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https://docs.google.com/presentation/d/1-4XrHk0ehAoa1huxbkdu8f-g6-YBr_Q3-rzzQcLIhVs/edit

OBJECTIVES..
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e Recognize the importance of biotransformation
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e Know the different sites for drug metabolism
e Define the major phase | and phase Il metabolic reactions.

e Describe the modulation of liver microsomal enzymes by inducers
and inhibitors

e Mention two drugs that are known as enzyme inducers and
inhibitors.

Click for
Useful
video!!

e Know the impact of first pass metabolism on drug bioavailability.


https://youtu.be/ztsBn8gsfHw
https://youtu.be/ztsBn8gsfHw

@ I« 441note: The patient takes it in the inactive form, it becomes active after the metabolism

s
METABOLISM (BIOTRANSFORMATION) é

/7 N
\ s Importance: vl
elnactivation or termination of
drug action (most drugs)*
e Detoxification
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e Liver (the major site).
e Intestinal Mucosa and Lumen
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Chemical reactions which
occur in the body to change
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forms to polar water soluble : metabolites : e Skin
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* to be easily excreted in urine and prevent accumulation.

4 (activation happens inside the body).
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INTESTINAL MUCOSA AND
LUMEN ENZYMES

Gut Mucosa
e Mono-Amine Oxidase (MAQO).*

Gut lumen (bacterial flora)**
e Glucouronidase

44 1notes:

*For drugs with amine groups (introducing one oxygen
to amine group in oxidation)

**nroduced by bacteria, (breakdown glucuronic acid in
drugs)

PLASMA ENZYMES ¥
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| Enzyme : Substrate ‘j:
] i el el a1 o il B e .|
:: Catechol O-methyl Trasferase ! @'
T (COMT) : |
h | |
:: o : -Catecholamines :

re " * ! .g. ine+ i

:: 7 swﬁw N : E.g. adrenaline+ serotonin :
:I Adds a methyl group to I I
,: oxygen in catechol : :
I = = e e - = = Sl = = =
:: : -Esters :
T Esterase I (to alcohol+acid) I
I I Act on drugs as local I
:: : anesthetics :
1 I E.g. Acetylcholine I
e e e e e e e e - - = -
:: : -Amides :
1 I (to amine+acid) I
:' Amidases l Act on drugs as local I
,: : anesthetics :
1 I E.g. Lidocaine I
e g O o e o A -



CELLULAR SITES OF DRUG METABOLISM INLIVER

Mitochondria

Cytoplasm

Microsomes

D
@ Lysosomes

e N-acetyl transferase:
ntroduction of acetyl group (CH3COO- )
Monoamine oxidase enzyme (MAO): Oxidation of catecholamines as adrenaline

e e.g Alcohol dehydrogenase: oxidation of alcohol (by removal of H)
(NAD+ — NADH)

Alcohol — Aldehyde — Acid

Ethanol — Acetaldehyde — Acetic acid

CH3CH20H (lipid soluble) — CH3CHO(toxic) — CH3COOH(water soluble)

e Microsomal enzyme system = Cytochrome P-450 (responsible of Oxidation).
There are more than 20 families e.g. CYP1, CYP2, CYP3 (In humans: only these 3
isoenzyme families are important)

Sub-families are identified as_A, B, and C etc.

Oxidation-cytochrome P-450: CYP 3A4/5* carry out biotransformation of the
largest number (30-50%) of drugs. Expressed in liver and intestine (responsible for

first pass metabolism at this site)
*dr hanan said omit 5
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§ “ TYPES OF HEPATIC METABOLIC REACTION

TWO PHASES OF HEPATIC METABOLIC REACTIONS:
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e Oxidation |Reduction |Hydrolysis
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! Phase Il (usually ! !
L, . . e >!
| inactive metabolite) Inactive !
I e Conjugation( == 0= ~=L) I polar (conjugated metabolite) I
/ \

___________________

Note: The active form of the drug converts to an active metabolite in order to have a long
duration of action.
the active metabolite will move to phase 2 in order to be inactive and water soluble(polar) for
excretion
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Phase | (active/inactive metabolite)
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Easily excreted by the
kidneys
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Oxidation:
Addition of O
or removal of

H

The most
important drug
metabolizing
reaction

Microsomal:

occurs In microsome

-cytochrome P450 enzymes

Oxygen

,NADPH and

Non-microsomal:

occurs in cytosol or

mitochondria

(oxidases &
dehydrogenases)

Oxidases:

1-Monoamine oxidase (MAO):

Is responsible for the metabolism of catecholamines as
adrenaline and serotonin.

