® (CsHs)sPbCl (lead triphenyl chloride) or §8s)sSnCl (tin triphenyl
chloride), respectively. After 20 h of treatmentlarkness at temperature ofQlhe
intensity of ultraweak chemiluminescence (UCL) per df giry mass of leaf disc
was measured (experimentudging a special high sensitive single photon caunte
(Fig. 1) described by Murkowski (2002). Next, theheés with the three series of
discs were subjected to intense light in the rasfgehotosynthetically active radia-
tion (PPFD 120Qumol mi? s*) at temperature of°g for 2 h. After this stress they
were incubated in darkness for 2 h at temperatug®°€ and UCL was measured
(experiment 2). After the measurements the disag wat into dishes with water
and placed at 2€ in darkness (recovery after chill and high light strekg)y UCL
was measured after 20 h (experiment 3).
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Fig. 1. Ultraweak biochemiluminescence measurement set

1 — leaf disc covered by an organic glass platedizwer with thermostatic table for investigatietogical
samples (range from 30°C to 80°C, precision * (,3°€ lightproof measuring camera; 4 — thermoetect
battery (Peltier elements) with a water cooler; ermo-insulating plate with organic glass window;
6 — programmer of measurement cycle; 7 — photgohiefiEMI 9558B (photocathode S20); 8 — pulse
preamplifier; 9 — counter; 10 — printer; 11 — powapply of the thermoelectric battery; 12 — povugpdy

of the thermoelectric cooler; 13 — high voltage posupply.

Suspension of green alg&eenedesmus quadricau¢®urp.) grown on km nu-
trient at temperature of 48 in light (PPFD 8Qumol m? s?), photoperiod 12 h/12 h
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(day/night) continuously air inflating and in thegse of logarithmic growth was used
for the measurements (Prokowski 2002). Concentratiachlorophyll in the suspen-
sion was 28 mg th The single sample was 9 tof suspension in a glass dish, and
a measurement series was eight samples. For eagtesaf one series (control) —
1 cn? of water was added to suspension, for the seaebs- 1 crhof 5 umol dni®
(CsHs)sPbCl, and for the third one — 1 tof 5 pmol dni® (CgHs)sSnCl. Final concen-
tration of these compounds was @Bol dni®. Before measurements green algae were
incubated at temperature®@0in weak light of a tungsten lamp, PPFQrtiol m? s™.
Measurements of decay kinetics of chlorophyll delayednesecence were done after
1h,2h,4hand 20 h of treatment, by means spexial luminometer (Fig. 2)
described in detail by Murkowski and Prokowski (198994, 2003). The rate of
chlorophyll luminescence decay, proportional totpiynthetic electron transport rate
(Lp parameter), was calculated according to Murko{Z302).
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Fig. 2. Special luminometer for recording chlorophyll dedyuminescence decay

1 — investigated leaf disc covered by a glass;®atedrawer with table for investigated sample;Ight-
proof measuring camera; 4 — illuminator; 5 — meidahdiaphragm; 6 — power supply of the illuminator
7 — photomultiplier Zeiss S52FC20 (photocathode 828 preamplifier; 8 — counter; 9 — power supply
thermoelectric battery; 10 — high voltage powep8yd.1 — printer

All measurements were done in 6-8 biological regilims; means for each series
were calculated and statistically elaborated usmgrway ANOVA. Post-hoc analy-
sis allowed separation of homogenous groups, bynsne# Newman-Keuls
(p < 0.05), which are marked by the same letterthemliagrams.
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RESULTS AND DISCUSSION

The discs cut from leaves of cucumber plants, pagsfiltrated (GHs)sPbCl so-
lution, had increased UCL by 85% and the discEifl£)s;SnCl solution — by 160%
in comparison with the control (Fig. 3A). Chillirg high light of leaf discs caused
high increase of UCL indicating further oxidatiohliomembrane lipids. It was es-
pecially higher in the discs treated with tin aedd organic compounds - by 134%
and 124%, respectively, in comparison with the rar(Fig. 3B). After recovery,
UCL of the control discs drastically decreased Wwetlte initial level, while of those
treated with tin compounds further increased ansl higher almost 19-fold than the
control. UCL intensity of the discs treated wittadecompounds increased slightly
after recovery and was 14-fold higher than therobfiFig. 3C). Such changes indi-
cate a strong permanent lipid oxidation process.

