b

Eaviron. Contam. Toxicol, 16, 95101 (1987)
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@%zmci. Freshwater clams (Anodonta cygneal
were exposed 10 Cd?* (25 pg/L) or to Cd?t (23
g/l plus Zn? " (2.5 mg/L). In the presence of zinc,

%

i sprake of cadmium v whole clam was halved. In
prgans such as the gills, mantle, and iabial paips a
gt farger reduction of Cd accumulation occurred.
gy contrast, accumulation in midgut gland and

pidney was hardly affected by the presence of zinc.
% i shown that in the gitls zinc competes with cad-
sonre Tor metal binding sites both within the partic-
state fraction and the high-molecular weight frac-
son of 1he eviosol. Zine probably did not induce an
enfurged synthesis of specific metal-binding. metal-
wthionein-iike, profeins, In conclusion. zine exerts
antagomistic effects on uptake of cadmivm by gilfs,
and accelerates Cd transport from the gills towards
ihe internal organs,

Fine has an antagonistic and protective action in
the upiake and toxic effects of cadmium. Pre-treat-
ment of rats with Zo?+ reduced infurtous effects of
subsequently administered Cd?+ (Webb 1972). The
protective action was assigned to Zn-induced syn-

iv of thionein that detoxifics Cd by firmly
hinding thie metal. Also, the intestinal absorption
of £4% in cadmivm-sxposed calves was signifi-

cantly reduced when the diet contained Zn? in
smourds exceeding that of U7 (Lamphere e af.

= beey recorde

found no effect o

{

ey

T 1987 Springer Verlap New York Inc
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amium Kinetics in Freshwater Clams. [1L. Effects of Zinc on Uptake and

yemelraad. H. A Kleinveld, A. M. de Roos. D. A. Holwerda, and . I Zandee

saratory of Chemical Animal Physiology. State University, Padualaan 8, 3508 TB Utrecht, The Netherlands

by the presence of zinc or other metals (Carpené
and George 19811, When Mytilus edulis were ex-
posed o zinc, cadmium, or lead. either as the
single metal or as a mixture, uptake of any indi-
vidual metal was not affected by the presence of
other metals (Phllips 1976). Investigating the up-
take of cadmium in Macoma baliica Mcheese and
Ray (1984) stated that “‘the presence of zinc may or
may net have altered Cd accumulation.” By con-
trast, an inhibitory effect of zinc on the accumula-
tion of cadmium has been reported for the bivalves
M. edulis and Mulinia lateralis Gackim er al. 19773,
and the polvchaetes Nereis diversicotor (Bryap and
Hummersione 1973} and N. virens (Ray er al.
19791, Aniagonistic Cd-Zn interaction was also
found for the esiuarine teleost Fundulus herero-
clitus, in the sense that comparatively low levels of
cadmium inhibited uptake of zinc from the medium
{Fisler and Gardner 1973}, Differential effects of
zinc on the accumulation of cadmium in the sepa-
rate tissues of Pandalus momiagui were observed
by Ray ef «f. (1980}, whereas in the shrimp Callie-
nassa australiensis addition of zinc 1o the water in-
creased the accumulation of cadmium {Ahsanulizh
et al. 1981},

For aguatic organisms, especially in the fresh-
water habitat, Zn interaction with uptake of cad-
mium may be of grest significance, as these two
metals are cofter disposed from zinc-producing
starls in combination { yodn light of the
controversial fingd: i the infiu-
ence of zing, fes on Cd
accumulation |
1986y, 1GHERE, ap i
study the ¢ ts
cvghea Fotal O
bution among the
fuiar and i

i

-5 . oy
Te Ac &7 di,
undertaken ic

Anoda

and the subcel

< considered.

fEle]

maojecuiar i

LR



af 7n and Cd in Ciams

Whole Aaimal #e Cog dry wi G

o

Ridgut  sland AG
605

e I

40.4

20,

; ] ¥ =~
0 4 E 12 i6
weeks weeks
§ cONCEnTations ue exposure tme in whole body and
@wg of A. cygneo, cxpowd to 25 ppb Cd (@) or 25
@+ 2.3 ppm Zp (~=). Mean z SD of four animals: sig-
L
s me;;cnccs between Cd and Cd plus Zn groups at each
wae lime are denoted by * {p < G.05) or ** (p < 0.01}

