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Toxicodindmica é o estudo dos mecanismos de agdo
dos toxicantes nos organismos vivos, isto €, sua
toxicidade. A toxicodinamica descreve a interagdo

dindmica de um toxicante com as moléculas alvos e

as consequeéncias biologicas dessa interagdo.

(Unido Internacional de Quimica Pura e Aplicada, IUPAC)




. Substancia quimica
capaz de agir de maneira nociva provocando alteracoes
estruturais e/ou funcionais ao ser introduzida e interagir com o
organismo.

, hum contexto cientifico, é uma substancia de
origem biolégica que provoca danos a saude de um ser vivo ao entrar
em contacto ou através de absorcao, tipicamente por interacao
com macromoléculas bioldgicas, tais como enzimas e receptor. As
toxinas animais que sao aplicadas subcutaneamente ou
intramuscular (por exemplo, através de picadas ou mordidas) sao
chamadas de veneno. (https://pt.wikipedia.org/wiki/Toxina)




evolucao do conceito de toxicidade

Toxicidade € a capacidade inerente do xenobidtico de provocar
efeitos nocivos em organismos vivos. A toxicidade de um agente quimico é
uma qualidade inerente do agente quimico e ndo pode ser mudada sem
mudancga do agente quimico para outra forma.

= DL., da 2,3,7,8-tetraclorodibenzodioxina para o porquinho da india é de
cerca de 1mg/Kg; para o hamster é > de 100 mg/kg.

=a toxina difitérica produz necrose da mucosa gastrointestinal no homem,
carneiro,etc...mas nao no rato e camundongo

halotano

A toxicidade é um termo usado para descrever o efeito
toxico resultante da interagdo especifica entre
toxicante-organismo.




A toxicodinamica procura responder as seguintes questées:

Como os agentes toxicos interagem com as moléculas alvos?

Como os agentes toxicos exercem seus efeitos toxicos a nivel molecular?

Quais as consequéncias bioldgicas dessa interagdo e como os organismos
tratam com os possiveis efeitos?




Importancia do Estudo da Toxicodinamica

* Estabelecer procedimentos para antagonizar os efeitos toxicos

* Desenvolver farmacos ou produtos quimicos mais seguros

* A elucidagao dos mecanismos de toxicidade dos toxicantes conduziu a uma
melhor compreensao dos processos fisioldgicos e bioquimicos que vao desde a
neurotransmissao até a reparac¢ao do DNA

* Avaliar a probalidade de uma substancia causar efeitos deléricos




“As of Feb 2021, about "177 million organic and inorganic
substances” (including 68 million defined-sequence
biopolymers) are in the scientific literature and registered in
public databases”.

https://en.wikipedia.org/wiki/Chemical _substance#Chemical _compou
nds

For the first time, scientists have created a global inventory that
lists more than 350,000 chemicals and mixtures of chemicals
registered for commercial production and use, up to three times

as many as is commonly estimated
Environ. Sci. Technol. 2020, DOI: 10.1021/acs.est.9b06379.




Mais de

para uso em itens do dia-a-dia, como alimentos, produtos de higiene
pessoal, medicamentos prescritos, produtos para uso geral. Nao
sabemos os efeitos de muitos desses produtos quimicos em nossa
saude, mas podemos estar expostos a eles durante a fabricacao,
distribuicao, uso e descarte deles ou quando se tornam poluentes em
NnosSso ar, agua ou solo.

National Toxicology Program Databases (NTP databases)
http://ntp.niehs.nih.gov/go/datasearch (agosto de 2023)




Cell regulation
(signaling)

Role of
the target

molecule

Cell
maintenance

Curtis D. Klaassen (Editor). Casarett and Doull’s
TOXICOLOGY. The Basic Science of Poisons. Ninth
Edition, pag 78.
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dependéncia a dose
predisposicao particular

frequéncia
severidade do efeito

prognostico

modelos experimentais

com frequéncia sim

normalmente nao

mais comum

variavel, na maioria das
vezes de média
gravidade

alta morbidade e baixa
mortalidade

usualmente reproduzivel
em animais

nem sempre

totalmente dependente
e imprevisivel

rara

variavel, mas proporcio-
nalmente mais grave

baixa morbidade e alta
mortalidade

nao reproduzivel em
animais

Idiossincrasia [Medicina]. Tendéncia préopria do organismo que causa no individuo uma
reagao particular, quando exposto a agao de agentes exteriores; anafilaxia. (Au relio)

Adaptado de JPET 332:692-697, 2010 .




