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Dialkyltin compounds mexke up a Mayg tor part of the commercial
organotwn chemicals {Wilkinson 1984)¢ They are employed as heat
ctabilizers for polyvinyl chloride Py}, Dialkykting deaching
F“on‘ PVC pipe inte water constitute 2 patential environmental

zard {Noland et al. 19283). At the crgan Tevel, di-substituted
OrgonbLir exhibit hepat obochwty, as evidenced by the occurrence
of biliary and intrebepatic lesions in several animal species that
had been exposed te dia Tkyat1ns ( arnes and Stoner 1958;Barnes and
Magee 1958). A cecond, sensitive parameter of toxicity has been
£ tem in rats, as

found in the interference with the immune sys
indicated by thymic atrophy and invoi Tution (Seinen and Willems
1976 Seinen and Penninks 1979: rerninks 1985}, At the molecular
Tevel, dialkyitin saits were Found to inhipit the activity of
2-oxoacid dehydrogenases, probably by blocking the vicinal thiol
group of the Tipoic ac? id coenzyme (Aldridge and (remer 1G85},
Dibutyltin déchiorﬁde (DBTCY inhibits oxidative phosphorylation,
in a manner anelogous to the cctw noof oligomycin (Lain et
1 j9/7 whereas an uncoupling effect has alse been repcried
et al. 1383), Within a range of homologous dialkyitin
DB‘C proved to be the mgst potent agent in inkibiting the
ntake by isclated rat thymocytes, and evoking anaerobic
olysis {Penninks and Seinem ‘98“)
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In the present freshwater ¢ odonta anating, have
b subjected t ~tEvr BXDOSUYE in order to inves-
t ( loc a*w0r3 a metabolic effects

£ organism (HG?WGvda and

—
o
T
Ea
T
o
oy

-

i

be TR -

;x1ﬁat1ve PSR Dy

ghi 1 kp have,
we narameters of Ee net m&t&buzism of
itinn, the accumulation and igcation of fin

etermined,

¥}

o

.

(PRt

sl



h Pv&r‘mmmar‘tai
e orTiarrirm i
éaneﬁ T&,;xm@%mny

i of Di-n-Butyltin
fnodonia anatins

Iriversity, Paduealaan §,

part of the coammercial
They are enployed as heat
¥C). Dialkyktins ‘leaching
a potential environmental
rgan level, di-substituted
videnced by the cccuvrence
ceveral animal species that
and Stoner 1958:Barnes ang
eter of toxicity has bheen
mrune system in vats, as
ution (Seinen and Willems
;s 1985}, At the molecular

inhibit the activity of
Nocking the vicinal thie)
tdridge and Cremer 1955),
oxidative phosphorylation,

of oligomycin {Cain et
it ohas alse bheen veporied
: of homelogous dialkyliin
it oagent in inhibiting the
es, and evoking anaerobic

sffects of DBTC or other
15 have not beern reported.
%, Angdonte anating, have
DBTC, in order fo inves-
211 as metabelic effects.
¢ organism {(Holwerda and
ted to be able to compen-
ad axidative metabolism by
ensrgy  supply. MWe have,

the energy metabolism of
iTation and location of tin

D

o n e

spmisspprE

ssrpapee.

rase - T

wATERIALS AND METHODS

smodovita anatinag L. owere collected from & pond near Leiden and
scclimatized to laboratory cond1+1ons for at least fthree weoks,

ppimals were exposed to 0.125 ¥ DBTC {equivalent to 15 ppb Sn)
for 7 months, during the swmmer. A 40-L volume of tap water
(transported internally in polythene conduit), holding 50 animals
at the start of the experiment, was spiked with the toxicant dis-
solved in ethanol (50 mi). Main parameters of water quality were:

Ca . 34-41 mg/L Fe < 0.1 mg/i S0y 12-17 mg/t
Mg 3-4 mg/l HCOy @ 95-115 mg/L oH 7.3-8.0
Ma @ B.5-10 mg/L €1 7 13-20 mg/L dissolved 0,: 6-9 mg/L