These results confirmed the oxidation effect ofllapplied in the form of inor-
ganic compounds on plants, described by other authwreased lipid peroxida-
tion has been found in roots of the plamithonia diversifoliagrowing on road-
sides with heavy urban traffic, as well as levels of Pbamde and roots consid-
ered as typical of contaminated plants, but without visible symptomsrafgiato
the leaves (Olivares 2003). In the studies of Zacchini (200B)sceultures of
maize cv. Samodek were exposed for 22 months to lead 00 dm? lead
chloride) and oxidative damage and antioxidative response were evaluated. Induc
tively coupled plasma emission spectroscopy analysis showetkdithentering
the cells was accumulated, but its internal concentration veétgtamed 10-fold
less than the external one. Increase of lipid peroxide contdontied that cells
underwent a stress condition due to an oxidative attack, countetacted in-
crease of antioxidative defence enzyme activity - ascobertexidase and glu-
tathione reductase. Furmanek and Andrzejewska-Ponomaé®e)( found in-
creased amount of secondary products of lipid peation in the roots of tomato
plants treated by Pb(NJ in concentration of 1 mmol dihn

In our experiments on suspension of green al§aenedesmus quadricauda
treated for 1 h, 2 h and 4 h bygg)sSnCl at concentration of 0jimol dm? de-
crease of the measure@ parameter by 17%, 13% and 11%, respectively, com-
pared to the control (Fig. 4) was observed. Howeaféer 20 h of the treatment the
measured value was almost the same as the cortriodi¢ated adaptation of
Scenedesmus quadricauttathe applied tin compound. Otherwise, in thesoafs
(CsHs)sPbCl in the applied concentration, decreasepofvhs dependent on time of
treatment. Reduction ofplvalue was equal to ca. 19%, 31%, 43% and 66%, re-
spectively, after 1 h, 2 h, 4 h and 20 h of orgeadltreatment.
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Fig. 3. Values of UCL intensity per 1 g of dry mass of cuber leaf disc after 20 h treatment hyn2ol dm
3 of (CHs)sPbCl or (GH=):SNCl in darkness at temperature df21A, experiment 1), after 2 h diGat
PPFD 120Qumol m? s (B, experiment 2), and after 20 h of recoveryei@eriment 3)
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Fig. 4. Values of lp, rate of delayed luminescence decapoénedesmus quadricavdaeasured after
1h(A), 2 h (B), 4 h(C)and 20 h (D) of treatmiemt0.5umol dm?® of (CsHs)sPbCl or (GHs)sSnCl

Lowering of Lp value indicates inhibition of photosynthetic elent transport.
Kinetics of delayed luminescence decay in the raige5-17 s is a very sensitive
indicator of herbicides — inhibitors of photosyrstiseaction on electron transport in
Photosystem Il (Murkowski and Skérska 1997, Murkkivi2002). The applied lead
and tin organic compounds showed similar effect as thisafyperbicides, i.e. triazi-
nes, urea, diazines. Such a herbicide attacheartisle into molecule D1 (32 kDa)
protein inhibiting electron transport between atmepPQ and PQ in photosys-
tem Il, which causes a decrease of non-cyclic phmsphorylation rate and GO
assimilation and changes the intensity of chlordloaprescence.

Some authors studied effects of lead and tin irgamdc forms, at higher concen-
tration than in our experiment, on green algaekiaset al. (1996) showed photo-
synthesis inhibition o€hlorella pyrenoidosafter 24, 48 and 72 h treatment by Pb in
concentrations of 0.5, 1.0 and 2.0 mmol“difhe magnitudes of inhibition increased
with increasing Pb concentration and time of expasé similar pattern of inhibi-
tion was observed for biosynthesis of chlorophyit, the magnitudes of inhibition
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were smaller. Mohammed and Markert (2005) presetateid effects of Pb(NE),
H,O on the biomass of green al§aenedesmus quadricaudehe growth was
gradually decreased with Pb at 15, 20 and 25 mg, avhile at 30 mg dif the
effect was more pronounced. There were differemctsxic effects of lead metal and
its concentration and the time of exposure. Bilgrand Kumar (1997) studied the
impact of Pb on the growth @hlorella vulgarisandScenedesmus quadricaudet
concentration of 0.1 g Trthis metal was not toxic, however, at concentnatib10 g
m* the growth of phytoplankton was inhibited. ghiadricaudaexpressed highest
tolerance to the metal. Lamasa al. (2005) studied the toxicity and accumulation of
lead (Pb) in a common filamentous green affJadophora fracta They were cul-
tured in a medium which was supplemented with 5,200 40 or 80 mg drhof
Pb(NG), and were separately harvested after 2, 4, 6 aray® dThe toxicity symp-
toms of Pb irC. fracta showed damage and reduced number of chloropiisitse-
grated cell wall and death. There were significant desdadbe relative growth and
total chlorophyll content when the exposure timd aoncentration were increased.
The accumulation study showed that there werefigignt increases of metal levels
in algal tissue when the exposure time and corationrwere increased. The lowest
total chlorophyll contents were found in algae esqubto 80 mg dihof Pb.

