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Cytochrome system and drug metabolism

Objectives:

e Revise the aim & phases of drug metabolism.
o Define the role of cytochrome P450 system in relation to drug metabolism.
e Expand on the nature, location, nomenclature, structure, distribution & function of CYT P430.
e Focus on its regulation; directly & indirectly, its induction & inhibition
its relevance to drug interactions
e Interpret the molecular mechanism of interactions by CYT P450.
o (lassify its different isoforms, their substrates, inducers & inhibitors.
o [Delineate some of its genetic variations.
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Mind Map Of Isoenzymes

CYP3A4 (MOST COMMON)

Substrate

~Cyclosporine
~Fluconazole
~Erythromycin-~Clarithro-m
ycin
~Amlodepine
~Verapamil
~Atorvastatin
~Cyclophosphamide
~Tamoxifen
~Astamizole
~Midazolam
~Clonazepam

CYP2D6

Substrate
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~Rifampicin / Rifampin
~Rifabutin
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CYP2C9
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~NSAIDs
(including
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(the active
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~Rifampicin
~Barbiturate

~Phenytoin
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Substrate
~Fluoxet.1ne ~Theophylline,
~Haloperidol Imi .

. ~Imipramine,
~Paroxetine p

~Ouinidi ~Propranolol

Quinidine ~Clozapine

Substrate

~Diazepam,
~Fluconazole ~Omeprazole

~Phenytoin
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~Ketoconazole
~Itraconazole
~Fluconazole
~Erythromycin
~(Clarithromycin
~Troleandomycin
~ Ritonavir
~Grape Fruits
~Cimetidine

_

YP1A2

~fluoroquinol

i one antibiotics

~Fluvoxamine
~Cimetidine

CYP2C19
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~Omeprazole
~Rifampicin ~Isoniazid
~Barbiturate ~Ketoconazol
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(Mainly in liver)

Slides 4-6 in 8
minutes

Being mostly lipophilic = The liver subjects them to chemical transformation
(Metabolism)=> to become inactive & easily EXCRETED

Route of elimination

Polar product

Non-Polar product

Renal elimination

Biliary elimination

° Oxidation

Phase I e Reduction FPreparationphaseand

e  Hydrolysis creates a conjugation site
e Inactive product

Phase II e  Active metabolite Like produg

Conjugation e  Metabolism similar to parent

e  [Metabolism more active than parent
e A product with different effect
e  Toxic metabolite

{“A:B;-c;;;);;—r;ni E Metabolism (by cytochrome system) E E“ii-l;r_v;l_r-;a-'c-lgr-l_-i

:  Phase I* i Phase II** |

» Conjugate ———

Drug metabolite with
modified activity

—» Conjugate —————»

Drug

(lipophilic)

Y

Inactive drug
metabolism

——— > Conjugate ————»
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https://www.youtube.com/watch?v=oCPRi5JFMdg

T e  The smooth microsomes rich in enzyme responsible for oxidative drug
%"3 : metabolism in particular they contain the enzyme known as mixed function
= oxidases or monooxygenases.
= o  The activity of these enzymes requires both a reducing agent NADPH and
E | molecular oxygen.
s . . .
5 e In atypical reaction, one molecule of oxygen is consumed(reduced) per
g - substrate molecule, with one oxygen atom appearing in the product and other in

the form of water.

Cycle of Cytochrome P450 in drug oxidations:
Microsomal drug oxidations require (1) P450,(2)P450 reductase, (:)NADPH,
and (4)molecular oxygen

Oxidized (Fe3+) P450 combines with drug substrate to form a binary
complex.

Step 1

NADPH donates an electron to the flavoprotein P450 reductase, which in
turn reduces the oxidized-P450-drug complex.

Step 2

A second electron is introduced from NADPH via the same P450 reductase,
Step 3 which serves to reduce molecular oxygen & to form an activated
oxygen-P450 -substrate complex.

This complex (oxygen-P450-substrate complex) in turn transfer activated
Step 4 oxygen to the drug substrate to form the oxidized product.
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e In this oxidation - reduction process, two microsomal enzymes play a key role. The
first of these is a flavoprotein, NADPH-cytochrome P450 reductase (Flavin

: mononucleotide and Flavin dinucleotide).