EIHIHET

COTeres
St Tbutig,

With
Har digee
vaied

e : Gite % of total Gd Midgut gland
HEERT . ?su.‘
! % 204 I

;O

. . ——— : 1
. %’f& tatal 4o Mantie ;5931‘ :::ai <o Kidney

tor the

t Figure 10

T b "?MMWE—E““‘”“{

-t AR e e L aat T

. et g,

s . S

srrfnd iy & 4 & i2 16 E i2 \C

wlation wosks woske

ISErVEd a i N o v
B 2 Distribanion of Cd {as % of total body burden) vs expo

TH sk ware tme i four organs of A. cvgrea, exposed o 25 pph Cd

J0UL six oy or 1w 25 ppb ©d plus 2.5 ppm 28 (~O-). Mean = SD of

animaly

cof H&"“

ihe effect of Zn coexposure on Od accumulation
is considerably smaller (Figures 1, C and ). The
e was troe for man‘ike-amﬁ and rest fraction.
Comparison of the cwves f@f retative Cd burden
fe the organs (Figures 2, A~D} shows that the pres-
s r""""_‘;wrw\f changed Cd distribution.
& of animals exposed to cacdmivm alone
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Fig. 3. Svbeellular distribution of Cd vy exposure ume. in gills
(~&—, ~O~} and kidney (-8 -l of animals exposed o Cd
alone {closed symbol q) m 1o Cd plus Zn (open symbols). Pooled
organs of four animals: * denotes constant level that differs sig-
nificantly {(p < 0.05} from the unexposed control

animais, For either condition of eXposure, a steady
state of Cd distribution was reached after four to
six weeks,

Subcellular Cd Distribution

Coexpasure with zine exerted differential effects on
the subcellular Cd di&m*ibuiizm in gills and kidney
(Figure 3}, Whereas. in gills. the disiribution he-
tween the "}drtzcuicﬂb and soluble fraction signifi-
mml} changed on exposare 10 either condition, the
difference berween Cd- exposed and (Od + Znlex-
posed animals was small. By contrast, the two
curves for kidney deviate considerably. Pruring ex-
posure 1o cadmium, Cd perceniage in the soluble
fraction decreased to a or}stam level that was
reached after four weeks, but in the presence of
zine there was no chdngu of subcellular Cd distri-
bution until the seventh weel of exposure. There-
after, cadmium in the soluble fraciion decressed
reidfwe Iv. By the end m’ exposure, after twelve

weeks, Cd distribution was the
condition.
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Table §. Subcellular distribution of zing: Percentape of zine
Bound to the particulate fraction in wils and kidpey. dusing ex-
posure of A, cvpnee 1o Cd or to Od plus Zo?

Gills Kidney

€d Cd + £n Cd

G G g1

2 GE.7 8.5 86.0 8453
4 9% Y G980 §4.7 6%.3
6 | 97 6 w5 7487
5 G4 2 99 4 86.0 3
1 GG YR.4 87.9

2 Ny
1244 gn.7

B ow (0.0

s Pooled samples of four animuals

Molecuiar Pisrriburion of Cviosolic Cd

In Figure 4A. the elution profife 15 g.wcn for gel fi-

tration of the cyiosolic fraction of gills, after 12
weeks of Cd exnosure. Cadmivm was recovercd in
two profein fractions, with virtually ne metal
present in the fow-molecular weight range. In the
first peak (P}, cadmium is associated with high-
molecular weight proteins. The sccond Cd peak
{P.) was accompanied by an increase of the absor-
hance ratio Aiw' b opn y‘.oso? fraciions of mudgut
sland and kidney showed similar eluuon profiles,
The incronse of me A‘,W’r‘s,,m ;‘aﬂic* {ogether with
ohserved apperent moleculsr weights of 9 kb for
gill and mideet gland. and 11 KD for kidney, sug-
sesis that P, nught compr stallothionein-iike
proteins, The § fraction was practcally devewd of
Zinc E Wi E‘fﬁx{‘-ﬁ,nszﬂ Almost exciu-

':{.xp(mf.:ﬁng

a i Figure 41% FRiete was e ele
this f._s‘acr
zsue{ma ¢ wm“m of cadmium
thy observed after
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yne Band, and the more or less contin-
mu %zuon in inlernal organs sud; as
id (Figure 1C) on the other. After eight
g f ievel in haemelvmph increased agam
cancomnantly with restaried accumula-
o gilis. In the mixed exposure. a constant level
' {n was reached afier two weeks, Apparently,
his period. zine has induced a Cd release
“v- g;;it in eguilibrium with Cd uptake from
sh by internal organs.

