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Bioassays

Bioassays are biological tests that measure the response of healthy organisms
(in vivo) or of cell lines/cells (in vitro) after exposure to specific contaminants or
environmental matrix under controlled laboratory conditions.

In vivo In vitro

An acute toxicity test does not provide information concerning whether delayed
effects will occur.



Common in vivo bioassays used in marine research

Organisms Studied species Experimental exposure
Fish Danio rerio, Oncorhynchus mykiss Food

Gadus morhua, Sparus aurata seawater

Solea sp., etc Whole sediment
Gastropods Hydrobia sp., Littorina sp, Food

Murex sp., seawater

Whole-sediment

Bivalves Mytilus sp, Crassotrea sp., Food

Cerastoderma sp., Venerupis pullastra, Seawater

Tapes decussates, etc Whole-sediment
Amphipods Corophium multisetosum Whole-sediment

Corophium volutator, Ampelisca

brevicornis
Polychaetes Arenicola marina Whole-sediment
Echinoderms Echinocardium sp. Whole-sediment
Copepods Tisbe sp., Acartia sp., Oithona davisae =~ Seawater, sediment

elutriates, pore water

Mysids Siriella sp Seawater, sediment

Praunus sp elutriates, pore water
Microalgae Chorella vulgaris, Skeletonema Seawater, sediment

costatum elutriates, pore water
Early developmental stages of fish and marine eggs, embryos and larvaes Seawater, sediment
invertebrates elutriates, pore water,

extracts
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Embryotoxicity bioassays

Early developmental stages of organisms are more sensitive to chemical stress
than adults, being the weakest link in an organism’s life cycle.

Deleterious effects observed to very low concentrations of contaminants
(Kobayashi, 1995; His et al., 1999)

-1ug/L TBT and other antifoulings

-10 pg/L for Hg, Cu and Zn

-100 pg/L for Pb, Cd and other metals

- 0.1 mg/L organochlorine pesticides, detergents and refined oil
- 10 mg/L crude oil
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Sea urchin embryo test (SET)

Bioassay using embryos of the purple sea urchin Paracentrotus lividus (Lamarck,
1816), a species widely distributed in both Atlantic and European Mediterranean

waters.

Method is directly applicable to other
echinoid species such as

Strongylocentrotus droebachiensis
Echinus sculentus

Sphaerechinus granularis

Arbacia lixula

Paracentrotus lividus

Sediment
guality
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Gastrula-Prisma = 110-130 pm Prepluteus = 150-290 pm Pluteus = 300-450 ym



Echinoderm embryology

Saco-Alvarez et al. (2010)
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Spawning and fertilization
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- direct stripping of the gonad
- mild electric shock (35 V)

- osmotic-shock-induced spawning:
1 mlKCI0.5M

Peristomal membrane




Spawning and fertilization
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Espermatocytes/oocytes 2000-20000
After 7 minutes fertilized eggs

20 uL (x4)

2% fecundation
—>o0o0cyte density

* FERTILIZED EEGS FIXED AFTER
20-40 DELIVERY (T=0)

Fert. eggs / mL

* CONTROL OF FSW

= UNDILUTED SAMPLES

o = 4%, ¥4, AND 1/10 DILUTIONS IN FSW
Egg fertilization should be > 90% ,




Incubations

Minimal requiremet for an acceptable control results is
that at least 70%
of the embryo result in normal larvae.




