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Fanno parte della fauna del suolo e attraverso la
metodologia sviluppata è possibile utilizzarli per valutare
la qualità degli ecosistemi studiando lo stress cellulare in
alcuni organi bersaglio (es. epatopancreas) in cui le
risposte cellulari (es. mortalità, stress mitocondri)
variano in proporzione al livello di stress in cui gli animali
vivono. Tali analisi vengono effettuate usando
biomarcatori che forniscono informazioni diverse (es.
contenuto metalli pesanti) correlabili fra loro.

Evidenze del metodo

Il processo operativo

Gli Isopodi terrestri: la 
loro capacità di bio-indicare

Scelta dei siti e raccolta dei campioni 
(>110 siti)

Preparazione dei campioni e 
analisi con il citofluorimetro

Analisi spettrometrica ICP/MS
Elaborazione dati e analisi statistica

Valutazione della qualità 
ecosistemica

Progressiva morte cellulare in proporzione al 
livello di stress negli  ecosistemi non contaminati 

(C), mediamente inquinati (MP) e inquinati (SP) 
Stockholm Resilience Centre, Stockholm University, 2015

I risultati ottenuti, ci permettono di valutare la
qualità degli ecosistemi attraverso un indice
ambientale operando nell’ottica dei principi di
sostenibilità. La salute degli ecosistemi
infatti, è alla base dei processi dell’agenda
2030 sullo sviluppo sostenibile e all’art. 9 della
Costituzione

Isopodi:
bioindicatori della Qualità 

ambientale

Monitoraggio Ambientale

Utilizzo di Isopodi per analisi ra-
pide e accurate della salute del
suolo e degli ecosistemi

mailto:riccardo.santolini@uniurb.it
mailto:giovanna.panza09@gmail.com
mailto:info@cren.it
mailto:capelletti@soglianoambiente.it


Isopodi adesso 
per il futuro

Questo metodo innovativo per le analisi am-
bientali ci permette:

Produrre una diagnosi ambientale in base
al livello di stress ecosistemico

Individuare gli agenti inquinanti attraverso
opportune metodologie

La larga distribuzione di Armadillidium
vulgare permette di confrontare ecosistemi
a diverso grado di alterazione attraverso
mappe spazialmente esplicite dei
gradienti di stress ecosistemico

Il monitoraggio nel tempo ci offre la possi-
bilità di individuare le criticità, indirizzare le
azioni di recupero degli ecosistemi
(restoration ecology) e definire le
compensazioni e mitigazioni in relazione ai
livelli di alterazione ecosistemica

I vantaggi 
nell’utilizzo della nostra 

metodologia
Risultati rapidi

Analisi dimigliaia di cellule al secondo

Memoria storica dell’evento
Capacità di registrare nel tempo la condizione
ecositemica al momento dell’evento di alterazione

Analisi multi-parametriche
Utilizziamo e confrontiamo più variabili e parametri
contemporaneamente per valutare una situazione
complessa

z

Panza G. 1, Montanari M. 1, Lopez. D. 1,2, Ciacci C. 1, Morri E. 4, Papa S. 1, 

Santolini R. 3 and Canonico B. 1

1 Department of Biomolecular Sciences, University of Urbino Carlo Bo, 61029 Urbino, Italy, 
2 Department of Pure and Applied Sciences (DiSPeA), University of Urbino Carlo Bo, 61029 Urbino, Italy

3 Department of Human Sciences, University of Urbino Carlo Bo, 61029 Urbino, Italy; 
4 Centro Ricerche Ecologiche Naturalistiche - CREN - Soc. Coop

RESULTS

CONCLUSION

FC can be successfully applied to acquire hepatopancreatic cells from terrestrial isopods. Results obtained demonstrate that
Armadillidium vulgare is an organism able to respond to environmental stress through the evaluations of cellular stress of isopod
hepatopancreatic cells.

INTRODUCTION

A bioindicator is an organism (or part of an
organism or a community of organisms) that
contains information on the quality of the
environment.