;s{? xanlphug times, under either ccmdiiécm o{'
vf.“a_kéi}’c. cadmium was found mamly (»955%
. singma fraction. The elution profile ef pldsma
S ;x&“du (3-75 1% shown in Figure 7. Cadmium
overed only in the void volume peak (P
- Cd-pinding protein (MT) was pot v
jern was independent of ox posuie
. Zinc was fnsu recovered in z?;e P, frac-
showrn in the Figure} Cadmr
ymphocyie {7 f dum
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Cd amount of mideut gland. In the kidney, a re-
duced Cd accumulation occurred only afler about
eight weeks of exposure. The effect of zinc on the
organ distribution of cadmium is clearly Husirated
'L“\ the courses of relative organ burden (Figure Z)
A steady state of Cd distribution among the organ

$

§ red Lh&d after aboutl six weeks. By that time. zh &
gils contained 509 of the body burden in the expo-
sure o cadmium alone. In the Cd plus Zn expo-
sure. this value way reduced 1o 25%. On the other
hand. the rﬂ*“h’c’ {d burden n midgut gland had

nearty doubled, from 7 to 12.5
fecr of 7ing, when add
cadmium, has been
shrimp

Or. A comparable ef-
ed i ten-foid excesy over
eporied for Od uptake in the
Fandalus montagu! (Ray er ol 19885 C4d
uptake in whole “rzimai was decreased by 139, b
w hepaiopancreas Od concentr
by’ mare than “‘V’l}(,/:’,"
rom the foregoing. it is concladed that Zinc
cxerts a dual effect on 5,
ragonizes

aton was moregsed

Cd kinetics, First. zinc an-
uptake of cadmium by freshwater clams:
second, ingested cadmiurm s transported 10 internal
GrEAns more »m:dl‘ when zinc is preseni in the

waier in excess. it s, therefore. proposed that Zn
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cerved with respect to the molecular Cd disiribu-
tion in gill cviosol. After four w eeks of exposure to
cadmium alone, one third of cytosolic cadmium in
gills was present in the metallothionein (MT) re

gion. and two thirds were bound o i mh-moiacum
weight (HMW) proteins. In the steady state phase
of the metal mixiure (after siz weeks), a distribu-
tion of 7595 in the MT region against 25% for the
UMW fraction was found. The effect of ingested
zinc in gills could be atiribuied 10 an r’mmm ed. Zn-
induced. syathesis of specific, metal- Winding pro-
tein that would sequester a relatvely arg_:c; part of
the iwew”‘ cadmium. However, On ihe basis {31 ihe
data of Figures 2A. 3 and 5, we have caler
flow scheme (Figure 8) for the steady state dy-
namics of cadmium in g;ni..:. hw necessarty
rough, model presupposes that a) du ing the expo
cure phase ﬁmu}‘:ﬂ*on ofmd“@.um is mephgible, and
) takes place predominantly via the

AR

b1 Cd ingesto
giile.

A noted from Figure B, a roughi
1if) ﬁf’fh' mgf_%mu cadniu

()Zi},i«iEli [T
metal-

mois Em rdd as
Iothionein. "1t is, therefore. improbable tha
is_: e::»;se.ﬁea through an mcrcascii sy
metal-binding momm }l‘:a‘t‘nez' (

mosi freshwater species. By contrast, motiises are
remarkably resistant to high tevels of heavy metal,
in the surroundings. If, however, the protective ag
tion of zinc against Cd ingestion solely depends oy
the Zn/Cd ratio. and not sa—o7 less—on absoluy
setal concentrations, it might be concluded m,
the observation of Zn anlagonism has an ecolog
cally significant worth. Definite proof of the latter
awails further experimentation under application of
considerably lower metal concentration.
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