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Testovi ekotoksi¢nosti:

1. Vibrio fischeri A s e
2. Pseudomonas putida s T
3. Saccharomyces cerevisiae .5 i .t el

A

Daphnia magna (racic)
Zebrafish (Danio rerio)
Zelena alga (Pseudokirchneriella subcapitata)
Glodavci

Nematode

Pseudokirchneriella subcapitata
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TESTOVI TOKSICNOSTI

In vivo1 in vitro tehnike
Prednostiin vitro tehnike — ekonomskiisplative 1 kraceg trajanja
Nedostatci: 1z njih je tesko zakljuciti o u¢inku na organizam izdravlje ¢ovjeka

In vivo testovi—bolje predvidaju bioloSke odgovore organizama

Karakteristike MODELNOG ORGANIZMA:

(1) jednostavno gradeni organizam uz istovremenu prisutnost osnovnih stani¢nih
procesa koje imaju 1 slozeniji organizmi

(2) dostupnost jedinki za istrazivanje 1 mogucnost jednostavne manipulacije organizama
(3) jednostavno 1jeftino odrzavanje u laboratoriju
(4) podloznost genetickoj manipulaciji

(5) relativno malii stabilni genom
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Carstvo: Animalia
Koljeno: Chordata
Razred: Actinopterygii
Red: Cypriniformes
Porodica: Cyprinidae
Rod: Danio
Vrsta: Danio rerio (Hamilton, 1822)

Odrasli muzjak

Odrasla zenka

0.50 cm

Slika 1. Usporedba odraslog muzjaka i zenke. Tijelo muzjaka ima Zutu nijansu i vretenastiji
oblik, naspram Zenke koja je krupnija te zaobliena s bijelom nijansom (Preuzeto iz
Holtzman i sur., 2016).
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(Danio rerio)
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Ciljevi testova toksicnosti koji se provode na RIBAMA su procjene:
opasnosti za okoli$ od pojedinac¢nih tvari,

klasifikacija opasnosti tvari,

procjena opasnosti otpadnih voda

Potrebno je procijeniti AKUTNU I KRONICNU TOKSICNOSTI za ribe te odrediti tvari
koje se potencijalno mogu AKUMULIRATI U TKIVIMA RIBE

RIBE -vodeni kraljeznjaci

Cesto se koriste za MONITORING KAKVOCE VODE

Testovi se mogu provoditi za ispitivanje:

AKUTNE TOKSICNOSTI,

TOKSICNOSTI U RANOM ZIVOTNOM STADIJU,

KRATKOROCNI TESTOVI TOKSICNOSTI NA RIBLJIM EMBRIJIMA I
TOKSICNOST PRILIKOM ODRASTANJA ODNOSNO U STADIJU LARVE
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Danio rerio 1lizebrica - slatkovodna, bentopelagicka tropska
riba

Ime dobila po indijskoj rije¢i dhani — od “rizinih polja”,
nalazi se uz rubove rizinih polja Indije

P. Matte — 1905. unosi zebricu u Europu kao akvarijsku ribu

Tijelo dugo oko 5 cm

Tijekom odrasle faze spolni dimofrizam - odlikuje se kroz
razli¢itu veli¢inu 1oblik tijela te pigmentaciju

Spolnu zrelost dosezu ovisno o tipu ishrane - 5 mj
Prosjecni zivotni vijek -5 god.

Par zebrica moze po mrijestu dati od 100 - 200 embrija
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Zebrice - male bentopelagicke ciprinidne ribe sa srednjom duzZinom
odraslih jedinkiizmedu 315 cm

Zebrice brzo rastu na 26 °C 1 zavrSavaju svoj zivotni ciklus u roku od tri
mjeseca

Vrsta je dostupna, jeftina, lako odrziva 1, u odgovaraju¢im uvjetima, daje
velik broj prozirnih jaja

GLAVNI MODEL U NEUROBIOLOGIJI I TOKSIKOLOGIJI, KAO I
OPCENITO] MOLEKULARNOJIRAZVOJNOJ BIOLOGI]JI

Treba i1zbjegavati koriStenje divljih zebrica

MRIJEST SE AKTIVIRA SV]ETLOSCU

Zenske zebrice koje se koriste za mrijest trebaju 1mati biti izmedu 4 1 15
mjesecl starosti

VECINA ORGANA RAZVIJA SE UNUTAR JEDNOG DANA, A EMBRIJI SE
IZLEGU NAKON TRI DO CETIRI DANA
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A (Danio rerio)
FKITMCMXIX
30 minuta
nakon oplodnje
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Slika 2. Razvojni ciklus zebrice. Prilagodeno prema URL 1.



0 Oplodnja Zigota
Period zigote Citoplazma se akumulira na Zivotinjskom polu, jednocelijski
0 stadij
FKITMCMXIX
0,75 Razdoblje cijepanja 1. (vertikalna srednja) podjela: dvostani¢ni
1 2. (vertikalna) podjela: Cetverostani¢ni stadij
3. (okomita i paralelna s prvom ravninom) podjela: 8-staniéni
129 stadij
15 4. (okomita i paralelna s drugom) podjela: 16-stani¢ni stadij
2 Razdoblje blastule Pocetak stadija blastule
3 Kasno cijepanje; sadrzi otprilike 256 blastomera
4 Ravno sucelje izmedu blastoderme i Zumanjka
5,25 Radoblje grastule 50 % epibolickih pokreta; blastoderma se smanjuje i sucelje
izmedu periblasta i blastoderme postaju zakrivljeni
8 75 % epibolickog pokreta
10 Epibolicki pokret zavr§ava, blastopore su gotovo zatvorene
10,5 Razdoblje segmentacija Najprije brazda somita
Somiti su razvijeni, nediferencirana mesodermalna komponenta
12 rano tijelo, rep segmentiran ili metamerican
20 Misiéno trzanje; rep dobro ispruzen
22 Razvoj unutarnjeg uha (otolita)
24 Razdoblje faringule Spontani pokreti, rep odvaja se od jajeta; rana pigmentacija
Smanjeno spontano Kkretanje; mreznica pigmentirana, stani¢na
%0 degeneracija kraja repa; cirkulacija u aortnom luku vidljiva
Pigmentacija repa; jaka cirkulacija; jedan par aortalnih lukova;
3 otkucaji srca
Otkucaji srca redoviti; nastavak zumanjka koji se pocinje
T Period izmrzavanja suzavati; ledne i ventralne pigmentirane trake susrecu se na repu;
9 otkrivene segmentarne krvne zile: zadebljani sakulus s dvije

vidljive komore; razvoj prednjeg crijeva
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Zebrice — brza izmjena generacija sa
velikim brojem potomaka, kratkim ex
utero embrionalnim razvojem od
svega’72h

Tijekom cijelog embrionalnog razvoja
~ tiyjela prozirna - pogodni za
promatranje ucinaka razli¢itih spojeva

Jeftino odrzavanje

Pogodan model u toksikoloskim
1strazivanjima

TEST TOKSICNOSTI SA ZEBRICAMA

Ledna mozdina Otolit

Oci
Jetra

Usha

e Svitak

Srce

Krvoziini  Zumanjéana
sustav vreca

Pigmentacija

Slika 3. Embrij zebrice star 48 hpf sa razvijenim glavnim organima i krvoZilnim sustavom
(Prilagodeno prema Lillicrap, 2010).
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Sli¢nosti 1zmedu zebrica1ostalih kraljeznjaka:
(1) sli¢nost u stani¢noj strukturi

(2) slicnost u signalnim putevima

(3) slicnost u anatomijii fiziologiji

Ljudiizebrice dijele 70 % GENOMA, unutar koje je 84 % GENA povezano
s1stim genetskim bolestima u ¢ovjekaizebrica

Velika sposobnost regeneracije tkiva — srca, bubrega, mozga, ledne
mozdine

Standardni modalni organizam - BIOMEDICINSKA ISTRAZIVANJA

Modalni organizam u EKOTOKSIKOLOGIJI 1 BIOMONITORINGU
STANJA VODENIH EKOSUSTAVA
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Zariste istrazivanja - s odraslih jedinki na najranije razvojne stadije
—EMBRIJI

