NATUREZA DA TOXICIDADE

I- DESREGULACAO DA FUNCAO CELULAR

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

II - DANOS ESTRUTURAIS

a - oxidacao de macromoléculas
b - inibicdo do metabolismo energético
c - reagdes imunoldgicas (idiossincrasia)




A —Oxidacao de Macromoléculas: Espécies Reativas de Oxigénio e

Estresse Oxidativo




| - Espécies Reativas de Oxigénio
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1 — XENOBIOTICOS INDUZINDO A GERACAO
DE
OXIGENIO SINGLETO

tripleto
oxygen

: oxidizing oxidative
activated species — injury to
drug (singlet cells
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death
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1 — XENOBIOTICOS INDUZINDO A GERACAO DE
OXIGENIO SINGLETO
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Medication

Tetracyclines
(doxycycline,
tetracycline)

Fluoroquinolones
(ciprofioxacin,
ofloxacin,
levofloxacin)

Sulfonamides \
Nonsteroidal lbuprofen \
ant Ketoprofen ___|
inflammatory etop
crugs (NSAIDs) [Naprosen |
Colocoxd |
Bumetanide |
Hydrochlorothiazide |
Renoid _|lsotretinon |
Aciretn |

Hypoglycemics || Sulfonylureas
(glipizide,
glyburide)

Medicamentos com atividade fotossensibilizadora




fototoxicidade da tetraciclina




Severe phototoxic reaction on the hands of a bartender
who made drinks containing lime juice at an outdoor bar.
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Figure 4: Basal cell carcinoma pre and post-treatment with
MAL-PDT (6-month follow-up).




or
(Energy) J(b' _1‘

Superoxide anion

o, A&y o
Singlet oxygen 4_ __’I_ (2pn*) _% %

triplet ground state hydrogen peroxide

espécies reativas derivadas do oxigénio (EROS)




2 — XENOBIOTICOS INDUZINDO A ATIVACAO DO
OXIGENIO MOLECULAR A SUPEROXIDO
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protein oxidation

(enzymes,:
transport systems)

nucleic acid oxidation
(mutations,
transformation)

OXIDANT

~ polyunsaturated
> fatty acyl groups

~ carbohydrate oxidation

(hyaluronic acid)
(immune system)

(membranes)

'

conjugated dienes,
hydroxy fatty acids,
pentane, ethane
GSH,
antioxidants

oxidacao de macromoléculas




Lipoperoxidagdo

Initiation: /:\/1:\/R _HL. /:\;/:\/R

(LH)

Propagation:




9 /\y R [R = ~(CH,),~CO-]
] -E/\_—_/

Lipid (LH), Linolenic acid residue

H,0 HYDROGEN ABSTRACTION

PI"Oc““rbcofer'ol ’

TOC-0O-
tocoferil

TOC-OH > 4.0 OH
‘ Lipid radical (L*)
’\_ DIENE CONJUGATION

Lipid radical, conjugated diene

OXYGEN ADDITION

lipoperoxidacgao iniciada pelo radical hidroxila




oxidacao de proteinas
(formacao de dissulfetos)

Chodativa Siress

Freg sulftydrys




Oxidacdo do DNA

incorporacao de um radical OH- no carbono 8 da molécula da
guanina (2'-dG), formando a 8-hidroxi-guanina (8-OHdG




B - INIBICAO DO METABOLISMO ENERGETICO E
TOXICIDADE MITOCONDRIAL

Cessa a fosforilagao
oxidativa nas mitocondrias

Queda nos niveis celulares de ATP

Desativagao da ATPase Aumento da glicélise
Na‘/K* dependente (anaerdbica).
Aumento da concentragdo Desativagdo do trocador Na*/Ca*™* Excesso de écido pirivico e

intracelular de Na“ e influxo de H,0 e aumento da concentragio Jucs citoplasmatico
para o interior da célula por osmose. citoplasmatica de Ca*". — "

https://pt.wikipedia.org/wiki/Hip%C3%B3xia




TABELA 3.2 Agentes comprometendo a sintese de ATP mitocondrial’

