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OBJECTIVES

The students will be able  to :
1. Define drug interactions.
2. Explain  why drug interactions are graded phenomena.

3. Ascertain whether the pharmacokinetics or the 
pharmacodynamics of a drug, or both, are altered by 
another drug, given unbound plasma drug concentration 
– time data.

4. Explain the consequence of a pharmacokinetic drug 
interaction when the mechanism of the interaction and 
the circumstances of its occurrence are given.

5. Anticipate the likely changes in the plasma and unbound 
concentrations of a drug with time when its 
pharmacokinetics is altered by concurrent drug therapy.

6. Suggest an approach to the modification in the dosage 
regimen of a drug when its pharmacokinetics is altered 
by concurrent drug administration.



REASONS WHY PATIENTS  RECEIVE MULTIPLE 

DRUGS

1. Combination drug therapy has been found to be 
beneficial in the treatment of some conditions, 
including cardiovascular diseases, infections, and 
cancer.

2. Patients frequently suffer from several diseases, 
and each may require the use of one or more drugs.

3. Drugs are prescribed by different clinicians

 MULTIPLE DRUG CAN GIVE RISE TO A DRUG 
INTERACTION 

 A DRUG INTERACTION OCCURS WHEN EITHER THE 
PHARMACOKINETICS OR THE 
PHARMACODYNAMICS OF ONE DRUG IS ALTERED 
BY ANOTHER.

THE OUTCOME OF CONCURRENT DRUG 
ADMINISTRATION MAY DIMINISH THERAPEUTIC 
EFFICACY OR INCREASE 
TOXICITY OF ONE OR MORE OF THE ADMINISTERED 
DRUGS.



DAMPAK INTERAKSI OBAT 

TERHADAPRESPON KLINIK
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CLASSIFICATION OF DRUG INTERACTIONS

1. Pharmacokinetic interactions

2. Pharmacodynamic interactions 

 Definition:

Distinction between the two is best made by relating 
response to the unbound concentration of the 
pharmacologically active species. If there is no 
change in the unbound concentration-response curve 
implies a pharmacokinetic interaction.

 Drug interactions are graded phenomena. This means 
that the degree of interaction depends on the 
concentration of interacting species and hence on        
dose and time.



I. PHARMACOKINETIC INTERACTIONS

Interaction is interpreted to indicate any situation in which one drug affects
another.

A pharmacokinetic interaction can arise either through a physical
interaction, such as competition for protein binding site, or through altered
physiology, such as altered blood flow at an absorption site. The result is
change in one or more of the primary pharmacokinetic parameters, ka, F,
V, Cl which in turn alter the secondary pharmacokinetic parameters, such
as half life and fe. 

According to direction, interaction can be classified in to :

 Unidirectional interaction : A         B : the unaffected drug can be 
considered independently.

 Bidirectional interaction   : A         B :in this case, the measured response
of one drug can not be considered  
without also defining the level of the
other.



EXAMPLES OF DRUG INTERACTIONS

Parameter Res
pon
se

Example Comment

Absorption rate Acetaminophen

Metoclopramide

Lidocaine
Epinephrine

Metoclopramide hastens gastric 
emptying

Epinephrine decreases blood flow 
to sc and im sites of 
administration.

Availability Metoprolol

Cimetidine

Tetracycline         Ca

Cimetidine inhibits Metoprolol me

tabolism

Insoluble compl. Ca Tetracycline

Volume of 
distribution

Salicylic acid         
Phenylbutazone

Digoxin         Quinidine

Competitive displacement from 
plasma (and tissue) binding site.

Quinidine displaces digoxin from 
tissue binding sites.

Renal clearance Salicilyc acid         
Bicarbonate

Benzylpenicillin       
Probenecid

Elevated urine pH by bicarbonate 
diminishes tubular reabsorption of 
salicylate.

Probenecid inhibits the secretion of 
penicillin.