Utvrdena izvrsna korelacija akutnogizlaganja embrija sa kroni¢nim
1zlaganjem odraslih jedinki

TEST EMBRIOTOKSICNOSTI NA ZEBRICAMA (eng. Zebrafish
embryotxicity test) (ZET, OECD (236:2013))

Najcesce koristeni test
Princip - pracenje letalnith 1 subletalnih ucinaka testiranog

spoja/uzorka u majranijim razvojnim stadijima do 96 sati nakon

oplodnje
Letalni u¢inak — prestanak rada srca, koagulacija embrija
Subletalni ucinci - nepotpuno formiranje pigmentacije

Embryi  zebrica u potpunosti zadovoljavaju 3R mnacela
(Replacement, Reduction, Refinement)
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Akvarij za mrijest Staklene Petrijeve posudea Odaber oplodenih

s testnim uzorkom embrija | odredivanje
stope oplodnje

Slika 5. Shematski prikaz provodenja testa embriotoksiénosti na zebricama (Prilagodeno
prema Lammer i sur., 2009)
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PRIMJER: Odredivanje toksicnosti sedimenta rijeke Save sa Zebrafish
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Slika 4. Prikaz lokacija uzorkovanja (ArcGIS 10.1 program).
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2

Jesenice Rugvica

/ 4

Galdovo Lukavec

= Pesticidi = Halucinogenii stimulansi - Lijekovi =Hormoni - Ksenoestrogeni - Industrijski spojevi

Slika 6. Prikaz brojnosti kemijskih skupina pronadenih u ekstraktima sedimenta na
analiziranim postajama u rijeci Savi.
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(Danio rerio)
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Slika 7. Rata smrtnosti embrija Danio rerio nakon 24 i 48-satnog izlaganja ekstraktima
sedimenta.
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TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)
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Rata abnormalnosti(%)
ol
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JESENICE RUGVICA GALDOVO LUKAVEC

Slika 8. Rata abnormalnosti embrija Danio rerio nakon 24 i 48 h izlaganja ekstraktima

sedimenta.

17



x')
79

FKITMCMXIX

24 hpf

TEST TOKSICNOSTI SA ZEBRICAMA
(Danio rerio)

Slika 9. Razvojne abnormalnosti embrnja D reno 24 | 48 hpf Gjekom izlaganja razliGtm
koncentracijama sedimenata: a) normaino razvijeni embny 24 hpf, @) normalno razvijeni embrij 48
hpf. Nakon 24 h od izlaganja embrja uzorcima, primijeéene su shijedece abnormainosti: b)
zaostajanje u razvoju, ne odvajanje repa od Zumanjcane vredice (strelica), deformacije glave

(isprekidana strelica); ©) deformacije cielog embrija, nerazvijena glava (strefica), d) deformacie
glave (strelica). Nakon 48 h od izlaganja embrija uzorcima, primijecenc je sijedede: f) nepotpuni
razvo) glave: g) edem u podrulju 2umanilane vredice, h) mane nakupljanje krvi u podrulju srednjeg
mozga: i) zaostajanje u razvoju, slabo razvgeno oko (strelica), ) nakupljanje krvi u podrulju
ZumanjCane vredice; k) izostanak pigmentacie tjela | oka.
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Slika 10. Histopatologke promjene zabiljeZene u popreénom presjeku embrija Danio reno 48 h
nakon izlaganja ekstraktima sedimenta. Kontrola: normalno razvijena glava, ofna leca, trup i rep
embrija; a) nekroza mozga (strelica), slabo razvijena oéna Cadica (isprekidana strelica); b) edem
mozga i apoptoza (strelica), poremecaja u razvoju lece (isprekidana strelica); c) oftedenje svitka:
dezintegracija septi (isprekidana strelica), nepravilan raspored misiénih viakana (strelica) d)
nekroza vrénog dijela repa (strelica), oétecenje misica (isprekidana strelica).

19
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Tablica 3. ZabiljeZene razvojne abnormalnosti embrija zsbrica 24 i 48 hpf u odnosu na Tablica 4. ZabiljeZene histopatoloske promjene na embrijima zebrica 48 hpf u ovisnosti o
razlitita razrjedenja eksirakala sedimenta. razlicitim razrigdenjima ekstrakata sedimenta.
Analizirane postaje i razrjedenja ekeirakata sedimanta Analizirane postaje i razrjedenja ekstrakata sedimenta
Jesenice Rugvica Lukavec Galdovo Jesenice Rugvica Lukavee Galdove
Tokskeloske 8 8 8 8 B 8 8 8 8 8 8 B Histopatolodke .~ 2 - = 2 - = s - = 2
Krajnje tocke IR I E R E AR R promjene g8 8 5 8 8 = 8 8 8 8 8 =3
N B S & b O N 1B O N B © 4 B B8 §® ®E = g B B2 & ® =
Keagulacija embrija t t A S S S § | S | DEtedenje svitka + o+t o+ - T + + + 4 4
Merazdvajanje repa T 1 Promjene trupnih
. +  ++ o+ + = ++ + + + = N
Mestvaranje somita i migita
- Slabo razvijeno oko L] . . . . . » Mekroza migica +  ++ ++ + 4+ o+ + = = = = +
a — :
5 Zaostajanie u razvoju “- & = o . Nekroza mozga + o+ + + o+t HEE - + + - + +
™ Meformirani rep . " Daformaciia
= e A i e + ++  ++ 4
Slabo razvijena glava . . oEne lece
Deformacie glave . L] . . .Nakrnzaropa T LT L T hae 44t b+ v o+~ L
Koagulacia emborja T T 1 " Nakupljanje krviu
- - ++ o+ - - - ++ A+ A+ bR bt
SniZen broj %5 Zumanjéanoj vredici
otkucaja srca 1 t ¥ e Nakupljanje kriu
g : - - - + - - - + ++ + + 4+
Makupljanic krvi u podrufju mozga
. ) - e . il B " Nakupljanje krvi u
Zumanjéanoj vredici i - - + + - - E T = T = T = S
Malkugljanie ki podruZju trupa
. = . Edem Zumanjéans
o mazgu - - - + - + -+ +
s i I ! : 1 : : 1 vredice
£ Perikardijaini edem - - Ll - - - -
3 Edem mozga - - + + - + - + ++ + + ++
Edem u podruéju .
L - . L Poremedaj u
Fumanjéane vrecice + o+ FE HH+ HE + + ++ = = ++
il I il i I i razvoju oka
MNepotpun razvitak ili S ——"——
& 2 - + ++ ++ ++ +++ +++ + + ++ - - +
izostanak pigmentacie .« & 4 = razvoju mozga
tijela | oka Blagi uinak (+)
Zaostajanje u razvoju . . . . Osrednji uéinak (++)
T = Letalni uinak (120 2007:15088) lzraziti ufinak (+++)

= = Subletalni uéinak (Hollert, 2003; Beckhuijzen i sur., 2015)

20
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(Danio rerio)

PRIMJER: Bioaccumulation of polystyrene
nanoplastics and their effect on the toxicity
of Auions in zebrafish embryos

a control HAUCI, (1 pg/mi)

PSGOnm) G 6}
+PS(500m) G~ _ O_

b 120, - PS (50 nm)
m +PS (50 nm)

-
(=3
o
A
-
=

804
604
404

20 }

04 - - -

Hatching rate (%)