Readings

Normal pluteus: four arms well
ﬂ) Morphological normalith developed (aprox. 300-450 pm)
of the larvae P TR,

(qualitative) (N=35)

II) Size increase
(quantitative) (N=35)
Maximum length of
Individuals

\_ /




SET results

|) Morphological normality of the larvae
(qualitative) (N=35)

X4

Abbot formula (Emmens, 1948)
P” = (P-P./100-P,) x 100

X4



SET results

[ 1) Size increase (quantitative) (N=35) ]

X4 X 4
PNR (Percentage Net Response)

PNR = (S1-S0) / (SC-SO)



Sea urchin embryo test (SET)

Seawater

v

Seawater
quality

—> Sediment-water interface

\’

Sediment elutriates

Sediment

ualit
Q y S Pore water

—> Extracts

y Shoul not be frozen = tested within one week




Sea urchin embryo test (SET)

Seawater

Sediment
quality

=|n vitro fertilization

»Preparation of the sediments
CONTROL elutriates/sediment-water interface
SEAWATER »Serial dilutions of the testing samples

=Control incubations

v'0.22 um filtered seawater of oceanic characteristics (FSW)

v’ Artificial seawater (ASW) (Lorenzo et al., 2002).

Caution for trace metals impurity content!




Reference toxicants: EC -,

Reference toxicants are used to assess the organism sensitivity

—> To obtaining information of the organism conditions

—> To validate protocols
- To compare sensitivity of biological material used in different

experiments

NH,Cl Amonium Chloride
SDS Sodium-dodecyl-sulphate
CdCl, Cadmium chloride

www.epa.gov/enviro/ntml/emci/chemref/complete_index.html
d To prepare dilutions of the reference toxicants to estimate EC.,

(.e. 0,1, 2, 4,8, 16 and 32 mg/L)

[ Stock solution of the toxicant 0.1 -1.0 g/L (Using FSW!!!)
Fernandez, 2002; Bellas et al., 2005



Reference toxicants: EC -,

1L Stock solution 0.4 g/L CdCl,

Molecular weight Cd?* = 112.4
Molecular weight CdClI, (CdCl, 2.5 H,0)= 228.34
1L x 0.4 g/L x (228.34 g de CdCl, /112.4 g Cd*?) =0.813 g

mg /L mL FSW mL Stock mL tube  Replicates
solution
0 20.00 0.00 20 5
1 19.95 0.05 20 5
2 19.90 0.10 20 5
4 19.80 0.20 20 5
8 19.60 0.40 20 5
16 19.20 0.80 20 5
32 18.40 1.60 20 5



Reference toxicants: EC.,; LCg,

Median: Lower variance than other percentiles

Calculo EC50:

Softwares ->combination of Moving average, Probit, Logit and Binomial
(Rodriguez and Esclapes, 1995)

Log (Dilution) PrOblt
-12 -1.0 -0.8 -06 -0.4 -02 00

P=@ (A+B) (1)
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= |
|
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I TU = 1/ EDsg
00 : . N :
0.1 025 EP30 g5 1 Dilution

(1/10) (1/4) (1/2)



EC ., found in Paracentrotus lividus

Area Reference Source

toxicant
NHA4+ total (/L)

ECe, (+ 95%)

Adriatic (Italy) 5700 (5300-6100) pH 7.7  Arizzi Novelli et al., 2003
4200 (3900-4600) pH 8.0

3100 (2900-3300) pH 8.3

B. Country (Spain)

NH4+ total (W/L)

4980 (4760-5300)

AZTI, 2009

Galician (Spain) Cd (png/L) 9240 Fernandez and Beiras, 2001
Galician (Spain) Cd (pg/L) 8628 (8456-9135) Fernandez, 2002

Venice (Italy) Cd (ug/L) 2300 (1900-2700) Arizzi Novelli et al., 2003

B. Country (Spain) Cd (ug/L) 7520 (7310-7740) AZTI 2009

Aveiro (Portugal) SDS (ug/L) 4150-4170 Rolland et al., 1999

Galicia (Spain) SDS (ug/L) 4100 (3750-4580) Fernandez, 2002

Mar Menor (Spain) SDS (ug/L) 1710 (1430-1990) Marin Guirao et al., 2005
Galicia (Spain) SDS (ug/L) 4277 Bellas et al., 2005

B. Country (Spain) SDS (ug/L) 4235(4094-4378) AZTI, 2009



Preparation of elutriates

(4 FSW: 1 SED)




