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BIOTRANSFORMATION
(Metabolism)

“* These are: the chemical changes that occur to drugs after absorption until
excretion.

e Drug metabolism occurs mainly in the liver, also in other organs, e.g.
intestinal lumen or wall, lung, plasma, skin and kidney.

e The aim of drug metabolism is the conversion of the lipophilic drug to a
more polar (hydrophilic, ionized) metabolite which is easily excreted in
urine.

e The hydrophilic drugs usually do not undergo metabolism and secreted

unchanged in urine

/

+* Types of Biotransformation Reactions

Phase I (Non-Synthetic)

e Phase I reactions include: oxidation - reduction - !n,ygfoaw.w aaly el yuay

*
e The most important reaction is oxidation by cytochrome P450
enzyme system.
functional groups
e Phase I reactions result in unmasking of a polar group (-OH, -SH, or -

NH2) 15 an ionized metabolite that can be easily excreted.

Phase 11 (Synthetic)

e An endogenous substrate, (c.g. glucuronic acid, glycine, glutathione,

sulfate or acetic acid) is conjugated with the functional group of the

drug or its metabolite — nontoxic highly polar, rapidly eliminated

conjugates.

e The most important is conjugated with glucuronic acid.



The kidney cannot efficiently excrete lipophilic drugs that readily cross cell
membranes and are reabsorbed in the distal convoluted tubules. Therefore, lipid-
soluble agents are first metabolized into more polar (hydrophilic) substances in
the liver via two general sets of reactions, called phase | and phase ||

O¥dakion

Phase I reactions RQJUC}CioVL
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A. Oxidation:

0)

e The most important is cytochrome P450 oxidases “CYP” (mixed

function oxidases) which are Eepatic microsomal enzymes}

CYP is further classified by family, subfamily & gene into many isozymes. The name of

each one is designated by the term CYP followed by 3 characters e.g. CYP 2C9:
Nomeclature:

1. The first Avabic aumeralrepresents the fgnily.

2. The alphabetic letter represents the subfamily.
3.The second Arahic mwneral represents tl

e Xanthine oxidase: converts xanthine — uric acid

e Monoamine oxidase (MAQO): oxidizes catecholamines & serotonin

Notes for your knowledge . adrenaline and noradrenaline

** Allopurinol (Zyloprim) and febuxostat (Uloric) are the only FDA-approved xanthine

oxidase inhibitors for the treatment of gout, we decreases uric acid synthesis = we treats
Gout

**Serotonin is a chemical that carries messages between nerve cells in the brain and
throughout your body. Serotonin plays a key role in such body functions as mood, sleep,
digestion, nausea, wound healing, bone health, blood clotting and sexual desire.

**Catecholamines are hormones made by your adrenal glands, two small glands located
above your kidneys. These hormones are released into the body in response to physical
or emotional stress. The main types of catecholamines are dopamine, norepinephrine,

and epinephrine(adrenaline).



- Nitroreductase — chloramphenicol v >Lo ;5= |

- Carbonyl reductase — naloxone

C. Hydrolysis:
. . O Q@
e It occurs mainly non-microsomal (in plasma and body fluids

- Cholinestrase — Ach.Acetylcholine

- Peptidase — insulin

Nots for your knowledge

**Chloramphenicol is a medication used in the management and treatment of

superficial eye infections such as bacterial conjunctivitis

**Naloxone is a medication approved by the Food and Drug Administration (FDA)
designed to rapidly reverse opioid overdose. It is an opioid antagonist—meaning that it

binds to opioid receptors and can reverse and block the effects of other opioids, such as
heroin, morphine ({8, b/ J&ui 33 ga)

**Cholinesterase inhibitors (also called acetylcholinesterase inhibitors) are a group of
medicines that block the normal breakdown of acetylcholine.



Consequences of phase I reactions:
e The activity of the drug is modified in one of the following ways:

1- Active drugs — inactive drugs (occurs with most drugs).
f Inactive Active
2- Inactive drugs (prodrugs) — active drugs, e.g. cortisone to cortisol

(hydrocortisone).
3- Active drug — another active one, e.g. codeine to morphine.

4- Active drug — a toxic metabolite e.g. methanol — formaldehyde —

retinotoxic
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Phase 1l reactions

A. Glucuronide conjugation:

e Itis the most common conjugation reaction

e Glucuronide conjugates secreted in bile may be hydrolyzed by intestinal
bacteria and free drug can be reabsorbed again i.e. enterohepatic
circulation — prolong duration of drug action e.g. estrogen (so

I 2 Oy ; ;
contr(g:eptivg:’ pills are given once daily)
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B. Non-Glucuronide conjug

* Sulphate formation e.g. steroids Vitamine D, estrogen, testosterone
¢

¢ Glycine conjugation e.g. salicylic acid  Aspirin HO/S\

= Phosphate gteo p

e (lutathione conjugation e.g. ethacrynic acid djuretic

e Acetyl conjugation (slow & rapid acetylation) e.g. isoniazid is an antibiotic used for the treatment

> Because of genetic viration of tuberculosis.

