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Drug metabolism
• Metabolism is defined as: The irreversible biotransformation of drug in the

body → typically involves making it more polar to enhance renal excretion
 
- Drug metabolism often converts lipophilic chemical compounds into:

• more hydrophilic, more water soluble
• have their actions decreased (become less effective) or increased

(become more effective)
• May be converted to less toxic or more toxic metabolites or to

metabolites with different type of effect or toxicity
 
- The metabolism of drugs takes place mainly in the liver (the smooth

endoplasmic reticulum of the liver cell) . However, other organs such as the
kidney, lung, intestine and placenta can also be involved in this process.

 



 هلراص و عجر در اودلا سب ) excretion هلريصي ناشع( kidneyلاع حار و hydroxyl group اودلاع تيطح*1
reabsorption لاع ةينات ةرم عجري حوربفliver لا ديزب و polarity همسا يشا قيرط نع conjugation فيضبف 

 و highly polar يشا يا ينعي ) glycine , glucoronide , sulfate  ( لثم دبكلاع عجري هيلخي ام يشا هيلع
irreversible رخلآاب ةيلمعلاف ....charge هيلع

 more active ريصب metabolism هلريصي سب و active نوكب benzodiazepines لثم ةيودلأا ضعب يف*2
inactive ريصي ةرورضلاب شم ينعي

 اذإ paracetamolلا لاثمف مهلك شم سب less toxic ريصت نكمم metabolism اهلريصي سب ةيودلاا بلغا*3
 paracetamolلا نم ةدايزلا ةعرجلا نم تومتب يللا سانلاف more toxic ريصتب دبكلاب metabolism اهلراص
 ةئرلا نم علطتب و ةئرلا نم لخدتب inhalational anaesthetics لا لاثم نامك يف و ...toxicity لا ببسب نوكتب
 نكمم و radical علّطتب دبكلاب metabolism اهلراص اذا ف  toxic ةدام يه و flourinated اهنم ءزج يفف  نامك
 اهلريصب يللا ةيمكلا تناك املك و صخشلل ةيحص لكاشم لمعت و دبكلاب يللا تانيتوربلا عم طبترت

metabolism نوكب اهانعم %30 لاثم رتكا very toxic نوكي حر %1 لاثم ناك اذا اما more safe هنلا less 
toxic



- In some occasions, the metabolite is less water soluble.
- A significant example is the acetyl metabolite of some of the sulfonamides.
 
- Some of the earlier sulfonamides are acetylated to relatively insoluble metabolites

which precipitated in urine, crystalluria.
 
- Now the more commonly used sulfonamides have different elimination and

solubility properties and exhibit less problems.
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-:acetylationلا ةيلمع
 less polar يشا ل لوحتتب و acetyl group اهيلع فاضنب sulfonamides لا تعبت NH2لا

 ىصح لمعتب و ليلقلا solubilityلا ببسب بسرتتب و kidneyلل حورتب acetylation اهلريصي ام دعب
 مسجلا نم sulfonamidesلا علطي ردقي ىتح لئاوس برشي ضيرلما يلخا هنا ةلكشلما ياهل لحلا و ىلكلاب



Two types of Metabolic Reactions



Hydrolysis: 
 exposed ريصب OHلا  و ككفتبف ester لكشع اودلا نوكي نكمم •
  exposed ريصب NH2لا و ككفتبف amide لكشع نوكي نكمم •

Reduction :
NH2 ل لوحتي و NO2 نوكي نكمم

 لضي حر OH هيلع يللا لورتسيلوكلا يز excretion هلريصي ىتح يفكب ام سب polar نوكي اودلا نكمم
lipophilic لا ينعيOH هللمعا هنا يناتلا رايخلاف رثأتب ريتك شم conjucation لاع فيضبفOH هيلع يشا 

 highly نوكتبف OH نايلم وه و glucoronideلا ينات لاثم .. ionized بكرلما يلخبف sulfateلا يز ةنحش
polar .. لا ةيلمع وconjucation اودلا نوكي الم ةيئاهنلا ةلحرلما  نوكتب ةداعلاب

 not polar enough to be excreted  





: Absorption
 conjucation ةيلمع هلريصي و phase II ىلع ةرشابم حوري و phase Iب رمي ام و مدلاع لخدي اودلا نكمم
 علطي و

 excretion نيدعب و conjucation هلريصي كيه دعب و metabolism تايلمع هلريصي اودلا نكمم و

