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ROLE OF METABOLISM

 The role of metabolism step is to degrade or modify the foreign structure, such that it can be more

easily excreted. As a result, most drugs undergo some form of metabolic reaction, resulting in
structures known as metabolites.

Metabolites may: Mekbolism Y efs 2/ <l
M- Lose the activity of the original drug (DETOXIFICATION).s e c/ehe ) JQ‘} C ao[afn'on.@
: : . " v
2- Retain a certain level of activity. adl) J%f on @

"3 Be more active than the parent drug (BIOACTIVATION: PRODRUGS) Pun chonal 9roup
f’/om Mackive o qc},.\/ej

» Aside from water and most hydrophilic dugs, all other molecules/drugs are metabolized. This is
actually essential because lipophilic drugs would circulate in the body for a long time, causing
untoward side effects if not eliminated in due course. In most cases, metabolism converts lipophilic
compounds to hydrophilic metabolites, which are then eliminated/excreted from the body.

« Metabolism is chemical alteration of the drugs in the body. The primary site for drug metabolism is
the liver, which is of the uttermost importance with regard to a drug’s biotransformations. Other
sites of metabolism are the kidney, intestine, lungs, and plasma.
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» Drug metabolism may be divided to two phases: Phase I
metabolism and Phase II metabolism. Phase 1
metabolism ‘refers to functional group transformations

of the original drug, converting it to a more polar e desshscms 2l
S5 e solie {OH!
molecule(s). et & 2oy Mg Rk

 Phase II metabolism, also known as conjugation, is the O Phase 1 Phase 2

process of appending a ( very polar and hlghly Functionalization Conjugation

hydrophilic molecule (glucose or sulfate, for example) Q NH  Oxidation NH " Glucuronic acid
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Phase I metabolism

* The types of reactions
for Phase I metabolism
—

are oxidation, reduction,@
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Reductions: (ketones, double bonds, nitro and azo compounds, sulfoxides and
N-oxides, disulfides, quinone, dehalogenation)
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Hydrolytlc reactions esters amides, thioesters, epoxides, and peptides)
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 Oxidation 1s the most important drug-metabolizing
reaction.

 Phase I metabolism 1s largely an oxidative

process.
« Various oxidative metabolisms are hydroxylation ™ 'f:“j‘f’
oxygenation at carbon, nitrogen, or sulfur atoms;
N-dealkylation or O-dealkylation, ox1dat1ve
deamination, etc.

» Hydroxylation is a prevalent oxidation process for
Phase I metabolism.
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 Oxidation probably is the most common reaction in xenobiotic metabolism

» Hydroxylation is performed mainly by group of metabolic enzymes that are found in the
liver mainly.

* These hepatic enzymes are called Mixed-function oxidases / Microsomal oxidases or
Cytochrome P450 (CYP450) Enzymes.

» They can oxidize various substrates in the same way; they’re not ‘substrate-specific’. This
property 1s due to having large catalytic pockets (no hindrance) and they can attach or
handle their substrate in a single attachment (having multiple attachment sites means the
enzyme can act on some substrates but not others).
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 Other metabolic enzymes involved in Oxidative reactions :
e flavin-containing Monooxygenases

 Monoamine Oxidases

» Alcohol Dehydrogenases

» Aldehyde Dehydrogenases

« Xanthine Oxidase
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Cytochrome P450 (CYP450) Enzymes

* Drugs are metabolized mostly by a class of enzymes called cytochrome P450 (CYP450) enzymes. they
belong to a general class of enzymes called the monooxygenases.

» They are so named because they are bound to membranes within a cell (cyto) and contain a heme

pigment (chrome and P) that absorbs light at a wavelength of 450 nm when exposed to carbon
monoxide.

* CYP450 enzymes are a superfamily of 18 heme-containing enzyme families, which may be further

divided into 43 subfamilies and more than 200 CYP450 isoforms. Chietf among them are CYP450 3A4
and 2D6.

» CYP 3A4 carries out biotransformations of the largest number (~50%) of drugs.
* Other important CYPs are TA2, 2C9, 2C19, and 3AS.

In all, these six CYP enzymes are responsible for metabolizing 90% of drugs.

Bl aslics 50 7
e, Pee Mekabolsn

» In addition to the liver, these isoforms are expressed in the intestine and the kidney too.

@[nhibitors of CYP450 3A4: erythromycin, clarithromycin, verapamil, ketoconazole, itraconazole,
diltiazem, and a constituent of grapefruit juice: responsible for unwanted interactions with many drugs.
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- Note in the figure the large protein catalytic part; this is the part
that differs in different oxidases (different amino acid sequence).

- However, they all'share the non-protein part (heme cofactor)
- As you can also see theTporphyrin ring in the catalytic ring;
made up of 4 pyrrole rings in a highly conjugated system.

- There’s an Iron in the middle of the ring that forms coordinate
bonds with Nitrogen atoms [Coordinate bond: a bond between an
electron donor (Nitrogen in this case) that gives the electrons to
the empty d-orbitals of a metal (Iron in this case)].

- The Iron in the porphyrin ring forms the heme;

- The Iron is in the ferric state (Fe+3).

A similar molecule that contains a heme group is hemoglobin but
the Iron in hemoglobin is a ferrous iron (Fe2+).

I O-olh Isle
OYidehing agenr Tdicdy engme N

Large protein catalytic
part (this part differs
between different
isozymes)
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 The Iron (whether a ferrous or a ferric ion) can form P Py Ring
up to 6 coordinate bonds in a bipyramidal system
as you can see in the figure. Pymadia\  3led [5ad

. . ) 2 oW Jics|a o oW
* In the porphyrin ring, the Iron forms 4 bonds with <.\ leeicn &

the Nitrogen atoms in the pyrrole ring so that means qjﬁ;"’:f" 4! o)
b olrag p o7

there are two bonds left for the Iron to form: Melmbolism 32 5.
*- One of the two bonds (the Sth bond) is formed
with a Nitrogen atom in the imidazole group found
in the amino acid histidine; this bond is responsible
for holding this porphyrin ring structure in the

catalytic pocket of the oxidase enzyme.

 The 6th bond is formed between the Iron and 0

Oxveen molecule (02). This oxvegen 1S verv

Cytochrome P450

enzymes
Drug=H + O, + NADPH +H* - Drug—OH+NADP+H20>