E.g wMoclobemide:is a Monoamine Oxidase inhibitor

e It increases serotonin in the brain

e Used as antidepressant drug

Xanthine oxidase:
Is required for the oxidation of xanthine.

uric acid accumulation— GOUT

Y Allopurinol: is a xanthine oxidase inhibitor
eused for treatment of Gout (prevent uric acid
accumulation)

Dehydrogen
ases:

Are required for oxidation of alcohols e.g:
Alcohol dehydrogenase: converts alcohol to aldehyde

Aldehyde dehydrogenase: converts aldehyde to acid




OXIDATION NON-MICROSOMAL OXIDASES LCONTD...]

HO CH,CH,NH, | HO ' CH,CHO
o] + NH; —
N N

pd———:
H MAO H

S5-hydroxytryptamine S-hydroxyindoleacetaldehyde
(serotonin)

aldehyde H CH,COOH I
dehydrogenase !
e N

H
S-hydroxyindoleacetic acid

Non-microsomal oxidases e.g:

Serotonin — Monoamine Oxidase (MAQ):

Dr hanan noted: & xux gill
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Removal of oxygen or
addition of
Hydrogen

REDUCTION
REACTION

microsomal or
non-microsomal

All are non microsomal

Occurs by addition of

HYDROLYSIS Wate;ni;'yfrl::eansce of
REACTION

(esterases & amidases)
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439,441note:Dopamine deficiency

HO NH,
0o D/\/
HO oH . will

NH,

cause Parkinson's disease, and it’s

HO :
treated with levodopa (because
Lev?gopg(DO)PA) Removal of COOH Dopgmine levodopa can cross the brain cells
( L-ago;;/ae (active) barriers while the dopamine can’t

Levo= L form

Esterases: hydrolyze drugs that
are esters» _ I

R~ TOR’

Ester + HZO — Acid + Alcohol

directly)

e.g.: Acetylcholine (Ach)
(Neurotransmitter)— )L

*
Hsc
\N‘ _CH,
TGN
CH,
Esterase

Acetylcholine —— acetate +
choline

Amidases: hydrolyze drugs that
are amides— I _«*

N
o

Amide + H20 — Acid + amine

e.g.: Lidocaine (used as local
anesthetic)

LCH, ©
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Il , CHy
Q—NH— C- CH,~ N
N CH,

CH,

*:pictures from male slides
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Activation of
pro-drug

e.g. Levodopa to
Dopamine

Pro drug= inactive
form of the drug

Inactivation
of drug
(termination
of action)

Conversion of
active drug to
active metabolite
(long duration of
action)

Conversion of nontoxic drug
to toxic metabolite

Paracetamol —
hepatotoxic metabolite
(hepatic necrosis)

Product
might
undergo
phase Il




metabolite
coming from
(phase 1)
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Conjugation of: To produce a conjugate that is: @

water-soluble
[ ] and
- easily excreted

in urine or bile

1
L Methyl group.

Acetylgroup

PHASE Il CONJUGATION REACTIONS

|
1 Sulphate

Amino acid 1

I_Glucouronic acid



PHASE Il METABOLIC REACTIONS: 2

All are: non microsomal ‘>
except glucouronidation

TYPES OF CONJUGATION REACTIONS

glucouronide conjugation Glucouronyl

transferase Glucouronide conjugation is a microsomal @

Acetylation (CH, COO -) N-acetyl transferase process (the most common of phase Il reactions).

Deficieny of glucouronyl transferase enzyme

Sulphation (SO, --) Sulfo transferase in neonates may result into toxicity
with chloramphenicol (Gray baby
Methylation ( CH,) Methyl transferase syndrome).

Amino acids conjugation Glycine conjugation

CHARACTERISTICS OF PHASE Il METABOLITES

Usually Easily
pharmacologically Polar mzlc')tiuvl\)/?eter excreted in
@ inactive urine



FACTORS AFFECTING METABOLISM
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FACTORS AFFECTING METABOLISM Q
Age: | rate of metabolism in neonates and elderly ‘>
%

Diseases: | rate of metabolism in liver diseases (+kidney)

Degree of Protein Binding: | rate of metabolism (increase in protein bound drugs will make it
trapped in the blood circulation resulting in decreasing the metabolism in the liver)

Concurrent use of drugs: Induction and inhibition (in liver microsomal enzymes)

Nutrition: malnutrition | rate of metabolism

Genetic polymorphism: Metabolism may vary from population to another due to the existence of different

Not predictable forms of the metabolic enzymes
Slow acetylator decrease in isoniazid accumulation of risk of peripheral
E.g. metabolism of phenotype metabolism isoniazid neuropathy
isoniazid (Anti-TB) results into excess
(acetylation by Rapid acetylator metabolites : "
acetyl transferase) phenotype e e risk of hepatitis