 علطي و conjucation هلريصي و inactive drug ل لوحتي نكمم و

 excretion هلريصب و دبكلاب metabolism تايلمع هلريصي ام نودب مدلل حوربف highly polar نوكي نكمم و
 metabolism هلريصب ام يلاتلاب highly polar وهف 12.8 - 12.5 هلا pkaلا metforminلا اهيلع لاثم ... لوطع

 lipophilicityلا يز اودلا تعبت physicochemical properties لاب رثأتتب metabolismلاف



Phases of metabolism

 cytochrome p450 ميزنلاا
 وا active ل اودلا لوحب

inactive ريصب كيه دعب و 
conjucation نوكي نكمم و 

gluconuride sulfate وا 
glutathione methyl لوحتب 

 transferasesلا ميزنا قيرط نع
 نم علطب و conjucated drug ل
 مسجلا



هلريصب يللا اودلا تافصاوم  
metabolism : 

- lipophilic 
- protein binding 



Phase I reactions:
•  Change drugs to more hydrophilic metabolites which are more readily

excreted
 
•  Introduce into the drug molecule sites for phase II reactions
 
•  May be less toxic (but not always)
 
•  Mostly occur in the endoplasmic reticulum (microsomes) of liver cells.
 
• Usually involve oxidation, reduction, hydrolysis or other reactions
           

Phases of metabolism

 conjucationلا ةيلمع لهست phase I ب اهتفض يللا OHلا نكمم

Microsomal metabolism or microsomal cytochrome p450 metabolism



1- Oxidation
Oxidation is the addition of oxygen and/or the removal of hydrogen, carried

out by oxidases  . Most oxidation steps occur in the endoplasmic reticulum.
These oxidative reactions typically involve a cytochrome P450, NADPH
and oxygen.  

Common reactions include :-
• Alkyl group ----> alcohol
 
 
 
 
                                 
• Aromatic ring ----> phenol
 

Phase I reaction

 جاتحب microsomal enzymeلا
 تايلمعل NADPH ل
 يللا سانلاف metabolismلا
 NADPHلا عينصتب ةلكشم مهدنع
  مهعم طبزتب ةيودلاا لك شم

 alkylلل hydroxylation لمعب
group لكشع ناك اذا و aromatic 

ring ل لوحتبphenol شم نوهف 
 راص .. more polar راص سب
more acidic  نامك



 
 
 
for example phenytoin
 
Oxidation at S or N

 
 
 
                         
for example chlorpromazine
 
2.Reduction
Add a hydrogen or remove oxygen
 

Phases of metabolism

 OH ل reduction هللمعا دياهيدلاا عات double bond Oلا : لاثم



3.Hydrolysis
Addition of water with breakdown of molecule.
              Esters ---> alcohol and acid
 
 
 
• for example aspirin to salicylic acid
 
Phase II
1.Conjugation
Conjugation reactions covalently add large, polar endogenous molecules to parent drug or

Phase I metabolite →inactive and excretable
(glucuronide, glutathione, sulfate, acetate, amino acids etc)
 

Phases of metabolism

Or amide

inactive ل اودلا لوحتب phase IIلا لاوحلاا لكب

 stabilization لمعا ناشع erythromycinلا
 very عم ester لكش ىلع هرضحا نكمم هلا ل

long fatty acid للقا هنا ثيحب 
 نوكب ءاعملاا لصوي سب ف ... solubilityلا
 و esterلا اورسكي هنا نكمم esterases يف
 ياهف ءاعملااب ةينات ةرم free drug ل هولوحي
دبكلاب و ءاعملااب مهيقلاا نكمم تاميزنلاا



• Glucuronidation
This is the main conjugation reaction in the body. This occurs in the liver.