“...todas as substancias sao venenos, nao existe
nenhuma que nao seja. A dose correta diferencia um
remédio de um veneno”.

Paracelso 1493-1541




DIPYRONE
A drug N.one needs -

Num estudo realizado em Israel, demeostrou-
se que a probabilidade de agranulocitose por
dipirona corresponde a 0,0007%, ou seja, foi
de 1:130.000, com probabilidade de morte
inferior 0,0002%

(An. Acad. Nac. Med., 1997; 157:,40-52).

Dipyrone - one of the
world’'s most widely
used painkillers carries
unacceptable risks.
Dipyrone is not needed
and should no lenger

be used.

PHARMA - KAMPAGNE This book explains why.




ESTAGIOS DA TOXICIDADE

T —
TOXICANTE

\ 4
1 — liberacao (entrega)

¥

2 - interagcao com a molécula
alvo

\ 4

3 — disfuncao ou dano celular

¥

4 - reparo e adaptacao |
inapropriada

\ g
TOXICIDADE




Exposure site
Skin, Gl tract, respiratory tract,
injection/bite site, placenta

Toxicant

. (  Presystemic
elimination
Distribution
away from target

Absorption

Distribution
toward target

Reabsorption Excretion

Toxication Detoxication

D
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Metabolic activation Metabolic inactivation

Ultimate
toxicant

Target molecule
(Protein, lipid, nucleic acid
macromolecular complex)

Target site

Primeiro Estagio -




toxicante inicial = toxicante final

Chumbo Inorganico
Dioxinas
Metilisocianato

Acido Cianidrico
Monéxido de Carbono




toxicante inicial # toxicante final, mas mantém uma relacao
estrutural entre si.

] .. toxicante final
toxicante inicial

O OH

HO ©)

etilenoglicol . .
acido oxalico

hexano 2,5 hexanodiona




toxicante inicial # final e nao mantém uma relacao
estrutural entre si.

0 = 0
OZNUCH—N-—N—<
NH °

nitrofurantoin ‘o

Hydroxyl radical H— O-

Doxorubicin

Paraquat




Attributes of target:

Outcomes:

+ Dysfunction

Ultimate * Destruction

toxicant e “ * Neoantigen
' formation

2 - TIPOS DE REACOES

ligagdo ndo covalente: interagdo apolares, ligagdo
ionica e ponte de hidrogénio: receptor

ligagdo covalente: formagdo de aduto covalente entre
eletrofilicos e nucleofilicos

abstragdo de elétrons: radicais livres

transferéncia de elétrons: oxidagdo do Fe** a Fe***

Segundo Estagio - interagcao com a molécula alvo




Target Attributes
* Reactivity
* Accessibility
 Function ULTIMATE
TOXICANT

Reactions
* Noncovalent binding
* Covalent binding
* H, abstraction
* Electron transfer
* Enzymatic

: Outcomes
* Dysfunction
| * Destruction
| » Neoantigen

" formation

TIPOS DE REACOES

ligagdo ndo covalente: interagdo apolares, ligagdo
ionica e ponte de hidrogénio: receptor

ligagdo covalente: formagdo de aduto covalente entre
eletrofilicos e nucleofilicos

abstracdo de elétrons: radicais livres

transferéncia de elétrons: oxidagdo do Fe** a Fe***

Segundo Estagio - interagcao com a molécula alvo




Molgcula-alyo coma O mieito
delerminanie da elells

Inaproprindn
— = Divisho celulnl —» neoplaaia, leraloginenas
* Apopiese —= Invelugle do lecide, teralogénese
= Sintese do proleing —s p. ax.; profiferacio de peroxissoma

| Desregulagio da
expressdo génlca

Aegulagaos
celulad
(Elnallzagio)

Desregulacsds d5 Ex.: Atlvidade muscular inapropriada

o 1'-.Il'll;i'-'-' Calular = & Tramar, convulels, sapaimos, arrfimia cardiaca
em andamenio = Marcose, paralisia, parestesia

Papal da
malécula-alvo

Manulencie Compromatida
" inlerna —  ®Ginlese de ATP
compiomalids « faguiacho de Cade

* Sinless prolslca

* Fu r'";ﬁlil milerstubular

» Fungio da membrana

Lesaa/morie
=TT

Manuiengdo
celulnr

Manulengao Comprometimento na fungéo dos sislemas integrados
R externa

* Homaosinse —= hemormagla
compromalida

Terceiro Estagio —alteracao da funcao reguladora
ou da manutencao de célula.