0 0025 005 01 02 05
HAUCI, (ug/mi)
Fig. 4 Hatching rate of ZFEs. (a) Optical image of ZFE at 120 hpf after
exposure to none as control and HAuCl, without or with of PS5 ... (D)
Hatching rate of ZFE exposed to various concentration of HAuCI,

without or with PS.; ... Samples were exposed to ZFE at 24 hpf until
120 hpf. Scale bar: 500 pym.
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s ma.i 1ygmi) _ HAGCL (1 poiml)  HACI, (10 pgimi)
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Fig. 3 Toxicity of Au ion and PS nanoplastics. (a) Optical images of ZFE
exposed to various concentration of HAuCl, at 0, 0.1, 1, 10 pyg ml™
without or with PS., ... (100 ug ml™) for 24 h starting at 24 hpf. (b)
Mortality rate and (d) deformation rate of ZFEs exposed to HAuCl,
without or with PS nanoplastics. The asterisk (*) indicates a significant
difference between the treatment group and control (p < 0.05).
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(Danio rerio)
HAUCL, (1 po'mi) HALCI, (1 pg/mi) + PS (50 nm)
200 nm 10 pg'mi 20 pgimi 50 pg/'mi
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Fig. 5 Size and dose-dependent toxicity of PS nanoplastics. (a) Optical image of ZFE at 48 hpf after exposure to different sized PS nanoplastics (0,
50, 200, 500 nm) in presence of HAuCI, (1 ug ml™*) for 24 h. (b) Mortality and deformation rate of ZFEs exposed to each sample. (c) Optical image of
ZFE at 48 hpf after exposure to different concentration of PS.; .. (0, 10, 20, 50, 100 ug ml™) in presence of HAuCl, (1 pg mi™). (d) Mortality and
deformation rate of ZFEs exposed to each sample. Deformation features was counted as heart edema, yolk edema, and eye development. The aster-
isks indicate significant differences between treatment groups and control in term of mortality (** for p < 0.01, and *** for p < 0.005). All experiment
were performed triplicate with n = 10 (total 30 eggs) for each. Scale bar: 500 pm.



TEST TOKSICNOSTI S MIKROALGAMA

79

FKITMCMXIX

= Alge -fotoautotrofi

* Eukariotskiorganizmi

*  Mikroskopska veli¢ina 1 makroskopska veli¢ina - do duljine od 60 m
* Jednostanic¢ne iviSestanicne

* Jednostani¢ne -zavijene, sli¢ne Stapicu ili kuglaste

* Spolnoinespolno razmnozavanje

= Zelenealge - Cesto svrstavaju u biljke jer u stani¢nim stjenkama sadrzavaju
celulozu, imaju klorifil a1 b, te kao biljke pohranjuju skrob

Fi
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= Slatkovodne planktonske alge — koriste se u laboratorijskim testovima
toksi¢nosti, ceSce od drugih vrsta vodenih biljaka

* Testovisalgama vrlo osjetljivi, relativno brziijeftini
* Vrste koje se najcesce koriste u istrazivanjima:

Division Chloraphycophyta: Non-filamentous, non-flagellated algae

Pseudokirchneriella subcapitata e o0 s

350% 0 350%
Q¢
Chlorella vulgaris — @ ’ % @
. Chlorococcum Docystis Coelastrum Chlorella Spherocystis
Scenedesm us q uadncauda 700x 700% 700 Mx. 700%
; % . % 3
Scenedesmus subspicatus TN \‘ 8°D
Micractinium Scenedesmus Actinastrum Phytoconis Ankistrodesmus:

Alge razreda - Chrysophyceae sl

Pojedine cijanobakterije o § :... ’ ‘ mug*

Tetraedron Pediastrum Tetraspora

Pamella Botryococcus
Staurastrum Staurastrum  Closterium Eudstrium® =< /Micrasterias

24
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TEST TOKSICNOSTI S MIKROALGAMA

Pseudokirchneriella subcapitata - pripada skupini zelenih alga (Chlorophyta)
Jednostani¢na zelena alga koja je sastavni dio fitoplanktona kopnenih voda

Stanice 1maju oblik polumjeseca, nemaju biceva 1 cesto dolaze u kolonijama od 4
do 16 stanica

Svaka stanica 1ma po jedan dugi kloroplast 1 pirenoid, a kao pricuvni polisaharid
stvara Skrob

Razmnozava se nespolno —autosporama

Princip rada:

—nekoliko generacija alga uzgaja se na hranjivoj podlozi pogodnoj za intenzivan
rast

- u eksponencijalnoj fazi rasta dodaju se razlicite koncentracije oneciscujuce tvari
1tijekom 72 sata prati se inhibicija alga u odnosu na kontrolni pokus

- rast alga prati se svaka 24 sata brojanjem stanica u Thominoj komorici
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TEST TOKSICNOSTI S MIKROALGAMA

Table 1.2: Appearance, characteristics and distributions of the algal test species

P. subcapitata D. subspicatus C. vulgaris A. flos-aquae S. leopoliensis N. pelficulosa P. tricomutum.
Strain CCAP 278/4 CCAP 258/137 CCAP 211/11b CCAP 1403/13A CCAP 14051 CCAP 1050/9 CCAP 1052/1b
Test meidum Kuhl, 6.8 Kuhl, 6.8 Kuhl, 6.8 JM,pH 7.8 JM, pH7.8 ESAW +f/2, 8.2 ESAW +f/2,8.2
and pH
Picture”
/-\ -
Appearance’ Curved, twisted single  Oval, mostly single Spherical, single Chains of oval Reods Rods Fusiform, triradiate, and
cells cells cells ova (paper)
Size (LXW) 8-14X2-3 7-15X3-12 3 (diameter)” 45X3 6X1 71X37 na
pm®
Cell volume 40-60 60-80 na. 30-40 25 40-50 na
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Table 2.1 Summary of ecotoxicity data of pharmaceuticals to algae

TEST TOKSICNOSTI S MIKROALGAMA

Pharmaceutical Maode of action for human Example of pharmaceuticals in  EC., range (mgL™")
class this class Chlorophy- Cyanobacteria Others
tes (€9
diatom})
Analgesic Inhibit both iscforms of cyclooxygenase, COX-1, COX-2, and COX-3 enzymes involved in ~ Fentanyl 0.98-134
prostaglandin (PG) synthesis Paracetamol
Androgenic Activate the androgen recepior; activate certain estrogen receptors by conversing to  Testosterone 0.5
estradiol
Anesthetic Block the sodium-channel and decrease chances of depolarization and consequent Prilocaine 0.045-
action potentials Ropivacaine, 154
Antiarhythmic Inhibit voltage gated sodium (Ma+) channelzs Lidocaine 0.045- 025
Dronedarone 780
Na, K-activated myocardial adenosine triphosphatase Amicdarone
Antiasthmatic Antagonize leukotriene D (LTDy) at the cysteinyl leukotriene receptor Montelukast 100
Antibiotic Inhibit ptidyl transferase; inhibit amino acids (Macrolide) 0.002- 0.034
Clarithromycin Erythromycin, 1.38
Tylosin,
Inhibit cellwall synthesis enzyme {B-lactam) 1.77- 0.0022-
Amaxcillin, 630 1.38
Cefradine
MN.A. Chloramphenicol 0.1- 1.3.38"
Florfenicol 1283
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immunosuppressant - | e
cardiovascular - =
calcium regulator - | e e |
bronchodiator ——0
antiviral - ——
antiulcer . ————
antiretroviral - o —%
antipsychotic ——T—
antiparkinson - ——1
antineoplastic .| I -
antinflammatory = L] }—==—| L
antihypertensitve - L] .| T 1§ o
antihistamine -
antifungal - . |
antidiabetic e |
antidepressant - H I »
anticonvulsant ————
antibiotic * mees I I 1 r =
antiarrhythmic - ———T——
analgesic - L |—=I1
T | I I I T I
.0001 .001 .01 N 1 10 100 1000 10000

EC50 values (mg L)