Aliphatic alcohols and phenols are commonly conjugated with glucuronide.
Thus hydroxylated metabolites can also be conjugated. for example
morphine

• Acylation
Acylation, especially acetylation with the acetyl group, e.g. sulfonamides
• Glycine
Glycine addition (NH2CH2COOH) for example nicotinic acid
• Sulfate
Sulfate (-SO4) for example morphine, paracetamol

Phases of metabolism

 و لوحك اهيلع طحنا و لولأاب phase I ب رم نوكب لوحك هيلع ام بكرلما اذا .. لوحك يف نوكي مزلا
 glucoronide conjugation هلراص نيدعب

 لمحت و رخا ل صخش نم metabolismلاب فلاتخلاا بسح slow acetylators و fast acetylators يف
 اودلا ةعرج

بس يصيرله metabolism بقل الsolubility ل اله

glutathione conjucation بصيرله كمان paracetamolال



• In most cases the metabolites are inactive, however, occasionally the
metabolite is also active, even to the extent that the metabolite may be the
preferred compound to be administered. The original drug may take on the
role of a pro-drug. For example:-

 
codeine ---> morphine

primidone ---> phenobarbital
 

• Drug metabolism can be quantitatively altered by drug interactions. This
alteration can be an increase by induction of enzyme activity or a reduction
by competitive inhibition.
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Antitussive
metabolism هلريصي سب morphineل لوحتب هنم ةيلماب ةرشع

Active

Active

active ل لوحتي و prodrug (inactive) نوكي نكمم

 microsomalلل inhibition وا induction لمعت نكمم ةيودلاا ضعب يف
enzymes (cytochrome p450) ىلع رثأت اهنا نكمم و metabolism ةيودلاا 

 phenytoin عم phenobarbitone دخايب عرصلا ضيرم نكمم ينعي ةيناتلا
 ضيرلما مزلاف phenytoinلا عبت acidityلا للقي نكمم phenobarbitoneلاف
 ديفتسي ىتح مهنيب نزاوي



 
 
I. Induction
 
Induction ~ ↑ metabolic activity of enzyme = ↓ [drug]
E.g. Phenobarbitone will induce the metabolism of itself, phenytoin, warfarin,

etc.
E.g. Cigarette smoking can cause increased elimination of theophylline.
E.g. alcohol, Dosing rates may need to be increased to maintain effective

plasma concentrations.

Drug metabolism

For asthma

  metabolismلا تاميزنا ل induction لمعب ethanolلا
 نكممف مسجلا اهجاتحب يللا ةيودلال degradation لمعبف
 مظعلم ىلعا dose مهيطعن جاتحنم لوحك برشتب يللا سانلا
ةيودلاا



 
 
II. Inhibition
 
Inhibition ~ ↓ metabolic activity of enzyme = ↑ [drug]
e.g. grapefruit juice
- For example, warfarin inhibits tolbutamide elimination which

can lead to the accumulation of drug and may require a
downward adjustment of dose.

- Cimetidine is a therapeutic agent (prevent ulcer) that has been
found to impair the in vivo metabolism of other drugs.

 

Drug metabolism

لكلاا نم وا اهسفن ةيودلاا اهببس نكمم

Inhibition of cytochrome p450

anticoagulant اود warfarin عم يركس اود tolbutamideلا
 ىلعا تراص hypoglycemia صخشلل ريصي هنا ةصرفف

Inhibition of cytochrome p450



Factors that can influence drug metabolism:
1. Age: Drugs metabolism is slower in fetal, neonatal and elderly

humans than in adults.
 
