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Pharmacokinetics

 What the body does to the drug

 The study of characteristic interactions of a drug

and the body in terms of its absorption, distribution,

metabolism, and excretion.

 Based on the hypothesis that the action of a drug

requires presence of a certain concentration in the

fluid bathing the target tissue.

 In other words, the magnitude of response (good or

bad) depends on concentration of the drug at the

site of action



Pharmacokinetics
• Absorption

• Distribution

• Metabolism

• Elimination

Study of [drug] over time



 Transfer of a drug from its site of administration to
the bloodstream via one of several mechanisms.

 Necessary for the production of a therapeutic effect.

 The rate and efficiency of absorption depends on
the route of administration. e.g. for intravenous
route, absorption is complete.

 For other routes, oral, requires drug to be dissolved
in GI fluid and then penetrate the GI wall to reach
blood stream.

Absorption



Drug Transport

• Drugs can cross cellular membranes by:

A) Passive diffusion

1-simple diffusion      2-filteration

B) Carrier-mediated diffusion

C) Active transport

D) Endocytosis



Passive diffusion
Any foreign compound can penetrate cells by diffusing its

un-ionized moiety through the lipid membrane.

 It depends on molecule’s size, charge, the lipid-water

partition coefficient and the concentration gradient.

 In simple diffusion, drugs cross the lipid membrane in

uncharged form.

Acidic drugs are best absorbed in the stomach because of

its acidic environment.

Alkaline drugs are best absorbed in the intestine which has

higher pH.

 Filtration occurs when low molecular weight molecules

can pass through cell membrane pores or channels.



Carrier-mediated diffusion

Macromolecule will facilitate the transport across

the cell membrane

Its:

• saturable process

• selective for the chemical structure of a drug

• requires no energy

• cannot move against concentration gradient.



Active transport
 Similar to carrier-mediated diffusion in its concept

with two main differences:

• requires metabolic energy generated from an

enzyme known as Na+-K+-ATPase.

• can transport molecules against concentration

gradient.

Endocytosis

Minor method by which vacuolar apparatus in

some cells can be modified to engulf the drug

molecule



Factors influencing absorption

1. Effect of pH on drug absorption: Most drugs are 

either weak acids or weak bases. A drug passes through 

membranes more readily if it is uncharged.

2. Blood flow to the absorption site.

3. Total surface area available for absorption.

4. Contact time at the absorption surface.

5. Expression of P-glycoprotein: is a multidrug 

transmembrane transporter protein responsible for 

transporting various molecules, including drugs, across 

cell membranes.



Dose

Destroyed

in gut
Not

absorbed

Destroyed 

by gut wall

Destroyed

by liver

to

systemic

circulation

Bioavailability: the fraction of the administered dose 

reaching the systemic circulation

Is there any difference between bioavailability of oral and intravenous 

doses?

First pass metabolism



Bioavailability is determined 

by comparing plasma levels of a drug 

after a particular route of 

administration (like oral) with plasma 

drug levels achieved by IV injection. 

Factors influence bioavailability:
1-First-pass hepatic metabolism.

2-Solubility of drug.

3-Chemical instability.

4-Nature of drug formulation.



Distribution

 Is the process by which a drug reversibly leaves the 

blood stream and enters the cells of the tissues.

 Rate & Extent depend upon

• Chemical structure of drug

• Rate of blood flow

• Ease of transport through membrane

• Binding of drug to proteins in blood

• Elimination processes 



 In the circulatory system, variable quantities of drugs can bind to 

plasma proteins e.g. Albumin or globulins.

 Only free drugs (unbound) exert biological effects.

 Bound drugs stay in the vascular space and not metabolized or 

eliminated.   

 Renal failure, inflammation, fasting, malnutrition can have effect on 

plasma protein binding.

 Competition from other drugs can also affect % bound.

 Some drugs can be sequestered in storage depots like lipid soluble 

drugs in fatty tissues.

 Some parts of the body are not easily accessible due to e.g. anatomical 

barrier like the brain so that level of drugs are expected to be low

Drug distribution



A bound drug has no effect!

Amount bound depends on:

1) free drug concentration

2) the protein concentration 

3)   affinity for binding sites

% bound= __[bound drug]__________ x 100

[bound drug] + [free drug]



An Example

 warfarin (anticoagulant)  protein bound ~98%

 Therefore, for a 5 mg dose, only 0.1 mg of drug is 

free in the body to work!