Figure 2.2 Toxicity value comparisons for selected therapeutic classes of pharmaceuticals
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Table 2.2 Toxicity of veterinary pharmaceuticals and environmental risk assessment to algae
Species Phamaceuticas Test duration  ECs Feference FEC PEC:PNEC
imgL"} imgl’)  mtio®
Chiprefa pyrempidozs  Florfenicol T2h N5 (Lai et al, 046 iy |
2009)'
Chiorefa vulgaris Omytetracycling “fh 6.4 Pro et al, 000021 0.0033
2003)°"
Desmoesmis Paracetamol 72h 134 (FASS, 2012¢ 0.9 0.067
aubspicatus
Micracystis aemginosa  Amaoxciin 7d 0.008 (Liu et al, 0009 122.98
2012y’
Amcicilin 7d 0.0037 (FASS, P_'|]l12:|’I 0.0099 266.0
Tetracychne 72h 0.0s (Halling-Soren 0U000M T 013
Tiamuln 72h 0.003 gan, 2000F QL0033 108.25
Tylosin 72h 0.034 00035 1042
Pacudakirchneriela Owytetracyling 7oh 0.6 {iean dor  0.00021 0,035
suhcapifata Trimethaprim 72h 9 Grntzn et al, 049 545
Tylosin 72h 0.00&2 20108 00035 8.1
Erythromycin 72h 0.0z (sidon ef al, 00093 46,56
Lircormycin 72h 0.07 20050)° 044 6246
Ouytetracyline 72 0.17 000021 0.12
Amcicilin 72h 630 (FASS, 20427  0.0099 0.0016
Chioretracycineg 72h 31 000016 0.0053
Fentanyl T2h 131 3TE-04 JFTEDS
Tetracycling 72h 22 1.7E4 0.0076
Tiarmulin 7Zh 0.17 0,0032 187
Tvlosin 7zh 1.38 00035 024
Scenadesmus Enraficxecin T2h 45.1 {Qin ot al, 2I9E-05 §.09E-05
ol may
Synechococous Amaoicilin a6d 0.0022 (FASS, 242Y 00008 444 B4
leopollensis
Telmzaimis chui Florfenicol Aih 6.06 (Goncalves = D046 076
29 Owytetracyline 9Eh 11.18 al., 20077 0,00021 00019
"PMEC= ECael 100

1 eal concenbation used ? nominal concentrafion (sed; 3 unknman
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TEST TOKSICNOSTI S MIKROALGAMA

PRIMJER: Utjecaj tenzida na toksi¢nost algi
* TENZIDI-povrsinske aktivne tvari

* Koriste se u: sredstvima za pranje u kucanstvu 1 industriji, u proizvodima za
osobnu njegu, zastitu od korozije

Primjer krivulje inhibicije rasta zelene alge Psceudokirchnericlla subcapitaia pod utjecajem
pojedinih tenzida (A - natryy launletersulfat, B - natnj launlminstiletersulfat, € — amonij
laurilsulfat, D — trietanolaminlaurilsulfat, E — dinatrij lauriletersulfosukcinat, F — kokosova

masna kiselina kondenzat, G - decil poliglikozid, H - alkilamidopropilbetain )

1m- ——A 100 ":C
——8 |—=—0|
® a o
.
2 %7 et T % "
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¢
0 0
0 2 4 8 ] ) 2 4 e g
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Slika 4. Krivulja inhibicije rasta zelene alge Pseudokirchneriella subcapitata (Pavié, 2005)
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TEST TOKSICNOSTI S MIKROALGAMA

PRIMJER: Toksi¢nost pesticida na alge

120

100 }+ |9 DOdaa
® cell density data

0.80 |

0.60

040

inhibition rate

020 |

0.00 s — {
o 0.10 1.00 10.00 100.00
020 L !

malathion conc. (mg/L)

Fig. 1. The dose-response relationships of malathion on Pseudokirchneriella

subcapitata.
Table 3
BC50 values and 95% confidence intervals of pesticides
Toxicants EC50 (DO) 95% C.L EC50 (cell density) 95% C.L
Atrazine 0.0899 0.086 - 0.095 0.0784 0.075 - 0.082
MCPA 3.397 213 - 8.88 3.115 2.68 - 3.69
Dichlorvos 0.737 0.698 - 0.77 1.616 1.54 - 1.69
Parathion 1.162 1.10 - 1.22 0.927 0.88 - 0.97
Malathion 2,04 1.24 - 4.86 232 1.47 - 1.94
Fenthion 1.288 1.02 - 2.15 1.049 0.64 - 1.53
PCP 0.0035 3.03E-3 - 3.79E-3 0.0067 0.003 - 0.012

Unit: mg/L. C.1.=confidence interval.
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(mikroplastika)

Nema ucinka na fotosintezu, ali smanjeni

Dunaliella tertiolecta Peleti PS-a rast nakon izlozenost koncentracijama 25 i
250 mg/L.
Nema wucinka na fotosintezu nakon

Thalassiosira pseudonana

Negativno nabijeni peleti PS-a

izloZzenost koncentracijama 25 i 250 mg/L.

Chlorella vulgaris

Negativno nabijene peleti PS-a

Nema ucinka na fotosintezu nakon
izlozenost koncentracijama 25 i 250 mg/L.

Tetraselmis chuii

Sferi¢ne Cestice PE-a

Nema ucinka na rast nakon izlaganja
koncentracijama 0,046-1,5 mg/L tijekom
96 h.

Chlorella sp.

Pozitivno nabijene
nanocestice PS-a

Smanjena fotosinteza i poveéano Stvaranje
reaktivnih oksidacijskih vrsta.

Scenedesmus spp.

Pozitivno nabijene
nanocestice PS-a

Smanjena fotosinteza i povecano stvaranje
reaktivnih oksidacijskih vrsta.

Skeletonema costatum

Mikrocestice PVC-a

Inhibirani  rast, smanjen  klorofil i
reducirana fotosinteza nakon izlozenost
koncentracijama 0-50 mg/L tijekom 96 h.

Scenedesmus obliquus

Nanocdestice PS-a

Inhibirani rast i smanjen klorofil nakon
izlaganja koncentracijama 44-1100 mg/L
tijekom 72 sata.

Chlamydomonas reinhardtii

PE visoke gustoce 1
fragmenti PP-a

Nema utjecaja na rast.




PRIMJER: Toxic effects of microplastic on marine
microalgae Skeletonema costatum: Interactions
between microplasticand algae
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Fig. 3. Toxic effects of mPVC and bPVC of different concentrations on growth of microalgae with time. Square, circle, triangle and inverted triangle represented cell density under
different mPVC concentrations at 24 h, 48 h, 72 h and 96 h, respectively. A: mPVC B: bPVC.

Utjecaj veli¢ine na toksi¢nost algi
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PRIMJER: Toxic effects of microplastic on marine
microalgae Skeletonema costatum: Interactions
between microplasticand algae
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S-4800 10.0kV 9.4mm x3.00k SE(M) 10.0um

Fig. 1. The SEM image of mPVC and the photo of bPVC.
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PRIMJER: Toxic effects of microplastic on marine
microalgae Skeletonema costatum: Interactions
between microplasticand algae
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Udinkovitost fotosinteze

B 5 mg/L mPVC treatment Bl 5 mg/L mPVC treatment
1 A |50 mg/L mPVC treatment 1 B [ 150 mg/iL mPVC treatment
100 * * 100 % % %
= 80+ " 80 z
o _ *
s 2
c\g 80 § 60 |
s 2
o 40+ = 40
5 2
2 <
G
20 20
0- - v . v | 0 - v v
1h 24 h 48 h 72h 96 h 1h 24 h 48 h 72h 96 h
time (h) time (h)
Fig. 4. Effects of mPVCof5 and 50 mg/L concentrations on photosynthesis of microalgae with time. * represented significant difference (p < 0.05) with control ( 100%). A: chlorophyll
B: @PSIL
Povec¢anjem koncentracije PVC-a
Table 1 v p- 2 . .
The ability of algal photosynthesis with time in algal growth inhibition tests. Sman] u] €se uC1nkOV1tOSt fOtOSInteze
mPVC concentration Photosynthesis ability (%)
1h 24 h 48 h 72 h 96 h
5 mgjL 953115 034+ 26 96.8 + 08 912+ 390 92042
50 mg/L 676+ 24 654 + 3.1 724+ 14 742+ 29 804 24

* Results were expressed as average + standard deviation.



PRIMJER: Single and mixture toxicity of
pharmaceuticals and chlorophenols to freshwater
algae Chlorella vulgaris
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o 24-DCP
1004 o 3-CcP A

3 s+ Cipro HCI

§ 71 = Ibuprofen

5

£ 304

£

-

; 25 -

o
0 - . T 1
107 10° 101 102 10°

Concentration [mg.L™]

Fig. 1. Concentration-response curve for C vulgaris exposed to individual com-
pounds, 2,4-dichlorophenol, 3-chlorophenol, ciprofloxacin and ibuprofen based on
specific growth rate and ICp calculations after exposure period of 96-h.



