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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica
)

Las tres fases de la accion toxica

Medio externo Medio Interno

Exposicion Toxicocinética Toxicodinamica

Particidon

Biodisponibilidad

Bioacunulacion

Toxicidad

Figura 3.1: Las tres fases de la accion tdxica propuesta por McCarty (1990)
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Clase 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica
Concentracion interna efectiva y accion toxica

total or nominal concentration

external
external freely bioavailabilit binding to
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concentration concentration matrices
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target site 1
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(Escher & Hermens 2002)
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Clase 4. Biodisponibilidad, Bioacumulacion y: Mecanismos de accion/toxica

Exposicion

- Biodisponibilidad

« El grado en que un contaminante
en una fuente esta libre para
incorporarse e inducir un efecto en
su sitio de accidon (Newman 2002) —

F=
AUC

« Absoluta S &

Concentration

« La porcién de un contaminate en el Time
ambiente que se encuentraen una
forma asequible para causar una AUC
accion biolégica, como ser
absorbido o ingresar al organismo
(Rand 1995)

 Relativa

Concentration
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Clase 4. Blodispenipilidad, Bioacumulacion)y Viecanismos de accion toxica

Biodisponibilidad

Compuestos Organicos

Flujo medio externo

Flujo medio interno

Difusion

Complejacién proteinas séricas
Adsorcion celulas
Transferencia a tejidos
Complejacién con DOM
Adsorcion POC

Adsorcidon grandes moléculas
con difusion interna
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 de accion toxica

Available online at www.sciencedirect.com
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Biodisponibilidad
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CompueStOS OrgéniCOS Impact of cypermethrin on stream fish populations under field-use

in biotech-soybean production
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Clase 4. Biodisponibilidad, Bioacumulacion y:Mecanismos de accionitoxica

Exposicion

- Vias de exposicion

Via dérmica

Organismo
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Exposicion

- Vias de exposicion

Major Routes of Uptake for Organic Pollutants

Organisms Uptake Route Sources
Terrestrial vertebrates Alimentary tract Food and ingested water
Skin Contaminated surfaces
Lungs Droplets and particles in air, vapor

Terrestrial invertebrates

Fish

Aquatic mammals and
birds

Aquatic amphibians

Aquatic invertebrates

Plants

Alimentary tract

Cuticle (insects)

Body wall (slugs, worms)
Tracheae

Gills

Alimentary tract
Alimentary tract

Alimentary tract
Skin

Alimentary tract
Respiratory surfaces

Leaves

Roots

Food and water

Contaminated surfaces

Contaminated environment, e.g., soil

Droplets and particles in air, vapor

Pollutants dissolved or suspended in ambient water
Food

Food
Small amounts from ambient or inge:;ted water

Food

Small amounts from ambient water

Pollutants in ambient water dissolved or suspended
Food; some from ambient water

Pollutants dissolved or suspended in ambient water
Pollutants in droplets or particles®

Vapors

Pollutants dissolved in soil water®




EXPOSURE

Las tres fases de la accion toxica

Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

TOXICOKINETICS I TOXICORYNAMICS

exPosure
» physical factors

» chemical factors

= diolegicel factors
- gXQOosure routs
- chemical form
- lemperaturs
- bicavailability
- gt celera

EXTERNAL 4+

Partitioning
» 3bsorption
= distripution
= metabolism

= gxcretion

g INTESMAL

» Bipaccumuiation

Potercy
v gifect of molecuies |
at toxic 2ation site{s)

» C2teqorizs by
MODE/MECHANISM
of taxic zction

s intra- and inter-
species difisrencas
in 3ensitivily

» Toxicity

Figure 4. The Three Phases of Toxdc Acuon. (Modified from McCarry. 1990, used

with permission.)
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Clase 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica

« Concentracién interna efectiva y accion toxica

total or nominal concentration

external
external freely bi o hili indi
ioavailabilit binding to
aqueouts e:_f 9CE dissolved - 4 > envimnrﬁental
concemraion concentration malrices
bmuprake
g:;i,i;’:::ﬁmui et targetsite 1 1 intrinsic '\, o grang
= concentration activi -
internal aqueous :
concentration ‘\
. S target site 2 intrinsic
partitioning/binding . I ‘ concentration activity effect :
to non-target macro- biotransformation : '
molecules excretion ! :
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(Escher & Hermens 2002)
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Clase 4. Biodisponibilidad, Bioacumulaciony Mecanismos de accion toxi

Toxicocinética

- Incorporacion B g
- Distribucion Food

- Biotransformacion gill Los i urin
- Acumulaciéon
- Eliminacién

)
Possible redistribution
among internal
compartments

Uptake Elimination

» Bioacumulacion: relacién entre la concentracién de un
contaminante en el organismo y en la sumatoria de todas las vias
de exposicion.

» Bioconcentracion: relacién entre la concentracién de un
contaminante en el organismo y el medio circundante.

Concentration

« Biomagnificacién: incremento en la concentracién de un
contaminante a través de los niveles tréficos.

