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Naturally occurring carcinogens that reguire bioactivation
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H,CO O ¢n H
c HBC
Grisenfulvin (produced by Saffrole (from MN-methvl-N-formvlhvdrazine
Penicillium griseofulvim) sassafras) ifrom edible false morel mushroom)

Synthetic carcinogens that require binactivation

Q00 't QO

Benzolalpyrene ¥inyl chloride 4-dimethvlaminoazobenzene

Primary carcinogens that do not require hioactivation
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CIC-0—C-Cl HC-0—S—0—CH,  / -y ¢ CoH
HooH 0 Ho B o f
Bis(chloromethyl)- Dimethyl sulfate Ethyleneimine |3 -Propioacetone
ether

Figura 7.17 Examples of the major classes of naturally accurring and synthetiz carcinagens, same of whizh
require bisastivation and others of which ast directhy.
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Absorption, Distribution, Metabolism, and Excretion
(A A <A 3a8) Drug Metabolism s a¥) cOELY o sl LaaY) J sin
(xenobiotics) Ay A yall LS jall 5 4y 531 (e Galaill & U 5 17 50 ¢ ) sall Dl canly
el e
1Ol e (A Jsadll COle i auds
Phase Y 4daall
«OH COOH ¢ Jiall Jusws o) dpdd dila s JST o de gana JWA9) L o il e i -
Al sale U JMA (e Aihasl 2ald) J sie JUasY Xenobiotic s > 8 (SH <NH;
el z A Lad ) dalee il elall A Gl g2l A0S <ld Ao

Hydrolysis “lsll « Reduction JI Y «Oxidation s2SY): e lill aal oo -

Lipophilic, poorly water- Product that is more water-
soluble, unmetahol ized soluble and reactive
xenobhiotic substance
Epoxide: C/U ,
- _CH
Hvdroxide: —OH
Sulfhvdrvl: —SH
i
Hvdroxvlamine: i
Cyvtochrome P-450 1 1 —N-OH
} Lythers:

ENZVINE SVELEMm

Phase 2 4a sl

el oS Ll o Adadi ye g elall (8 4000 il Wily (V) Als pall cllelii i Y -
Gilatia) e el () clliiial) o3a Jgad ol (e Aalia) o) jEY) O le s ff Al A )
Al yall g eldl A ol sl ALl 5 Ayladl)

i g S slall men ) Jie puanl) (po labiia Ay e g Al 3 e S jaday ) 3yl e b Sy -
oY) s el e Al Dbl ) Cile sanalls (A Galaa¥l ¢ Gavalall 5 ¢ iy <l 5 ¢
pda iy celall & (LAl ALE(conjugated products ) Adas we ladie Al 4 Rl
Agand) g () gal) LG (0 A0S s gae (8 5 J ) (8 A gy Adai yal) il

v



s jall el o A5V A jall il Jag i o2l Liiall 800 S pall ¢ 65 oy -
Al

A. Glucuronic acid conjugation. (glucuronyltransferase)

w0

Sulfate conjugation. (Sulfotransferase)

C. Conjugation with glycine, glutamine, and other amino acids (Glycine
N-acyltransferase).

D. Glutathione or mercapturic acid conjugation. (Glutatione S-
transferase)

E. Acetylation. (N-acetyltransferase)

F. Methylation. (Methyltransferase)

i
Carboxyl: +C—0OH
. - Hydroxyl: +0H
Xenobhiotic Endogenous
compound, Halogen: +—~FCl.Br,l + |conjugating
often Phase agent
I reaction . : --Cx -
Epoxide ; o
product 4
Amino "\.'IH -
muno: -y
T Conjugation
product
* Higher polarity
» Greater water
solubility
Functional groups that react » Nore easilv
with a conjugating agent Elilllillﬂ[l‘.‘fi

Xinobiotic 4l salal)
1 IS el 5l ez AN (e Gyl ps Jai 83k (51 0
( slall adll 33LY) Hydrophilic
((4nkadll 3 gall) polar
(el Laaall 35l |ipophilic
(el aall 3un o) 0all) Extremely Lipophilic

¢



omiad) J3a 5alal) e Coai S Ay all 5alal) ADUa) 48 jae 1o pgall (e @

Accumulation
(storage in body fat. bone)

highly lipophilic lipophilic polar hydrophilic
metabolically stable

Phase I metabolism

(bioactivation or inactivation)
oxidation. reduction. hydrolysis
polm'i

Phase II metabolism
(bioinactivation) conjugation

hydrophilic
A v y
Extracellular mobilization

Plasma circulation

Biliary excretion Renal excretion
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Lipophilic Less lipophilic (polar) More polar
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Dichlorodiphenyltrichloroethane (DDT)
(insecticide)