The system was refreshed weekly o the same Tevel. Mortai{ity was
26% over the total period of exposure.
piochemical parameters - wet weight and dry weight (after lyophi-
jization), carbohydrste and lipid content, and anasrobic end
prOdUCtS (lactate, succinate, acetate, and propionate) - were
getermined for the teotal soft body mass. In addition, the hemo-
1ymph carbohydrate concentration was measured, Hemolymph (2 ml per
animal} was taken from the heart with a syringe. Dissection,
nomogenization, and determinaticn of metabolites were performed as
described previously (Holwerds and Veenhof 1984). Carbohydrate wa
measured using the anthrone method [(Holwerda et al. 1977) with
D-glucose as the standard., Lipid was assayed using the sulphuric
acid/vaniliin method (Holwerda et al. 1977) with oleic acid as
the standard.

For metal concentration, the wei organs were decomposed im conc,
N0 for at least two days, at room temperature. Total tin was
measured using graphite furnace atomic absorption spectrometry,
Wavelength was set at 235.5 nm, and background correction for non-
specific absorption was appiied,

Tin was localized Yighi-microscopically with the sulphide-silver
technique after Danscher {(1981). To wvisualize giycogen, tissue
sampies were Tixed by freeze-substitution in Gendre {Romeis 1968).
Paraffin sections were stained with Periodic Acid-Schiff (PAS).

RESULTS ARD DISCUSSICN

in the concentration applied, DBTC was not lethal fo the clams, By
contrast, in pra"m nary exper‘ments we found that these animals
do not survive exposure to bis{tri-n-butyltin} oxide (TBT0, in a
concentration equivalent to 5 ug Sa/L) for longer than six weeks.
Like DBTC, TBTC has been reported to affect the oxidative metabo-
Vism f”remer 19573, Nevertheless, DBTC significantly influenced
parameters that are indicative of delivery and status of energy.
First, whereas in contrel animals the dry weight amounted to
6.8% = 0.8 (SE, n=6), in esposed animals it had decreased to
n=8). Sec

5

3.8% 2 0.8 { gcondly, ca xgorvdvaLe stores of exposed animals
duced to Yess than 25% (Table 1}, The Tipid Su;piy seems Lo
hoconsiderably less, but it should be kept n mind that the




method used only
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e as an energy substrate,
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kemolymph, of DBTC-exposed (7 mont
i . Mean value and S5E; the

Table 1. Concentraticns of energy
1

Carbohydrate- Carbohydrate- Lipid~
hemolymph total tissue total tissue

ug/m) mg/q wet weight
Control 67 + 4 [8) 4.4 =2 1.0 (8) 2.4 2 0.3 (4)
Exposed 19+ 5 (3) 1.0 = 6,1 {8) 1.2+ 0.1 (4}

ght-microscopice] examination of PAS-stained sectiens confirmed
that, in all tissues co n+cwnwna significant amcunts of glycogen
in control animals, particularly in mantle, visceral mass and
idrey, glycogen was markeuT reduced afier exposure of the clams
to DBTC. Evidently, =2xposed améngiJ show an increase of metabolic
rete (ATP turnover] ov they metabolirze, with unaffected ernergy
demand, less efficiently. The Tatter possibility is the more

[

Tikety one as the Tevels of lactate {D- and L-), succinate and the
olattle fatty sacids acetate and propicnate, being typical
anaerchic end products, were strongly elevated {Table 2).

Tahle 2, Effect of DRIC
bolites, involved in
for the corntrol, mean *

Control {(n=2)  0.30; 0.36  (,06; G.06  <0.1,<0.1 n.d¥; n.o*
Exposed (n=4}) 3.1 # 0.7 0.24 406,63 3.0+0.8 Z2.82 0.3

+
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metaboiism, as shown by animats when oxycen is deprived {Fig. 1A):
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Hypothetical model

into aceiyl-Coh, thought to proceed under anokia (Fig. 1A}, may

he dinhibited owing to
gehydrogenase complex.

the blockage

by DBTC
Instead, glycogen will be converted

of the opyruvate

into

D- and L-lactate and succinate/gropionate. The reducing eguiva-
lents necessary for fumarate reduction may be derived from fatty

acid oxidation, which explains the accumulation of acetate.
Tatter cannot be further metabolized because of the