Duration of exposure
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Toxicocinética

- Incorporacion

HYDROPHOBIC
MOLECULES

~ SMALL
'UNCHARGED
__POLAR
- MOLECULES.

LARGE
UMCHARGED
POLAR
MOLECULES

IONS

Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

02 ]

CO: 4 .
N, e
steroid
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Clase 4. Biodisponibilidad, Bieacumulacion y Mecanismos de accion toxica

Toxicocinética

Pasaje de sustancias a través de la mem- Pasaje de sustancias a través de la membrana

- In corpnraci én brana plasmatica por difusion SII!'I'IEIE. plasmétu::g por transportadores o vesiculas

Medio externo  __ ~ Mediointerno.  ~  Medio externo
Bicapa lipidica Bicapa lipidica




Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Toxicocinética a2 Cu, Zn*?

bilirrubina
o o acido urico
- Distribucion - Barbitdricos

Albumina o

Hormonas esteroideas Estreptomicina

tiroxina al tetraciclinas
cloranfenicol

sulfonamidas

Cu*? (ceruloplasmina) ]_ P

Fe*? (transferrina) —
I i i
o]

lipidos
colesterol

vitaminas A, K, D, E




Clase 4. Biodisponibilidad, Bieacumulacion\y Mecanismos de accion toxica

Toxicocinética

Biotransformacion

FASE 1 FASE 2

(enzimas del citocromo P450) (vias de conjugacion)

Metabolitos Productos de
ntermedios 25 Excrecion

A
Nopolares, #Racciones Més polares, dolares, solubles
solubles en 4 Oxidacion/ menos solubles Su |  agua
lipidos =% " Reduccion/ en lipidos
~ Hidrolisis/
Hidratacion/ ~_con
PShalogeiiBEon . o o e OHCRNN SUERO

Radicales g
libres

Hepatocitos
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Toxicocinética

- Biotransformacion

» Biotransformacion de fase |
(Citocromo P450, fraccion microsomal)

NADPH NADP+
"""u-_...,__.--"""#

RH + Oy —— » ROH + H,0
chemical oxidized
chemical

e NADPH
XENOBIOTIC XENOBIOTIC
[oar e
paso - $250
xENP\nEnf/f X"‘“D-
HEME *** ~—— XENOBIOTIC
P’:ﬂ . OZ-FHEQI-- |

— P450

/&"\ P450 REDUCTASE o
by REDUCTASE
[~ XENOBIOTIC j

iEE E + - e

P
P450 NADPH or
NADH

%E‘DBID’HC
OH

HT




Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

a0 — eg”

A= CH,— CK,— CH,——
OR

Toxicocinética

Biotransformacion

Biotransformacidn de fase |
(Citocromo P450, fraccion microsomal)

Hydroaxylation

Epoxidation

H.% and O-
dealkylation

Desmisation

Selfoxidstion

Desullvration

1)

b}

£

3)

b}

] i
K= m;_ CH— {:H]

o — o
s~

R=CH=CY—R —

N

R—=CH—CH—NR

R (N5.0) — CH,~ Gy ——

R (MK, SH.OH ) - CH,CH.O
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Enzymes That Metabolize Lipophilic Xenobictics (Phase I)
Tox i CcOC i n éti ca Mame Frincipal Location Cofactors Sabstrates

Micresomal Endoplasmic reticulum of many NADPH/M&ADE, O, Must Tipophilic
: s MORCoXyZEnases (mixed aninai tissues, gspecially verof xenohiotics of
- Biotransformacion function oxidases) vertebrates, hepalopancrens, fat molecular weight
body, and gut of invertebrates < BOG
) _, Curboxyl esterases Endoplasmic teticulum of many None known Lipopilic carboxyl
« Biotransformacion de fase | animai tissues; also found in esters
cylosol and i serwm/plasma of
(Ot ras) vertehrates
A esterases Eundoplasmic reticulum of certain Ca™ Organophosphate esters

coll types of vertabrates;
mammalian serum/piasma
{associated with kigh-density

{ipoprotein}
EBpoxide hydrodases Principally endoplasmic None keown (hganic epoxides
reticulum of animal CEH‘S; SOHTE
in cytosol
Reducrases (a number of Endoplasmic reticulumn and NADH/NADPH g anemITo-
different enzymes can cytoso! of & number of types of compolnds, some
express this activity at low animal cell organchatogen
levels of dissolved oxvgen, compaunds, e.g. pp™-
including certain Lo
flaveproteing ancl
hemoproteins}
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Toxicocinética

Biotransformacion

Biotransformacion de fase |l
(conjugacion, citosol)

Eposide Hyceolzme

WD Glecurommyt
Trassfesse

VDI Ghitasonsivl
iznifeiae | ganrd)

|
Q
+.3
|
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%
a
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Toxicocinética

