(J

toxikos (poison) +
logos (study)

|

H

toxic: a chemical
substance that creates
an alteration

/

Xenobiotic: foreign
chemical that can cause
harm to living organisms.

l

food toxicology: study
of xenobiotics' toxic
effects in human and
animal food

Ml of work toxicology )

Introduction

=

Definition

History

It started with the
use of plants
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Assassination,
poisoning and

warfare

Paracelsus: "the dose
makes the poison”

'

Orfila i Rotger —
founders of Modern
Toxicology

y

Bernardino
; Ramazzini — father

y

new discoveries
during World Wars

J

Arnold Lehman —
FDA founder
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Sciences

5

basic (analytical applied )
or experimental) forensic
clinical

environmental

occupational

food

veterinary

medical

drug addiction

organ-specific

[ regulatory )

damage and
concentration v
comparison

Toxicity

l

intrinsic quality of a substance, it
depends on biotransformation,
defense, physiology and
chemicals ratios

Toxicity
potential

l

Risk

dose/effect
ratio

Hormetins

probability of . ”.Sk .
. . epidemiological
creating toxicity studies

dose/response
ratio (population)

sensitive

Gauss bell

[hypo- and hyper- ]

toxicity due to
deficit of excess

small doses

benefits in ]
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Dermal
absorption

y
skin: strong
barrier

rate of absorption:
scrotum >armpit
>back >abdomen

xenobiotic entry
(phosphorus pesticides
DDT and organochlorine

1\

( )
phase of exposure

b

A

physical availability

frequency of exposure

N\

pesticides) )

xenobiotic dose

size, temperature,

4 A
depends on: blood flow,

\hydratlon and mtegnty.)

Y

( ways of

exposure

water

food

air

soil

Ways of
absorption

\ 4
Respiratory
absorption

Y
alveoli —
capillaries —
circulation
~———

A 4 :
nose breathing
> mouth
breathing

T

. )
partial pressures
Dalton-henry's law,
[ 1, solubility,
plasma protein
binding capacity)

A

, )
gases don't go
through the liver
and there's no

v

[ Toxicokinetics

~

Absorption [

Distribution ]

f/\v

Mechanisms

diffusion

monocompartmental

multicompartmental
(homogeneous) (heterogeneous)

filtration

active transport

endocytosis by

invagination
|\
Fick's Law of
diffusion
Y
diffusion  penetration speed x surface area x concentration gradient

speed =
thickness of the membrane

v

Solubility

v

[ 1distribution coefficient = tfat-soluble = tabsorption ]

v

[ionised (strong acids and bases) = polar = thydrosoluble = 1absorption]

v

[ non-ionised (weak acids and bases) = non-polar = |hydro-soluble = tabsorption ]

Oral

absorption
y
Y .\
aSSive transporters competition:
I (?iffusion l always wins the substance
in tconcentrations
Y

systemic
effects

ingest #
absorb

labsorption

tabsorption

111 & solubility 1food

1 vascularisation 1Gl speed

treatment availabls

fast way of
intoxication

lcontact time

tenzymes

1food interactions

tgut bacteria

K= [toxic] x time

with very low [ ]

[toxicity= Harber's] [can be chronic ]

—

penetration capacity

it depends on
and tissue affinity

orm pass the blood-

xenobiotics in free
f
brain barrier

weak binding to
plasma proteins for
easier unbinding and
tissue penetration

A4
Plasma proteins

~

2

Metabolism

—

Y

Phase 1 and 2
reactions |
| toxicodynamics

@ Factors B

Liposolubility

Protein binding

Chemical reaction

lonisation

>

age, sex, weight, body
surface area

pathologies and

physiological state

Albumin

Transferrin

[ arsenamine — ]

erythrocyte haemolysis

Ceruloplasmin

a and B lipoproteins

sulphonamides in
premature infants — free
bilirubin (brain damage)

Pb displaces Ca in
hydroxyapatite —
brittle bones

\ 4
‘ Accumulation \

fixation or
accumulation: in
specific tissue

)

localisation: at or
away from specific
sites of action
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[ Elimination

)

y

lungs, faeces, bile, milk, nails
and hairs, urine, saliva, tears

and sweat
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( Factors

kinetics of elimination

contaminant substance

time of absorption

\ surface area

age, sex, weight, body )

J

[ Renal excretion ] [Biliary excretion ] [

A

Pulmonary
excretion

v

[ Milk excretion ]

A

renal clearance=
excretion rate /
[toxic] in plasma

]
)

2 reactions

related with phase] [simple diffusion

> <P o

value:
<1 passive
>1 active

water-solubles
excretion

Elimination s—|

l

Drug

Gastrointestinal
Tract

Enterohepatic
Circulation

risk of
reintoxication

fat-solubles

excretion

A
|solubility =

telimination
speed

( very risky way )
for the infant

full of fat-soluble
toxins

‘ Bioavailability \

bioequivalence

quantities of absorption
& utilisation + speed
towards receptors

K—JRV

absolute: compares

blood levels and urinary

excretion of toxics

relative: compares
toxics absorbed
through the same way




microsomal

(hvdroxvlations OH\
aliphatic, alicyclic,
aromatic

L

( R
epoxylations O,

L adduct = covalent )

y
e )

dealkylations
— remove alkyl group |

. .. )
oxidative deamination
— aromatic + amine =

hydroxylation

J

oxidative dehalogenation
— remove halogens from
the molecule

Oxidation

+1 oxygen atom
water creation

CYP450
tpolarity

v

[ Toxicodynamics

)

biotransformation:

make a xenobiotic

more polar

Y

-
Factors

~

prolongation,
hypersensibility

4 ~
genetics: accumulation,

quantitative P1R

species: qualitative P2R,

sex, diet, environment y

ﬁ Z

Phase 1 reactlons

e )
oxidation, reduction and

hydrolysis reactions
\

v

( A
they create (active)

polar groups

J

J
Reduction Hydrolysis
) S — —_—
—_—
non- capture of no energy
microsomal electrons required
y

enzymes with

amines oxidation:
monoamine or
diamine oxidase
(histamine)

xenobiotics
with ester or
amide bond

nitro or azo
groups

y \ 4
Nitro: anaerobic

oxidation of alcohols conditions. NADH esgerasles h_)|
; ; .
and aldehydes nitrobenzene — acld * alcoho
(dehydrogenases) aniline

v

amidases —
acid + ammonia
—

azo dyes —

azo reductases
— 2 amines

[ Phase 2 reactions ]

v

conjugation reactions

J

v

they create inactive
polar groups

\

ensure molecule polarity

[ they act after P1R to ]

transferase enzymes +
donor agent + energy

type 1 activated
conjugating agent

type 2 activated
substrate (aa's)

-
conjugation with

glucuronic acid (+UDP)
L and oxygen structure )

conjugation with amino
acids and xenobiotics
with carboxyl groups

-
conjugation with

sulphate anion (+PAPS)
and OH groups

(Cytochrome P:/ Wurcmdatlon, etc
Phase | Phase /]

conjugation with methyl
groups (+SAM) and aromatic
amines, phenols and thiols

Conjugation

Metabohtes Stable adducts
Polar species 1 lNo-poIar species
Renal elimination )
{lIrino) Rillans aliminatinn

conjugation with acetyl
groups (+Acetyl-CoA)
and aryl amines

conjugation with glutathione
(LGLCG) and halogenated
compounds

y

|

acid-CoA-ligase enzyme and
n-acetyl-transferase enzyme

elimination

though urine