I e  The second microsomal enzyme is a hemoprotein called cytochrome P450

| which serves as a terminal oxidase.

I Only in male slides

I In the oxidation process we need:
i Nadh as coenzyme

, flavoproteins

- Cyt p450 reductase I
Cyp450 1 with iron always |
Molecular oxygen :
I'In the end we get the oxidized drug and 1 molecule of water



Metabolism (by cytochrome system)

e [ts enzymes are part of a cascade=> transfers electrons from molecular
oxygen to oxidize the drugs

e  Cytochrome P450“ “ CYP450” Superfamily is the terminal rate limiting
oxidase of this system

NADP* - - idi
\\ ) / Reduced \ /y Oxidized ~. , Drug+0;,
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I\ Reductase I\ A
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NADPH & a [7ers /N Reduced 4 A Dryg-OH +H,0

Cytochrome P450 cycle in drug oxidations

Flavoprotein
(reduced)

[ P450 Reductase ]

Drug
RH

AP

P450[Fe*3) ROH

NADP+

P450[Fe*3]

/

May combine

P450

| with CO
P450[Fe*2] - P4£I30[Fe*2]
unstable RH \_ BH reduced /
SR
8 T
Dr said its IMP p4|5°[F9*2] 2H+

RH
FIGURE 4-3 Cytochrome P450 cycle in drug oxidations. RH. parent drug: ROH. oxidized metabolite: e, electron.



CYT P450

e  (Cytochrome P50 family of enzymes they are located mainly
attached to the smooth endoplasmic reticulum (SER) of
hepatocytes.

e They are isolated in the subcellular fraction termed the

cytochrome P450 (MICROSOMES) => Liver microsomal enzymes.
e (Cyto = cells. chromes = colored.
e  They color the liver cells dark red as they contain iron.
e P450 = absorbs a very characteristic wavelength (450 nm) of
UV light when it is exposed to carbon monoxide.
Structure They are heme-containing isoenzymes Heme is centralized
e  Highly concentrated in hepatocytes
Distribution ° Enterocytes of the small intestine present their principal

extra-hepatic source
e Very small quantities in kidneys, lungs, & brain.

Function

Responsible for most of the oxidative metabolism of:
e Exogenous compounds: diet (food & beverages),
Drugs, environmental xenobiotics.
e Endogenous substances: steroid hormones,
prostaglandins, lipids and fatty acids.

Substrates

P450 Reductase

CYT P450 Oxmase




Regulation

Activation or Inactivation of the CYT P450 can be achieved either:

1- Directly

A . y
induces/inhibits

[ ongs -G

metabolizes
decreases/increases

effect of
Drug B

Drug A induce or inhibit cyt p450
therefore affects Drug B

2- Indirectly

By expression or repression of its relevant genes by
activation or inhibition of the responsible
transcription factors

induces/ v factor :
inhibits
regulates

v
-
enzyme
metabolizes

decreases/increases
effect of

Activation or Inactivation can be processed by any food, intrinsic products or extrinsic
xenobiotics as drugs (usually the lipophilic) that have to be metabolized.

When drugs play a role in regulation of the CYT P450 they are termed:

Enzyme Inducers if Activate the enzyme

Enzyme Inhibitors if Inactivate the enzyme

60mg (erfenad:y

Pharmacokinetics drug - drug interaction

only 6 ng/ml
remains In the
blood after

4 metabolism
[as prescribed]

60 ng/mi
remains

In the blood
[overdose]

60 mg

~———
t«fenadllej k/ rythromy




Molecular Basis Of Drug-drug
Interaction

@-} PXR  RXR r—’ I .

CPY3A
— CYP3A SRl

Liver, Intestine

Ethinylestradiol Efavirenz Warfarin £ |
Erythromycin Cyclosporin Tamoxifen Jamples DB BB
Atorvastatin Carbamazepine Doxorubicin 9 HO 9
Indinavir

PXR- pregnane X receptor

RXR- retinoid X receptor.