- Biotransformacion

« Ej. biotransformacion de
benzo-a-pireno

edro Carriquiriborde

Lig %1 )
==l MaestriaenP
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se 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica
- - Fita DNA STRAND BREAKS, QX.DIZED DMA
Toxicocinetica N
LIPID |
: - PEROXIDATION 4= HO™ o,
- Biotransformacion /
x Farent
ENZYME i
. . INAGTIVATION Compound
» Especies reactivas de
oxigeno, sistema 7 FAD 4 NADP *
i i 4 i REDOX Flavin
antioxidante y estres — ho. Superoxids CYCLE Enzyme
5 : o qm ismutasa e -
oxidativo : FAD,, NADPH + H
Elulamnnne oz 4
Paroxidase G3H .
Fadical
H,0 GSSG NADP™ Matabolite : pz::;;’;,
Glulziniona Cycle
Reduciase
. NADPH - H®
Pentose ’ T
P"E;ﬂ,':m COVALENT SINDING , COVALENT BINDING
: : TO NUCLEIC ACIDS TO PROTEINS
[ENZYME INACTIVATION)
d _ METAEOQLISM
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Clase 4. Biodisponibilidad, Bieacumulacion y Mecanismos de accion toxica

Toxicocinética

- Acumulacién
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-
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Toxicocinética

- Eliminacion




Clase 4. Biodisponibilidad, Bieacumulacion\y Mecanismos de accion toxica

Toxicocinética

- Modelo toxicocinético de un compartimiento

Concentracion (mg/Kg)

&
Fase acumulacién

B

Fase eliminacién

K

m
=16 X Ky

sy Al
i
i=1 kef

X (1 - E—E::Ll Heixf) + Cc:‘girn} X E_ZEI:J.KEI‘:K'E

in more detail

! ch .r

log conc.

Time (days)

Tiempo (d)

Ir. Pedro Carriguiri
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Bioacumulacion, bioconcentracion,
biomagnificacion

Modelizacion del proceso
Modelo de Particion para

Contaminantes Organicos
(equilibrio termodinamico)

Cocina
K, = =

o Carriquiriborde
Masstria en P ion W




ase 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica

Bioacumulacion, bioconcentracion, Bioaccumulation and Bioavailability in Multiphase Systems
biomagnificacion 6 6
5 // ZBloconcentration | g
Modelizacién del g4 15 T
odelizacion del proceso E 5 b 13 X
Modelo de Particion para §2 [ Uptake (k) 1% =
-— - ‘_‘/’ D are i -—
Contaminantes Organicos = 1 ;7/// // ! S
(equilibrio termodinamico) sOrT 10 &
Q -1t 118
O
O -2 1-2 2
2 -3} Elimination (k) J_g3 i
-a} 7% {-4
5 Hydrophobicr Su::r:er y]dropr]obic -5
O 1 2 3 4 5 6 7 8 9 10
10g Kow
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Bioconcentracion

ICCIoN toxica

acumulaciony Mecanismos de a
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B 1
280 TOXICOLOGY
ELSE\I[ER Agpetic Toxicology 86 (2008 313-322
www.elsevier.com/locate aquatox

Distinctive accumulation patterns of Cd(II), Cu(II), and Cr(VI) in tissue
of the South American teleost. pejerrey (Odontesthes bonariensis)

Pedro Carriquiriborde, Alicia E. Ronco*®
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Biomagnificacion
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

Las tres fases de la accion toxica

Medio externo Medio Interno '
Exposicion Toxicocinética Toxicodinamica

Particion

Biodisponibilidad

Bioacumulacion

Toxicidad

! "'r Dr. Pedro Carriquiriborde
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Concentracion interna efectiva y accion toxica

Definicion

Modo de accion: conjunto de signos fisiologicos y de

comportamiento que caracterizan un tipo de respuesta
biologica adversa.

Mecanismo de accion: procesos bioquimicos cruciales y/o

la interaccion xenobidtico-biologica subyacente a un modo
de accion dado

# 41 Dr. Pedro Carriquiriborde
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ase 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica

Concentracion interna efectiva y accion toxica

total or nominal concentration

external
external freely bi 1 o 2 T
: ioavailabilit binding to
i eﬁect dissolved - d - envirnnrrg]ental
concentration concentration aticar
{bﬁouptake
{totau internal effect ——— e
: i concentration ¥ concentration ivi :
: internal aqueous :
: / concentration \‘
T 5 g target site 2 intrinsic -
: partiioning/binding ’ I . concentration activity :
to non-target macro- biotransformation :
molecules excretion e

(Escher & Hermens 2002)
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica
Concentracion interna efectiva y accion toxica

BIOMOLECULA BLANCO TIPO DE INTERACCION CLASE DE EFECTO
Lipidos (Membranas) Particion

k]

Toxicidad basal
(Narcosis)

Activacionf/inactivacion
de receptores

Toxico

Inhibicion enzimatica
competitiva

Daro en el AND,
proteinas o lipidos

Dr. Pedro Carriquiriborde
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Clase 4. Biodisponibilidad, Bioacumulacion y Mecanismos de accion toxica