If patient takes normal dose of aspirin at same time 

(normally occupies 50% of binding sites), the aspirin 

displaces warfarin so that 96% of the warfarin dose is 

protein-bound;  thus, 0.2 mg warfarin free;  thus, 

doubles the ingested dose



Volume of Distribution

 Vd =  D/C

Vd is the apparent volume of distribution

C= Conc of drug in plasma in mg/L

D= Total amount of drug in the body in mg

 Vd gives one as estimate of how well the drug is 
distributed.  

 e.g. if 25mg of a drug ( D=25mg) is administered 
and the plasma concentration is 1.0 mg/L, then the 
Vd=25L 



Drug half life t½
 This is the duration of time required for the concentration or 

amount of drug in the body to be reduced by one-half (50%).

 It represents the duration of action of a drug.

 A drug molecule that leaves plasma may be eliminated from 

the body, or it can be translocated to another body fluid 

compartment such as the intracellular fluid or it can be 

destroyed in the blood. 

 The removal of a drug from the plasma is known as 

clearance

 Clearance, together with volume of distribution are 

important in determining the half life of a drug. 



Clearance

 Volume of blood in a defined region of the 

body that is cleared of a drug in a unit time.

 Clearance is a more useful concept in reality 

than t 1/2 since it takes into account blood flow 

rate

 Clearance varies with body weight

 Also varies with degree of protein binding



The half-life of a drug is increased 

by:-

1) Diminished renal plasma flow or 

hepatic blood flow for example, in 

cardiogenic shock, heart failure, or 

hemorrhage.

2) Decreased extraction ratio for 

example, as seen in renal disease.

3) Decreased metabolism for example, 

when another drug inhibits its 

biotransformation or in hepatic 

insufficiency, as with cirrhosis.

Effect of the dose of a single 

intravenous injection of  

drug on plasma levels

The half-life of a drug may decrease by:-

1) Increased hepatic blood flow.

2) decreased protein binding.

3) Increased metabolism.



The elimination rate constant (k)

Is the fraction of drug in the body which is 

removed per unit time.

t 1/2 = 0.693 / k

Clearance = Vd (0.693)/t1/2

 If drug has short duration of action, design drug 

with larger t ½ and smaller k

 If drug too toxic, design drug with smaller t ½ and 

larger k



Steady-State

 It refers to the constant plasma concentration of a 

drug that occurs after a certain period of time.

 Steady-state occurs after a drug has been given for 

approximately five half-lives.  

 At steady-state: the rate of drug administration 

equals the rate of elimination.
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Accumulation to Steady State

e.g. 100 mg given every half-life

50% of steady-state drug concentration is achieved in t1/2

75% of steady-state drug concentration is achieved in 2t1/2

90% of steady-state drug concentration is achieved in 3.3t1/2

99% of steady-state drug concentration is achieved in 4t1/2



Continuous-infusion regimens:

smooth increase of drug conc., 

steady-state plasma conc. is 

directly proportional to the infusion 

rate. When the infusion is stopped, 

the plasma concentration of a drug

declines to zero with the same time 

course observed in approaching the 

steady state.

Administration of a drug by fixed 

doses rather than by continuous 

infusion is often more convenient.

However, fixed doses, given at 

fixed-time intervals, result in time-

dependent fluctuations in the 

circulating level of drug.



Single IV injection: For simplicity, assume 

the injected drug rapidly distributes into a 

single compartment. Because the rate of 

elimination is usually first order in regard to 

drug concentration, the circulating level of 

drug decreases exponentially with time.

Multiple IV injections: When a drug is given 

repeatedly at regular intervals, the plasma 

concentration increases until a steady state is 

reached. 

Multiple oral administration: Most drugs are 

taken orally on a fixed-dose/fixed-time-

interval regimen, a specific dose taken one, 

two, or three times daily. 

In contrast to IV injection, orally 

administered drugs may be absorbed slowly.



Maintenance  dose: Drugs are generally  administered to 

maintain a steady-state concentration within the therapeutic 

window.

Dosing Rate = (C plasma)(CL)/F

C plasma = target concentration in plasma

CL= clearance , F= bioavailability

Loading dose: A delay in achieving the desired plasma levels

of drug may be clinically unacceptable. Therefore, a loading

dose of drug can be injected as a single dose to achieve the

desired plasma level rapidly, so this (initial dose) is given to

get the patient under the effect of the drug followed by an

infusion to maintain the steady state (maintenance dose).