The orphan nuclear receptor PXR is a transcription factor that regulates the
expression of the CYP P450 genes.

e IfDrugAis an INDUCER == it binds & activates PXR == which translocates in
nucleus—dimerize with RXR — the heterodimer PXR / RXR will induce
expression of CYT P450 isoenzymes to— { metabolism of Drug B

e IfDrugAis an INHIBITOR, its binding will prevent activation—= repression of CYT
P450 isoenzymes to = | metabolism of Drug B

If the drug A works on the molecular site it will activate PXR — bind to RXR — stimulate the expression of the
genes of CYP450 — induce the activity of the gene — produce more CYP450 — active to metabolize drug B

S N

E PXR, pregnaneX receptor i
i RXR, retinoid X receptor !

e In Relation to Enzyme Inducers

- Tmetabolism of the inducer += lits pharmacological action.
Tolerance or complete nullification

- Tmetabolism of co-administered drugs )
(it will decrease the efficacy whether its taken alone or with other drugs) l Efficacy
e In Relation to Enzyme Inhibitors

4 Retard (prevent) metabolism & excretion of inhibitor & co-administered
drugs

TProlong action of the inhibitor & co-administered drugs.
oxicity



CYT P450 3A4/5:

5 (Cyclophosphamide,Cyclosporine) JSsu <éls (Amlodepine) J4) «(3A4/5) 4*5 leana ¢ il | sal ) oy

S AV gl Aoy e 8 B (Verapamil ) dal Wiaa Leia ( romycin) e calh
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Jaisl ddla b JB | (Ritonavir) 120 4l s e ¢ sm sall =385 ¥ 5 I(Clarithromycin) S OIS DS culld

. (chloramphenicol) . % ¢S (Troleandomycin)

DA (induce)Amania CilS (i ) ¢ 4%5 agdgag Cpadla el s (RITampicine i fampin<ifabutin)

| (Carbamazepine ) 4k_A Liia Ja sa2a (Barbiturates ) Ut & cusd #) ) 4s) Y (Dexamethasone )
Jhall dvesic il U (Phenytoin) ¢ bl Ll culléd Cad ) < ja I 8 yhas 5 ( Progestins) (i <a (sl s aa

CYT 2D6:

apl i ¢ ahleda (Codeine) amss ( ) 4l (¢ CYT2D6 to do list s s grbaall ol e culan
Sl idy ¢ oSl (g sl Jslal o2 lé (B-blockers) bl s S Jlld € o gty (S

.(tricyclic antidepressants )

L] ks Ll a5 Lgaae la g Jbas p(Fluoxetine ) o) Wdis s (Inhibitors ) <l ¢ 4xiw <iy(Haloperidol) 3w
(Paroxetine) croo W QB leaY Q3 5 5 5 Jud) 5 bl bisil (lie (CYP2D6) sl 52 58 (1 (5 5ol 5Y 8
(Rifampicin¢ inducer) whdii 4 L) il o g9 20, (Quinidine) A8kl (5 ) (ala) ailiad il

CYP1A2:
digidsg) 5 lle (Imipramine) <l il odaii 5 5 I(smoking) G a il 4yl 5 JE4dna ol
JW olie M 543k (Clozapine)d<)) &< Y (Propranolol) ¢ k) gaxi 13 ¢ 4ss et (Theophylline)
slba dls 5o dla (Fluvoxamine) 4455 Y 5 (fluoroquinolone) 2,9 she <l 33 4s, )1l (1« (inhibitor)
. 0’3 e (Cimetidine )

CYT2CO9:

Glad S Slal daalia 4l JEF 4005 &lé pd) Ha8) ( ytoine farin) (29) 001 3 aclul) <lé o3 (NSAIDS) s
4waaia(Barbiturates ) (= (Rifampicin) <& g i) s ) cuarll s (Fluconazole« inhibitor) da il
(Inducer ) &

CYT2C19:
= 53 (CYP2C19) .. ¢lé 5 235 (Diazepam) s V4 <l dlic Jls (Omeprazole ) = ( ytoin)
& 5k ds (Ketoconazole) o5 ks (inhibitors ) 43k (Isoniazid) )4 (Omeprazole ) !
sua (Barbiturates) =k W (s_idi 5 <lb o35 (inducer) Awseada( mpicin) Sl



Classification

CYT P450 has been classified into
* Families designated by Numbers

* Sub families designated by Letters
Distribution of different CYP isoforms in the liver.
CPY450- major contributor to 1st phase metabolism

Relative Importance Of
P450s In Drug Metabolism
cvpiaz CYP2EL

CcypP2C
cypP2C

CYP2D6 CYP3A

CYP2D6

CYT P450 3A4/5

e Presentin GI tract and liver.