TABLE 1. Classification According to Targets, Interaction with Targets and Mechanisms Relevant in Ecotoxicology

site of action subclass domain® interaction® molecular mechanismis) mode of action
biclogical general m ns nonspecific disturbance of baseline toxicity
membrane membrane structure and

functioni

general m 5 formation of reactive o degradation of
intermediates (e.g., membrane lipids and
ROSS) causing membrane proteins
peroxidation of
membrane lipids
and proteins o

energy- m ns, s ionophoric shuttle uncoupling

transducing mechanisms

m s blocking of quinone and inhibition of the electron
other binding sites transport chain
etc.

m 5 blocking of proton e inhibition of ATP
channels and synthesis/ depletion
other transport of ATP
channels

photosynthetic m s blocking of photo- o photosynthesis inhibition
synthetic electron
transport
proteins, general m.c ns. s electrophilic reactivity. o damage and depletion of
peptides alkylation and oxidation biomolecules
of proteins and
glutathione (GSH)
specific m.c 5 noncovalent or covalent o inhibition or competition, e.g..:
enzymes and binding to enzymes 1. acetylcholine esterase
receptors and receplors 2. estrogen receptor
3. A, receptor, etc.
specific c s noncovalent or covalent indirect mutagenicity
enzymes and binding to enzymes of (DNA repair, recom-
receptors the nucleic acid bination, regulation)
metabolism, replication
or repair
DMNA, RMNA general c ns, s base modification and @ direct mutagenicity
damage: electrophilic (frameshift, cross-links,
(alkylation) and strand breaks, deletion,
oxidative damage, etc.)
bulky adducts

selective test system (examples)

neutral red assay (40)
Kinspec (59

reaction of reaction product
(malondialdehyd) with thio-
barbituric acid (277)

Oz-consumption in mitochondria (40
Kinspec (109)

Oz-consumption in submitochondrial
particles (40)
Kinspec (109)

ATP assay, e.q. with luciferin/
luciferase (212)

O;-production in chloroplasts (40)
chlorophyll flucrescence (213)

GSH depletion (173)

receptor binding studies or enzyme
activity measurements; e.qg..:
1. enzyme activity (409
2. yeast estrogen screen (274)
3. CYP1A induction (275)
induction of repair mechanisms, e.g.,
505 chromotest, or bacterial
revertants, e.g.. Ames test
(for review see ref 215)

measurement of DNA adducts (7173),
induction of repair mechanisms
(for review see ref 216)

4 Caollular environment: m = membrane, ¢ = cytosol and other aqueous compartments in the cell. ® Selectivity: ns = nonsalective, s = selactive. © ROS = reactive OXygon Spocies.

(Escher & Hermens 2002)
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Concentracion interna efectiva y accion toxica

« Distribucion de sensibilidad entre especies de acuerdo al tipo de modo

de accién
1 T T I I T T
i
Respispness o] - ' A. baseline toxicants - (Escher & Hermens 2002)
ethyl acetate, heptanol, I i .
phengl, propanol, pyridine, L '-‘H'\ ]
and trichloroethylene / )

B: salicylaldehyde and propenal

compounds |

C: methomyl, carbaryl, parathion, -
dibrom, fenthion, malathion,
dichlorvos, diazinon, aldrin,
dieldrin, endrin, heptachlor,
lindane, and toxaphene
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Clase 4. Biodisponibilidad; Bioacumulacion y Mecanismos de accion toxica
Concentracion interna efectiva y accion toxica

« Toxicidad basal o narcosis (ensayo de rojo neutro) 4

Lipid bilayer expansion hypothesis of anesthetic effect

i
[}

Lipid
bilayer

Anesthetic molecules
with different molecular volumes

! "'r Dr. Pedro Carriquiriborde
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se 4. Biodisponibilidad; Bioacumulacion y Me

Canismos

Concentracion interna efectiva y accion toxica

« Uniones covalentes o especies reactivas (Dano en el ADN, proteinas o lipidos)

Acetylcholine (ACh) is made
from choline and acetyl CoA.

In the synaptic cleft ACh is rapidly
broken down by the enzyme
acetylcholinesterase.

Cholinergic
receptor

.

Post ti
Acetylcholinesterase (AChE) o f:’:ﬁap e

holi e .
Kahpce Choline is transported back into

the axon terminal and is usad

Acetate to make mora ACH.

Inhibicion de la AchE

Hydrolysiz

Product release rapid
e

Acstylcholine - receptor complex

1 CHy CH, Do o
s N
HyC=N—CH;~CH,OH  ©

<) Il &
Acetyicholine hydrolyzed but stit bound

CH,COOH

+

(CHlgNCHCH,OH

Y

Hegenerated site (+ acetic acid and choting)

Mormal

n Dr. Pedro Carriquiriborde
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Action of OP
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Clase 4. Biodisponibilidad, Bioacumulacion y: Mecanismos de accion/toxica

——
L D5

Concentracion interna efectiva y accion toxica

« Uniones covalentes o especies reactivas (Dano en el ADN, proteinas o lipidos)

