a Cytochrome P450 enzymes catalyze several types of oxidation
reactions including hydroxylation of an aliphatic or aromatic carbon,

epoxidation of a double bond; heteroatom oxygenation, hydroxylation
or dealkylation; oxidative group transfer, cleavage of esters and

dehydrog enation.

O The broad and often overlapping substrate specificity -
of these enzymes makes it impossible to name the enzyme for specific

reactions. N

O Cytochrome P450 enzymes are “microsomal,” i.e., they are
concentrated in centrifugally-derived laboratory preparations enriched
in SER. '

O Liver tissue has the highest concentration of most
biotransformation enzymes, although other organsdo have varying
degrees of metabolic capacity. ‘

——————— e e e e R L

1

Bioactivation
Compound Formula Proposed Rl Type of l‘a\'y'ci!y“ _
bromobenzene or _@ B U liver necrosls N
vinyl chioricte SN AN liver cancer
C=0 GG
/ \ / \
H cl H cl
aniing  ° methemoglobinemia
dimethyinitrosamine H;,C\ H;C” carcinogenesis
"N-N=0 '
H;C
carbon tetrachloride cCi, lver nocrosis
:‘" ‘cCly
chioroform CHCl, renal necrosls
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v We mentioned that biotransformation through
phase | pathways can lead toward detoxification,
either directly or via continued phase Il
métabolism.

v This slide addresses the concept of bioactivation
via phase | metabolism, i,e., toxicity occurring

due to metabolism. J

s 1 -

due to phase | activation.

v Although these intermediates may be further
metabolized and detoxified, they can also lead
to pathology.

Bioactivation by Phase | enzymes

Niatoxin B, . .
g : *Aflatoxini Bl
L P4 (FolOP-)
xoase T ! -
" 1‘"” s »Aspergillus ﬂm-'u.s
o] Q
o M 0)\/'\ »Penicillium pubercilum
" |
3 »1ppb carcinogeiic 1o rats
' in chronic exposures
0 oCH, _

Anmiexn B, 5.9-omde

%\
Inpcivealion DNA Lir3ng.

by copjugeion  Liver o and
i ghitablone  renal papifa neoplasia

~ ¥ SHown here are “reactiveintermediates formed-—— |-

mmm e e g e
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» Here we have an example of bioactivation via phase | metabolism.
In

this example, aflatoxin B1 is metabolized to form a reactive epoxide
(note the loss of a double bond, replaced with an epoxide, in the middle
portion of the diagram, left side of the molecule).

This electrophilic epoxide can covalently bind to DNA, leading to
neoplasia. Alternatively, the epoxide can be conjugated with
glutathlone > -

Y

Both reactions can occur in the same animal. The question of whether
or not cancer develops is related to the rate of glutathione
conjugation, the rate of DNA binding, and the effectiveness of DNA
repair mechanisms.

Aflatoxin is a product of certain molds that can be found in improperly
stored foodstuffs.

Bay mglnn
AP s H7,a—a:,a~abn 74D-d!vydmd1oi-ﬂ 030 epuxide

on

#_B-oxide caweoho!

l \
= — ' | _— ;

Lunp ano
shin wmors

[~
OK

OrNO-QUINONS

4 8~dlryorodiol

Flgmre 6-6 Rols of epoxids hydrolase in the inactivation of berzofalpyr=ne 45-oxide and in the corrrersion
of benzojalpyrene 1o its mmorigenic bay-region diolepoxide.

1
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_p__ajr}hways that can occur.

# Benzo[a]pyrene is a good example of a
carcinogen requiring phase | activation to exert .
carcinogenic potential.

Although you will not be required to reCQnstruct
this flow chart,.note that there are multiple

The dynamics of these pathways and subsequent
repair mechanisms determine the likelihood of
tumorogenesis.

1

There are two-cytochrome P450 pathways that can form
reactive intermediates (epoxides).

The 4,5 'epoxide does not have nearly the carcinogenic
potential as the 7,8 epoxide. Note the the epoxides may
form diols through epoxide hydrolases, and that the 7,8
ditydrodiclcanbe fuarther metabolized by tytochrorie
P450 to yield a 7,8 dihydrodiol, 9,10 epoxide.