Fundamentos em Toxicologia de Casarett e Doull, pag 28




The target molecule The effect
as determinant of the effect

f Dysregulation of
|_gene expression

Cell regulation
(signaling)

( Inappropriate

* Cell division — neoplasia, teratogenesis
* Apoptosis — tissue involution, teratogenesis

Dysregulation
of ongoing
L cell function

L
—

Role of
the target
molecule

Impaired
internal
maintenance

A

. Protein synthesis — eg, peroxisome proliferation

( Eg, inappropriate neuromuscular activity

* Tremor, convulsion, spasm, cardiac arrythmia
. Narcosis, paralysis, paresthesia

( Impaired

* ATP synthesis
- Ca®* regulation

Cell
maintenance

* Protein synthesis Cell injury/death
* Microtubular function

Impaired
external
maintenance

.

& Membrane function

flmpaired function of integrated systems

€9 hemostasis — bleeding

Terceiro Estagio —alteracao da funcao reguladora
ou da manutencao de célula.




NATUREZA DA TOXICIDADE

I - DESREGULACAO DA FUNCAO CELULAR INDUZIDA PELOS
TOXICANTES

a — desregulacao da expressao génica
b — desregulacao de células excitaveis eletricamente

IT1 - DANOS ESTRUTURAIS INDUZIDOS PELOS TOXICANTES

a - oxidacao de macromoléculas

b - metabolismo energético

c - homestase intracelular do calcio

d - reagdes imunoldgicas (idiossincrasia)







A — DESREGULACAO DA EXPRESSAO GENICA

DNA TAC CGG TTC GAA

AUG GCC AAG CUU

proteina MET ALA LIS LEU

FUNCAO BIOLOGICA




o toxicante provoca a ativacao de fatores de transcricao

Fatores de transcrigao RNA polimerase

Regiao codificadora

transcricao

traducao

Proteina




compostos com atividade endocrina (CAEs)
(desreguladores ou disruptores endocrinos)

O CAEs sdo xenobioticos naturais ou sintéticos
que podem interferir com o sistema endocrino (sintese, secregado,
transporte, ligagdo,acdo e eliminagdo de hormonios)

¢ sistema endocrino = sistema do organismo responsdvel pelo
desenvolvimento, crescimento, comportamento e reprodugdo

¢ controlado naturalmente pelas glandulas enddcrinas: pituitdria,
tiredide, pancreas, adrenal, ovdrios e testiculos

O os efeitos sdo observaveis a concentragoes extremamente baixas
dos xenobioticos (partes por trilhdo)




lipophilic
hormones

Lh __ Receptor
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hormonios como ativadores de fatores de transcricao




exemplos de Compostos com Atividade Endécrina (CAEs)
(Desreguladores Endécrinos)

Category Substances

Polychlorinated Compounds (from
industrial production or by-products
of mostly banned substances)

Organochlorine Pesticides (found in
insecticides, many now phased out)

Pesticides currently in use

Organotins (found in antifoulants
used to paint the fulls of ships)

Alkylphenols (Surfactants - certain
kinds of detergents used for removing
oil)

Phthalates (found in placticizers)

Hormones ( synthetic steroids, found
in contraceptives)

Phytoestrogens (found in plant
material)

Polychlorinated
dioxins,
polychlorinated
biphenyls

DDT, dieldrin,
lindane

Atrazine, trifluralin,
permethrin

Tributyltin

Nonylphenol

Dibutyl phthalate,
butylbenzyl
phthalate

Estradiol, estrone,
and testosterone;
ethynyl estradiol

Isoflavones, lighans




DIOXINAS E COMPOSTOS RELACIONADOS

2,3,7,8-Tetraclorodibenzo-p- 2,3,7,8- 3,3'4,4'5,5"-
dioxina Tetraclorodibenzofurano Hexaclorobifenila
(TCDD)

Poluentes Organicos Persistentes

(Persistent Organic Pollutants, POPs)




TRANSPORT FOOD
J DEPOSITION SUPPLY
<" Reentrainment

. Industrial
m Processes

—

Combustion I l

Direct ~.—_
Discharge >

Runoff
Erosion

geragdo e fonte de exposigdo




This is where you get your dioxin from:
Total Exposure = 119 pg/day

Beef Ingestion
Dairy Ingestion
Milk Ingestion

Chicken Ingestion
Pork Ingestion
Fish Ingestion
Egqg Ingestion

Inhalation
a0il Ingestion

YWater Ingestion [Negligible : :
0.0 10.0 20.0 30.0 40.0
North American Daily Intake (pg/day) of TEQ

