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SU PONG HOA POC CHAT

TS. Lé Quéc Tuin
Khoa Moi truong va Tai nguyén
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v'Tinh bén vitng clia doc chit trong cd thé sinh vat
dudc xac dinh qua viéc chung c¢6 b1 dong hda va
loai thai hay khong

v'Nhiéu loai enzyme lién quan d€n qu4 trinh dong
héa ddc chat. Ching bao gdom:

® Cytochrome P450 monooxygenases (CYPs),
®Flavin-containing monooxygenases (FMOs),

® Alcohol and aldehyde dehydrogenases, amine oxidases,
cyclooxygenases, reductases, hydrolases,

®Nhi€u loai enzyme lién k&t nhu glucuronidases,
sulfotransferases, methyltransferases, glutathione
transferases, and acetyl transferases



v'Qué trinh dong héa doc chat dién ra chi yéu
trong gan (dOng vat)

v'Phan 16n ddc chat di vao trong cd thé déu cé
tinh hoa tan trong lipid va dudc van chuyén bdi
lipoprotein trong mau

v'Khi da vao dén trong gan hoic cdc c¢d quan khdc
thi dOc chat dugc dong hoa bang 2 pha:
®Pha [: bién doi doc chat thanh chit phan cuc

®Pha II: chuyén héa doc chat thanh cdc hgp chit c6 phan ti
lugng nho hon va dé€ tan trong nuGc



Phan wng pha I

v'Bao gom cdc qué trinh:

— microsomal monooxygenation,

— cytosolic va mitochondrial oxidations,
— co-oxidations

— reductions,

— hydrolyses,

— va epoxide hydration.



Cac enzyme va phan @ng

Cac doc chat

Cytochrome P450
Epoxidation/hydrox ylation
N-, O-, §-Dealkylation

N-, 5-, P-Oxidation

Desulfuration
Dehalogenation
Nitro reduction
Azo reduction

Flavin-containing monoox ygenase
N-, §-, P-Oxidation
Desulfuration

Prostaglandin synthetase cooxidation
Dehvydrogenation
N-Dealkylation
Epoxidation/hydroxylation
Onxidation

Molybdenum hydroxylases
Oxidation
Reductions

Alcohol dehydrogenase
Oxidation
Reduction

Aldehyde dehydrogenase
Oxidation

Esterases and amidases
Hydrolysis

Epoxide hydrolase
Hydrolysis

Aldrin, benzoi{ajpyrene, aflatoxin, bromobenzene

Ethylmorphine, atrazine, p-nitroanisole,
methylmercaptan

Thiobenzamide, chlorpromazine,
2-acetylaminofluorene

Parathion, carbon disulfide

Carbon tetrachloride, chloroform

Nitrobenzene

(- Aminoazotoluene

Nicotine, imiprimine, thiourea, methimazole
Fonofos

Acetaminophen, benzidine, epinephrine
Benzphetamine, dimethylaniline

Benzo(a)pyrene, 2-aminofluorene, phenylbutazone
FANFT, ANFT,. bilirubin

Purines, pteridine, methotrexate, 6-deoxycyclovir
Aromaftic nifrocompounds, azo dyes, nitrosoamines

Methanol, ethanol, glycols, glycol ethers
Aldehydes and ketones

Aldehydes resulting from alcohol and glycol
oxidations

Parathion, paraoxon, dimethoate

Benzola)pyrene epoxide, styrene oxide




RH + 0> + NADPH + HY —— NADP' + ROH + H,O.

e L3 qud trinh gdn mOt nguyén td oxy vao trong
phan to ddc chat lam cho doc chit trd nén phin
cuc



Mo hinh tong quat biéu dién cac qua
trinh P450 monooxygentation



v'Gan

v'Nhau thai

v’ Tinh hoan

v'Than va Tuyén thugng thian
v'Da

v'"Madu va Bach ciu



F450 Reductase

MNADPH

Source: Ohkawa e al. 1998
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v'Epoxidation va Aromatic
Hydroxylation.

v'Aliphatic Hydroxylation.

v'Aliphatic Epoxidation.
v'Dealkylation: O-, N-, va S-Dealkylation.
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Vi du vé aliphatic epoxidation, *nguyén tf clo
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Vi du vé dealkylation



v N-Oxidation
v Oxidative Deamination
v'S-Oxidation
v P-Oxidation

v’ Desulfuration
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(@) Hydroxylamine formation
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(H) Oxime formation

Vi du vé N-oxidation



4+ —MNH;3
E:CHNH; —— E2C(OH)NH; —— E.C=0
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Vi du vé Oxidative Deamination
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v'Alcohol Dehydrogenase

RCH,OH + NAD™ —— RCHO + NADH 4+ H™

v Aldehyde Dehydrogense.

RCHO + NADT —— RCOOH + NADH + HT



Amine Oxidases

CH.NH, CHO
e
T
l Cl
p-Chlorobenzylamine p-Chlorobenzaldehyde

(@) Monoamine oxidase
H,Mi{CH5)sMNH2 + O, + H,0 —= H,;N(CH,),CHO + NH; + H.0,
Cadaverine

(B Diamine oxidase



Cooxidation bgi Cyclooxygenases

Arachidonic acid

l. Cyvelooxyzenase

2. Peroxidase
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v Mot s6 cdc nhom chitc dé dang tham gia
phdn wng khu nhu: nitro, diazo, carbonyl,
disulfide sulfoxide, alkene va arsenic (V)

v' Cdc phdn 1ing bao gom:
v'KhtI nitrogen
v'Kht disulfide

v'Kht ketone va aldehyde
v'Kht sulfoxide
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v Cdc enzyme vdi hoat tinh carboxylesterase
va amidase phdn bé khdp noi trong co thé
va trong té€ bao

v Cdc enzyme thuc hién cdc phdn ung thiy
phdn sau.