(sl Al 5 3)



Enzyme Induction

Enzyme inhibition

Liver microsomal enzymes

inducers:

Inhibitors:

drugs that increase activities of liver

microsomal enzymes and increase the
metabolism of drug itself and other
drugs taken with the inducer at the

drugs that decrease activities of liver

microsomal enzymes and decrease the

metabolism of the drug itself and other
drugs taken concurrently

same time
metabolism and excretion
of the drug itself and tincrease |Decrease (delay)

co-administered drugs

the action of the inducer
drug itself and
co-administered drugs

Decrease (short duration of action)
(aidlxd (535 O U Mad) ey 3330 Bl U8 (ga ol sall 03 o
2 stlaall)

tIncrease (Prolong)

May occur

Tolerance: decrease in the
pharmacological action of the drug by
continuous or repeated administration




Enzyme Induction

Enzyme inhibition

Drug interactions

decrease in action of one drug by
administration of another drug

e.g.
oral contraceptives + phenytoin (inducer)

-Failure of oral contraceptive may lead to
pregnancy if combined with phenytoin

oral contraceptives + phenytoin—induce contraceptive
metabolism— Failure of oral contraceptive —pregnancy(
Lyl Jaall gile J=a phenytoindl el cile 531 LlLis)
esthad) Al ey o J Ao e sy JUlld e 4 metabolism-
AT G Jealad) il e ) D de jall it 038l 8l jall ) il
(Ganll (g2 -8 Il iy (0] 50

e.g.
warfarin + erythromycin (inhibitor)

-Inhibition of warfarin metabolism may
lead to increase its anticoagulant effect
(risk of bleeding)

+ erythromycin— inhibit warfarin
metabolism— increase anticoagulant effect—
bleeding)
warfarin! metabolism-l Ladl dzas erythromycin-l (zéaiall cile 31 LlLis*)
G Ssh auall (Bogliy 5 de pun ate alaill K5 Mo S gy Ul (it
(G s Jhl aeadly Gulag g o pflE 800 5

Examples of
Enzyme

inducers/inhibitors
(Bis)

Alcohol - Phenytoin(antiepileptic)
Phenobarbitone (hypnotic)-Cigarette smoking
- Rifampicin(Anti TB)

Grape fruits -
Erythromycin(antibiotic)-Ketoconazol
e(antifungal) - Cimetidine




Quizlet

Drug Metabolism

_ Drug
(Wig

\Pha se ll

Phase |

metabolite @ '-ﬁ
Drug conjugates
Polar species (adducts)
Non-Polar
species

i

Renal elimination
(uring)

\

Biliary elimination
|feces)

@ Divig metabolism
@ Phases of metabolism
o Phase | reactions -
Oreidation
* Reduction/mydrolysis
feaCion
& Phase Il reactsons
conjugation
v Glucuronide
¢ Sulfate
¢ N-acetylation
¢ Methylation
¢ (lutathione/amino acid
& Drg interactions irvolving
metabolism
 [npyme induction
* Enzyme Inhibitian
@ Factors affecting
mietabolism
@ Flrst-Pass effect

SUMMARY AND REVISION

I-CLICK FOR USEFUL
VIDEO!
2-CLICK

“PHARMACOKINETICS

DRUG METABOLISHM”.
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......... N Phase | Phase Il

Oridized 1

Metabolitesi < —

-------- Enzymatic Detoxification
Pathway

Drug
Detoxification

Phase [&I1 ﬂ

Toicly " |
Meabatie | <— !

|
| SppepRp—"

Eliminate
From the Body



https://drive.google.com/drive/folders/1MNQhPOwqCnKmTxxNdGFd9v-HxhBvLu0j
https://drive.google.com/drive/folders/1MNQhPOwqCnKmTxxNdGFd9v-HxhBvLu0j
https://quizlet.com/113779217/drug-metabolism-flash-cards/
https://drive.google.com/drive/folders/1MNQhPOwqCnKmTxxNdGFd9v-HxhBvLu0j
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A-Allopurinol. B-Ketoconazole. C-Rifampicin. D-Grapefruits @
A-Age. B- Metabolism of Isoniazid. C-Diseases. D- All of the above 1-C

2-D
A-Cytoplasm  B-Mitochondria. C-Microsomes. D-Lysosomes 3-B

4-C
A-Moclobemide. B-Warfarin. C-Levodopa. D-None of the above

@ ©
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Q-1 What is the name of Xanthine oxidase inhibitor?
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Q-3 list 3 of Phase | Reactions Results?
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