A. Inibidores da liberagdo de hidrogénio para agso na cadeia transportadora de elétrons

1. Glicdlise (fundamental em neurdnios): hipoglicemia, iodoacetato e NO' do GAPDH
2. Gluconeogénese (fundamental nas células tubulares renais): depletores da coenzima A (ver abaixo)
3. Oxidagao de acidos graxos (fundamental no musculo cardiaco): hipoglicina, &cido 4-pentenoico
4, Piruvato desidrogenase: arsenito, DCVC, p-benzoquinona
5. Ciclo citrato
() Aconitase: fluoroacetato, ONOO
(b) Isocitrato desidrogenase: DCVC
(¢) Succinato desidrogenase: malonato, DCVC, PCBD-cys, fungicidas 2-bromohidroquinona, cis-crotonaldeido
6. Depletores de TPP (inibe PDH dependente-TPP e a-KGDH): etanol
7. Depletores da coezima A: 4-(dimetilaminolfenol, p-benzoquinona
8. Depletores de NADH
(a) Ver grupo AV.inaTabela33
(b) Ativadores de poli (ADP-ribose) polimerase, MNNG, perdxido de hidrogénio, ONOO™

B. Inibidores do transporte de elétrons

1. Inibidores de complexos de transporte de elétrons
(a) Coenzima Q redutase-NADH (complexo I): rotenona, amital, MPP®, paraquat
(b) Citocromo Q-citocromo ¢ redutase (complexo llI): antimicina-A, mixotiazol
{c) Citocromo oxidase (complexo IV): cianeto, sulfeto de hidrogénio, azida, metanoato, “NO, fosfina (PH3)
(d) Inibidores multissitios: dinitroanilina e herbicidas difenileterés, ONOO-
2. Aceptores de elétrons: CCl,, doxorubicina, menadiona, MPP*

C.Inibidores da liberacao de oxigénio para a cadeia de transporte de elétrons

1. Compostos quimicos causando paralisia respiratéria: depressores do SNC (p. ex., opioides), convulsivantes

2. Compostos quimicos comprometendo a troca de gases pulmonares: CO,, NO,, fosgénio, perfluorcisobutano

3. Compostos quimicos inibindo a oxigenagao de Hb: monéxido de carbono, quimicos formadores de metemoglobina
4. Compostos quimicos causando lsquemia: alcaloides do Ergot, cocaina

D. Inibidores da acao da fosforilagdo de ADP

1. ATP sintase: oligomicina, cihexatina, DDT, clordecona

2. Translocador de adenina nucleotideo: atractilosideo, DDT, écidos graxos livres, lisofosfolipideos

3. Transportador de fosfato: N-etilmaleimida, mersalila, p-benzoquinona

4, Compostos quimicos dissipando o potencial de membrana mitocondrial (desacopladores)
(a) Cationdforos: pentaclorofenol, dinitrofenol-, benzonitrila-, herbicidas tiadiazdis, salicilato, amiodarona, perhexilina, valinomicina, gramidicina,
calcimicina (A23187)
(b) Compostos quimicos permeabilizando a membrana Iinterna mitocondrial: PCBD-cys, clordecona

E. Compostos quimicos causando lesdo do DNA mitocondrial e/ou comprometendo a transcri¢do de proteinas-chave mitocondriais

1. Firmacos antivirais: zidovudina, zalcitabina, didanosina, fialuridina
2, Cloranfenicol (quando em superdosagem)
3. Etanol (quando consumido cronicamente)

' Os sitios finais de agao desses agentes s30 indicados na Figura 3.8, DCVC = diclorovinil-cisteina; GAPOH = gliceraldeido 3-fosfato desidrogenase; a-KGDH = a- L.amc‘,l starat
desidr Oq{ﬂ..l)\_ MNNG = N-metil-N-pitro-N-nitrosoguanidina; MPP” = 1-metil-4-fenilpiridio; PCBD-cys = pentaclorobutadienilcisteina; r()H = piruvato desidrogenase; TP




A -Inibicdo da produgdo de acetil-CoA

Substrates:

Products

> Acetyl-CoA «

Basta uma dose de 15 mg/Kg
de arsénio inorgdnico trivalente para causar a morte de
um ser humano adulto por dano a respiragdo celular, em
poucas horas ou dias.




INIBICAO DA CTE E DOENCAS NEURODEGENERATIVAS

Doenca de Parkinson Epidemiologia

Geral//, pctes. > 50 anos. Antes de 20 anos € rara (Parkinson
Juvenil). Mais comum em homens.

Prevaléncia = | a 3 % da populagéo > Baanos.
Incidéncia = 20 por 100.000 habitantes/ano.
Risco de desenvolver a doenga = | em 40.
Maior prevaléncia = América do Norte e Europa
Mais comum em caucasianos (?).

Associagdes com vida rural, ingestdo de 4gua de pogo, cultivo de
vegetais, exposicdo a polpa de madeira e pesticidas (777).




The MPTP Story

1976: Barry Kidston in Maryland acute
Parkinsonism trying to make MPPP (an

analogue of Demerol).

m 1982: 4 patients in Santa Clara with
acute Parkinsonism. MPTP discovered

to be the cause.