RC(O)OR' 4+ H;O —— RCOOH + HOR' Carboxylester hydrolysis
RC(O\NR'R” + H,0 —— RCOOH + HNR'R” Carboxyamide hydrolysis
RC(O)SE' + H:O —— RCOOH 4 HSR' Carboxythioester hydrolysis
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Vi du vé cac phan ing esterase/amidase

doi véi ddc chat
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Vi du vé cdc phdn ¢ng epoxide hydrolase
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Phan wng pha 11

v'Céc sdn pham cda pha I va cdc ddc chat cé
chia nhom chuc nhu hydroxyl, amino, carboxyl,
epoxide hodc halogen s€ tham gia vao cac phan
ung pha II

v'Céc sdn phim clia phidn tng pha II phan 16n
phan cuc hon, it ddc hon va dé dang dudc loai
thdi ra khdi co thé sinh vat



v'Glucuronide héa 1a mét trong nhitng phan Gng
loai thai doc chat cé ai luc véi lipid.

v'Cd ch€ cua su két hgp nay 13 tuong tdc cua mot
trong nhi€u nhém chic (R-OH, Ar—-OH, R-NH2,
Ar-NH2, R—-COOH, Ar—-COOH) véi dan xuat
cua dudng, uridine 5-diphosphoglucuronic acid
(UDPGA)

v'Glucuronide héa thudng tao ra cdc sidn pham it
hoat tinh hon
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Cac hdp chat tiéu bi€u

C4c budc phan tng véi UDPGA va cic hop chat cé thé
tao thanh glucuronide. Mui tén chi vi tri k€t hgp



v'Tuy nhién, hién nay c¢6 nhiéu cong trinh nghién
ciu da ching minh glucuronide hda thudng tao
ra cdc sdn pham c6 thé lién k&t vSi protein va
DNA.

v'Do d6, qua trinh nay thudng gy doc cho t€ bao
néu sdn pham tao ra tuong tic véi DNA



v'Sulfate hdéa dugc thuc hién bdi xdc tac
sulfotraterase hodc sulfatase

v'Sdn pham clia qué trinh 13 sulfate ester hoa tan
trong nudc va dé dang bi loai thai ra khdi cd thé
sinh vat

v'Phian ¢ng thudng tiéu ton nhiéu ning luong
ATP
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v Mot s6 doc chit cé thé dudc chuyén nhém
methyl bdi enzyme N-, O- va S-methyl
transferase

v'Hop chat cho gdc methyl thudng 14 S-adenosil
methionine (SAM), dudc tao thanh bdi
methionine va ATP

v'Vé co ban 12 mot phdn dng khr doc mic du
ching thuGng tao ra cidc san pham it hoa tan
trong nudc
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C4c vi du vé phan ¢ng methyl hda



v'Qu4d trinh nay rat quan trong trong loai thdi doc
chat, dic biét 1a kim loai ning

v'Sdn phim cda methyl héa sinh hoc thudng dé
dang dugc hap thu bdi cdc loai mang

v'S-adenosilmethionine va cdc dian xuit cua
vitamin B, 1a chit cho gbc methyl

Hg™t » CH,HG > (CHy),2 Hg



Glutathione S-Transferases (GSTs) va
su tao thanh Mercapturic Acid

e Qu4 trinh nay loai bd dudc cdc hgp chit mang
dién da dugc hoat héa nhim bdo vé protein va
nucleic acid

e S4dn phim tao ra 12 mercapturic acid dé dang bi
loai thdi qua con dudng ti€u tién
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Phan tng chuyén glutathion va su tao

thanh mercpturic acid

ch:nM HCH,COOH

H HCI 1:]'_": H:CHEC H I: H H: J{:I'[:H:}H

Jr glutathione S-transferase

HE[{ZHN HCH,COOH

HHD‘D]C H.CH,CHINH, }COOH

- glutamy liranspeptidase

‘JMHE‘HECDII}H + glutamate

-:w.“-ta vl glveinase

BSC

Mercapiuric acid
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v'Acyl héa lién quan dén cdc chat da dudc hoat
hoa nhu coenzyme A (CoA)

v'Acyl héa lién quan dén sy hoat héa cic hgp
chat ngoai lai va hoat héa cdc amino acid

v'Vé cd ban 12 mot phdn 1am gidm doc tinh cdc
chi't cho du chdng thudng tao ra cidc sadn phim
it hoa tan trong nudc
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H:NHH: + CoA —= CH;CHNHHz

Benzidine
(a). Acyl hoa
COOH ClOSCoA
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+ AP + CoASH —— + PR+ AMP
S,
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___.-"
+ NH.CH-.COOH —— + CoASH
S
Glvcine Hippuric acid

() K&t hop v6i amino acid

Vi du vé cdc phdn (ng acyl hda
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Chapter 7

Metabolism of Toxicants (A Textbook of
Modern Toxicology)



