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Methods

Introduction

Aims

The anthropogenic contaminants including the psychoactive agents
pose serious threats to the aquatic systems around the world. Their
presence in the freshwaters originate from the consumption habits of
drug-users such as intensive use and chronic administration
complemented by incomplete biodegradation, as well as, the
wastewater treatment technology applied today is still not able to
eliminate all kinds of pollutants. The average concentration in the
different type of waters are lower than the effective therapeutically
blood concentration, but the continuous presence as a chronic
exposure could lead to remarkable changes in physiological and
neuronal processes. Since psychoactive drugs exert their effects
mainly through the central nervous system (CNS), use of the
molluscan species including the pond snail (Lymnaea stagnalis) seem
to be logical choice for studying their effects, because central and
peripheral nervous system of Lymnaea are well-characterized from
key molecules to behavioural processes and vice versa.

Our general aim was to understand the biochemical and
molecular background of neuronal processes given to external
chemical impact, such as chemical contamination of
anthropogenic origin (e.g. psychoactive drugs). To this:
• the contamination conditions of psychoactive drugs were
determined in catchment area of Lake Balaton and River Zala
• L. stagnalis were exposed to chronic psychoactive drug
treatments to reveal what kind of alterations are induced in
the CNS at system levels

• The environmental contamination levels were measured using
multiresidue drug analysis by SPE-SFC-MS/MS method (Maasz et al., 2019)
• Chronic treatment: 21 days, alprazolam (ALP), carbamazepine
(CBZ), and citalopram (CIT), 1 µg/L to each

• Locomotion test

Mechanisms of action
CBZ: antiepileptic drug, also acts in the CNS by reducing the
overall neuronal activity. This can be achieved either by
blocking voltage-dependent Na+-channels and activating
GABAA receptor (also known in Lymnaea
).
ALP: anxiolytic drug, also enhancement of the inhibitory effects
of the GABA (during GABAA receptor).
CIT: antidepressant, selective 5-HT reuptake inhibitor (SSRI)
Moccia et al, 2009

A) The environmental conditions

• Investigation of long term memory (LTM) formation

B) Treatment with drugs effects on the
locomotion activity of snail
after 7th day of treatment
Experimental arrangement used for testing 24 h LTM after classical conditioning in Lymnaea

C) Effect of drugs on learning and
memory during classical conditioning
Fig.1. Distribution of the ten sampling sites in the studied drainage system (A).
Black solid line is the border of the Balaton catchment. Red line is sewage
transfer duct system. B and C show the geographical location of Lake Balaton.
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after cleaning period
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Fig.2. Frequency of occurrences (A) and mean concentrations (B) of the 69
recorded active drugs. In the latter case, drugs were classified into 10 chemical
classes, and the 2-3 most characteristic drugs were named per class (B).

Conditioned stimulus: sucrose
Unconditioned stimuli (US): amylacetate (AA) and
gamma-nonalactone
Learning score: No. of rasp to US – No. of rasp to
water
Recall: No. of rasp to US without reconditioning
Context learning was tested but not observed
P<0.05 compared with control

Fig.3.- Charts indicate the single and combine effects of selected drugs. The
antidepressant CIT did not present any detectable effect. The anxiolytic ALP
decreased the locomotion activity in the chronic exposure but this effect was
disappeared after cleaning period. The antiepileptic CBZ using environmentally
relevant concentration already decreased the locomotion activity of snails after
first treatment week but this was also eliminated during cleaning period.
However, CBZ-ALP combination caused a prolonged effect in locomotion
activity, since this effect was also observed after the 21 days long cleaning
period.
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Results are given as mean ±S.E.M

Conclusion
Based on our results we conclude that the environmentally psychoactive drug contaminations could affect the
behavioural activity of non-targeted organisms. To understand the biochemical and molecular background of
changed behavioural activities it would be necessary to investigate how the psychoactive drugs influence:
• the molecular content of neurons and various neural processes using the mass spectrometry based single
cell analysis
References:
• the CREB as a key molecule of the learning process using qRT-PCR.
Maasz et al 2019, Science of the Total Environment 677:545–555
Moccia et al 2009, Invertebrate Neuroscience 9:29-41

P<0.05 compared with control

Fig.4. The long-time memory (LTM) formation was significantly attenuated by 1
µg/L CBZ and ALP due to 21 days chronic treatment and not improved even
after 21 days cleaning period. The CIT had no effect to the LTM formation.
Interesting observation was that no remarkable acts were present due to the
combined drug treatments. Furthermore, comparing the learning scores after
treatments (21st day of treatments) with the learning scores of recall experiment,
respectively, the learning scores significantly decreased in the control, CIT and
mix groups while it significantly increased in the CBZ group.
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