Ecotoxicology (2018) 27:968-079
https/doiorg/10.1007 /4 10646-018-1941-5

@ CrossMark

Lethal and sublethal responses in the fish, Odontesthes bonariensis 100%

exposed to chlorpyrifos alone or under mixtures with endosulfan , --- Head AchE ;
and lambda-cyhalothrin sl R Trunk AchE e
80% o
Viviana Lopez Aca’' - Patricia Verdnica Gonzalez' - Pedro Carriquiriborde (' 70% S i
o

60%
50%
40%
30%
20%

Effect

10%

0.000 0.001 0.100 10.000  1,000.000
CPF (ug/L)

Inhibicion de la AchE

Dr. Pedro Carriquiriborde
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Clase 4. Biodisponibilidad, Bioacumulacion y: Mecanismos de accion toxica

Concentracion interna efectiva y accion toxica

« Uniones covalentes o especies reactivas (Dano en el ADN, proteinas o lipidos)
P"L

(Lipad, comaning polveosatamated)
fatry acids

)

g .

c

g T
C—0CH, N e

cH,

H+ absiraciion
—OH

(imitiacion)

: :R!
[ | . ;\t”’i
ﬂéc“mﬂxm uéc\kn_,f':?\?:‘ "'" — (Lipid radical)
H H -
]/00-
. = |

H
THYMINE THYMINE GLYCOL ‘ Dises conjugation
nI
0 0 A
g [l 0, xddition
HN \ \\
I " /C"' iy l " /c- OH : 5
Hr"fcﬁuffﬁ-.__‘ﬁ e % /,C-—-...___H .
[ Reaction with szcond lipid molecule
GUANINE B - HYDROXYGUANINE H (propagatian)
:t:nu
R, —c— R.  (Lipid hydsoperoxide)
H >_/_ + Second lipid radscal
Oxidacion bases nitrogenadas del ADN l Peroxidacion lipidica

Contiaced propagation
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Clase 4. Biomarcadores de Contaminacion

« Uniones covalentes o especies

reactivas (Dano en el ADN,
proteinas o lipidos)

Estres oxidativo y dano en el ADN

Inhibition (%)

Pesticide Biochemistry and Physiology 106 (2013) 102-110

Contents lists available at SciVerse ScienceDirect

Pesticide Biochemistry and Physiology

Fl f;r-.\,-'”‘.R journal homepage: www.elsevier.com/locate/pest

Oxidative stress and genotoxicity in the South American cichlid,
Australoheros facetus, after short-term sublethal exposure to endosulfan

Andrea C. Crupkin®*, Pedro Carriquiriborde ®, Julieta Mendieta ¢, Ana M. Panzeri ¢, Maria L. Ballesteros **,
Karina S.B. Miglioranza*®{, Mirta L. Menone *®f

s S0D-Liver
m :
0 [
o |
60 L
SD :
an [
30 |
» |
10 +
|
0.0:00 0,000 0.010 1.000 100,000 10,000.000
ES (ug/L)

Obs: observed data, Est: estimated curve
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Elevadarelevancia
toxicologicay alta
especificidad

Detoxificacion
Inmunoldgico

/
getico
corto plazo /

Respuesta a

Competenciareproductiva largo plazo

Poblacionesy

Elevadarelevancia
ecologicay baja

|
[
|
|
I comunidades
|
|
|
especificidad I
|

McCarthy y Shugart 1990.
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lase 4. Bilomarcadores de Contaminacion

AL

Que son los Biomarcadores?

“mediciones de fluidos corporales, células o tejidos que indican, en términos
bioquimicos 6 celulares, la presencia de contaminantes o la magnitud de la
respuesta biologica a estos” (Mccarthyy Shugart 1990)

“cambios a nivel fisiologico, bioquimico e histologico como indicadores de

exposicion y/o efecto de xenobidticos a nivel sub-organismico u organismico ”
(Huggett et @l.,1992)

“cualquier respuesta biolégica a un contaminante ambiental por debajo del
nivel organismico, medida en su interior o en sus productos indicando un
alejamiento del estado normal, que no puede ser detectado a partir del
organ ismo ” (Van Gestel y Van Brummelen., 1992)

43 Dr. Pedro Carriguiriborde
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Clase 4. Biomarcadores de Contaminacion

Que son los Biomarcadores?

Biomarkers at Different Organizational Levels

Organizational Level Example of Biomarker
Binding to receptor TCDD binding to Ah receptor
Nonylphenols binding to estrogen receptor
Biochemical response Induction of Cytochrome P 4 IA

Inhibition of ACh-ase
Vitellogenin formation
Physiological alteration ~ Eggshell thinning
Feminization of embryos
Effect on individual Behavioral changes
Scope for growth

(Walker, 2007)

R +',. Dr. Pedro Carriquiriborde
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Clase 4. Biomarcadores de Contaminacion

Atributos de los Biomarcadores

Predicen a corto plazo efectos ecologicos a largo plazo (senales de
alerta temprana).

Indican la naturaleza y magnitud de los efectos que causan efectos
adversos a nivel ecologico.

Proveen evidencia de exposicion a sustancias que no se bio-
acumulan o se metabolizanrapidamente.