Horizontal arrow indicates the direction of the interaction



DRUG ABSORPTION INTERACTIONS

 Most drugs are given orally for absorption through 
the mucous membranes of the GIT, and most of 
the interactions which go on within the gut result in 
reduced rather than increased absorption

 Effects of changes in GI pH, adsorption, chelation 
and other complexing mechanisms, changes in GI 
motility can affect the extent of drug absorption

 A reduction in the rate of absorption may result in 
failure to achieve adequate serum level for optimal

therapy



ALTERED ABSORPTION

1. Remember that the more rapid the absorption process the higher 
and the earlier is the peak plasma drug concentration and that 
neither the total area under the concentration-time curve after a 
single dose nor the area within a dosing interval at the plateau after 
chronic dosing changes unless the availability of the drug is altered

 Drugs and foods that influence gastric emptying

Drugs and foods may influence the stomach emptying rate by 
influencing GI motility. It should be noted that, in general, any 
substance in the stomach delays emptying can delay the absorption 
of a drug because the rate of absorption is higher in intestine ( 
large surface area ) compared to that of in stomach ( small surface 
area )

Table 1. Lengths of various regions of the human GI Tract 

Region Mean ( cm ) Range ( cm )

Overall range (nose to anus)

Duodenum

Jejunum and ileum

Colon

451

22

255

100

394 – 500

18 – 26

206 – 318

91 - 125
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INFLUENCE OF DRUGS ON GASTRIC EMPTYING

DRUG INTERACTANT INFLUENCE ON DRUG 
ABSORPTION

L-Dopa Antacids Increased rate and extent of 
absorption appears to be due to 
increased emptying rate; effect 
seems variable

Griseofulfin Phenobarbital Reduced absorption possibly 
due to increased intestinal 
transit rate

Isoniazid Al(OH)3 Reduced rate and possibly 
extent of absorption possibly 
due to reduced emptying rate

Acetaminophen Metoclopramide Metoclopramide hastens (   ) 
gastric emptying



INFLUENCE OF ….( CONTINUED )

COMPLEXATION, 
CHELATION & 
ADSORPTION

INTERACTANT INFLUENCE ON DRUG 
ABSORPTION

Aureomycin Al(OH)3 Reduced extent of 
absorption 

Cephalexin

Chlorothiazide

Digitoxin

Digoxin

Cholestyramine Decreased absorption

INH

Ranitidine

Antacids Reduced extent of 
absorption

Tetracycline Antacids Reduced extent of 
absorption

Tetracycline Iron Reduced extent of 
absorption

Tolbutamide Activated charcoal Decreased absorption



INFLUENCE OF FOODS ON DRUG ABSORPTION

TYPE OF MEAL INFLUENCE ON DRUG ABSORPTION 

Fatty acids Reduction in rate of emptying (directly 
proportional to their concentration and carbon 
chain length)                 absorption

Triglycerides Reduction in rate of emptying           absorption                  
; unsaturated triglycerides are more effective than 
saturated ones

Carbohydrates Reduction in rate of emptying           absorption

Amino acids Reduction in rate of emptying            absorption



APPROACHES IN MAINTAINING EFFICACY

 One alternative is to avoid using interactant

 In case no other alternatives, pharmacokinetic 
approaches must be done.

 Based on the concept of clinical pharmacokinetics,

dosing rate for oral drug administration is the 
following :

F.D/ז = Cl .Css

This means any changing in bioavailability (F) 
requires dosage adjustment. If F        dose should 
be increased.



ALTERED DISTRIBUTION

( DRUG-PROTEIN BINDING INTERACTIONS )

 Following absorption into systemic circulation, drugs 
are reversibly bound to plasma protein

Dr + Prot [ Dr ] [ Prot ]

 Only the unbound drugs are distributed into different 
part of the body including cells in which receptors 
are present. This means that only the unbound forms 
remain pharmacologically active.

 As the free molecules become metabolized, some of 
the bound molecules become unbound and pass into 
solution to exert their normal pharmacological 
actions.



ALTERED DISTRIBUTION …( CONTINUED ) 

 The most common explanation for altered distribution in a drug 
interaction is displacement.