;-

0=:
MPTP = 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine
Hs

MPPP = Desmethylprodine

morfina © petidina




@w The JAMA Networ

From: Elevated Serum Pesticide Levels and Risk of Parkinson Disease

Arch Neurol. 2009;66(7):870-875. doi:10.1001/archneurol.2009.89

Table 2. Detectable Serum Levels of Organochlorine Pesticides in the 3 Study Groups

PD Group Control Group AD Group
| 1 | 1 | 1
Detectable Range, Detectable Range, Detectable Range,
Patients, % ng/mL Patients, % ng/mL Patients, % ng/mL

B-HCH 76 40 30 0.05-0.46
p.p’-DDE 72 86 100 1.29-20.74
Methoxychlor 26 23 0 NA
a-HCH 8 0.06-0.33 7 0 NA
d-HCH 6 0.11-0.36 2 0 NA
v-HCH 6 0.07-0.39 9 0.08-0.25 0 NA
Heptachlor 4 0.15-0.32 2 0.22 0 NA
44'-DDD 4 0.12-0.47 5 0.25-0.59 35 0.88-2.39
p,p’-DDT 4 0.17-0.56 0 NA 0 NA
Endrin aldehyde 0 NA 0 NA 0 NA
Endrin 0 NA 0 NA 0 NA
Dieldrin 0 NA 0 NA 0 NA
Heptachlor epoxide 0 NA 0 NA 0 NA
Aldrin 0 NA 0 NA 0 NA
~v-Chlordane 0 NA 0 NA 0 NA
a-Chlordane 0 NA 0 NA 0 NA

Figure Legend: Abbreviations: AD, Alzheimer disease; HCH, hexachlorocyclohexane; NA, not applicable; PD, Parkinson disease.

Detectable Serum Levels of Organochlorine Pesticides in the 3 Study Groups

Copyright © 2014 American Medical
Association. All rights reserved.

Date of download: 8/28/2014



@w The JAMA Networ

From: Elevated Serum Pesticide Levels and Risk of Parkinson Disease

Arch Neurol. 2009;66(7):870-875. doi:10.1001/archneurol.2009.89
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Figure Legend:

Patients with Parkinson disease (PD) have higher serum B-hexachlorocyclohexane (B-HCH) levels than controls and patients with
Alzheimer disease (AD). Levels of B-HCH in patients with AD are not significantly different from those in controls, which indicates
that elevated levels of B-HCH are specific to PD in this sample. Black bars indicate the mean values; red bars, median values.

Date of download: 8/28/2014 Copyright © 2014 American Medical
Association. All rights reserved.




Desmethylprodine

() meTP

Blood brain 1-Methyl-4-phenyl-4-propionoxypiperidine (MPPP)

barrier

h ) : 1-metil-4-fenil-1,2,3,6-tetraidropiridina
MAOB =.monoamd = N-""‘{_'”i

MPP?
I -methyl-4-phenylpyridinium

MPP+

» | mmm X

Dopamine @,
neurons J\‘ MPP+ / b F'. . D2 H20
MPE+ ' _f ADP <ATP
[/ MPP*Blocks electron
Enzymes rine transport chain

Synap_t'i_c
vesicle MPP*

DAT = transportador de dopamina




INIBICAO DA CTE E DOENCAS NEURODEGENERATIVAS

EN UNA PERSONA SANA CON PARKINSON

k8 Las neuronas productoras de dopamina se Las neuronas transmiten la dopamina

Rihtads ; ; : Debido al deterioro de |a
hallan en la zona llamada sustancia nigra. atravas delas sinapsis.

sustancia nigra s

A Neurona Meurona produce una baja del
Sustancla nigra ‘A~ transmisora receptora nivel del

neurctransmisor
STRIATUM; . dnpamina_

alamus i g Couvdare nudleus 1 " L
Tha! | 7 : 3."
En la sinapsis una e
neurona wansmite  |ares
a otra una orden. AMPLIADA

Y

Dopamina Acetilcolina
Funcidn Funcidn excitatoria
inhititoria Acetilcoling en | |4
mayor cantidad sinapsis
que la normal falla —

r

Subsrontio
nigra

Recaptor de La alta concentracion

dapamina de acetilcolina

v A Estas neuronas transmiten la dopamina E La dopamina, en equilibrio con la produce un exceso de
hasta las zonas del cersbro que controlan el acetilcoling (oo neuratransmison, actividad que causa
movimiento vy el equilibrio. controla el movimiento, el mal de Parkinson.

fisiopatologia do mal de Parkinson




State IV

D - Desaclopadores da Fosforilacao Oxidativa

NORMAL

Respiratory
chain

ATP
synthase

State 1l

Dinitrophenol [uncoupler]

UNCOUPLING

Consequences

A Heat
generation

# Raspliration

& Electron flow

- pentaclorofenol
!