Is this a good case for vegetarianism or what?
- [ATEQ is a dioxin Toxic EQuivalent]




RECEPTOR ARIL HIDROCARBONETOS (AHR)

PAH-induced toxicity

Exogenous ligands

Synthetic and natural ligands :
Halogenated aromatic hydrocarbons
Polycyclic aromatic hydrocarbons
Polyphenols

Endogenous ligands

Physiological ligands :
Kynurenine pathway metabolites

Ah R Arachidonic acid metabolites
Tetrapyrroles

Physiology

Organ homeostasis
- cardiac system

- immune system

- reproductive system

- nervous system

- liver

AhR cellular functions

- cell proliferation

- cell cycle

- cell adhesion

- cell migration and invasion
- cell morphology

- cell differentiation

https://doi.org/10.3390/ijms21082863




RECEPTOR ARIL HIDROCARBONETOS (AHR) ou RECEPTOR DA DIOXINA

@
AHR = %
agonists ® @
%
©

AHR
Dioxin -
TCDD, 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin ' HSEI0 feiapo) HSEN0
Transformation Py
£
&

Translocation

AHR-ARNT
dimerization

=
Ligand binding AHR-mediated
transcription

Cytosoliccore

@
complex dissociation (\AH B

GCGTG

AHR-ARNT
DRE-specific
DNA binding

ARNT= translocador nuclear do receptor AHR

DRE= elemento de resposta a dioxina




Male Reproductive Toxicity

Reduced sperm count
Testicular atrophy
Abnormal testis structure

Female Reproductive Toxicity

Decreases fertility
Inability to maintain pregnancy
Ovarian dysfunction
Endometriosis




DESREGULACAO DA EXPRESSAO
GENICA INDUZIDA PELO TOXICANTE

RECEPTOR ARIL HIDROCARBONETOS (AHR)

D
AhR
Drug molaculé crossas .
\/)/ cell membrane
Cytoplasm Endogenous stimuli AhR with cochaperones Xenobiotics
| Nucleus / \
Drug binds to cytoplasmic receptor than l 1
Q interacts with gene(s) within nuclaus
' Response elements I Xenobiotic response elements I
Endogenous target genes Xenobiotic metabolizing enzymes

Inflammatory genes

Regulation of
organ homeostasis

https://doi.org/10.3390/iims21082863



Physiological Roles

Angiogenesis

AHR-mediated
regulatory
mechanism

Cardiogenesis

Hepatic function ;
remodeling

Transcriptional
regulation of gene
expression

Protein interactions

Cross-talks with
signaling pathways

* Cell cycle regulation
* Apoptosis

Oxidative stress
responses

Reproductive system

Immune system

[ ]

Nervous system

Stem cell biology

Maintenance of
pluripotency

Embryogenesis

Toxicological Outcomes

Angiogenic &
vascular dysfunction

Cardiac hypertrophy

Hepatic toxicity &
liver fibrosis

Reduced fertility

Immunosuppression

lnahilipj of stem
cell maintenance

Aberrant ES cell
differentiation

Carcinogenesis




Chemicals: Dioxins,
Bisphenol,
Pesticides/Herbicides,
Phthalates, heavy
metals Excessive

heat
Air Pollution l

Effect of Environmental Factors on semen quality and sperms

Decreased sperm concentration Reduced sperm motility Abnormal sperm morphology Increased sperm DNA Fragmentation

Environmental Sciences Europe




JOURNAL ARTICLE

Temporal trends in sperm count: a systematic
review and meta-regression analysis @

Hagai Levine ™, Niels Jorgensen, Anderson Martino-Andrade, Jaime Mendiola,

Dan Weksler-Derri, Irina Mindlis, Rachel Pinotti, Shanna H Swan

Human Reproduction Update, Volume 23, Issue 6, November-December 2017, Pages 646-
659, https://doi.org/10.1093/humupd/dmx022
Published: 25 July 2017  Article history »

‘&ﬂﬁhh“...l“.i—“mnﬁh—-lﬂ—r
h"hm-ﬂmm‘m_-"
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" How Dur Modern Werld Is

estenngSperm Count, TOXIC CHEMICALS THREATEN
g U HUMANITY’S ABILITY TO REPRODUCE

~ Reproductive Development, In a new book, epidemiologist Shanna Swan looks at the impact
 and Imperiling the Future of environmental chemicals on human sexuality and
| oftheHuman Race reproductive systems.