Metabolism

 The chemical modification of drugs with the overall 

goal of getting rid of the drug 

 Enzymes are typically involved in metabolism

Drug

Metabolism More polar 

(water soluble)

Drug

Excretion



Phases of Drug Metabolism

 Phase I Reactions

 Convert parent compound into a more polar 
(=hydrophilic) metabolite by adding or unmasking 
functional groups (-OH, -SH, -NH2, -COOH, etc.) 
e.g. oxidation

 Often these metabolites are inactive

 May be sufficiently polar to be excreted readily



The Most Important Enzymes
Microsomal cytochrome P450 monooxygenase family of 

enzymes, which oxidize drugs

Act on structurally unrelated drugs

Metabolize the widest range of drugs.

 Found in liver, small intestine, lungs, kidneys, placenta

 Consists of > 50 isoforms

 Major source of catalytic activity for drug oxidation

 It’s been estimated that 90% or more of human drug 
oxidation can be attributed to 6 main enzymes:

 CYP1A2          CYP2D6    CYP2C9           CYP2E1       CYP2C19         CYP3A4

 In different people and different populations, activity of 
CYP oxidases differs.



Inhibitors and inducers of 

microsomal enzymes

 Inhibitors: erythromycin, cyclosporine, tolbutamide

prolong action of  other concomitant administered 

drugs

 Inducers: barbiturates, carbamazepine , phenytoin, 

rifampin shorten action of other concomitant 

administered drugs



 Phase II Reactions

 Conjugation with endogenous substrate to 
further increase aqueous solubility

 Conjugation with glucoronide, sulfate, acetate, 
amino acid

Phases of Drug Metabolism



Kinetics of Metabolism

First-order kinetics:

 The rate of drug metabolism is directly proportional to the

concentration of free drug.

 This means that a constant fraction of drug is metabolized

per unit of time.

When the drug discontinued the rate of elimination of drug

from the plasma falls as the plasma of concentration falls.

 The drugs undergo first- order kinetics in general needs 5

half-lives to be totally eliminated from the body as it needs 5

half lives to reach steady state.



Zero-order kinetics:

With a few drugs, such as aspirin, ethanol, and phenytoin,

the doses are very large.

As the amount of drug rises in the plasma, certain

processes that have limited capacity become saturated i.e. the

rate of the process reaches maximum at which it remains

constant due to limited amount of enzymes even if dose

increases , so it is not proportional to the dose this is also

called rate-limited

So that a constant amount

of drug is metabolized per

unit time.



Elimination

 The main process that body eliminates "unwanted" 
substances. 

 Most common route - biliary or renal 

 Other routes - lung (through exhalation), skin (through 
perspiration) etc.

 Lipophilic drugs may require several metabolism steps 
before they are excreted



Elimination by the Kidney

Excretion - major

 1) glomerular filtration

 glomerular structure, size constraints, 
protein binding

 2) tubular reabsorption/secretion

 - acidification/alkalinization,

 - active transport, competitive/saturable, 
organic acids/bases
- protein binding

Metabolism - minor



IMPORTANT EFFECTS OF PH 

PARTITIONING:

 Urinary acidification will accelerate the excretion 

of weak bases and retard that of weak acids;  

alkalination has the opposite effects

 Increasing plasma pH (by addition of NaHCO3) 

will cause weakly acidic drugs to be extracted 

from the CNS into the plasma;  reducing plasma 

pH (by administering a carbonic anhydrase

inhibitor) will cause weakly acidic drugs to be 

concentrated in the CNS, increasing their toxicity



Renal Elimination

• Glomerular filtration:  molecules below 20 kDa 
pass into filtrate.  Drug must be free, not protein 
bound.

• Tubular secretion/reabsorption:  Active transport.  
Followed by passive & active.  DP=D + P.  As D 
transported, shift in equilibrium to release more 
free D.  Drugs with high lipid solubility are 
reabsorbed passively & therefore slowly excreted.  
Idea of ion trapping can be used to increase 
excretion rate---traps drug in filtrate.



Quiz
• A patient took single dose of 200 mg 

drug X which has a t1/2 of 2 hrs. 

• How many hours he needs for his drug 

plasma level to reach 6.25 mg?