Integran la farmacodinamia y las interacciones toxicoldgicas de
mezclas de contaminantes.

4 9 Dr. Pedro Carriquiriborde
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Clase 4. Biomarcadores de Contaminacion

Atributos de los Biomarcadores

Health status

iCurable

14— | <—[ncurable —

Stressed _)M
r
THeaity E==] | Armntie | kst
Hmmmasisi mﬂﬁmi Non-compensation Death
1
[ {
g | i
g : i
2 ! i
-E i ]
T BEF
5 o A
2 5
(=]
2 B1 i <l
. A
-

Physiological condition

Poliutant concentration




Clase 4. Biomarcadores de Contaminacion

Atributos de los Biomarcadores

Biomarcador Organismo Poblacion Comunidad

Respuesta

Concentracion / tiempo

Respuesta

Indicador  Efecto Indicador  Efecto
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de Contaminacion

Clasificacion de Biomarcadores

» Biomarcadores de exposicion: permiten la deteccién de una

sustancia exdgena o la de su metabolito o el producto de la
interaccion entre un agente xenobidtico y alguna molécula blanco que
es medida en un compartimiento corporal

Biomarcadores de efecto: medida de alteraciones bioquimicas,

fisioldgicas, o de otro tipo en los tejidos o fluidos de un organismos
que puede ser asociada a un efecto adverso sobre |la salud

Biomarcadores de susceptibilidad: Indicador de habilidades
inherentes o adquiridas de un organismo para responder a la
exposicion de un xenobidtico especifico, incluyendo factores
geneticos y cambios en receptores que alteran la susceptibilidad de
un organismo a la exposicion.

4 9 Dr. Pedro Carriquiriborde
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Especificidad de los
Biomarcadores

Clase 4. Biomarcadores de Contaminacion

Biomarkers Listed by Decreasing Specificities to Pollutants

Biomarker Pollutant Comments and References

ALAD inhibition Lead Sufficiently reliable to replace chemical analysis
(Wigfield et al., 1986)

Metallothionein induction Cadmium More difficult to measure than cadmium levels
(Hamer, 1986)

Eggshell thinning DDT, DDE, dicofol Degree of eggshell thinning is easily measured
(Ratcliffe, 1967)

AChE inhibition OPs, carbamates Easier and more reliable than chemical analysis
(Fairbrother et al., 1991)

Anticoagulant clotting proteins Rodenticides Measurements similar in complexity to chemical
analysis (Huckle et al., 1989)

Monooxygenase induction OCs, PAHs Dioxin equivalent more easily measured than
chemical analysis (Murk et al., 1997)

Porphyrin profiles Several OCs Separation by high-performance liquid
chromatography well developed (Kennedy and
James, 1993}

Retinol profiles OCs Demonsirates exposure to specific chemicals
(Shugart, 1994); considerable natural variations;
ratios more reliable than absolute values (Spear
et al., 1986)

DNA and hemoglobin adducts Largely PAHs Several tests available; complicated by repair
mechanisms

Vitellogenin induction Estrogenic chemicals Induction in male fish is sensitive indicator of
estrogenic chemicals (Harries et al., 1997)

Other serum enzymes Metals, OCs, PAHs Several enzyme systems have been studied
(Fairbrother, 1994)

Stress proteins Metals, OCs Wide range of stress proteins have been studied
{Sanders, 1993}

Immune responses Metals, OCs, PAHs Many tests available (Wong et al., 1992)

Dr. Pedro Carriquiriborde
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Clase 4. Biomarcadores de Contaminacion

Especificidad de los
Biomarcadores

Biomarkers Listed by Decreasing Specificities of Adverse Effects

Biomarker Organizational Level Comments and References
Eggshell thinning Intact animal—population Wide species variation in sensitivity: related to
reproductive success (Peakall, 1993)
Inhibition of AChE Organ—intact animal Degree of inhibition related to mortality and
sublethal effects (Grue et al,, 1991)
Inhibition of ALAD Organ—intact animal Degree of inhibition related to mortality
(Scheuhammer, 195%)
Clotting proteins Intact animal—population Related to mortality; risk assessed from blood
protein levels (Hegdal and Blaskiewicz, 1984)
Induction of Organ—population Analysis of dioxin equivalents related to
MONOOXYZeNAses reproductive success; induction of Pygy
enzymes related to specific ehemieals
(Bosveld and van den Berg, 1994)
Depression of plasma retinol  Organ Binding to specific protein; relation to adverse
and thyroxine effects tenuous (Brouwer and van den Berg,
1986)
DINA integrity Organ DMA damage indicates serious harm;
relationship to effects often tenuous
(Everaarts ot al., 1998)
Immune responses Organ Proper functioning critical to health, but
system has considerable reserve (Richter et al,,
1994)
DA and hemoglobin Organ Cood monitor of exposure, especially for
adducts PAHSs; relation to effects is tenuous (Varanasi
et al, 1989)
Other enzymes Organ Relationship to effects not clear (Fairbrother,
1994)
Porphyrin profiles Organ Levels in environmental samples well below
those causing adverse effects (Fox et al,, 1988)
Induction of vitellogenin Organ—intact animal Clear link between induction of vitellogenin
and presence of estrogenic chemicals;
bioclogical significance s speculative (Arcand-
Hoy and Benson, 1998)
Induction of metallothionein ~ Organ Protective mechanism, not related to
mechanism of toxicity (Hamer, 1985)
Stress proteins Organ Difficult to separate effects from nonchemical

strosses (Pyza et al, 1997)

5, Universidad had



lase 4. Biomarcadores de Contaminacion

Tipos de Biomarcadores

Biomarcadores del sistema de detoxificacion de
hidrocarburos policiclicos.