RECEPTOR ARIL HIDROCARBONETOS (AHR)

PAH-induced toxicity

Exogenous ligands

Synthetic and natural ligands :
Halogenated aromatic hydrocarbons
Polycyclic aromatic hydrocarbons
Polyphenols

Endogenous ligands

Physiological ligands :
Kynurenine pathway metabolites

Ah R Arachidonic acid metabolites
Tetrapyrroles

Physiology

Organ homeostasis
- cardiac system

- immune system

- reproductive system

- nervous system

- liver

AhR cellular functions

- cell proliferation

- cell cycle

- cell adhesion

- cell migration and invasion
- cell morphology

- cell differentiation

https://doi.org/10.3390/ijms21082863




TIPOS DE CARCINOGENESE

Os toxicantes interagem com o DNA . . "
resultando em mutacdo aumento da atividade mitotica ou

inibigdo da apoptose

( GENOTOXIC CARCINOGEN | ( NONGENOTOXIC CARCINOGEN
- s = ~ ] ] u ~ Y Y /
iniciacdo ¥ Iniciacao

\ 4 Spontaneous
DNA damage DNA damage

<—— repair <«—— repair

emo

A
DNA re;ication DNA replication <« :—': -

<«—— repair

<«—— silent

S
U
R
v
I

v
A
L

M \/ M

Activation of Inactivation of Activation of Inactivation of
oncogenic tumor suppressor oncogenic tumor suppressor
proteins proteins proteins proteins

| | | |
v v
'

NEOPLASTIC CELL TRANSFORMATION |

Clonal expansion




RECEPTOR ARIL HIDROCARBONETOS (AHR)

AhR

Physiology

PAH-induced toxicity Organ homeostasis
I - cardiac system
- immune system
- reproductive system
- nervous system
- liver

NONGENOTOXIC CARCINOGEN )
EA:—/————\/—Y—] ARR cellular functions

- cell proliferation

- cell cycle

- cell adhesion

- cell migration and invasion
- cell morphology

- cell differentiation

Spontaneous
DNA damage

«—— repair

DNA replication

Lecccccmmo=--

A

Mutation

S Z-A®»mo rrmo
1

«—— silent

Activation of Inactivation of
oncogenic tumor suppressor
proteins proteins

NEOPLASTIC CELL TRANSFORMATION
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Figure 2.24. Past (solid lines) and projected (dashed lines)
overweight rates in selected OECD countries (OECD, 2010). Used
with publisher's permission.

The obesity epidemic cannot be explained
by diet and exercise alone.




Obesogénicos: quais sao as
toxinas ambientais que engordam

Publicado por Lara Meneguelli em 23/05/2022 n a m u _
Indice

1. O que sdo alimentos obesogénicos?
2. Quais s3o as toxinas obesogénicas?
3. PFAS
4. Obesogénicos

4 1. Obesidade infantil
5. Como evitar produtos obesogénicos?

A obesidade global triplicou desde 1975. Pasmem, mas atualmente, existem mais
pessoas obesas ou com sobrepeso do que abaixo do peso.

Quase 2 bilhdes de adultos sao obesos e 40 milhdes de criangas menores de cinco anos
sao obesas ou com sobrepeso.

E a tendéncia deste cenario € aumentar:

Segundo evidéncias cientificas, toxinas ambientais estao piorando a pandemia de
obesidade.

https://www.greenme.com.br/viver/saude-e-bem-estar/92312-obesogenicos-
0-que-quais-sao/




Biochemical Pharmacology

Volume 192, May 2022, 115014
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Obesogens

An Environmental Link
to Obesity

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279464/pdf/ehp.120-a62.pdf
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Environmental toxins are worsening
obesity pandemic, say scientists
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Receptores Ativados por Proliferadores de Peroxissomos
(Peroxisome proliferator-activated receptors - PPARS)

..

