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Several authors bave pointed out the ~tecessity when 
measuring the level of pollution within a biological 
system on an assessment of the biological effects of 
pollutants (Bayne 1980; Widdows 1981; Bayne et al 
1982). Withln this field, h�8 parameters for 
the indication of environmentally induced stress 
response (i.e. destabilization of the lysosomal 
system, reductlon of the mean epithellal thickness of 
digestive gland oeils-MET) could offer an initial 
approach to determlne the impact of a pollutant on the 
biota (Moore 198¤ 

The present work is the completion of the 
histochemical study on cellular distribution of zinc 
in the digestive gland of the slug Arion ater (part 1 
of this investigation). Thus, the histochemical and 
plani~etric study of the effects of zlnc-exposure on 
A. ater is presented as the other aspect in wh�8 
histology is concerned in pollution research. 

MATERIALS AND METHODS 

A sublethal toxicity assay was carried out (sec part 1 
of this investigation for description of experimental 
conditions). The digestive gland was routinely 
processed and stained with Best~s oarmine (plus 
diastase control) to demostrate glyoogen (Martoja and 
MartoJa-Pierson 19oEO). Arbitrary units in figure 1 
were obtained from subjective histochemical results (4 
detection levels) converted into percentage values 
(mean of replicate series> as reported in part 1 of 
this investigation for metal histochemistry. 

Send reprint requests to JA Marig¤ at the above 
address. 

865 



A 

75 

2 

2 5  

, .L ~ 1  
9 18 27 

S 
o 

.L  

I 3oo 

J~ 
9 18 2~ 

rime (days) 
Figure I. Histochemioal levels of glycogen (arbitrary 

unlts) in the digestive gland vs. bioassay 
tlme for each group of studied slugs (from 0 
fo I000 m~ Zn/kg food). A, digestive oells; 
B, Leydi~ cells. 
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MET was calculated using a planimetric procedure. 
Drawings of the digestive tubule sections were 
realised with the aid of a camera luclda attaohment on 
a N �8 "Optiphot" microscope. Six sections randomly 
distributed throughout 250 ~m of tissue, and 5 acini 
per section in each treatment group were measured with 
the aid of a digitizer connected to a Olivetti "M-24" 
computer. MET was calc~lated on 6 pm paraffin sections 
stained with haematoxylin and eosin following the 
method of Marigomez et al <` prep. >. This method is 
based on the geometrical transformation of the acinar 
section shape �8 a parallelogram. Two-way ANOVA was 
calculated to determine the influence of both exposure 
time and z�8 dosage on the MET. 

RESULTS AND DISCUSSION 

The used concentrations of zinc exposure cause no 
death in A. ater (male phase) as reported by Marig6mez 
et al (1986b>. Thus, it may be said that the present 
study only includes the range of sublethal response, 
which is more related to the superv �8 of 
biolog �8 populations that to the indlvidual 
tolerance. 

It �8 thought that che of the most general sublethal 
effects of environmental stressors is the decline of 
polysaccharide reserves. Stress sources such as 
temperature tan inhiblt the synthesis of glycogen in 
mussels (Cracium 1980). Richards and Ireland (1978) 
observed an inverse relationship between glycogen 
absorption in the earthworm Dendrobaena rubida and the 
environmental concentration of lead. Lowe-Jinde and 
Niimi (1984) described the loss of glycogen in 
cadmium-exposed salmon Salmo sardnieri. Marig6mez et 
al (1987) reported a decrease in the glycogen content 
of the winkle Littorina l!ttorea exposed to cadmium. 
As a marrer of fact, not only membrane alterations or 
inhibition of enzymatic activity, but also a 
physiologlcal situation similar to starvatlon (brought 
on by environmental stress> could be the cause of 
glycogen decrease. This would hot cause the death of 
individuals, but the weakening of the population. 

Beside , the question is more complex because most of 
the physiologlcal events in molluscs are of a cycllc 
pattern. In the present work it bas been observed that 
a shortening in the glycogen variation pattern (Fig. l) 
is related to an Increase in glandular activity, and 
to the shortening of other glandular cyclic activities 
(unpublished data>. Such results could cause 
indiscernible interferences when we try to analise the 
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Table I. 2-way ANOVA table: T, main effect of time; D, 
main effect of zinc dosage; TxD tlme dosage 
interaotion; R, replication (within animals). 

Source d.f. SS MS F ratio 

T 8 561269.2OE OE0158.65 1 3 8 . 6 4  (P<O. O1) 
D 6 2 8 1 0 6 . 2 6  4 6 8 6 . 3 T  9 , 2 5  ( P > O . 0 5 )  
TxD 48 1254T5.94 2614.08 5.16 (P>O.05) 
R 1827 928545.05 506.04 

TOTAL 1889 1639896.54 

damage caused by environmental irr�8 However, 
glycogen depresslon is actually evident (Fig. i) at 
the highest zlnc-exposure (long tlmes wlth i000 mg 
Zn/Kg food). The overall effect is in agreement with a 
decrease in feedlng actlvlty and growth described by 
Marlgomez et al (1986b) under the same experimental 
conditions. These results are also in agreement wlth 
the data obtained on MET variations (Fig. 2). 

MET has been proposed to be indlcator of the degree of 
non-speclflc stress induced by envlronmental irritants. 
Thus, Lowe et al (1981) related the stress induced by 
the WAF of a crude cil fo a reductlon in the MET of the 
digestive gland of the mussel M. edulls. 

Marlg6mez et al (1986a) determine a significant 
reduction of the MET in copper-exposed A. ater. Axiak 
et al (1988) determlne a slgnificant reductlon in the 
mean helght of the digestive cells of WAF-exposed 
Venus verrucosa. The present statist �8 data 
treatment bas demostrated non-signif �8 reduct �8 of 
the MET in zinc exposed A. ater (Table i). However, a 
trend to suoh reductlon can be observed during the 
last days of treatment for the highest concentration 
of zinc (Fig. 2).It is not surprising that glyoogen 
reserves (Fig. I), feeding activlty and growth 
(Marlg6mez et al 1986b) seem to be affected only at 
thls level of exposure. 

In summary, in the view of both parts of this 
investigation as a whole, it must be underlined that 
A. ater (male phase) is resistant to high dosages of 
zinc, though this metal Is accumulated in the 
digestive gland, belng located mainly in excretory and 
calcium cells. Zinc elim �8 coeurs directly from 
lipofuscin mterial of excretory cells, and from 
spherules of calclum cells, where It is accumulated at 
calcium sites. Excretlon of lipofusoin material, and 
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apo/holocrine extrus �8 from ai1 cell types has been 
the mechan �8 observed for zinc release into the 
acinar lumen, and subsequently eliminat �8 via faeces. 
Pathologlcal effects such as a reduction in 
polysaccharide reserves are only evident at the 
hlghest metal exposure. Atrend in MET reductlon can 
also be observed at th�8 level of metal exposure. 
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