Consequences of phase Il reactions:
e Mostly result in drug inactivation Active --> Inactive
e Some exceptions can occur e.g. morphine is partially converted into

morphine-6-glucuronide (active metabolite) Active --> Active



o Most of drugs is metabolizes by phase-I followed by phase-II reactions

- Some drugs is metabolizes firstly by phase-1I then by phase-I f

reactions e.g. isoniazid. s A\ =
- Some drugs undergo phase-I or phase-II only ‘—'LB" (L
**|t depends on their chemical structure +

: Some drugs directly
enter phase Il metabolism.
,\ mdaﬂon, e —
uction, | on on
orve b IR oo IR
(lipophilic) hydrolysis "W (water soluble)

(polar) »
Following phase |, the drug may be attivated, Conjugated drug
unchanged, or, most often, inactivated. is usually inactive.
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Oxidation _. Conjugation
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Phasel Phasell

. Conjugation ‘

Metabolites Stable adducts

Polarspeciesl / No-Polarspec'es

Renal elimination
(Urine) Billary elimination
(Stool)




o Types of enzymes responsible for biotransformation reactions

Non-microsomal Enzyme Microsomal Enzyme

- ey

Plas ma Enzyme Cytoplasmic Enzyme

N - v
e.g. Cyt. P450 oxidase
‘ for oxidation

e.g. Ach :
esterase Lo Xanthins -
oxidase

e.g. glucuronyl transferase
for conjugation

‘ P‘ Microsomal enzymes Non-microsomal enzymes

only
Site: in the Iiverrin microsomes of ER. So, | Present in liver, GIT, lung, kidney, plasma,

they are called hepatic microsomal enzymes | skin: in cytoplasm and mitochondria

Reactions: 1 Lgae dgheal CidMe L4l | Reactions:
Phase-1: Oxidation WD\‘CYP ; Phase-1: Oxidation wwt>Bat net *CYP*
Reduction Reduction
Hydrolysis (few reactions) ’17C)4: Hydrolysis (mostly) ¢
Phase-II: Glucuronic a. conjugation Only Phase-II: All Conjugations Except Glucuronic
NIENYY Lipophilic , hydrophilic drugs (to terminate

Lonle. Jiiia Substrate: lipophilic drugs & bilirubin action as succinylcholine) & natural body g A50)
constituents

Affection by drugs: Inducible ::)) Non-inducible
Helass pSasi (as agal o8 dilins *Succinylcholine is a
inhibition or induction L¢ll Jasd 5 depolarizing skeletal muscle

relaxant used adjunctly to
anesthesia and for

w e . —_ skeletal muscle relaxation
‘J'“;" s ‘f‘:' ||P0P:1|||t? J! during intubation, mechanical
JI Jslge (0 ulag penetration ventilation, and surgical

= lipophilic JI ¢S distribution
¢S liver JI 1 g Jaas jadiy o
metabolism L yias o



*» Factors Affecting Biotransformation:
\____A

).

e Some drugs and environmental substances can induce or inhibit the

microsomal enzyme activity and lead to undesirable drug interactions
Tolerance is a person's diminished response to a drug, which occurs when

the drug is used repeatedly and the body adapts to the continued presence
of the drug.

e systems = T activity =
.8 ph‘:maritone. elgall LU JLay

Clinical significance of Enzyme Induction:
%+ Drugs stimulating the microsomal e

@- 1 their own metabolism
@'T metabolism of other drugs metabolized by these enzymes and are

given at same time— drug interactions e.g.:

- Rifampicin —1 oral contraceptive metabolism — pregnancy
Rifampicin is used to treat TB, it increases the the metabolism, so it decreases the
effect of oral contraceptive

=\

- Phenytoin —1 cvclosporme metabolism — transplant rejection (JSs oG

*Phenytoin is used to control certain type of seizures, and to treat and prevent
seizures that may begin during or after surgery
*Ciclosporin, used as an immunosuppressant medication (4 Liall lasfis), is used
mostly in organs transplantation

- Rifampicin — warfafin metabolism — therapeutic failure. &l s

*warfarin treats blood clots and reduces risk of heart attacks and stroke.

@'T metabolism of endogenous substrates e.g. phenobarbitone —

1 elimination of bilirubin — used in treatment of neonatal jaundice)

bilirubin &3 mtabolismJ/ wy’s (oiad 3aY ¢lf (eiaaa JWELYI SO adaae (ol ulall Susds

e T metabolism of vitamins e.g. phenytoin — 1 of vit.D, vit.K, folic acid
L0 rli) o
£ osteomalacia, bleeding and megaloplastic anemia

*Vitamin D helps regulate the amount of calcium and phosphate in the body.

*Vitamin K helps to make various proteins that are needed for blood clotting and the building
of bones.

*Folic acid is a B vitamin that helps your body make red blood cells.



e Enzyme induction is reversible. It occurs over a few days-months and

passes off over 2-3 weeks after withdrawal of the inducer.

@ Examples of Enzyme Inducers

’. . : " g o
Phenytoin & carbamgchmc- phenobfirbltone — rifampicin -

é s " 2 6 a 7 . 8 " ¢
griseofulvin - ¢ androgen- nicotine- chronic alcohol ingestion.




Quiz Time

1) Which of the following reactions represents Phase Il of drug metabolism?
A. Amidation

B. Hydrolysis

C. Oxidation

D. Reduction

E. Sulfation

2)Which of the following is a phasell drug metabolism reaction associated with a
genetic polymorphism?

A. Acetylation

B. Glucuronidation

C. Oxidation

D. Reduction

E. Glutathione conjugation

3)A woman is taking oral contraceptives (OCs). Which of the following drugs is
unlikely to reduce the effectiveness of the OCs?

A. Carbamazepine

B. Phenytoin

C. Ketoconazole

D. Phenobarbital

E. Rifampin

4) Aprodrug is:

A. The prototype member of a class of drugs

B. The oldest member of a class of drugs

C. An inactive drug that is transformed in the body to an active metabolite

D. A drug that is stored in body tissues and is then gradually released in the circulation



5) Microsomal enzyme induction can be a cause of:
A. Tolerance

B. Physicaldependence

C. Psychological dependence

D. Idiosyncrasy

6)Which of the following types of drug metabolizing enzymes are inducible:
A. Microsomal enzymes

B. Nonmicrosomal enzymes

C. Both microsomal and non microsomal enzymes

D. Mitochondrial enzymes



