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changes in the discontinuous ECoG. Photic driving was 
substantially augmented by GHB in adult and 25-day-old 
rats (fig,2); in 15-day-old animals it was absent before as 
well as after GHB injection. 
Discussion, Pattern of the GHB-induced ECoG activity 
registered in adult rats in our acute experiments is identical 
with that described by Godschalk at al. 3 in rats with 
chronically implanted electrodes. This identity is important 
for the developmental study - it could be performed under 
conditions of acute experiments and we thus avoided the 
serious difficulties of chronic implantation of electrodes in 
immature rats. 
The appearence of discernible GHB-induced activity be- 
tween the 9th and 12th days is in agreement with the 
development of spike-and-wave cortical self-sustained af- 
ter-discharge (SSAD) elicited by rhythmic stimulation of 
the thalamus. This type of SSAD could be evoked for the 
first time in 12-day-old rats and its shape matured until the 
18th postnatal day 6. 
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Figure 2. Photic driving elicited by rhythmic photostimulation of 
the fight eye in adult rat. Upper part before, lower part 30 min after 
the administration of GHB. In each section St = marks of stimuli 
(frequencies 3 and/or 5 Hz), LO = monopolar recording from the 
left occipital, i.e. primary visual area. Other details as in figure l. 
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Comparing adult rats with young ones the difference in 
localization of GHB-induced activity becomes obvious: 
diffuse incidence of this activity in adult rats is in contrast 
to clear-cut predominance of frontal activity in comparison 
with the occipital one in all immature rats. In animals aged 
15 days or less the same holds true for spontaneous ECoG 
activity without drug pretreatment, but 18- and 25-day-old 
rats exhibit well-expressed spontaneous ECoG in all corti- 
cal regions 7. This distribution strongly resembled a central 
maximum of spike-and-wave episodes in children with 
classical absences - the rat's frontal activity is formed by 
motor and somatosensory areas and is thus analogous to 
human central region. 
The hypothesis that GHB-induced activity could be a 
model for petit mal epilepsy was formulated by Godschalk 
et al. 2'3 as well as by Snead 8. Our results could be taken as 
additional evidence supporting this hypothesis - especially 
in relation to results of pharmacological studies in adult 
rats 2 and monkeys 8-1~ as well as in 25-day-old rats 11'12. An 
increased sensitivity to rhythmic photostimulation found in 
our experiments fits into the current concept of petit mal 
epilepsy 13. 
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Summary. Calcified granules (concretions) in the kidneys of bivalve molluscs are able to absorb metals from solution and 
this ability is the result of the existence of saturable, medium affinity metal binding .sites on the concretions. In addition 
different metals may compete for the same sites so that some metals will be accumulated preferentially over others. 

Marine bivalve molluscs possess a remarkable ability to 
concentrate metals and other pollutants from seawater and 
there are currently extensive investigations into their prop- 
erties as environmental monitoring organisms 1. Until 
recently little was known about the process by which high 
tissue levels of metals were produced from environmental 
metal levels below the detection limit of analytical instru- 

ments. It has now been shown that certain organs, particu- 
2 lady the kidney have high concentrative capacity, and that 

this is due in part to metal binding proteins in this organ 
and in part to subcellular calcium-phosphorus concretions 3. 
These concretions in the bivalve kidney contain such metals 
as zinc, manganese, copper, cadmium etc, but little is 
known of their formation or function. This study was 
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Binding site density and dissociation constants for the absorption 
of cadmium and manganese to calcareous concretions of clam 
kidney 

Bmax KD 
(nmoles metal bound/mg concretion) 

