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The term "metabolism" includes a description of
all stages (absorption, distribution, accumulation,
biotransformation and elimination) of the
toxicant in the body.

Biotransformation is the metabolic transformation of
endogenous and exogenous chemicals (toxicants)
into more polar (hydrophilic) compounds.
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The biotransformation of xenobiotics takes place in the liver.

Enzymes for the biotransformation of xenobiotics are present in the

microsomes, in the cytosol and a small part - in the mitochondria, the nucleus
and lysosomes.
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The first phase of metabolism is the biotransformation stage,
during which polar functional groups are added to the

compound molecule, or groups that are in the hidden are
released form

There are 3 types of first phase reactions:
- oxidation,

- reduction,

- Hydrolysis
https://youtu.be/oONgmNRWUOo



https://youtu.be/oONqmNRWU0o

Reactions of the second phase of biotransformation or
conjugation reactions:

- glucuronidation,
-sulfation,
-acetylation,
-methylation,
-conjugation with:
a) glutathione
b) amino acids (glycine, taurine and glutamic acid).
https://www.youtube.com/watch?v=v6 gb M89gQ



https://www.youtube.com/watch?v=v6_qb_M89qQ

Oxidation reaction

Cytochrome P450 catalyzes oxidation reactions:
-hydroxylation of aliphatic and aromatic hydrocarbons
-epoxidation of double bond;

-oxidation of heteroatoms (O-, S-, N-, Si-)
-N-hydroxylation;

-dealkylation of heteroatoms (O-, S-, N-, Si-),
-oxidative group transfer;

-breaking the ester bond;

-dehydrogenation.

RH + O, + NADPH + H* - ROH + H,0 + NADP*



Epoxidation and hydroxylation of aromatic compounds
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Monoamine oxidase - oxidative deamination of
primary,secondary and tertiary amines

H,0 .9

RCH,NH, —= RCH-NH — R—C_ +  NH,
1

oxidation of alcohol by alcohol dehydrogenase

NADH, H* O

H,C—CH,—OH iDHi H.C ‘clz -

G (' Acetaldehyde
NAD'




Hydrolysis

H,0, E 5
R—C* —= R-C° + HX

b b1

X OH
X=0R, SR, Cl NR,
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Reduction
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Reactions of the second phase of biotransformation

Glucuronidation
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Methylation and Acetylation
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Conjugation with: amino acids (glycine, taurine and glutamic
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Conjugation with: glutathione
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Factors influencing the metabolism of toxicants.

1. Genetic factors and intraspecific differences (possible
genetic defects of enzymes, studies them pharmacogenetics).

2. Physiological:-age and development of enzyme systems;-
sex differences;-hormonal background;-pregnancy;-
nutrition;- pathological conditions, diseases;-long-term use
of medications.

3. Environmental factors:-stress;-ionizing radiation;-
stimulation of metabolism by foreign compounds;-inhibition
of metabolism by foreign compounds.



|_ethal synthesis

Biotransformation of xenobiotics is usually detoxification process, that is,
almed at reducing toxicity.

However, In some cases, xenobiotics in the body transform into more
toxic compounds. This process called "lethal synthesis"



1. Oxidation of methanol to formaldehyde and formic acid

OH Alcohol O Formaldehyde O
I dehydrogenase l dehydrogenase
C\.__H X = C = = CO,+ H,0
2N Fat g
H H H H H OH
Methanol Formaldehyde Formic acid
Inhibition by
fomepizole

Metabolic acidosis
and tissue injury

Formaldehyde and formic acid are highly toxic compounds.
They cause poisoning and irreversible blindness
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2. Oxidation of ethanol

Chronic ethanol intake
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3. Ethylene glycol oxidation
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Thalidomide
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Elie oaMH NpuMep «IeTaNnbHOTO CHHTE3a» — 00pa3oBan#e U3 MaNOTOKCHYHOIO Maparno-
Ha (THodroCca) B OpraHu3Me ITyTeM 3aMEILEHHA aTOMa CEphl HAa aTOM KHCJIOPOAa NMapaokcoHa —
MOMHOIO MHIHOMTOpPa XONHMHACTEPa3bl, XOTA CaM MapaTHOH aHTHXOJMHICTEPA3HOH AKTHBHO-
CTbiO He 00Nagaer B onbITax in vifro:

CHO -s CHO
25" "p-0 NO, — *° ~pP-0 NO,
GhO +0, GHO"1L

napaTuoH (tnodoc) NAapPaoKCOH

B npouecce O-aesankunuposanue geHanernna obpaszyercs napaueramos 1 alueTanbAaerui:

OFEt OH

- +  CH,CH=0

NHAc NHAc¢



[Tyrem O-z1e3a1KHIMPOBAHUS B OPraHU3Me IPOMCXOANT MIPEeBpaLIeHHe KOJAEHHa
B MOp($uH (00s1ee TOKCHYHOE COSIUHEHHE).