Preparation of elutriates

Rotatory stirring 60 rpm

Magnetic stirring 45 min
polypropylene flasks g irring i

- Decantation 24 hours (4°C in dark)
- Decantation 12 hours (20°C in dark)




Preparation of elutriates




Obtention of porewater

"l

(4 FSW: 1 SED)

Enhanced sensitivity

Carr and Chapman, (1995)



Obtention of sediment-water interface

Dilution FSW stabilize 24 hours with whole sediment (4 FSW: 1SED)

César et al. (2004)




Working with extracts

- Solvent should be kept to a minimum, not exceeding
0.5 mL/L

- Include a solvent control containing highest
concentrations in treatments

-270% normal larvae in solvent control
= Triethylene glycol —Low toxicity and low volatility
= \WWater miscible organic solvents (methanol, ethanol,

acetone): Stimulate undesirable growths of
microorganisms, volatile

= Organic solvent (DMSO) - Reagent grade

ASTM 1563 - 98(2012)



Experimental exposure conditions

Eeet

- 300 embryos/10 ml - 4-5 replicates
- Control samples
- Incubation at 20°C

- Stopping the development with
formalin after 48h

- Measuring endpoint.

(i

) Morphological normality of the larvae
(qualitative)

Il) Size increase

\ (quantitative) )




Sources of Error

O Quality assurance of the biological material

 Confounding factors



Sources of Error

1 Quality assurance of the biological material

1. CONTROL TREATMENT

Mean response in Control exceeds a
size increase of

218 um for FSW
253 pm for ASW

Beiras et al., 2012

Intralaboratory control charts with
reference toxicants (Cu or Zn)

—->CV 12-20% normal larvae

Phillips et al., 1998; Volpi Ghirardini et al., 2005.

SIZE INCREASE (uMm)

water FSW ASW FSW and ASW

Mean (95% Cl) 2879 345.1 3123
(272.8;291.0) (335.5;354.6) (306.0; 318.7)

n 167 139 226

5th percentile 218 253 245
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Sources of Error

 Confounding factors

Natural conditions of the samples are not suitable for the target specie

—> testing elutriates from highly reduced sediments

Qarticle size effect

Paracentrotus lividus (Saco Alvarez et al., 2010)

ERRE
. o 08 187 % ¢ *
v' Salinity 31 %, -35 %, 2 06 o o
v pH 7.0-8.5 S o04] y=-0.0023x +09364
v Dissolved oxygen > 2 mg/L % 02 JES
v H,S < 0.1 mg/L 5 0

v NH; < 40 microg/L) 0 50 100

% <63 pm

Measurements at the beggining and at the end

of the incubation (1 replicate without formaline) Beiras et al, 2012. TICES TIMES. N° 51.
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Assessment of toxicity

Assessment Background Elevated Response  High and cause for
Criteria SET response concern response

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative
Research Report. No 315.

High or good Moderate Poor or bad

0.7-0.5
30-50

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative
Research Report. No 315.

PNR
% Inhibiton growth

Arc sen \/ abnormality - Parametric analisis
ANOVA




Length increase / control

Calculation of Toxic Units: Sediment elutriates

Log (Dilution)

12 10 08 -06 -04 -02 00 Lo Loer regiesslon
1 1 | 1 1 1 PNRVS Ig

Dilution

2. DESO0 = dilution
causing 50%
decrease

3. Obtention TU

TU (Toxic Units)
TU =1/ DE50

0.0

0.1 025 EDP50 g5 1 Dilution
(1/10) (1/4) (1/2)



Assessment of toxicity

Assessment Background Elevated Response  High and cause for
Criteria SET response concern response

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative
Research Report. No 315.

High or good Moderate Poor or bad
PNR 0.7-0.5
% Inhibiton growth 30-50

Davies et al., 2012. Technical Annex 30. Assessment Criteria fro biological effects measurements. ICES. Cooperative
Research Report. No 315.