Cell dysfunction
Cell death

Matrix

High [H*] causes outside Low [H*] inside causes protons
protons to bond to DNP molecules © to dissociate from DMP maolecules

Inner mitochondrial membrane




INIBICAO DA BIOGENESE MITOCONDRIAL




INIBIDORES DA BIOGENESE MITOCONDRIAL

Mitochondria

* Energy power-houses
* Have their own DNA

* Mitochondrial DNA is replicated
by a separate enzyme to nuclear
DNA
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AZT; Azidotimidina

zidovudine
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Zidovudine (AZT)

o. DNA polymerase
A. nDNA s NnDNA  ——> Protein coded by

a transcriptase reversa nDNA

¥ DNA polymerase
B. mtBNA — mtDNA ———  Protein coded by

y transcriptase reversa mtDNA

Y DNA polymerase
C. mtDNA > é Depleted
mtDNA

3 5 nRTI (Nucleoside Analog Reverse-transcriptase Inhibitors)
caroon

Thymidine

Mormal demyr bose Dideoxyribose
(5'-0OH and 3-0H) (5'-0OH but no 3'-0OH)

50 _| |_®_l (Mo 3'0H-end)

mtDNA ‘.'

Interruption of mIDNA replication

! ]

miDMA depletion

Acquired mitochondrial cytopathy




ACIDOSE METABOLICA

glucose

pyruvate + NADH +—— lactate + NAD"
- FFA triglycerides
|

Acetyl CoA

| o

ketone bodies

mitochondrion

LACTATE LEVEL
2.1-5 mmol/L 5-10 mmol/L >10 mmol/L
B e
Asymptomatic, Mild-moderate Fatal lactic
mild elevation symptoms acidosis/steatosis

(abdominal pain,
nausea, distension,
increase in ALT)




Sinais e Sintomas




TOXICIDADE IDIOSSINCRATICA

gr. idiosugkrasia, 'temperamento particular'




Esquema simplificado dos mecanismos de reconhecimento
e ativagdo do sistema imunoldgico

APC = célula apresentadora de antigeno
(macréfago)

MHC = complexo de histocompatibilidade principal

e e (major histocompatibility complex)

Hipotese do Hapteno ou Neoantigeno

-~ y—* Reactive Covalent binding ‘—\
| e > g ,
e/ metabolite to protein . J

(haptenization)

i

2
¢ 5 Linfocinas
AN

Célula B ativa
{plasmacito)

Costimulatory

signals

MHCII

Helper 1

4 autoantibo
Allergic Naive T cells

hepatotoxicity




Idiosyncratic Drug Reactions
and Forms of Liver Injuries

Drugs

Isoniazid, trazodone,
diclofenac, nefazodone,
venlafaxine, lovastatin

Chlorpromazine, estrogen, erythro-
mycin, and other macrolides

Phenytoin,
sulfamethoxazole

Diltiazem, sulfonamides,
quinidine

Didanosine, tetracycling,
valproic acid

Nitrofurantoin, methyldopa,
lovastatin, minocycline

Methotrexate

Oral contraceptives,
anabolic steroids

Amoxicillin/clavulanate,

carbamazepine, cyclosporine,

methimazole

Forms of Liver Injuries

Hepatocellular
Necrosis

Cholestasis

Immunoallergic
reaction

Granulomatous
hepatitis

Acute

steatosis

Autoimmune
hepatitis

Fibrosis

Hepatic
tumor

Mixed hepatocellular/
cholestatic injury




70 year old woman with retinal detachment treated
with scleral buckling using halothane anesthesia
followed by nausea and vomiting X 3d

Two months later, admitted to the hospital due to
recurrent retinal detachment; had another scleral

buckling with halothane
On 7% day, developed jaundice, bilirubin 14, AST 220
On 8™ day, confusion, drowsiness, AST 1350

Opver the next several days, coma, multiorgan failure,
death
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C
=

2-chloro-1,1,1-tri-

fluoroethane
Cl

H

2-chloro-1,1-di-
fluoroethylene




Reyes Syndrome

Reyes Syndrome is a rare but an extremely serious pathological
condition associated with swelling of liver and brain.

I
#
Swelling of Liver
ePain Yssist

For Informatio

Y o
Visit: www ePair

Aspirin and Reye’s
Syndrome

* Reye syndrome is an acute, non-inflammatory
encephalopathy and hepatotoxicity that follows an
acute viral illness. It is associated with salicylates
treatment

Aspirin Use in Children for Fever or Viral Syndromes