Biomarcadores de estres oxidativo

Biomarcadores de exposicion a metales

Biomarcadores generales de estres

* Biomarcadores de genotoxicidad

# 41 Dr. Pedro Carriquiriborde
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Clase 4. Biomarcadores de Contaminacion

Biomarcadores y Monitoreo Ambiental

* Integracion espacial y temporal de contaminantes
biodisponibles.

* |[dentificacion de la exposicion y el riesgo a
contaminantes ambientales

» Determinacion de diferencias en las rutas de
exposicion en organismos con diferentes habitats.

# 41 Dr. Pedro Carriquiriborde
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Clase 4. Biomarcadores de Contaminacion

A Multibiomarker Approach To
Environmental Assessment

TAMARA S. GALLOWAY, *-!
REBECCA J. BROWN.,! MARK A. BROWNE.!

AWANTHA DISSANAYAKE.! DAVID LOWE,!}
MALCOLM B. JONES.! AND

MICHAEL H. DEPLEDGES

TABLE 1. Biomarker Responses Measwred for Each Organism”

organism

C. edule L. littorea C. maenas

biomarker filterfeader grazer omnivore

molecular esterase activity p > 0.05 ND p=005
metallothionein p = 0.05 ND p < 0.002°

total haemolymph protein p = 0.05 ND p < 0.05
PAH metabolites in urine ND ND p < 0.006°

cellular micronucleus formation p < 0.022 ND p> 0.05

cell viability p < 0.022 ND p= 005

lysosomal stability p<0.2 ND p=0.05

phagocytosis p = 0.05 ND p> 005

physiological heart rate p > 0.05 ND p>=0.05

intersex index ND p < 0.0001° ND

* Anova, between Cracknore Hard and remaining sites. ® Anova, between Esso outfall and remaining sites. © Kruskal Wallis, between Esso
Outfall and remaining sites. ¥ n= 8 for each site, except for intersax indax, for which n= 50. Significant differences between sites are shown in

bold. ND = nat determined.
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Biomarcadores de efecto: genotoxicidad

Comet Assay

Tail Moment Length

(2}

@

(7
3
L_‘ﬁ
L

{ % 2% 3

Cells mixed with Immaobilize Treat cells o X 74 a4

low melting cells on with Lysis ¢

agarose at 37°C CometSkde™ Solution (removes e i 4 .
(LM Agarosa) membranas and '

histones from the DMA)

5

Sa mp!es .
treated with Samples stained with intarcalating
—
-—

alkali junwinds ol dye and visuahzed by epifluorescence
and denatwres DNA} 7 microscopy lollowing alkaling alectro-
phoresis, which reveals DNA breaks
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Clase 4. Biomarcadores de Contaminacion

Biomarcadores de exposicion:
Mediados por receptores
(P450, VTG, MT, etc.)

Sex steroid
binding globulins

Phosvitin-containing
vitellogenins

Yolk protein
accumulation

Phosvitinless
Blood vitellogenin (VigC)

Oocyte




Clase 4. Biomarcadores de Contaminacion

Biomarcadores de exposicion: Inhibicién enzimatica
(AchE, ALA-D, Shikimato)

Glycine + Succinyl CoA
e Bi-ciminelevielinic acid synthetase
&-Aminolevulinic acid

s B-ammrinolevulinic acid delydratase
Porphobilnogen

uroporpliyrinogen [ synthetase
] nroporphyeinegen I cosynthetase
Uroporphyrinogen

e yriyprprlryrinogen decarboxylase
Heptacarboxyporphyrinogen

A yroparpliyrinogen decarboxylase
Hexacarboxyporphyrinogen

e nroporplyrinogen decarboxylase
Pentacarboxyporphyrinogen

& e [froporpliyrinogen decarboxylase

CoprophVrinogen

EPSP Synthase

§————— coproporphyrinagen oxidase
Protoporphyrinogen IX
l e protoporpliyrinogen oxidase
Protoporphyrin 1X
l “ Sfervochelatase + Fe(lf)
Heme

Steps in the synthesis of heme. Enzymes catalyzing each conversion are italicized and placed to
the right of the reaction sequence. (Modified from Figure 1 of Woods, J.S., et al. J. Toxicol. Environ.
Health, 40, 235-246, 1993.)