Cadmium 15.1 7.7• 10 -5 M 
Manganese 14.9 11.2• 10- 5 M 

designed to find out whether isolated concretions had any 
tendency to bind metal ions in an in vitro situation and if 
so, to characterize this property. 
Concretions were prepared from fresh clam kidneys by a 
method that has been described previously 3. Briefly the 
procedure involves sedimentation of these particles through 
high density (2.5 M) sucrose (3,000 g ave x 15 rain). 
Concretions are purified by resuspending twice in deio- 
nized water and resedimentation. The final pellet when 
examined by electron microscopy consists very largely of 
particles of varying size (10-100 gm in diameter) with very 
little contamination by cell membranes. 
The binding of l~ C12 or 54Mn C12 was assayed in a 1-ml 
incubation volume containing 3.5% saline, 0.3-1.2 rag con- 
cretions and 0.1-0.4 gCi of the radioactive metal in the 
presence of various amounts of unlabelled Cd C12 or Mn 
C12. Incubation was at 22~ for 3 h with intermittent 
shaking. At the end of this period, the mixture was filtered 
through nitrocellulose filters (0.45 gm pore size). These 
filters themselves were found to bind virtually no labelled 
material. The concretions trapped by the filters were then 
washed 3 times, each time with 4 rnl saline. Filter discs 
were then counted in a y-counter (Biogamma II, Beckman 
Instruments). Aliquots of the original isotope were also 
counted so as to determine the original radioactivity in the 
incubation mixture. Each assay point presented was derived 
from the mean of triplicate determinations. Calcium con- 
tent of the granules was approximately 300 gg/mg as 
determined by atomic absorption spectroscopy. 
The extent of binding of labelled cadmium atoms was 
reduced in the presence of increasing amounts of the 
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Binding of labelled cadmium to concretions in the presence of 
various amounts of unlabeUed cadmium chloride or manganese 
chloride. Each value represents the mean of triplicate determina- 
tions. Each incubation tube contained 0.56 mg concretions in 1 ml 
volume. Incubation was for 3 h at 22 ~ The original incubation 
mixture contained 218,000 dpm/ml.O, Cd C12; O, Mn CI 2. 

nonradioactive metal (fig.). This indicated a saturable and 
thus limited number of receptor sites within the concre- 
tions. Cadmium binding was also reduced in the presence 
of added nonradioactive manganese although this competi- 
tion was less pronounced than that obtained with the 
homologous non-radioactive metal (fig.). This implied that 
both cadmium and manganese can bind to the same sites 
within or on the calcareous concretions. In order to deter- 
mine whether a homogenous binding site population exist- 
ed, scatchard plots were constructed 4 for both cadmium and 
manganese binding. After preliminary surveys over a wide 
concentration range, the appropriate range measured in 
detail in the final determination was 10-2M-10-4M. From 
a regression analysis based on these determinations, a clear 
linear relation was obtained suggesting a specific and 
homogenous family of binding sites. The statistical correla- 
tion coefficients for cadmium and manganese were 0.98 
and 0.93 respectively. Kinetic parameters for this interac- 
tion are shown in the table. The maximum number of 
receptor sites was virtually identical for both metals stud- 
ied, being around 15 nmoles/mg concretion. Since there 
was considerable competition between metals (fig.), it is 
likely that these sites are identical. This is substantiated by 
the lower dissociation constant of cadmium (table) which 
may account for the lower ability of manganese to compete 
with cadmium for absorption to the concretions. 
Calcium granules of one form or another are widespread in 
invertebrate tissues and most likely perform a variety of 
functions. It is thought that many of these granules perform 
an excretory function 5 and this may well be the role of 
these renal concretions in bivalves. It was previously shown 
that these concretions accumulate metals in vivo 3 and this 
study demonstrates that this is a property of the concretions 
per se. The relationship between the soluble metal binding 
proteins in the kidney and the concretions is unclear and it 
is not known whether the in vitro binding reported here is a 
property of the organic or inorganic matrix of the concre- 
tions. While it is thought that all invertebrate calcification 
requires a protein substrate; highly specific sites have been 
described for absorption of amino acids to minerals devoid 
of an organic matrix 6. 
In either case it seems clear that molluscan renal concre- 
tions have the capacity to chelate cytotoxic heavy metal 
ions. Although the concentration range within which this 
reaction occurs is much greater than ambient levels in 
seawater, tissue levels of most metals in bivalves are several 
orders of magnitude higher than seawater. This is therefore 
clearly not the mechanism by which bivalves concentrate 
metals from seawater but is more likely a means of 
controlling the animal's internal environment. In this way 
the concretions may provide a means of detoxifying metals 
by selectively removing them from intracellular solution 
into an inaccessible and possibly excretable compartment. 
Furthermore it appears that cadmium, which normally 
exists in estuarine conditions at much lower concentrations 
than manganese, binds to these concretions more competi- 
tively resulting in the more toxic metal being more effi- 
ciently chelated. 
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