MeO HO

Herokcnunas ¢ropykcycHas KHCI0Ta B OpraHu3Me MOABEpraeTcs CHHTEe3Y, B pe3yjbTare
KOTOpOro odpasyercs TOkCHYHas (TopauMoHHas kuciaora. Ona OnoKupyeT LUK
TPHKapOOHOBOI KHCIOTEI, noAasiss gpepment akonurasy. [loreps sneprun B pesynsrare
ocraHoBkH 1ukia Kpebca conpoBokiaercs KieTouyHOH AuchyHKIHEH 1 CMEPTHIO.

OH
F-l(_:l:COOH - HOOC—(; CH—COOH
F OOH

¢propykcycHas KHCJI0TA (pTOPAMMOHHAR KHCI0TA
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Secondary metabolism
Secondary metabolism — postmortem metabolic processes.
After death, the transformation of poisonous substances
occurs according to a different mechanism because the enzymes
of a living organism become inactive

In the postmortem period occurs :

e [rritation of poisonous substances;

e Formation of products of putreficative decomposition
of tissues.



Death

The pH in the corpse shifts in acidic side
Cathepsin activity increases (enzymes
that degrade proteins)

Tizzue autolysis:
o Tizsues contamning g lot of enzymes (pancreas, liver,

kidneys etc.)
o Tizsues that were damaged during life (inflammation
frosthite etc.)

!

The activity of the corpse bacterial flora increases
(Intestinal bacteria grow throughout the body. Through the
blood vessels, they spread through the body. Releasing gazes,

including cadavering)
:

Putrefaction (a specific strong odor)
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Factors affecting decomposition of
bodies:
The pH of the soll
Activity of cellular enzymes
Activity of bacterial enzymes
Humidity, temperature
Oxygen availability



Types of postmortem changes:

« 1. Putrefaction - low oxygen availability (In the graves).

Peptides decompose to amino Deamination amino

Decay of proteins —» _ _
yorp acids acids

e During the putrefaction of proteins: mercaptans (organic sulfur compounds); organic
acids; amines - putrescine cadaverine- ptomaine are formed.
e During the putrefaction of carbohydrates organic acids, aldehydes, ketones, carbon

monoxide are formed.
e During the putrefaction of fats higher alcohols that oxidize to aldehydes and acids are

formed.

rotting



2.Thenue (dry decay)
e The corpse Is In the air at low humidity

e QOccurs faster due to dehydration, insects and
mold fungi.

e Less poisonous substances are formed




3. Kupoeock (adipocere)

“Kuposock (adipocere)— tBepaast MbI100Opa3Hasi WM TBOPOKUCTAS Macca

Formation of adipocere :

Interaction of fatty acids with salts of alkaline
metals

!

Maceration - water enters the corpse and washes blood and
some substances out of the tissues

|

Fats are washed and decayed to
glycerol and fatty acids

'

Palmitic and stearic acids form soaps

I

*uposock (adipocere) (The corpse retains its
external shape, but there are lumps of waxy mass




4. Mymudukauma (mummification):

Mymudukauymua (mummification) — complete drying of
corpses.
e Dry air, high temperature and oxygen availability

e The corpse is drying up
e The volume and mass of the corpse decreases
e Brown skin similar to parchment.

e For adults the process takes - 3-6 month , for newborns-
3-4 weeks .
e Poisons persist for a long time



The nature of the transformation depends on the
nature of the poisons:

e Organic poisons decompose faster than
Inorganic

e Metal ions decompose to ions with a lower
oxidation number .

e Arsenic, sulfur and phosphorus to volatile
compounds

e Arsenic and talium persist 8-9 years, antimony —
5 years, mercury-a few months



OOpa3oBaHMe «TPYIHBIX AA0B»:
Secondary metabolism of ornithine and lysine

HN - (CH,).~ CIH —COOH > HN-(CH).- CH,
. NH, NH,
ornithine putrescine
-C0,
HN -~ (CH,),~ CH - COOH > HN-(CH),-CH,
NH NH

2 2

lysine cadaverine




Secondary metabolism of tryptophan:
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Secondary metabolism of phenylalanine, tyrosine, histidine:
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Secondary metabolism of orotic acid:

OH O
> CH3 02 H \N CH3
HO N O N O
H
ﬁ thymine Methylbarbituric acid
)\ COOH OH O
7y = H\Ni
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