A lot of studies report the high capacity of
bioindication of Isopoda (Crustacea,
Oniscidea), especially their high capacity to
accumulate contaminants. Isopods are
relevant models in soil ecotoxicology, in
laboratory toxicity tests, in field monitoring
and bioindication studies [1]. Therefore,
Isopods are terrestrial invertebrates
providing information on levels of soil
contamination. In particular, the
hepatopancreas was identified as the main
target tissue for contaminant accumulation.
The hepatopancreas contains two cell types,
the Big cells (B cells) and the Small (S cells),
that differ in their excretion behavior. The S
cells have the role of accumulating metals, B
cells are renewed frequently, playing the
main role in excretion [1].

In this study we applied Flow Cytometry
(FC) and Confocal Microscopy (CM) to
investigate cell functions and viability of the
hepatopancreatic cells (S and B cells) of
isopods from sites of different degree of
ecological disturbance, in order to detect
differences in stress parameters between
unpolluted, medium and high polluted sites.

MATERIALS AND METHODS

Flow cytometry is applied to analyze
hepatopancreatic cells, investigating
functional parameters (cell death, ROS
content, DNA content, mitochondria and
lysosomes network) able to identify the
stress to which cells are subjected. We used
dyes such as: CFDA, Propidium Iodide (PI),
Sybergreen 2, TMRE and Lysotracker deep
red. Selected samples were also analysed
by CM. In both technical approaches
hepatopancreatic cells were obtained after
manual and automated (Medimachine II)
mechanical tissue disaggregation.

Our data on disaggregated
hepatopancreas (Small and Big)
cells highlight higher percentages
of PI+ events in highly polluted
sites in respect to the apparently
unpolluted areas, in both S and B
cells. Indeed, B and S cells are
recognizable by FC and differently
respond to environmental stress.
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Figure 3 - At the top: on the left (A), scheme of the structural and functional
differences of cells (B and S cells) [3]; on the right (B) histogram of
percentage of PI positive cells in S and B cells, for different sites. Two-Way
Anova with Bonferroni's multiple comparison test revealed *= p <0.0332, **
= p <0.0021, *** = p <0.0002, **** = p <0,0001 vs. blank and + = p <0.0332,
++ = p <0.0021, +++ = p <0.0002, vs. borderline. Below (C): contour plot of
propidium iodide PI vs. CFDA for Blank, Borderline and Polluted. In red
cells S, in green cells B. Quadrants are placed on the basis of each specific
autofluorence values of the corresponding unlabelled sample.

Figure 2 - On the left (A) representative brightfield image of S cells and B cells; on the right (B, D)
histograms of the percentage of dim positive cells (+) in S and B cells. (C, E) Histograms the
percentage of bright positive cells (++). One-way Anova with Bonferroni's multiple comparison test
has not revealed significance.

Figure 4 - On the left (A): density plot of propidium iodide (PI) vs. CFDA for the 3
different of disaggregation procedure (Medicons 35, Medicons.P 70, Manual
disaggregation). In green cells B, in red cells S. On the right: at the top (B) Histogram of
percentage of PI positive cells in S and B cells for all procedure; (C) Histogram of TMRE
fluorescence in S and B cells for different methods; and (D) Cytometric histogram of
TMRE MFI for B cells. Two-Way Anova with Bonferroni's multiple comparison test
revealed * = p <0.002, ** = p <0.001 vs. Medicons 35 and ° = p <0.002, °° = p <0.001,
vs. Medicons-P 70.

Figure 5 - At the top: (A), single confocal optical sections of nucleus (SYBER GREEN) and lysosomes (LTDR) between hepatopancreatic cells obtained from different
disaggregation (Medicons 35 vs manual disaggregation), in Medicons 35 in the yellow box are shown S and B cells; (B) Histograms of the percentage of dim positive
cells (+) and bright positive cells in S and B cells. (C): Histograms of LTDR MFI on 3 different methods. Two-Way Anova with Bonferroni's multiple comparison test
revealed * = p <0.002, ** = p <0.001 vs. Medicons 35 and ° = p <0.002, °° = p <0.001, vs. Medicons-P 70. Below (D): stepwise procedure of isolating of
hepatopancreatic cell for the Cytometric analysis.
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INTRODUCTION