Sediment quality High or good Moderate Poor or bad
status

Beiras et al, 2012. TICES TIMES. N° 51.



Advantadges of SET

*In vivo bioassay with a high ecological relevance Cheap!!
*Acute and sub-lethal toxicity

«Sampling, maintenance in the laboratory conditions, easy to get gametes and
embryos, short embryological development period

*The Percentage of Net Response (PNR) is a quantitative,
observer-independent, automatically readable response.

*SET can be used to compare sensitivities of different species and different test
materials

«Statistical methods and assessment criteria to classify water and sediment
samples according to their biological quality status are developed






SET in marine environmental management
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SET in marine environmental management
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Clave: 23-411-5-008 Madrid, diciembre de 2012

Centro de Estudios de Puertos y Costas
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BIOENSAYO EN FASE LIGUIDA BASADO EN LA EMBRIOGENESTS DEL ERIZO DE
MAR. PARCENTROTUS LIFIDUS )
(Protocole Opemcional Estmdar)

1 Introduccion

Distintz especies de aquinodernos s2 hm empleads tadiconaimente en la evahmcon
ecolaicologica de sedimentos (Geffard et al, 2000; Marna = al, 2001; Brls & al, 2002; Volpi
Chimardimi et al, 2005 Ghuliani et al, 207 v han sido ewpuestas a distinbos tipos de
conmninamies f@les como surdcemies (Volpd Ghirrdni et al, 2001) pesticdss (Dinnel et al
198%) v memles (Femamnder & Bems, 20000

Canada, 1902; RIKZ, 2000 ASTM. 1004; ICRAM-APAT. 3006) ¥ b sido sometida de forma
satisfactoria a emsayos de mtercalibracion (Arizi Novelli et al J007).

Los hipensayes con estadios embricraries v branes de fmeemsbmdos manmes
mmmlmﬂ}hpmhmdehacmudndhhsm
s

La obeencitn de pametos v 51 fomdacion in Vi son soples v debido a I mpides con que s
cooplet @ desamollo embrionano poeden obenerse resuliades en um corto periodo de fienpo
(Cazado-Marmez. et al. 2006).

Ensmdnﬂmvmbmsmﬁnmmhmadmmefamsdehmm
sobwe b eppecie Poracemrons ifvidus, @les come la bicaommilacion (Radenac et al. 2000y &l
crecimisnto lanvano tempano (Femander & Beirs, 3001 Femander Maijoms et al, "IIlﬂ'J,ln
embriogenesis (Ferndes & Beirs, 2001 Volpi Ghirmedind o al, 2003; Arri Nowelf o al,
200 ¥ el exito en b feomdacion (Volpi Chirardin et al, 3003; Arizzi Nowelli o al, 2004; Lema
et al, 20046; m&m@mumﬂuﬁmmmﬂmmmmummﬂmm
estadior efecins ecotndoologicos sublatales resulm merecaes eniendn &0 OEn@
la tendenci imemacioral edstente (Comvenmio de , J00B) en esa direcdon pam la
CacEizacion ecolcoldgica del material adrgar

La selecoion de b espece Paracentrotis vidus pam & desarollo de este protocolo se
fimdamenta adenvic en su anplia distibacion en las costas espaiclx v en la posihlichd de ser
cultivado en labortorio (Catoira Gomes ot al, 1995, Spirlet et al. 2001; Kelly, 2005, Schlosser
et al, 2005; Plan Maciomal del Cultive del Erima 200§-2009).

E presete prococols s fimdamerts en b refrencisc hibliograficss eguestas al téomine del
doomensn.