Thiopental
(general aneasthetic)
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Parentally —————s Blood <()—> Pharmacological

(Z)l % effect
Pathologic effect
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. Activation
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Detoxification
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(o dléls ) Azoreduction
(¢)_slw) Disulfides reduction
(0xel_xl) N-oxides reduction
(dlaibus) sulfoxides reduction

Nitro reduction
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Clonazepam, R = ClI

i 7-amino Me abolite
Nitrozepam, R = H

Azo reduction
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[ 7 N Sulfapyridine (antibacteial)
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HOOC

Sulfasalazine
(Prodrug) HO NH>

HOOC
5 -Aminos alicylic acid

(antiinflammatory)

Disulfide (R-S-S-R) reduction
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Acid
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O Sulindac

(Sulfoxide)
Antiinflammatory

Y L=

Sulindac Sulfide
Active metabolite

Table 7.1 Functional Groups That Underge Metabolic Reduction
Functional Group Process Product
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I
) H OH
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CH4;CH,0H =————= CH,CHO ————= CH3;COOH
Ethanol NAD NADH . Acetic acid
NAD NADH
ADH ALDH
CH 3OH P ——— HCHO —mM8M8MmMmm> HCOOH
MethanOI NAD+ NADH FOI‘I‘nIC aCId

NAD " NADH
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Cytochrome p-450 monooxygenase x4 Monooxygenase enzymes
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Aromatic hydroxylation R@ R@—OH
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Aliphatic hydroxylation R—CH; R—CH,OH
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O-dealkylation R—O—CH, ROH 4+ CH,0
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N-dealkylation R—NHCH, R—NH; + CHy0
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Oxidative desulfuration
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epoxidation G R-E AR
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S-Oxidation -8
HOH H o
HeC—§—(— | —Oxidation of H- C—g— (l:_ H
1 I sulfur | i
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Dimethyl mercaptan Sulfoxide product
HOH
Further oxidation [T
H=C—5—C—H
of sulfur [T
HOH

Sulfone product

N-Oxidation -9

B

{ ol
T e N-oxidation
@ @ } C=CH, cvtochrome P-450

H
H H Q
2-Acetylaminofluorene .\' =C=CH,
' e
o OH
H H

N-hydroxy-2-acetylaminofluorene
(a potent carcinogen)
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Type of reaction Substrate Metabolite(s)
A. oxidations
I mixed-function oxidase-dependent reactions
aromatic hydroxylation
aliphatic hydroxylation R —CHs; R — CH,0H
epoxidation R-C=C-R"' R-C-C-R
] I NN
H H H H
N-hydroxylation @ NH, @ NHOH
O-dealkylation R—O—-CH; ROH + CH_.O
N-dealkylation R — NHCH, R — NH. + CH.O
S-dealkylation R—-—S—CH, R - SH + CH,O
deamination R-— C|3H —CH, R - ("3 — CHj; + NH;
NH, o
S-oxidation R-S-R R—-S—-R'
)
dechlorination CCl, [CCI;*] — CHCI,
oxidative desulfuration R,-0O S R;-0O O
NP N\ Z
P P
N 2N
R, -O O—Rj3 R,—-0O O -Rj
Il amine oxidation R — CH; — NH, R — CHO + NH,4
11l dehydrogenation CH; — CH,; - OH CH;CHO CH,COOH
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Jadaatd O el ) <5 Jibial) )5 cdle et o
Compound Formula Proposed RI Type of toxicity
bromobenzene Br—@ Br—g liver necrosis
vinyl chloride H\ H H\ /O\ ,H liver cancer
C= C\ c—c¢C
H Cl H Ci

aniline

dimethyinitrosamine

carbon tetrachloride

chloroform

‘ccCl,

methemoglobinemia

carcinogenesis

liver necrosis

renal necrosis
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Hydroxylation Gluthation X
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OH
(@]
Bromobenzene 4 - Bromobenzene SG
Epoxide

Covalent Binding

(liver necrosis)
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Poly vinychloride

Epoxide
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// Inactivation by conjugation
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OCH, Phase |
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Aflatoxin B 4 Chemically reactive 2,3-Epoxide
(Hepatocarcinogenic) (Toxic)

DNA

N .
/J N\_-N DNA adduct responsible for:
HZN/< -genetic code alteration
N
H

\

-malignant transformation

OCH,

2,3-dihydro-2-(N guanyl)-3-hydroxyaflatoxin B1
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Table 4-6. PREFERRED ROUTE OF EXCRETION
OF CONJUGATES OF XENOBIOTICS

Glucuronides <250 M.W.—kidney
>350 M.W.—bile

Sulfates Kidney
Glutathione

conjugates Bile
Acetylated

conjugates None
Amino acid

conjugates Kidney
Mercaptluric

acids Kidney
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