- membrane

Eicosanoid
Unsaturated fatty acid

Unsaturated fatty acid Saturated fatty acid XENOBIOTICS

| /

Lisossomo
Ribossomo . —
Aparelho B \ Membrana plasmatica

de Golgi ~_ b
_ Citoplasma

Cytosol
Reticulo
Endoplasmaético
—— Rugoso

PPAR /8

4 Peroxissomo

\ l N le:]ﬂLl.H W g e f Nudleo

Reticulo
Endoplasmético
Liso

e | ~

Fatty acid oxidation Adipocyte differentiation
[-’21111:,' acid transport Lipid metabolism Macrophage function
Skin proliferation Peroxisome proliferation  Gluconeogenesis

Fatty acid transport Apoptosis

Fatty acid oxidation

Adipocyte differentiation

Ketogenesis

PPAR Research Volume 2020, Article ID 8906968, pages https://doi.org/10.1155/2020/8906968




TRIBUTIL ESTANHO

Curr Obes Rep (2017) 6:18-27DOI 10.1007/s13679-017-0240-4

“O periodo neonatal, que compreende 0s
primeiros 14 dias pos-nascimento, € uma
fase considerada de vulnerabilidade a
saude infantil por riscos biologicos,

ambientais, sociais e culturais”.
https://doi.org/10.1590/1413-81232015211.09912014




Oragnotins

Anti-fouling paints
Disinfectants

Sources of
et J Obesogens

Solvent Polychlorinated
Pthalates Vinyl flooring S So'vents biphenyls

—
Personal care [J Electronics

\i}idl.l_ct_s_j Electricals

Pharmaceutical
drugs

Food = clothi ng

Parab preservatives Furniture .
arabens Brominated

Flame retardants

Mon-steroid estrogens

Fig. 1. Sources of obesogens. This figure shows just some of the major classes of obesogens along with some sources of exposure. Exposure to obesogens occurs at
home and work; via the air, water, food and skin contact.

Biochemical Pharmacology Volume 199




Adipose
Depot

EDCs can
promote
the adipogenic
lineage at the
expense of
other lineages

bone
brown »
fat w. _

cartilage <« . __ .

muscle <~ ~

EDCs can regulate major
signaling pathways (e.g.,
BMP, WNT) that commit
MSCs or progenitor cells
to the adipogenic lineage

Mechanisms that Promote Adipose Development
(and where EDCs can potentially act)

Mesenchymal

%3 Stem Cells
(MSCs)-Pericytes

H3K4me2

(activating

enhancer
mark)

Alter ed g
i
prograg?eneffc

White
adipose
precursors

- Upregulation
of PPARy
Expression

Marrow

Adipogenic genes ON
—» PPARYy, fatty acid
binding protein 4,

lipoprotein lipase

EDCs can alter
the chromatin
landscape to favor
the transcriptional
activation of
adipogenic genes

increased
differentiation

osteopontin,
type Il collagen,
< myosin heavy chain

Osterogenic, Chondrogenic,
Myogenic genes OFF

s 4

&
o .
&

&
@,
R -
activation of nuclear—ﬁ i

receptor PPARY

EDCs can promote the differentiation
of pre-adipocytes via direct activation
of PPARy (e.g., phthalates, organotins)

EDCs can induce

lipogenesis and
inhibit lipolysis

in the adipocyte,
increasing the

mature
storage of fat

adipocyte

https://www.semanticscholar.org/paper/Endocrine-disrupting-chemicals-and-the-programming-Janesick-
Blumberg/d86c866352448261dece016a9d7f35af9dfcd164

Birth Defects Res C Embryo Today. 2011 Mar; 93(1
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NATUREZA DA TOXICIDADE

I- REGULACAO DA FUNCAO CELULAR INDUZIDA PELOS
TOXICANTES

a — desregulacao da expressao génica
b — desregulacao de células excitaveis eletricamente

IT1 - DANOS ESTRUTURAIS INDUZIDOS PELOS TOXICANTES

a - oxidacao de macromoléculas

b - metabolismo energético

c - homestase intracelular do calcio

d - reagdes imunoldgicas (idiossincrasia)




B - desregulagdo de células
eletricamente excitaveis

- alteracao nos niveis de neurotransmissores
- interagoes do receptor de neurotransmissor com o toxicante
- interacoes do transdutor de sinal com o toxicante

- interagoes do finalizador de sinal com o toxicante
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Animais morreram em fazenda em Ribas do Rio Pardo e a suspeita é de intoxica¢do por bactéria que causa o
botulismo — Fota: Marca 7/Divulgacdo

https://g1.globo.com/mato-grosso-do-sul/noticia/morte-de-11-mil-cabecas-de-gado-por-suspeita-de-botulismo-causa-prejuizo-de-
aproximadamente-r-2-milhoes-em-ms.ghtml
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