' Dr. Pedro Carrigui
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Transscriptome

Proteome

Relational Databases
Compare, Cluster & Integrate

|

Correlation of Genes & Gene Products
Identification of Gene Functions
Gone Annotation
entfication of Pathways

.

st

Metabolome

i1l
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|, Blomarcadores de Contaminacion

|

Biomarcadores de exposicion: induccidon génica

Agquatic Toxicology 254 (2023) 1 06366

Contents Listz available at ScienceDirect

75% - ATZ-70
p:0.039

Aquatic Toxicology

ELSEVIER joumal homepage: www.alsavier.comdocateagiox

50%

Atrazine alters early sexual development of the South American silverside,
Odontesthes bonariensis

-

L
=

)

Pedro Carriquiriborde *, Juan lgnacio Fernandino ™°, Carina G. Lopez ™%,
Eduardo de San Benito®, Juan Manuel Gutierrez-Villagomez *, Diego Cristos”,
Vance L. Trudeau”, Gustavo M. Somoza ™"

Percentacze of the females

0.5 mmale Ofemale Stage 1  Stage 2 Stage 3
< * b .
Z 0.4 SO
% - El.,b El..,b _L _ja
3 0.2 :
2. 0.1 "L‘

0.0

0 0.7 7.0 70.0

ATZ Concentration (ng/L) N D: Pedro Carriouiriborde
- r. Fearo arrlqmrl I
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Clase 4. Ecotoxicogenomica

Ecotoxicolegy and Environmental Safety 76 (2012) 46-54

Contents lists available at SciVerse ScienceDirect

Ecotoxicology and Environmental Safety

tLbh"-' “:R iournal homepage: www.elsevier.com/locate/ecoeny '_-‘_‘_' \ "
-] —Th—
Global metabolic response in the bile of pejerrey (Odontesthes bonariensis,

. . . Ghe.
Pisces) sublethally exposed to the pyrethroid cypermethrin Amine it ° l %
Pedro Carriquiriborde®*', Damiin J. Marino *®', Gabriela Giachero?, \

Eduardo A. Castro®, Alicia E. Ronco*
fo L
C | -
100

S T
23 5 ;s 2 3
é__
L
3&

510 514 518 ]

= L iz Mucuronide of £-fardvory. ¢ ypermethon
. (magor me bl olite i the bide of laout and pejerneyd

: CII-[JC CH, 0
0] X
! CIJ%(
4 Q b
N Zulfate of $-hydeozycyp
0 T | ’mﬂnlﬁm!’md-alhw.lﬂmﬂ‘]

r ¢ ¢ T 1 Fr . rrrrrrrpr

506 510 514 518 522 526
miz
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Vias de efectos adversos

"

=

|, Blomarcadores de Contaminacion

Adverse Outcome Pathway
e
= B

Macro-Molecular Cellular Organ Organism Population

Toxicant Interactions Responses Responses Responses Responses

= IF 2 F ]
Receptor/Ligand Gene Altered Lethality

Interaction Activation Physiology ) Structure

ChEII'IiC-:E| DNA Binding N Protein s Disrupted Ly BJEL ggl’?‘%ﬂt ! Recruitment
Properties i Production Homeostasis . e
rotein mpailre z &
Oxidation Altered Altered Tissue Reproduction Extinction
Signaling Development
i or Function Cancer . ”
Protein ! ]
/ Depletion
A\ B
Y
Toxicity Pathway Anchor 2
A (adverse outcome at the

(Initiating event) organism- or population-level)
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ase 4. Bilomarcadores de

Vias de efectos adversos

—
ﬂ'\

min I

—t
i
-
h'ﬁ
pr
(1

Cor

C
AOP: Aryl Hydrocarbon Receptor (AhR)
:IilillIIlIlIIIlllllllilllllllllllllllllllllllllilIIIII"II.'.IIIIlililIIIllq’llliilllliiiliill:
. \ 4 v
. Multiple Multiple . X
AhR Agonist Ah Receptor Cell Types Tissue Types Larval Fish Population
G Reduced
TCDD, . ene Yolk sac edema, . recruitment,
Planar PCBs Agonism =P expression Hemorrhage —p| Mortality ' Declining
trajectory
Enzyme
induction T T
KEY —) Established mechanistic iinkage with oo TICUERS MCERINEA S Daedaiby
quantitative or semi-quantitative data chemical structure/property and quantitative
exposure-response data
) Plausible linkage with limited data E> Hypothetical linkage
i Empirical linkage based on guantitative Potential biomarker associated with
exposure-response data exposurelresponse information
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Vias de efectos adversos

AOP: Narcosis — Baseline Toxicity

: v
Non-polar Cellular Neurons CNS/ Multiple : :
Narcotics Membranes (Multiple) Organ types Organism Population

Changes in ———
Numerous flu;gclity E> - = 1 Respiration, qu.:::l.z:lsrlum Declining
Chemicals { transport ':: } 1 Metabolic rate Mo Hal’iw trajectory

T
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Vias de efectos adversos AOP: Estrogen Receptor Activation
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