In a study on inorganic tin compounds Fargasova4)l88owed toxic and in-
hibitory effects of Sn(ll) (SnGH,0) and Sn(lV) (Ng5nQ) on the algaScene-
desmus quadricaudanhibition of growth rates afcenedesmus quadricaudas
observed and the $rion also had lower inhibitory effects on growthesathan the
Srf* ion. The influence of inorganic tin compounds oe ticellular cyanobacte-
rium Synechocystis aquatilgas studied by Pawlik-Skowronskgaal. (1997). Both
Sn(ll) and Sn(IV), used as chlorides (at conceminatof 10 mg di), inhibited the
growth and chlorophyll a content of the cyanobaatercultures, but only under
alkaline conditions. Generally, the observed tixidity increased with increase of
metal concentration, time of exposure and pH vafube medium (in the range 7-
9.8). Sn(ll) seemed to be more toxic than Sn(IV). At theekiveoncentration (1 mg
dm®) Sn(ll) caused a 36 and 40% decrease in growthchtmophyll a content,
respectively, after 96 h exposure at pH 9.8, wBitglV) caused even a slight in-
crease of both physiological parameters (hormdfiec®. Similar increases in
growth and chlorophyll a content were also obseated high Sn (Il) and Sn(IV)
concentration (10 mg din

CONCLUSIONS

1. The studied organolead and organotin compounds in concentration of
2 umol dmi® probably initiated free radical oxidation of biolipids iretleaves of
cucumber, observed as increased intensity of ultra-weak chmeiméscence.
Solution of (GHs)sSnCI showed higher prooxidation activity compared to the
(CsHs)sPbCl compound.
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2. The studied compounds applied in concentration ofih8l dmi® inhibi-
ted photosynthetic electron transportSifenedesmus quadricaydaeasured as
decrease of b parameter of chlorophyll delayed luminescence, which indicated
similar activity as herbicides — inhibitors of pbsynthesis; (6Hs);PbCl caused
stronger effect than ¢Els);SnCl.
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ABBREVIATIONS: AOS - active oxygen species; DL -ajed luminescence;yl- rate of delayed
luminescence decay; PPFD - photosynthetic photondénsity; PS 1l — photosystem II; UCL - ultra-
weak chemiluminescence.

POROWNANIE FITOTOKSYCZNGCI ORGANICZNYCH ZWIAZKOW
OLOWIU | CYNY METODAMI LUMINESCENCYJNYMI

Antoni Murkowski, Ebieta Skorska

Zaktad Fizyki, Akademia Rolnicza w Szczecinie,Ré&piea Pawta VI/3, 71-459 Szczecin
e-mail: skorska@agro.ar.szczecin.pl

Streszczenie. W pracy badano wplyw gzkbw organometalicznych, zawiem@ych otéw
(CeHs)sPhCl i cyre (CHs)sSNCI na Kcie ogorka oraz glongcenedesmus quadricaudba zwazki o
stezeniu 2pumol dmi® spowodowaly zvdkszor, emisg; ultrastabej chemiluminescencji (UCL)aikkow
lisci ogorka po 20 godzinach dziatania, a akty$énchlorku trifenylocyny byta wgksza ni chlorku
trifenylootowiu. Krazki poddane stresowi chtodu przy silnyiwietle, traktowane badanymi zgkami
wykazaly zwekszone natenie UCL w poréwnaniu z kontrola. Zawiesina glor®eenedesmus quadri-
caudapoddana dziataniu (El5);SnCl o stzeniu 0,5umolidni® w ciagu 1 h, 2 h lub 4 h miata okione
wartasci parametrulp wskazujcego na inhibig fotosyntetycznego transportu elektronéw, jednak po
20 h dziatania tego zwiku zaobserwowano adaptagjcenedesmus quadricaudia cyny. W przypadku
zwiazku otowiu (GHs)sPbCl nastpito dalsze obmieniel, zalezne od czasu jego dziatania.

Stowa kluczowe Cucumis sativug., op&niona luminescencj&cenedesmus quadricauda
(Turp.), ultrastaba chemiluminescencja, @i organiczne cyny i otowiu