e  Responsible for metabolism of:

Relative Importance Of
P450s In Drug
Metabolism

cYp1A2 _ CYP2E1

CYP3A

The percentage isn’t important just know

which one is

e CYP3A4/5 : 36%
« CYP2D6:
« CYP2C8/9: 16%
e CYP1A/2: 11%
« CYP2C19: 8%
« CYPE1

the most abundant

19%

Cytochrome P450 Isoforms

= CYP1A2
= CYP3A

= CYP2C9
= CYP2C19
= CYP2D6

most common

o  Most calcium channel blockers, Most benzodiazepines, Most HIV protease inhibitors.
o Most HMG-CoA- reductase inhibitors*, Cyclosporine, Most non-sedating
antihistamines, Cisapride. *impt. for inhibiting cholesterol synthesis thus its used in hyperlipidemia

Substrates

Immunosuppressants:*
e Cyclosporine

Azole Antifungals:*

e  Fluconazole
Antibiotics:*

e  Erythromycin

e  (larithromycin
* Those 3 substrates inhibit their own metabolism

Ca2+channel blockers:
e Amlodepine
e Verapamil
Statins:
e  Atorvastatin
Cancer Chemotherapy:
e  (Cyclophosphamide
e  Tamoxifen
Non Sedating Antihistamines:
e Astemizole
Benzodiazepines:
e  Midazolam
e (lonazepam

Immunosuppressant:
° Cyclosporine
Azole Antifungals:
e  Fluconazole
e Ketoconazole
e [traconazole
Antibiotics:
e  Erythromycin,
e  (larithromycin,
e Troleandomycin
Protease Inhibitors:
e  Ritonavir
e C(Cimetidine
e  Chloramphenicol
e Nefazadone
e  GrapeFruits

For better understanding:

e  Rifampicin

e  Rifampin

e  Phenytoin

e (Carbamazepine
e  Barbiturates

e Dexamethasone
e  Progestins

e Rifabutin

.substrates J! < inhibit s s3 inhibitors J) Js
.substrates J JS induce -5 inducers dI JS
inhibition for themselves & s~ substrate J! (s 4.4
other substrate such as Cyclosporine , Fluconazole
,Erythromycin & clarithromycin

* E
x
*




Genetic variation:

Genetic variation: genetic polymorphisms in CYT P450 isoenzymes have been observed & are
reasons behind the ALTERED RESPONSE to drug therapy

This means that there’s a genetic variation in the CYP450 itself which will result in having a different response to the
drug from the expected one

CYP2D6 Very common

Catalyzes primary metabolism of:

e Codeine
e  Many B-blockers like propranolol
e  Many tricyclic antidepressants

Inhibited by:

e  Paroxetine

° Quinidine
Induced by:

e Rifampicin

e Fluoxetine.
e Haloperidol

Genetic variation:

This isoenzyme has the most frequent polymorphisms in all CYT P450 and when polymorphism
occurs — | metabolizing capacity of CYP2D6 i.e those who exhibit the polymorphism become
poor metabolizers:

=>  1-Metabolism of some drugs neuroleptics, tricyclic antidepressants, antianginals agent
(perhexiline), antiarrhythmics (propafenone & metoprolol) is suppressed so side effects &
toxicity develop. i.e.:
eNeuropathy after therapeutic doses of perhexiline
¢ Bradycardias & arrhythmias block on therapeutic dose of propafenone or metoprolol

=>  2-The pro-drugs cannot be converted to their therapeutically active metabolite (bc CYP2D6
has a poor metabolizing efficacy it won’t be able to convert the drugs) ; e.g. poor analgesia with codeine
& tramadol because they are not transformed into active forms.

It is Absent in 7% of Caucasians, 1-2% non-Caucasians.

Hyperactive in up to 30% of East Africans.

CYP1A2

* %

Catalyzes primary metabolism of:
Theophylline, Imipramine, Propranolol, Clozapine

Inhibited by: Many fluoroquinolone antibiotics, Fluvoxamine, Cimetidine

Induced by: smoking tobacco




=> Absentin 1% Caucasians and African-Americans.
primary metabolism of:
e  Most NSAIDs (including COX-2)
e  S-warfarin (the active form)
) Phenytoin

Inhibited by:
° Fluconazole

Induced by:
e  Barbiturates
e  Rifampicin

Genetic variation:

Warfarin, phenytoin, & tolbutamide are examples of drugs with narrow therapeutic index that
are metabolized by CYP2CO. Clearance of these drugs is impaired in genetic variation of the
enzyme.

