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2-Drug Distribution 

❖ Drug distribution: is the process by which a drug reversibly leaves the blood and 
enters the extracellular fluids and tissues.

❖  In other words, it means movement of drug from the central compartment (blood) 
to peripheral compartments (tissues) where the drug is present.

❖ The body compartments include extracellular (plasma, interstitial) and intracellular 
which are separated by capillary wall and cell membrane.

❖  Volume of distribution (Vd) and binding of drugs to plasma proteins.



Drug Distribution 

❖Distribution of a drug from systemic circulation to tissues is dependent on:
1.Cardiac output
2.Rate of blood flow
3.Capillary permeability
4.Lipid solubility of the drug
5.Molecular size of the drug
6.Binding to plasma and tissue proteins
7.Tissue volume
8.Special barriers: blood brain barrier, blood prostate barrier, blood ocular barrier…

❖Selective distribution: Some drugs have special affinity for specific tissue. e.g. 
calcium in bones, iodide in thyroid gland and tetracycline in bone and teeth.



Volume of Distribution

❖ Volume of Distribution: 
 Vd, is defined as the volume of fluid required to contain the total amount, Q, of 
drug in the body at the same concentration as that present in the plasma, Cp.
It can be useful to compare the distribution of a drug with the volumes of the 
water compartments in the body
Vd is not a real volume (hypothetical or apparent), small volume indicates 
extensive plasma protein binding, but large volume indicates extensive tissue 
binding
Vd is increased by  increased lipid solubility, increased tissue binding, 
decreased plasma binding.



Volume of Distribution

❖ If a drug has a high molecular weight or is extensively protein bound, it is too large 
to pass through the slit junctions of the capillaries and, thus, is effectively trapped 
within the plasma (vascular) compartment. As a result, it has a low Vd that 
approximates the plasma volume, or about 4 L in a 70-kg individual Ex: Heparin

❖  If a drug has a low molecular weight and has enough lipophilicity, it can move 
into the interstitium through the slit junctions and pass through the cell membranes 
into the intracellular fluid. These drugs (has high Vd ) distribute into a volume of 
about 60% of body weight or about 42 L in a 70-kg individual ex: Ethanol



Clinical significance of Vd

1.In general, a larger Vd indicates greater distribution into tissues; a smaller Vd 
suggests confinement to plasma or extracellular fluid

2.To predict the efficiency  of haemodialysis in case of drug intoxication ( 
haemodialysis is not effective in drugs with high Vd whereas it is effective in drugs 
with low Vd , dialyzable.

3.To asses the loading dose (loading dose= Plasma concentration. X Vd)
4.It has an influence on the half-life of a drug, because drug elimination depends on the 

amount of drug delivered to the liver or kidney. Therefore, an increase in Vd can 
increase the half-life and extend the duration of action of the drug. It is as factor 
involved (affect) in determination of t ½  and clearance (t ½ = 0.7 X Vd/ clearance).



Effect of Vd on Plasma half-life of the Drug

❖  The half-life (the time it takes to reduce the plasma drug concentration by 
half) is equal to 0.7 V d/CL.

❖  Drug elimination depends on the amount of drug delivered to the liver or 
kidney (or other organs where metabolism occurs) per unit of time. 

❖  Delivery of drug to the organs of elimination depends not only on blood 
flow but also on the fraction of drug in the plasma. 

❖  If a drug has a large Vd, most of the drug is in the extraplasmic space 
(tissue) and is unavailable to the excretory organs. 

❖  Therefore, any factor that increases Vd can increase the half-life and 
extend the duration of action of the drug



Binding of the Drugs to plasma proteins

❖ Most of the drugs bind to plasma proteins (mainly albumin) in different percent. 
This binding to plasma proteins is reversible.



Clinical significance of protein binding
1. Drugs are present in blood:
⚫ Free form: active, diffusible, available for biotransformation and excretion.
⚫ Bound form: inert, non-diffusible, not available for metabolism and excretion. It acts 

as a reservoir for drug.
2. Drugs highly bound to plasma proteins are in general expected to persist in body 

longer than those less bound, less efficient distribution and less available for dialysis 
in poisoning.