The
inhibition of

the citric acid cycle enzyme 2-oxogltutarate dehydrogensse. Excess

of reducing

eguivalents,

dehydrogenase (FAD dependent) might be oxidi
i

drial electiron

transfer cha

(Fig.

presumably as  the

1B}, 1t

reduced acyl-Cof
zed in the mitochon-
should be stressed

that the tissue concentrations of anaerchic end products {Tahkle

2% cannot be

used to

construct metaholic

batances as these

metabolites are differentially released into the medium {Holwerda
and Veenhof 1984). Furthermore, the extent of metabolic inhibition

will depend on the
compounds, in  the
excluded that the two
dehydrogenase systems
affected 1o a differ:

degree of accumuiation
individual

organs.
supposed sites of inb
and the oxigative

Finally,

of DBTC, or derived
it cannot bhe
ibition, the oxoacid

phosphorylation, are

g degree. bven under the condition of total

blockage of 2~0xog1utérate dehydrogenase, i.e. the citric acid
cycle being eliminated, ATP could be synthesized via oxidation of

NADH,

and FADH, devived from fatty acid oxidation, provided that

oxidative phosphorylation s not totally inhibited or uncoupied.
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Tahle 3. Total-tin concentrations in some seiected organs of
4. anating after exposure to DBTC (15 ug sn/l) for 7 months. For
£ incividual snimals the range of Sn concentration, and the mean
vatue = SE are given

Range Mean

ug Sn/g wet weight

Gills G 86 - 1.39 0.24 = 0,11
Mantle + Mantle-edge 0.08 - 0.22 0,13 = 0,02
Foot 311 - 0.37 6.22 = 0.04
Midgut gland 0.40 - 0.79 0.60 = 0,07
Kidney 17.1 - 31.1 23.5 = 2.2
Rest fraction ¢.14 - 0.98 0.56 = 0,12
By contrast, simultanecus exposuve of Ancdomiz 10 SdCEQ (16 weeks,
25 ppb Cd} resulted im 3 aquite déffer@n\ distribution of this
metal among  the various  organs (Tabi 4y, Tnis cannct  be
atiributed to the larger crrueﬁ*r ation $artor far Cd (SOOQ far
whele animal} cawpar@d to that Tor Sn {50, for whole animall:

sven in unexposed control animals, the kidney of dnodunic did not
contain more than 6% of the total Cd body burden {Hemelraad et al,
1685) . The relatively low concentration factor for Sn, in combina-
tion with the high contribution of the kidney, indicates that the
organctin compound 15 eliminated at a faster rate than inorzanic

cadmium.

Table 4. Relative distribution of metal [in % of total body
burden) in some orgens of A.anating, exposed to DBYC {7 monihs,
15 ppb Sn) and CdCY, (16 weeks, 25 pph Cd), respectively

Sn Cd
Gitls HE 39
Mantle + Mantle-edge 4.6 2e
Foot 2.0 3.2
Midaut gland 5.3 4.7
Kidney 40 6.1
Fest fraction 37 25

xaeriyved from Hemelraad et al., 1965,
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Figure 2. Low»magnification micrographs of kidney tissue of
Anodonta anatina, treated with the sulphide-silver technique.
Megnitication: 400 x 5 A. Kidney epithelium of unexposed animals.
g, Kidney epithelium of DBTC-exposed animals.

organs mentioned. In  addition, marked silver deposits were
observed 1in the kidney epithelial cells. The denosits weve
located mainly in the form of distinct granules in the apical
region of the cells (Fig. 2). from the histochemical results it
is concluded that the kidney is strongly involved in the accumy-
lation of tin. It must, however, be stressed that the sulphide-
silver technique only visuatizes metal that can be sulphidated
(Danscher 1981), Tin tightly bound to ligands (for instance
thionein or other proteins) may escape sulphidation and, thera-
fore, remain histochemically invisibie. Apparently, part of the
tin accumulated in the kidney is present in & form that can he
converted into the metal sulphide.
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