‘.’ PRIMJER: Single and mixture toxicity of
¢w G/ pharmaceuticals and chlorophenols to freshwater
wrmvone - algae Chlorella vulgaris

Table 2
50% and 20% inhibitory concentrations (ICyp and [C,g) calculated at the end of 48, 72 and 96 h based on different methods executed in ToxCalc software using specific growth
rate (SGR) calculations, no-observed effect concentration (NOEC), lowest-observed effect concentration (LOEC) for C vulgaris.

Compound Method 48 h 48 h 72h 72h 06 h 96 h NOEC [mgL~'|* LOEC [mgL '}
ICso [mgL™"]  ICo [mgLl~"] ICsp[mgL™'] 1C0[mgLl '] IGso[mg L™'] | ICn [mgL™']

2 4-dichlorophenol  ICp 11.04 5.05 10.78 6.10 10.76 631 =0.73 0.73
(10.4-1 1.7]" (49-6.8) (102-115) (49-6.7) (10.1-11.6) (6.0-6.7)

Weibull 11.16(8.1-24.6) 5.30(0.9-7.5) 10.97(77-26.7) 4.80(0.7-7.0) 10.83(8.0-19.9) 5.49(1.0-7.6)
Probit  11.17(7.2-2623) 5.29(0.0-80) 10.83(72-975) 5.35(0.2-82) 10.73(7.2-94.3) 565(01-81)

3-chlorophenol ICp 4052 23.02 30.08 24.67 40.92 26.54 15 30
(36.4-456) (19.2-27.4) (36.4-44.5) (20.2-30.7) (36.2-44.6) (20.9-32.3)
weibull 3399 2442 38.10 26.46 39.03 27.78
(30.4-476) (135-311) (32545.2) (19.2-312) (33.745.7) (21.1-32.4)
Probit 3721 25.23 36.24 27.63 36.90 28.72
(28.7-49.8) (12.4-31.7) (31.2-51.7) (18.0-32.1) (32.2-52.1) (21.0-33.0)
Ciprofioxacin HCl ICp 3462 9383 2789 9.23 29.09 967 <20 20
(3.6-93.3) (50-188) (8.9-406) (5.7-19.7) (8.36-40.7) (5.5-226)
Weibull 4066 5.80 30.34 3.97 31.63 446
(0.0-929) (0.0-22.3) (0.0-69.9) (0.0-17.8) (0.0-70.8) (0.0-18.5)
Probit  38.02 8.00 2045 6.37 30.65(0.0-75.3) 7.03(0.0-22.3)
ND ND ND ND
Ibuprofen25 ICp 82.25 48.20 B6.43 51.05 89.65 54.84 35 70
(57.4-101.8) (356-67.7) (51.6-103.7) (36.0-78.3) (71.3-103.5) (38.7-86.6)
Weibull 77.39 52.94 80.72 56.57 82.34 57.80
(65.6-120.4) (18.7-63.2) (69.7-120.9) (28.7-66.2) (71.2-1129) (35.3-67.4)
Probit 75.70 58.11 7719 62.56 77.69 65.42
ND ND ND ND ND ND

ND: not determined.

# NOEC and LOEC values were calculated using 72-h toxicity data.
® 95 % confidence intervals [mgL ™'
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Table 3
Model deviation ratos (M DRs) and Combination Index (Cl) values at different growth mhibitory concentrations for bmary mixtures for € vulgoris.
Growth miubiton [%)| 24-DXP+ 309 Coprofloxacm WK1+ Buprofen 24-DCP + aproflaxacm HCI 0P +cproflaxaan HO 24-DCP+ Buprofen 3P +1buprofen
Kio =282 [mgl | ICe =6071 fmgL~ '] Kie=1940 [mgl '] ICe=3888 mgl ') Kie=4818 [mgl | ICe=8387 jmgl |
MDR’ O wvakies  MDR Cl vakes MDR Cl vakies MDR Q values MDR Cwvalues  MDR Q values
CA it} CA 1A CA A CA W CA A CA 1A
1 017 009 055 034 L a7 LX) an 206 A% 032 05
5 045 03 o4 055 032 061 13 s 3 068 033 0ss i 127 1% 044 03 055
0 081 056 0% 0.5 040 063 167 1.08 115 0.75 045 08 136 100 137 0 068 0n4
B 110 75 0% 08 044 064 166 120 108 1.5 100 080 125 o837 1.8 113 0% an
0 107 073 o0& 067 048 066 147 m 103 135 ass 080 7 am 124 117 07 0%
5 105 073 a6 0.7 05 068 135 1.04 099 1.26 L)) as m % 120 121 e am
40 168 oM an o 067 074 115 s 093 118 ass 0ss 1m a7 10 122 o088 0%
S0 18 075 a7 1.0 s 079 as7 053 030 m as7 0% 096 067 14 122 0ss 1.2
&0 10 a77 oOss 105 05 034 108 LE 038 117 as4 ) 087 0ss am 1.3 05 112
75 188 077 o097 084 055 097 0ss 1.9 036 0.9 096 106 100 @73 am 13 o5 130
80 106 0% 103 084 053 103 0se 114 086 1.04 100 112 100 Q73 088 13 o 138
85 103 73 111 084 0% m 0s7 114 086 117 108 121 098 a1 084 1. o 1@
@0 0 070 12 1.m 0 124 0s2 1.08 087 .29 L0 135 095 068 0% 1.3 o7 1.65
a5 082 063 14 1.9 0.5 151 an o 090 1.4 099 165 0% o062 o073 1% o7 1.4
‘ The model deviation ratios (MDRs ) are the ratios of observed experimental effect conce mtration divided by the effect concentration predicied by CA or 1A Bold text shows MDRs within a factor of two
¥ C1 values derived fram CompuSyn (Chou and Martin, 2005). Cl< 1, = 1 and > 1 indicates synergism, additive effect and antagonism, respectively.
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In vitro

Histopathology

. R, Brain & Neuro

EM

d H&E dyeing

W Special dyeing

- Immunchistochemistry

Lung & Trachea

—

Further applications

Spleen testis/ovary

N\

TESTOVI TOKSICNOSTI

Cell proliferation
Apoptosis and necrosis
DNA synthesis and damage
Altered gene expression
Immunogenicity

Oxidative stress

-----

Function
Location
Complete blood count
Venous tolerance
Hemolysis and thrombosis
Pyrogen test
Oxidative stress
Behavioral studies
Intratracheal instillation
Electrophysiological investigation
Mitochondria function
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Farm animals

Other rodents
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Figure 1 Percentage of animals used in testing.
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Tri vrste glodavca se koriste za odredivanje toksi¢nosti: STAKOR, MIS, HRCAK

In vivo test toksi¢nosti

Mnoge vrste biomarkera - koriste za odredivanje stanja ispitivanog glodavca nakon
unosenja Stetne tvari (masa tijela, hematologija)

Charged to F
Chemical B ,-’)

TABLE 2.1 Classic associations in toxicology

Liver Toxicity Renal Toxicity

Increased plasma activity of liver marker enzymes: e.g. alanine Increased water consumption and urine volume. Urine parameters may
and aspartate aminotransferases. change, e.g. enzymes and cellular debris.

Decreased plasma total protein concentration. Increased plasma concentrations of urea and creatinine. Proteinuria.
Increased coagulation times due to decreased synthesis of Severe renal toxicity may lead to decreased erythrocyte parameters due to
coagulation factors. effects on erythrocyte synthesis.

Increased liver weight due to enzyme induction or Increased kidney weight.

accumulation of lipid or glycogen.

Change in color or size at necropsy. Change in color or size at necropsy.