1. Equipo v material necesarios

Maverial

»  Erizes Paracentratus [ividus, madaos (30-50 mm de dEmetro de testa)
v Sedmeniy problema
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Methodological basis for the optimization of a marine sea-urchin embryo test
(SET) for the ecological assessment of coastal water quality

Liliana Saco-Alvarez?, Iria Duran?, J. Ignacio Lorenzo?, Ricardo Beiras *”*

# Loboratorio de Ecoloxia Marifia (LEM), Focultode de Ciendos do Mar, Universidade de Vigo, E-36200 Galicia, Spain
" ECIMAT, Universidade de Vigo, 1la de Toralla, E-3631 Galicia, Spain

ARTICLE INFO ABSTRACT

Article history: The sea-urchin embryo test (SET) has been frequently used as a rapid, sensitive, and cost-effective
Received 10 February 2009 biological tool for marine monitoring worldwide, but the selection of a sensitive, objective, and
F{LT“'VL'd'f'_r“V'SEd form automatically readable endpoint, a stricter guality control to guarantee optimum handling and
21 January 2010 ] biological material, and the identification of confounding factors that interfere with the response have
Accepted 22 January 2010 . . . L . .. _ o .

Available online 18 February 2010 hampered its widespread routine use. Size increase in a minimum of n=30 individuals per replicate,
either normmal larvae or earlier developmental stages, was prefemred to observer-dependent,

Keywords: discontinuous responses as test endpoint. Control size increase after 48 h incubation at 20 °C must
Larval &_'-”.-*W”' meet an acceptability criterion of 218 pm. In order to avoid false positives minimums of 32%. salinity,
E‘I‘:'bu“'h'" 7 pH and 2 mg/L oxygen, and a maximum of 40 pg(L NH; (NOEC) are required in the incubation media.
Ldm:w For in situ testing size increase rates must be corrected on a degree-day basis using 12 °C as the
Bioassay developmental threshold.

Method @ 2010 Elsevier Inc. All rights resenved.
1. Introeduction A central issue in standardization of a bicassay is the choice as

test endpoint of a sensitive but observer-independent biological
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ASSESSMENT CRITERIA FOR USING THE SEA-URCHIN EMBRYO TEST WITH SEDIMENT
ELUTRIATES AS A TOOL TO CLASSIFY THE ECOTOXICOLOGICAL
STATUS OF MARINE WATER BODIES

Ir1a Durantl and Ricarpo BERAs*
fLaboratorio de Ecoloxia Marifia, Departamento de Quimica Analitica e Alimentaria, Facultade de Ciencias do Mar, Universidade de Vigo,
Estrada Colexio Universitario s/n. E-36310, Vigo, Galicia, Spain
{Toralla Marina Science Station, Universidade de Vigo, Illa de Toralla, E-3633 1, Comxo, Galicia, Spain

(Submifted 23 September 2009 Returned for Revision 4 December 2000 Accepied 14 December 20008

Abstract—A large, multiyear data set was generated by pooling the sediment elutriate (SET) results collected during previous studies
conducted in the Galician Rias (northwest Iberian Peninsula) that met the acceptability criteria in the controls, to ensure optimum quality
of data (n=162). Two subsets of equal to reference and lower than reference sites were identified by comparing the Percentage MNet
Response (PNER) value from each sampling site with nontoxic, cruise-specific, reference sites by using the # test with the unequal variance
assumption. Beotoxicological Assessment Criteria (EAC,, EAC,, EAC,, and EAC;) were then derived from those two subsets to classify
the SET results into five categories of ecotoxicological status: high, good, moderate, poor, and bad, in line with the European legislation.
The S0th and 5th percentiles of the PNR distribution of the equal to reference sites subset were EAC, =0.879 and EAC, =10.604. An
EAC, =0.508 was obtained from the 50th percentile of the lower than reference sites subset. Because the PNR values of the entire
database showed a distribution that can be adjusted to two normal populations, the EAC; = 0,240 PNR was calculated as the intersection
between the first and second nomal diswributions identified. Power analysis proved that the limit between acceptable and unacceptable

status (EAC, ) coresponded to a detectable PNR difference to control with a confidence level =99% and a power of 95%. Environ.
Toxicol. Chem. 2010;29:1192-1198. @ 2010 SETAC

Keywords— Sediment toxicity Water quality Ecotoxicological status Paracentrotus lividus
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SET iIn local environmental monitoring
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The Sea Urchin Embryo as a Model for Mammalian Developmental
Neurotoxicity: Ontogenesis of the High-Affinity Choline Transporter and Its

Role in Cholinergic Trophic Activity

Dan Qiao,? Lyudmila A. Nikitina,2 Gennady A. Buznikov,"? Jean M. Lauder,? Frederic J. Seidler,! and Theodore A.