3. Potential target for drug/drug interaction. Two drugs may have affinity for plasma 
protein binding sites, thus compete with each other leading to drug interactions. Ex 
salicylates  can displace warfarin from plasma proteins.

4. Hypoalbuminmia (liver disease, nephrotic syndrome, pregnancy, malnutrition) can cause 
potential increase in effect and/or toxicity.



3- Drug Metabolism

 Major site of drug metabolism is the liver
The aim of metabolism is to change the polarity of the drug (lipophilic to hydrophilic), so 
the kidney can efficiently excrete the drugs. Therefore, lipid-soluble agents are first 
metabolized into more polar (hydrophilic) substances in the liver via two general sets of 
reactions, called phase I and phase II .
Metabolism may result in:

1. Drug inactivation (most of drugs)
2. Conversion of inactive drug (prodrug) into active metabolite (cortisone to cortisol, enalapril 

to enalaprilat)
3. Conversion of active drug into active metabolite (codiene→ morphine)
4. Conversion to toxic metabolite (methanol → formaldehyde)

Some of drugs are not metabolised and excreted unchanged in the kidney.



Biotransformation (Metabolism)
❖ Phases of biotransformation: 
❖ Phase I (non-synthetic) reactions:  introduction or unmasking of functional 

group by oxidation, reduction or hydrolysis.
❖ Phase II (Synthetic, conjugate) reactions: Functional group or metabolite 

formed by phase I is masked by conjugation with natural endogenous 
constituent as glucuronic acid, glutathione, sulphate, acetic acid, glycine or 
methyl group. These reactions usually result in drug inactivation with few 
exceptions e.g. morphine-6- conjugate is active metabolite of morphine.

❖ Most of drugs pass through phase I only or phase II only or phase I then phase 
II.



The cytochrome P450 (CYP) system

❖  Phase I reactions convert lipophilic drugs into more polar molecules by 
introducing or unmasking a polar functional group, such as –OH or –NH2. 
Phase I reactions usually involve oxidation, reduction, or hydrolysis

❖ The phase I reactions most frequently involved in drug metabolism are 
catalyzed by the cytochrome P450 (CYP) system (mixed function 
oxidases). 

❖  The P450 system is important for the metabolism of many endogenous 
compounds (such as steroids, lipids) and for the biotransformation of 
exogenous substances (drugs, carcinogens, and environmental pollutants). 
CYP is a superfamily of heme-containing isozymes located in most cells, 
but primarily in the liver and GI tract.



CYP 450 enzyme system

❖  Four important isozymes (CYP3A4, CYP2D6, CYP2C9, and CYP1A2) are 
responsible for the vast majority drug metabolism 

❖  CYP is potential target for drug/drug interaction
❖  CYP inducers: drug are capable of inducing  CYP enzyme activity, thereby 

increasing the rate of metabolism and hepatic clearance of concurrently 
administered drugs, which result in decrease in pharmacologic action.

❖ CYP inhibitors,  drugs that inhibit CYP enzyme activity thus decrease the 
rate of metabolism and result in prolonged clearance of concurrently 
administered drugs. So the potential for toxicity or exaggerated response in 
increased.



Enzyme Inducers vs Inhibitors

Parameter Inducers Inhibitors

Effect on Metabolism Increase rate of metabolism Decrease rate of metabolism

Occurrence delayed Rapidly occurs

Pharmacologic action of 
co-administered drug decreased Increased and potential risk 

of toxicity

Example phenobarbital, phenytoin 
rifampin, and carbamazepine

cimetidine, ciprofloxacin, 
erythromycin, sodium 

valproate, ketoconazole



Cases of CYP drug/drug interaction

❖  Phenytoin induces the CYP 3A4,  metabolism of cyclosporin A 
(immunosuprassant drug), thus it causes graft rejection in organ transplant 
patient.

❖  Erythromicin (an antibiotic) inhibits metabolism of  thiophylline 
(bronchodilator drug with narrow  therapeutic index), so it causes 
accumulation of thiophylline and increases the risk of cardic arrythmia.