Histological findings such as necrosis or centrilobular Histological change, e.g. basophilic tubules or necrosis, papillary necrosis,
hypertrophy due to enzyme induction. or glomerular changes.
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Vrsta Zivotinje

TEST TOKSICNOSTI S GLODAVCIMA

Stakor se preporucuje za inhalacijsku i dermalnu toksi¢nost] za

dermalne testove preferiraju se zecevi kao 1 za testove iritacija oka
(Draizeov test, primjenjuje se od 1944); osim glodavaca vrlo rijetko se
koriste ostale zivotinje

Dob

Mlade Zivotinje, najcesce oko 3-6 mjeseci

Broj zivotinja

5-10 za srodene sojeve, 10 1l1 viSe za nesrodene sojeve

Doza

Minimalno tri doze, niska (naj¢eS¢e NOEL), srednja i visoka| koja se

aplicira jednokratno ako je aplikacija intraperitoncalna. oralna,
subkutana, intradermalna, intramuskularna; Za inhalacijsku aplikaciju
1zlozenost minimum 4 sata a za dermalnu 1zlozZenost vrijeme izlaganja je
do 24 sata (do analize)

Vrijeme trajanja
pokusa i vrijeme
analize

Do 24 sata od aplicirane doze, iznimno do 48 sati ako se istrazuje
eliminacija neke kemikalije




N .
TEST TOKSICNOSTI S GLODAVCIMA

7%
Start
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
5 mg/kg 50 mg/kg 300 mg/kg 2000 mg/kg
3 animals 3 animals 3 animals 3 animals
& | @D | 696D | @DED
1 2 3 4 5 5 or
Cat unclassified
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7 T 3 S

Vrsta zivotinje Glodavci i to najceSCe Stakori a rjede miSevi; zeCevi uglavnom za
dermalnu toksi¢nost;

Dob MIlade Zivotinje, najCesce oko 3-6 mjeseci

Broj zivotinja Minimum 10 po spolu za nesrodene sojeva glodavaca; 5 za srodene
sojeve, 4 za druge vece zivotinjske vrste (pas svinja) iznimno |
zivotinja ako je pokusna Zivotinja primat

Doza Minimalno tri doze, niska (najces¢e NOEL), srednja 1 visoka,
preporucuje se svakodnevna aplikacija pojedinoj dozi osim za
bioakumulativne kemikalije koje zahtijevaju posebne protokole

Vrijeme trajanja 28 dana ili 90 dana, ovisno o vrsti Zivotinje
pokusa 1 vrijeme
analize
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TEST TOKSICNOSTI S GLODAVCIMA

Vrsta zivotinje Glodavei 1 to naj¢esce Stakori, miSevi 1 psi, pokusi se moraju
provoditi na minimalno dvije vrste kako bi se kompenzirale razlike
u fiziologiji

Dob Mlade Zivotinje, najcesce oko 3-6 mjeseci

Broj Zivotinja

Minimum 20 po spolu za nesrodene sojeva glodavaca; 5 za srodene
sojeve, 4 za druge vece zivotinjske vrste (pas, svinja) iznimno |
Zivotinja ako je pokusna Zivotinja primat

Doza Minimalno tri doze, niska (naj¢e$¢e NOEL), srednja i visoka,
preporuuje se svakodnevna aplikacija pojedinoj dozi osim za
bioakumulativne kemikalije koje zahtijevaju posebne protokole

Vrijeme trajanja 12-24 mjeseci, ovisno o vrsti Zivotinje, za aditive u hrani

pokusai vrijeme | minimalno 24 mjeseca do tri godine

analize
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Promjene koje se prate:
smrtnostili prezivljavanje

klinicko pracenje (tezina tijela, veliina tumora, apetit,
promjene u ponasanju)

klinicki parametri (biokemija krvi, hematologija,
poremecaji u zgrusavanju, analiza urinaidr.)

patoloski parametri (patohistoloske analize)

procjena toksi¢nosti na stanicnoj razini (genotoksicnost,
citotoksi¢nost)

u studijama kancerogeneze (pojava tumora)
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Parameter Units emales ales Parametsr Units Females Males
Hematology B :
Age Weeks 8 16 8 16 Age Weeks 8 16 8 16
White blood cell count Brain 1] 0.386 0.385 0377 | 0379
(WBC) 10 cells/pl 3.1 352 | 241 2.B0 % of body weight 1.99 1.57 1.58 1.31
Red blood cell count Heart ] 0109 | 0.123 0127 | 0.144
(RBC) 10° cells/ul | 10.51 | 10.35 | 10.79 | 10.68 % of body weight 0.56 0.50 0.53 0.50
Hemoglobin gfdL 166 16.8 17.2 17.0 Liver g 1.144 1.412 1.366 [ 1408
Hematocrit % 48.3 468 | 485 | 480 % of body weight 588 T4 572 487
Mean cell volume (MCV) | fL 459 | 452 | 450 | 450 Lefi kidney g 0.128 | 0.154 0.194 | D248
Mean cell hemoglobin % of body weight 0.66 063 081 086
{MCH) pg 158 | 162 | 159 | 159 Rightkidney | g 0133 | 0162 | 0192 | 0252
Mean cell hemoglobin % of body weight 0.69 0.66 081 | 087
concentration (MCHC) gldL 344 | 360 [ 354 | 354 Spleen g 0.001 0.106 | 0.078 | D.084
Platelet count 10" cells/pl 956 927 | 1041 | 1005 % of body weight 047 0.43 033 0.29
Mean platelet volume
(MPV) L 85| 51 68| 55
Percent refticulocytes % 30 30 29 3.1 g, Total
Reticulocyle hemoglobin | pg 166 | 165 | 184 | 182 DEXA body weight Tissue 1999 | 2351 | 2362 | 20.38
Reticulocyte count 10" celisi_ 3199 | 307.3 | 3133 | 3272 Bone mineral density | gilemt 0050 | 0056 0.047 | 0055
Percent neutrophils ¥ 155 | 222 | 292 | 243 Bone mineral content | G 0393 | 0471 | 0367 | 0.461
Percent Lymphocytes % BO7 | 729 | 719 | 704 Bone area cm’ 790 | 835 759 | 834
Percent Monocytes % 08 12 13 13 Lean tissue g 15.8 18.4 182 | 232
Percent Eosinophils % 23 2.7 40 3.0 Fal tissue g 41 51 hd B.1
Percent Basophils % 02 0.5 D4 0.8 Percent fat tissue % 20.7 215 28| 208
Meutrophil count 10° cells/uL 0.58 047 | 053 | 067
Lymphocyie count 10°celivpl | 300 | 256 | 174 | 158
Maonocyte count 10%cells/yl | 003 | 004 | 003 | 004 Lymphoid cells
Eosinophil count 10° cellsipl 0.08 009 | 009 | 0.08 B cells
Basophil count 10° cells/ul 001 002 | 001 | 0.02 B cells

(B220+) % 4358 5287 4835 | 5524

T cells

Albumin gidL 37 28 34 27 CD4 T cells
Total protein gidL 5.8 5.6 58 58 (CD3+, CD4+) % 1948 | 1523 | 2078 | 17.17
Blocd urea nitrogen | mg/dL 21 21 25 24 CDE T cells
Calcium mg/dL 102 98 99 9.8 (CD3+, CD8+) % 10.75 7.88 1037 | B.A15
Phosphorous mg/dL 25 il 9T 78 NK cells
Cholesterol mg/dL 76 B9 102 113 (CD3-, NKG2D+) % 3.50 2.78 2.25 2.7
HOL cholesterol mg/dL 741 67.9 1006 | 1125 NKT cells
Triglycerides mg/dL 123 175 182 128 (CD3+, NKG2D+) % 1.26 0.79 0.90 0.60
Free fatty acids mEqg/L 275 2.50 261 273 Myeloid cells
Glucose mg/dL 94 115 140 a7 Granulocytes
Alanine franferase 1L 73 58 1] B2 (MAC1+ GR1+) 1.14 0.99 1.11 072
Creatine kinase UL 1111 609 545 443 Monocytes
Thyroxine/T4 paddL 58 53 60 55 (MAC1+, GR1.) % 432 108 306 [ 202
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Stakori - fizioloka i anatomska sli¢nost sa drugim vrstama

Razlika - diSu samo kroz nos, placenta je poroznija, crijevna mikroflora drugacija (razlika
u metabolizmu)

The 3Rs - definitions

Replacement: methods which avoid or replace the use of animals in an
area where animals would otherwise have been used.

Reduction: methods which minimise animal use and enable researchers to obtain
comparable levels of information from fewer animals or to obtain more

information from the same number of animals, thereby reducing future use of
animals.