Due to the configuration of this molecule, it can readily

intercalate into DNA, leading to altered cell growth and
cancer.

14
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Types of conjugation reactions for a number of specifc functional groups

Conjugation reaction Functional group
glucuronic acid conjugaion ~ ~OH;~COOH; -NHy; NH, -SH; CH
~ sufaleconjugaion - aromafic -OH; aromalic -NH, akonols
gycine conjugation aromatic -NH; -COOH
acetylalion aromatic -NH,;alishalic -NH, hycrazines; -SO\H,
methylation aromalic -OH, -NH,, NH; -SH
gutathione conjugation epoxide, organic halides

1

» Now, let’s focus on phase Il reactions, most of
which involve conjugating a substrate to
another malecule (or part of a molecule). .

~* This conjugation generally renders the product

to be more polar.

» An increase in the polarity facilitates

excretion.

12/11/2010
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B In order for phase Il metabolism to occur, the
substrate must have a “functional handle” on it’s
molecule to support the conjugation reaction (a
place that facilitates conjugation to a “dener
molecule” such as glucuronic acid moiety or a

sulfate moiety.

K For example, glucuronide or sulfate conjugatlon
- -— reactions-may-oceur-at-thesite-of-an-hydroxylor - - |-

carboxyl group on the substrate molecule; for
glutathion conjugations, epoxides or organic
halides are common “joining” moieties.

E Note that phase Il substrates may be parent
compounds or metabolites of phase | reactions.

Phase 11 Conjugation Enzyme Cofactors

Obutasss kabales °

ug}.-g_..-g-.,.éj s

f

) 2

A .

Y
Acsnaassrases A

;‘_E_Q_Lw,.ﬁ_o_i_..a . if, =
?‘-
Z:-:e,\—e-,- s _2_ [ e .

arecs .

Cvisiniens Canlupstan
tl:n —m—q—s—m\ /E—bu—ns—cuf

ol

e e
Bvisoasmy

Amfiae hcls Conjupsion
coo o LN /zoo

\W—’\,—/\_r_/ PN

|

-

et

=
7/

Prynee di). Sinarmris nf snfimvnre Jor phuss 1§ dlonosgbmaiea
The Semczional grewep that mows with o7 B.uhnerred 1D DI Seasdicr ica it NS b bols

Nppsresd

." -
o

16




oo



e

»> We already learned that cofactors are necessar
for most phase | reactions.

» Cofactors are also essential for phase |I
reactions (to provide the “donor” polar
molectite). '

Examples are given. above.
> In the case of glucurqnidation, (uridine

necessary cofactor, and serves as the donor of a
glucuronic acid moiety.

> What are the respective cofactors necessary for
ST and GST

reactions?

y .

|——diphosphate glucuronic.acid (UDPGA).isthe ... | .

Sulfotransferase-mediated conjugation

H‘H.2

0

) “dk/”\ bab-0 | o
T, = @

| | |
CA = CHOH = GH~CH = CH 0~ P~ 0 - 0]
phancl PAY hon Bttty

1211172010
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o Here is a detailed diagram illustrating the
ST-mediated conjugation of phenol.

o Note that the phenyl sulfate product
contains only the sulfate portion of the

_-.donor molecule, not the PAP portion; this___ |

gets’ .
biochemically “recycled” for’subsequent
reactions in the body.

Example of (indisect) bioactivation via phase II reactions:

Fvar

i N
F; /
-y 2 N
on

NN
UDPGA ‘\.l A‘
N

Glucuromdes may be unstable under
cerain circumstances (eg some
aromatic anunes). Compouinds may
be ‘bio-activared” in the liver to form
N:hydoxyl-derivarives.after which

)

: 4 Sucuronice l L. . R
: \ i they can be “bio-mactivated’ by
X / o | forming N-glucuromdes. However.
: 7 ' ‘ in an acid environment (i.¢€., urine),
Tune ) the glucuride is a good leaving
:  Historonis group, allowing the substance to

* "\o,, exert a possible carcinogenic effect

}\‘ on the bladder epithelium.
I H- ghicuronit abd
| 4
H
N

i DH
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