Slotkin’

'Department of Pharmacology and Cancer Biology, Duke University Medical Center, Durham, North Carolina, USA; 2Department of Cell
and Developmental Biology, University of North Carolina School of Medicine, Chapel Hill, North Carolina, USA; 3N.K. Koltzov Institute of

Developmental Biology, Russian Academy of Sciences, Moscow, Russia

Embryonic development in the sea urchin requires trophic actions of the same neurotransmitters
that participate in mammalian brain assembly. We evaluated the development of the high-affinity
choline transporter, which controls acetylcholine synthesis. A variety of developmental neurotoxi-
cants affect this transporter in mammalian brain. [*H]Hemicholinium-3 binding to the transporter
was found in the cell membrane fraction at stages from the unfertilized egg to pluteus, with a bind-
ing affinity comparable with that seen in mammalian brain. Over the course of development, the
concentration of transporter sites rose more than 3-fold, achieving concentrations comparable with
those of cholinergically enriched mammalian brain regions. Dimethylaminoethanol (DMAE), a
competitive inhibitor of choline transport, elicited dysmorphology beginning at the mid-blastula
stage, with anomalies beginning progressively later as the concentration of DMAE was lowered.
Pretreatment, cotreatment, or delayed treatment with acetylcholine or choline prevented the
adverse effects of DMAE. Because acetylcholine was protective at a lower threshold, the DMAE-
induced defects were most likely mediated by its effects on acetylcholine synthesis. Transient
removal of the hyaline layer enabled a charged transport inhibitor, hemicholinium-3, to penetrate
sufficiently to elicit similar anomalies, which were again prevented by acetylcholine or choline.
These results indicate that the developing sea urchin possesses a high-affinity choline transporter
analogous to that found in the mammalian brain, and, as in mammals, the functioning of this
transporter plays a key role in the developmental, trophic activity of acetylcholine. The sea urchin
model may thus be useful in high-throughput screening of suspected developmental newrotoxicants.
Key words: cholinergic phenotype, choline transporter, dimethylaminoethanol, hemicholinium-3,
sea urchin embryo. Environ Health Perspece 111:1730-1735 (2003). doi:10.1289/ehp.6429 avail-
able via btsp:iidy. doi.org' [Online 30 July 2003]

“pre-nervous” developmental stages. The con-
centration of ACh exhibits distinct peaks dur-
ing early cleavage divisions, but the major,
sustained increases occur after the beginning
of ga.stn.ﬂaticun. in tandem with transcription
of zZygotic genes and attendant rises in choline
acetyltransferase, the enzyme that synthesizes
ACh (Buznikov er al. 1968; Buznikov and
Podmarev 1990; Falugi et al. 2002). In accord
with the trophic role of ACh, both ACh
antagonists and agonists that are known to
exert developmental neurotoxicant actions in
mammals perturb sea urchin development,
with periods of sensitivity corresponding to
the surges in ACh levels (Buznikov 1990;
Buznikov et al. 1968, 1996, 1997, 2001a,
2001b; Buznikov and Podmarev 1990;
Buznikov and Rakic 2000; Gustafson and
Toneby 1970; Pesando et al. 2003).

To our knowledge, no studies have
appeared on the ontogeny and trophic role of
the high-affinity choline transporter in the sea

urchin. In the mammalian brain, choline trans-
inlalud ':||'|.|'| s fl-lla ':lr1'|1.ri1'|.r n'F."I'lnlin.ﬂ ':|.|'|=i1'\.r|l‘r“:|r|t—
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