❖ Ciprofloxacin (an antibiotic) inhibits CYP 2C9 metabolism of  warfarin 
(anticoagulant with narrow  therapeutic index), so it increases risk of 
bleeding



Biotransformation (Metabolism)

❖ Factors affecting drug metabolism
1. Drugs (inducers or inhibitors)
2. Genetic variability
3. Nutritional state: 
4. Dosage: High dose can saturate metabolic enzyme leading to drug accumulation.
5. Age: Drug metabolism is reduced in extremes of age (old patients and infants).
6. Gender: testosterone induces CYP450, whereas estrogen inhibits it. 
7. Disease state (ex Liver disease decreases the ability to metabolize drugs). 



4- Drug Elimination

❖  Elimination is irreversible removal of drug from the body. It involves 
biotransformation (drug metabolism) and excretion.

❖  Excretion is removal of intact drug from the body.
❖  Clearance (CL) estimates the volume of blood from which the drug is 

cleared per unit of time. It predicts rate of elimination



KINETICs of Elimination (metabolism):

1. First ordered kinetic (Linear): constant fraction of drug is metabolized or 
eliminated per unit time. i.e the rate of drug metabolism is proportional 
to the concentration of free drugs. Most drugs follow this type

2. Zero ordered kinetic(Non-linear or Saturable): constant amount of drug 
is metabolized or eliminated per unit time. The enzyme is saturable and 
the metabolism remains constant over time. Like Ethanol, aspirin and 
phenytoin



First order vs Zero order Kinetics Of Elimination

Parameter First Order Zero Order

Rate of Metabolism Constant fraction (ratio)/ 
unit time Constant amount/ unit time

Enzyme Saturation No Yes

Expectation of PC of Drug 
at given time Yes No

Effect of Drug 
dose/concentration 

Elimination is proportional 
to drug dose/ concentration

Elimination is independent 
on drug dose/ concentration

Drugs Most drugs follow this type Few drugs follow this type 
(Ethanol, Phenytoin, Aspirin

Referred to Linear, not saturable Non-linear, saturable



First order vs Zero order Kinetics Of Elimination



The half-life (Plasma t ½) 

❖  The half-life (Plasma t ½) is the time it takes to reduce the plasma drug 
concentration by half (50% ). It is the time required for the concentration of 
the drug in the plasma to decrease to one half of its initial value. 

❖   It useful parameter derived from Vd and CL. So it is affected by Vd and 
rate of elimination (but not rate of administration or infusion!!!!!!)

❖  The clinical importance is to:
• To determine the dose and dose interval (frequency).
• To Expect the steady state (reached after 4-5 t ½ )



The Steady State Concentration 

❖  The steady state concentration is a condition in which the plasma level of 
drug remains steady. It occurs when the rate of elimination equal to rate of 
administration, it is reached after 4-5 t ½ .

❖   Loading dose is the dose  required to achieve the steady state 
concentration of a drug in the plasma. When the time to reach the  study 
sate is appreciable, as it is for drugs with long half lives, it is desirable to 
adminster loading dose

❖  Maintenance dose is the dose required to maintain the steady state 
concentration of a drug in the plasma..



Renal excretion of the Drugs

❖  Removal of drugs from the body occurs via a number of routes; the most 
important is elimination through the kidney into the urine (Major Route).

❖  Patients with renal dysfunction may be unable to excrete drugs and are at 
risk for drug accumulation and adverse effects.

❖  Renal mechanisms of drug excretion : glomerular filtration, active tubular 
secretion, and passive tubular reabsorption.



Renal excretion of drugs
❖  Renal Excretion: It is the result of three processes (mechanisms):

1. Glomerular filtration: It is affected by variation of GFR and protein binding of drugs 
2. 3-Active tubular secretion e.g., probenecid, penicillin
3. Passive tubular reabsorption: affected modification of urinary PH 



2-Gastrointestinal Tract
3-Sweat: 
4-Lungs: e.g., gases and volatile anesthetics.
5-Milk: basic drugs are trapped and excreted in acidic milk, e.g., morphine, 

Minor Routes of Drug Excretion 
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Thank You