Refinement: improvements to husbandry and procedures which minimise actual
or potential pain, suffering, distress or lasting harm and/or improve animal
welfare.
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Figure 2: Number of rodent studies conducted per investigative
compound in 2003-2005 compared to 2006

The maximum number of studies conducted by companies was four,
which accounted for acute toxiaty tests in two species using two
different routes of administration. On the basis of the working group
sharing best practice, many companies moved away from carrying out
the full four studies, leading to a reduction in the number of studies
conducied per compound.
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TEST TOKSICNOSTI S GLODAVCIMA
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Figure 3: Number of mice used per compound in each company

The sharing of data and experience has led to a reduction in the
number of mice used per conventional acute toxicity study. In 2003-
2005 seven companies were using from 40 to over 100 mice per
study. In 2006, since the working group shared best practice, most
companies use less than 40 mice and more companies use no mice at
all.

Figure 4: Number of rats used per compound in each company

The sharing of data and experience has led to a reduction in the
number of rats used per conventional acute toxicity study. In 2003-
2005 seven companies were using from 40 to over 100 rats per study.
In 2006, since the working group shared best practice, most
companies use less than 40 rats and two companies use no rats at all.
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= Testovi toksi¢nosti Stetne tvari ispituju se na najmanje dvije vrste -
glodavcima 1na organizmu koji ne pripada skupini glodavaca

= Bitan faktor kod odredivanja toksicnosti- nacin primjene (obavezno
1spitati onaj nacin koji ¢e se primjenjivati kod ljudi)

* Prednostimisa kao testnog organizma:

o mali, relativno jeftini, laganiza rukovanje,

o kratko vrijeme trudnoce,

o kratak prirodni zivotni vijek

* Umedicini —koriste se stotinama godina

" Najcesce se koriste za odredivanje akutne toksi¢nosti

= Stakori se ¢esce primjenjuju za odredivanje - kroni¢ne toksi¢nosti
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FIZIOLOSKE VRIJEDNOSTI MISA - prije izlaganja $tetnoj tvari

TABLE 2.17 Normal physiological

values gencral and

reproductive
General
Life span
average 1-3 years
maximum reported 4 years
Adult weight
male 20-40g
female 18-40g
Surface area 0.03-0.06 cm®
Chromosome number (diploid) 40
Food consumption 4-5g/day

Water consumption
Body temperature
oxygen consumption

5-8 mL/day ad libitum
365C
1.69mL/g/hr

TEST TOKSICNOSTI S GLODAVCIMA - MIS

TABLE 2.18 Normal physiological values cardiovascular and

Reproductive

Age, sexual maturity
male
female
Breeding season
Estrus cycle
Gestation period
average
range
Litter size
average
range
Birth weight
Age begin dry food
Age at weaning

50 days (20-35 g)
18-40g
continuous, cyclic
4-5 days

19 days
1721 days

12

1-23

15g

10 days

16-21 days (10-12 g)

Source: Data derived from Jacoby and Fox

1984)

respiratory
Cardiovascular
Heart rate
average 600/min
range 320—-800/min
Blood pressure
Systolic 113160 mm Hg
Diastolic 102—-110 mm Hg
Blood volume
plasma 45mL/kg
whole 78 mL/kg
Hematocrit 41.5%
RBC life span 2030 days
RBC diameter 6.6 microns
Plasma pH 72-74
Respiratory
Rate
average 163/min
range 320800/ min
Tidal volume
average 0.18 mL
range 0.09—-038 mL
Minute volume
average 24 mL/min
range 11-36 mL/min

Source: Data derived from Jac

by and Fox (1984), and from the Animal Diet

Reference Guide, Purina Mills, Inc. (Ralston Purina Company, 1967)
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TABLE 2.22 Typical acute toxicity study design for mice

Number of mice/sex/dose
group

Number of dose groups

Number of control groups

Dosing frequency

Dosing days

Survival checks

Clinical observations

Physical examinations

Body weights

Feed consumption

Number of reversal mice
Duration of reversal period
Blood collection

Hematology parameters
Clinical chemistry parameters
Urine collection

Necropsy

Tissue collection

3-5

1-3

None

Single dose

1 day

Not done (part of Clin. Obs.)

4 or more on day of treatment,
then 1-2 daily

Not done

Prior to dosing

Not done

None

Not applicable

Not done

Not done

Not done

Not done

Gross (increasingly, but rarely
useful)

Rarely (specific cause only)

TEST TOKSICNOSTI S GLODAVCIMA - MIS

TABLE 2.23 Typical short-term toxicity study design for

mice

Number of mice/sex/dose group

Number of dose groups
Number of control groups
Dosing frequency

Dosing days

Survival checks

Clinical observations
Physical examinations
Body weights

Feed consumption
Number of reversal mice
Duration of reversal period
Blood collection
Hematology parameters
Clinical chemistry parameters
Urine collection

Necropsy

Tissue collection

5—-40
4

-

Once, daily

Daily for 7-90 days
1-2 daily

Daily

Weekly

Weekly

Weekly

None

None

Terminal, all animals
None

Limited

Not done

Gross, all animals
Limited list, all animals
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TABLE 2.24 Typical chronic toxicity study design for mice TABLE 2.25 Typical carcinogenicity study design for mice

Number of mice/sex/dose group 20-50 Number of control -
Number of dose groups 3 Srovpe ’
Number of control groups 1 Dosing frequency Once, daily
Dosing frequency Once, daily Dosu.\g days Dafly for 18—-24 months
Dosing days Daily 2652 weeks Su‘ntwal Chuiche ) Dilly

2 L Clinical observations  Not done
Survival checks Daily : . TR

s . 3 Physical examinations Monthly during first year,

Clinical observations Not done = 2

] R 2 % /month thereafter
Physical examinations Weekly 2 R
Bodv weishis Weekly Body weights Weekly during first 2 months,

y weigh ) / 2 % /month thereafter

Feed consumption Weekly Feed consumption Weekly during first 2 months
Number of reversal mice 25-35% of main groups % 3¢ Famenily Hhapuufias '
Duration of r‘m.'ersal period 2-4 v_\'eeks , Blood collection Optional periodic, terminal
Blood collection Terminal, all animals Hematology Periodic peripheral smears, terminal
Hematology parameters Dif. smear, RBC, WBC parameters smears, RBC, WBC
Clinical chemistry parameters Limited list Clinical chemistry Not done
Urine collection Not done parameters
Necropsy Gross, all animals Necropsy Gross, all animals (including those
Tissue collection Comprehensive list, all animals found dead during study)
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* Najcesce se koriste za ispitivanje kancerogenosti neke Stetne tvari (mala prirodna
mogucnost nastanka tumora)

* Prednosti:

o Brzareprodukcija

o Jedinstvene anatomske 1 fizioloske znacajke
o Brzifizioloski razvoj

o Kratak zivotni vijek TABLE 2.31 Common and species names of hamsters and

chromosome number

o Malaucestalost spontanih bolesti

Common Name Species Name Chromosome
o Modelzaispitivanje dijabetesa e

Syrian (Golden) Mesocricetus auratus 44

Chinese (Striped, Black)  Cricetus griseus or 2
barabensis

European (Common, Cricetus cricetus 22

Black, Field)

South African Muystromys 32
albicaudaties

Rumanian (Newtoni’s) Mesocricetus newltoni 38

Turkish (Kurdanti) Mesocricetus brandti  42/4

Armenian (Gray, Cricetulus 2

Migratory) miigratorius

Djungarian (Striped Phodopus sungorus 28

hairy-footed)
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NEMATODE

» skupina organizma koja naseljava brojne
ekosustave

* najdominantnija skupina zivih organizama u
tlu

» gré.rije¢ nema- konac, nit1 erdossli¢no
» oblik tijela okrugao, koncast, vretenastisl.
*  sudjelujuubrojnimZivotnim procesima