2. Sex: women metabolize alcohol more slowly than men
 
3. Other drugs: Certain drugs (enzyme inducers) can increase the

rate of metabolism of active drugs (enzyme induction) and
thus decrease the duration and intensity of the their action.
The opposite is also true (enzyme inhibition).
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organsالاطفال الصغار بكون مش مكتمل عندهم ال
 فلتت نكمم ايلاخلا نم ءزجف رمعلاب ربكتب مهمسج ءاضعا نسلاب رابكلا



4. Food: Grapefruit juice contains furanocoumarins which inhibit
drug metabolism by interfering with hepatic cytochrome P450.

 
5. Genetic variation (polymorphism):
With N-acetyltransferases (involved in Phase II reactions),

individual variation creates a group of people who acetylate
drugs (isoniazid) slowly (slow acetylators) and those who
acetylate quickly.

- This variation may have dramatic consequences, as the slow
acetylators are more prone to dose dependent toxicity.

- 13% of Egyptians are slow acetylators. Warfarin (bleeding) and
phenytoin (ataxia) are examples
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 صخشلل لمعي و هزيكرت ديزي نكمم warfarinلا عم لخادت اذا
  bleeding فيزن

Mutationب ةعرس وا ءطب يف نوكب 
 دنع تاميزنلاا ءادا
 شم و ةنيعم صاخشا

 ضارما مهدنع نوكي طرش
ةيثارو

 ضرلم مدختست يللا ةيساسلاا ةيودلاا نم isoniazidلا
 hepatotoxic نامك ربتعي و antibiotic ك tuberculosisلا

Acetylation:
-sulphonamides
-isoniazid

 ينيداعلا سانلا نم ىلعا side effects نم اوناعب

الataxia بكون الشخص ما بمشي عخط مستقيم



6. Physiological factors that can influence drug metabolism
include age, individual variation (e.g., pharmacogenetics),
enterohepatic circulation, nutrition, intestinal flora, or sex
differences.

 
7. Pathological factors can also influence drug metabolism,

including liver, kidney, or heart diseases.
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 ءاعملااع حوري و gallbladderلا نم secretion هلريصي انلكا ام درجم و gallbladderلاع هيدوي و اودلل metabolism لمعي دبكلا نكمم انايحا
 enterohepatic circulation همسا داه و دبكلاع ةينات ةرم عجربو

 لاجم يطعت اهنا نكمم ةصقان intestinal floraلا تناك ول و vitamensلا نم ددعل metabolismلا نع ةلوؤسم intestinal floraلا
 ومنت اهنا opportunistic bacteriaلل



Liver Disease:
• Acute or chronic diseases that affect liver function markedly affect hepatic

metabolism of some drugs. Such conditions include fat accumulation,
 alcoholic cirrhosis, biliary cirrhosis, and acute viral or drug hepatitis.
These conditions may impair hepatic drug-metabolizing enzymes, particularly
microsomal oxidases, and thereby markedly affect drug elimination.

• For example, the half-life of  diazepam in patients with liver cirrhosis or acute
viral hepatitis is greatly increased, with a corresponding prolongation of its
effect.

 
Renal Disease:
Chronic renal failure affect the drugs that excreted unchanged in the urine e.g

Metformin will lead to lactic acidosis and so contraindicated if
GFR<30ml/min per 1.73m2 body surface area

Cardiac Disease:
• Cardiac disease, by limiting blood flow to the liver, may impair disposition of

those drugs whose metabolism is flow-limited.

Diseases and Drug metabolism

Liver diseases: 
 رتكا رثأب chronicلا-
metabolismلا تايلمعب ةلكشم مهدنع نوكب دبكلاب نوهدلا مكارت نم اوناعب يللا سانلا-
 دبكلاب metabolism اهلريصب يللا ةيودلاا تعبت doseلا للقا مزلا يلاتلابف metabolismلا تايلمع للقتب-

 ريثأت هلا نوكي حر ف ىلكلا و دبكلل مدلا خضب يللا وه



Enterohepatic circulation:
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