->  Absentin 20%-30% of Asians, 3-5% Caucasians
primary metabolism of:
e Diazepam
e  Omeprazol
e  Phenytoin

Inhibited by:
e Omeprazole
e Isoniazid
e Ketoconazole
Induced by:
e  Barbiturates
e  Rifampicin

Genetic variation:

Polymorphism in CYP2C19 shows increased & prolonged action of its substrates as omeprazole.
This has been an advantage as in those variants cure rates in peptic ulcer patient with
Helicobacter pylori Benefit.
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Dr. Alia said : you can focus on the previous slides,
- were each cytochrome has been mentioned specifically.
(these slides are more important than this picture)
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. Nifedipine
Substrae Mephenytoin gm;tmo:ge Midazolam
Omeprazole Warfarin Erythromycin

Coumarin

Cyclosporin

2C19
<5%

2C9 3A4 (+5)
~20% ~30%

Fluconazole (" Ketoconzaole
Methoxsal Sulfaphenazole | Gestodene
Inducers Barbiturates | Barbiturates
Rifampicin ) Rifampicin Rifampicin

Dexamethasone

Carbamazepine

i

9
nCaffelne Debrisoquinem
eophyline :
Tacrine Sl
Chlorzoxazone

Furafyliine
Fluvoxamine

Omeprazole
Tobacco
smoke

Disulfiram
Quinidine
Ethanol
[soniazid
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Summary

P

2C9
Rifampicin — Inducer 4'[
~ —»[ 2D6
i 2C19
/{ 3A4
Barbiturates —  Inducer 4[ 209
- > 3A4
Fluconazole — Inhibitor
Tl 209
/,,[ 3A4
Ketoconazole — Inhibitor
\)[ 2C19
/,,[ 3A4
Cimetidine = Inhibitor \)[
1A2




1

2)

3)

4)

5)

A 50 year old patient treated for the last 3 years by the hypocholesterolemic
agent atorvastatin. Yesterday he began to complain of severe muscle pains,
weakness, and reddish discoloration of urine. He receives daily multivitamins
and his lab results last week proved that he has become diabetic, for which he
was prescribed metformin. He was also started on a course of fluconazole for a
concomitant fungal infection. From drug history, the diagnosis of his current
state was likely rhabdo-myositis (severe musculoskeletal toxicity) and was
verified by the lab finding of severe elevation in creatinine phosphokinase.
Which one of the following drug-drug interactions on CYT 3A4 is the likely
cause of his current state?

Which of the following is a CYP2C19 inhibitor?

NADPH donates an electron to the flavoprotein P450 reductase in which step of
the CYP450 cycle?

CYP450 enzymes metabolize:

Which of the following is characteristic of enzyme inducers?

1) B
2) A
3) B
4 C
5) D



MCQs:

6) Which of the following is a CYP450 inducer?

A)  Ritonavir
B)  Paroxetine
C) Rifampin
D) Cimetidine

7) CYP2D6 catalyzes the metabolism of:

A)  Haloperidol
B)  Quinidine
C)  Fluoxetine
D)  Amoxapine

8) Which of the following is induced by smoking tobacco?

A)  CYP2C9

B) CYP2C19

C) CYP1A2

D) CYP2D6 6) C
7)D
8) C

SAQ:

Where are CYP450 enzymes located? (1 the SER [ smooth endoplasmic reticulum ) of hepatocytes

Which isoenzyme has the most frequent polymorphisms? Describe the effect of this polymorphism:

1)
2)

A)

B)

CYP2D6

The metabolizing capacity of CYP2D6 decreases i.e. those who exhibit the polymorphism
become poor metabolizers:

Metabolism of drugs like neuroleptics, tricyclic antidepressants, antianginals agent
(perhexiline), antiarrhythmics (propafenone & metoprolol) is suppressed so side effects &
toxicity develop.

The pro-drugs cannot be converted to their therapeutically active metabolite.
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