»  koriste se u ekotoksikoloskim ispitivanjima i
monitoringu onecisenja

* tjelo — mlije¢no-bijele do Zuckaste boje, ne
posjeduju pigment

mouth Infestine psuedocoleom

cuticle

* tjelo nematoda “cijev u cijevi” (kozni pokrov
graden od nekoliko sloja)

retracted — anus

- VEIiﬁna nematoda Val'il'a - nev:i.d]jive piercing  nerve ke
. device
ljudskom oku (um) do8m g

pore

= Neke vrste nemetoda su nametnici ljudi 1
zivotinja
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Oxidative stress

Paraquat Hypoxic stress <0.2% O,

Hydrogen peroxide (H,0,) Hyperoxic stress 60% 0,
Tert-butyl hydroperoxide (t-BOOH) Heat stress Cold tolerance
Arsenite 35°C 0-4°C

Juglone '

Heavy metal stress )
CdCl, (30 uM-7 mM) Osmotic stress

NaAsO, (100 uM-1 mM) ER stress UV stress NaCl (50-500 mM)

CuCl, (4 mg/mL) _ ; :
ZnSO, (0.4-49.5 mM) Tunicamycin (5-50 pg/ml) 254 nm (10-30 J/m?/min)
' Dithiothreitol (DTT) (3-5 mM)
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Nematodakoja se ¢esto koristiu znanstvenim istrazivanjima- Chenorhabditis elegans

Nematodama za rastirazmnozavanje vrlo bitna voda, ali i poroznost, aeriranost, sadrzaj
organske tvari

Nematode - ukazujunaindeks zrelostitla
Chenorhabditiselegans - primjenjuje se za razli¢ita neuroloska ispitivanja

DIN ISO 10872: Nematode Toxicity Test - Water quality - Determination of the toxic
effect of sediment and soil samples on growth, fertility and reproduction
of Caenorhabditiselegans (Nematoda)

Prednosti:

Primjenjuju se za ispitivanje ekotoksi¢nosti sedimenta/tlai vode
Traje96 h
Kronic¢na toksi¢nost (cijeli generacijski ciklus obuhvaca)

Potrebnaje mala koli¢inanematoda (0,5 g)

-

'\

DIN ISO
10872

ot
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Adult (1110-1150 um)

t (capable of egg laying)
8h f y

in utero
{150 min)
Young adult eggs lnd ot Gastrula
(900-940 pm) First cleavage (40 min) {approximately 30-cell)

4/adult P'/" : @ gg&o
10 hr ————

(o 81
L4 (620-650 um)
‘ Nﬂmn ths

Dauer (400 pm)

490-510 pm) 13 hr

L3¢ \
1 arvest
/W Predaver (L2d) e @
savaton J L1 @50pum) /

high temp ,\/-\_/ ;

L2 (360-380 um) DR

12 hr
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Figure 1. Toxicity testing in C. elegans can provide a bridge between

in vitro and mammalian in vivo testing.
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Factor

Table 1. € efegans culture standardization foiors for towcobgy and GCeCP

Details

Temperatue

Hurmidity

Woumn Dersity

Cahort Synchronization

Males

Solid vs. Liquid Medium

£ colfi vs. Axeric Medium

Small 1ermrpedatue differsnces have a lage effect on C elegans growth rate. motifty, Ffecycle,
lifespan, and gere expression. The method and dusation of vessel contact with human hands

ana metal Qe can sigr iy affact many p Handiing cufture vetsels by adges that
are not in contact with medium, and 2 layer of Styrofoam on work surfaces wil reduce heat
axchange.

Low humidity will alter test amicie and nusrient concentiation. the smaller The volurme the lager the
offect. Unless equipment is enclosed and carefully diimate controlled, it is unlikely that the small
volumes used in HTS wil work weal with C efegass assays For larger test volumes, incubators
can be humidified with an open veszel of woter that is deaned and refillad regulary.

Bareme pH is required to alter adult C slogans viskiity, but other endponts 3re more senstve to
PH. The appropeiate pH range should be determined for each assay. and the pH of test amickes
In 2533y medium must be assessed and reported.

C elegans gene eapression and Bfe cypcke espond 10 nuiient avalabiity and secreted honmones
Given a 3-day generation time and —300 peogeny per worm, cultures can easily outsinp nutrients
if they are not Y d.C y, C clogon: do not grow well f maintained too
spanely. Note that the worms will not necessarily dis in theve conditions, instead they will adsct
opigenatically (Hal ot all 2010), potentially rosulting in altered towcity test results for soveml
QENerations.

A cohort of 1* larval stage (L1) C. eiegans can be isolated by hypochiorite treatment of gravid
hermaphrodtas (an agg prepl followsd by hatching of the relsasad eggs In non-nutriant butfar.
In the absence of nutrients, these L1 s halt devedopment just after hatching. At 20°C, about
12hours are requirad for all the cgos to hatch. After mone than 18 hours in buffer, gane expeassion
Is altared resuting in dlayed and unsyndironized development, and inCleased SIress resstance
(Jobzon et at, 2015, Nasz and Hamza, 2007). Some g P stata that hatched L1z can
be maintainad In non-nutrent Duffer and used for 2 week or mora, but this will result n varahla
toxity outcomes,

The C oegans dawor lara & 2 ctress rocistant, Iﬂ'\g«lnndzhmmmml"hrv:lchgs IL2) Davers
must revert to the normal lfecycle in order 1o grow and reproduce. C elegans devers secrete daver
ph which pr 1o the dauer stata in other Grvao and induces ncreased
SIIRGS FRESTANGD N Sxposad ackts This will Doth redlce apparent growth races as meacured by
worm length (douers can remain at the L2 length for months or even years), and increase viabiity
In the presence of many tans. DAusrt are thinnar and darkar than L3s of similar lengeh, and Bck
the dearly defined gonadel region and visible intesting umen identifisble in devdoping
C olegans. Ligued cultures are unlikaly to preduce davers if thoy are consstantly mantained with
adequate nuerlent supply and are stanted from agaose colnures that were well fad for at least 3
generations. Daily media exchange along with a few sequential egg prep: as soon as each

gravid can free 2 culture of dauars.

G:muu labs often maintain commonly used C olegans strains ot room lempersture &y dauvers.
C alegant cultures are consistenily wail $ad for oprimal tomaty studies, use of fmzen Stocks muUst
De schaduled in ordes 10 pravent genstic dift

Non-disj on of the X ch e results in XO males. This happens sarely in nature, and is
Induced by toxins and sirass. T slegans maes can b identifiad by thelr flased 13l and single
gonad arm. Males are smaller than the XX hermaphredites, which will resulk in apparent reduced
growth If sutomated methods 3 wused and IRCNNICIANS aré Nat traned 10 racogreae males.
Mating with makss more than douties the progeny per hermaphirodine relative 10 seifing, so malss
in 3 cuturo will i productive output. R ing malkes from a culture requires Bolating
devesoning hesmaphvodites away from the males

When the test article is mixed into malten agar, or spread in soluton onto sobdified agar, and then
tha £ cod fesdsr arganism s grown in 2 lawn an top of tha dossd agar, the mmnpom» will
depend on many factors such as humnidity, compound sclubl d-egar
and feeder organism ustake and metabolism. Dosing in bquid des a
EpOsUE. DUT TImits the test to water-soluble compounds

Anenic medium avoids the complicating factor of the metatolic response of the feeder organism,
which Is especially empomant for 1est atices with antiblotc activity. Killed £ coff are somstmes
used (usually hest or UV), but the method and exposure tane must be carefully contiolied to avoid
the bactona producing taxins which wil altor azsay results.
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(A) (©)
[ &) =
= -ty 24h LC Interval of
' (mg/L) Confidence (95%)
s - LC 10 4.696 2.238<LC 10<6.000
£f LC S50 7.880 6.250<LC 50<10.04
LC 90 13.22 10.29<L.C 90<28.52
IK):,\h(ltg‘l:l
(B) (D)
?\_A., %
[
200 4
Control E I
A€ 8 ]
- = -;;
_ —~—— - :
T ‘_/'-,_ 3‘% 100 4
U UV + TiO,NPs 3
@ mg/L) €
S0
N L%E : Control  TIONPs UV UV4TIO NP
UV + TiO,NPs UV + THO,NPs
(Smg/L) (10 mg/L)
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