Environmental quality analysis is

essential for human well-being and

health. A way to measure environmental

condition is the use of bio-indicators, i.e.

species or communities of animals,

plants and other living organisms. The

main actors in this study are terrestrial

Isopods, in particular the species

Armadillidium vulgare, having been

recognised as bio-indicators by

numerous studies (1, 2). The

hepatopancreas of the Isopods is

considered one of the main organs of

contaminant accumulation (3). Our

study highlights it is possible to

investigate A. vulgare hepatopancreatic

cells by Flow cytometry (FC): through

this approach we aim to construct an

index of environmental quality able to

provide information to monitor and

prevent possible environmental risk.

MATERIALS AND METHODS
Isopod samples, collected from sites with different levels of environmental stress (Clean,

Moderate and Severe Pollution/Stress), were employed for hepatopancreas extraction

and disaggregation to obtain a cell suspension for cytometric evaluation. After tissue

disaggregation, the cell suspensions After tissue disaggregation, the cell suspensions

were labelled with cell function-specific dyes (e.g. CFDA/PI, SYBR Green I, Leadmium

Green AM, MitoSOX) and analysed by FC, and for some samples also by MC.

CONCLUSION

Our results highlight that FC findings display sensibility and specificity to identify 

samples from environmental-stressed sites, indeed this is a confirmation for A. 

vulgare's ability to respond to environmental stress.
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Figure 5: (A) part of the hepatopancreas (digestive system): end of one of the 4 blind tubules; (B1-B2) Differences found by microscope analysis stained with Toluidine blue on undisaggregated tubules: a decrease in granules from C to SP samples and also cellular disorganization appear ; (C1-C2)
Differences found by TEM analysis: from C to SP samples both microvilli organisation and cell complexity decrease, mitochondria are more elongated in MP and SP samples probably also due to oxidative stress (5) ; (D1-D2) Differences found by EDX analysis: cell hydration and shape of microvilli
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RESULTS
Two hepatopancreatic cell types, Small

(S) and Big (B), were still recognizable:

they differ in morphology and behaviour.

Significant differences in cell functional

parameters were found, highlighting that

Isopod hepatopancreatic cells can be

efficiently analysed by FC and represent

standardisable, early biologic indicators,

tracing environmental-induced stress

through cytologic/histologic analyses.

Figure 3: Schematic diagram of structural and functional differences in S and
B cells (A); Cell count by cytometric analysis (B). t-Test with Mann–Whitney
test revealing statistical significance: *=p<0.05, **=p<0.01 (5).

Figure 1: Step-by-step sampling procedures and geographical location where Isopod samples were
collected (in the 3 years of sampling). Sites were identified according to the ecological-environmental stress
present and classified as: not disturbed (C), moderately disturbed (MP), very disturbed.

Figure 6: Contour plot of SYBR GREEN vs FSC for C sample. In green
S+ and B+ cells, in light green S++ and B++ cells. Single confocal
optical sections of the nucleus (SYBR Green) of cells obtained from
Clean samples. In yellow, we highlight the presence of S or B cells (5).

Figure 4: Histograms of the percentage of propidium iodide positive S and B cells of individuals from the different sites in the 3 years of sampling (C, clean; MP,
moderate polluted; SP, severe polluted) (A). Histograms of percentage of mitochondrial reactive oxygen species using MitoSOX dye in cells (S and B) from the
different sites (C, MP, SP) in the 2 years of sampling (B). MFI histograms of autofluorescence (C), Leadmium (without autofluorescence, AF) collected in the 3
years of sampling (D). Two- way ANOVA with Bonferroni’s multiple comparison revealed statistical significance: *=p<0.05, **=p<0.01, ***=p<0.001, ****=p<0.0001.

Mithocondrial ROS

CFDA/PI Autofluorescence

Leadimium (Pb, Cd)

A B C D

Figure 2: Step-by-step Cytometric and microscopic analysis procedures. The preparation of the sample consists in putting the isopods in a petri on the ice to reduce motor activities. The second step is the
extraction of hepatopancreas. This is disaggregated (automatically or manually) and centrifuged to obtain a cell pellet that is intended for analyses.
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