 Displacement is the reduction in the binding  of a drug to a 
macromolecule, usually a protein, caused by a competition of another 
drug, the displacer, for the common binding site(s).

 The displacer must have higher affinity for the binding site compared 
to that of the first drug.

 The concentration of the displacer approaches or exceeds the molar
concentration of the protein binding sites { albumin exists 120 
g/3liters in plasma (0.6 millimolar) and 150 g in the interstitial fluids }

 The result is a rise in the fraction of drug unbound in plasma or tissue, 
or both which in turn causes toxicity.

Remember ! 

If the drug is not bound it cannot be displaced.



BINDING OF SELECTED ACIDIC DRUGS TO ALBUMIN

Drug that bind to and compete for one of two sites, designated A and B,

on albumin.

Site A Site B

Chlorothiazide

Furosemide

Indomethacin

Naproxen

Phenylbutazone

Phenytoin

Sulfadimethoxine

Tolbutamide

Warfarin

Benzodiazepines

Cloxacillin

Dicloxacillin

Glibenclamide

Ibuprofen

Indomethacin

Naproxen

Probenecid

Tolbutamide



DRUG METABOLISM INTERACTIONS

 Most of drugs are altered within the body to less 
lipid-soluble compounds which are more easily 
excreted by the kidneys. This is called 'metabolites' ,  
'biotransformation', 'biochemical degradation' or 
detoxification even though a few are excreted 
unchanged (fu).

 Some drug metabolism goes on (berlangsung) in the 
serum, the skin, the kidneys and the intestines

 The greatest proportion of metabolism is carried out 
by enzymes which are found in the membranes of 
the endoplasmic reticulum of the liver cells

 Drug metabolism interactions may happen through 

inhibition or induction of these enzymes   



ENZYME INHIBITION

 Enzyme inhibition can occur within 2 to 3 days 
resulting in rapid development of toxicity 

 Inhibition of drug metabolism is the major cause of 
reduced unbound clearance. 

 Reduction of the unbound clearance will decrease 
the rate of drug elimination as expressed by the 
following relation

Rate of elimination = Cl x Css

 The unbound drug concentration can rise to a toxic
level, unless an adjustment in dosage is made. 

This is the most dangerous type of interaction.



Examples of drugs that inhibit hepatic 

metabolism of other drugs
Drug causing 
inhibition

Drug inhibited

Bishydroxycoumarin Tolbutamide

Chloramphenicol Carbamazepine, chlorpropamide, oral 
anticoagulants, phenobarbital, phenytoin, 
tolbutamide

Chlorpromazine Phenytoin, propranolol

Cimetidine Benzodiazepines, carbamazepin,5 
fluorouacil, imipramine, lidocaine, 
meperidine , phenytoin, propranolol, 
theophyllin, warfarin

Disulfiram Benzodiazepines, phenytoin, warfarin

Erythromycin Carbamazepine, theophylline



Examples of drugs that inhibit…..( continued )

Ethanol (acute 
ingestion )

Diazepam, meprobamate, pentobarbital, 
phenytoin, tolbutamide, warfarin

INH Carbamazepine, phenytoin

Oral contraceptives Diazepam, imipramine,oral anticoagulants, 
theophylline

Propranolol Diazepam, lidocaine

Sulfonamides Carbamazepine, phenytoin, tolbutamide, 
warfarin

Langkah2 yg dpt dilakukan utk mengantisipasi efek toksik :

 Pilih Ceff min atau kurangi dosiss utk obat yg dipengaruhi

 Monitor efek dari obat ybs

 Bila perlu, sesuaikan dosis



ENZYME INDUCTION

 A phenomenon familiar to prescribers is the 
tolerance which develops to some drugs. For 
example, when barbiturates were widely 
used as hypnotics it was found necessary to 
keep on increasing the dosage as the time 
went by to achieve the same hypnotic 
effect. In fact, barbiturates increase the 
activity of the microsomal enzymes so that 
the rate of metabolism and excretion 
increases.

 This phenomenon also accounts for drug 
interaction.

 When enzyme induction occurs the amount 
of endoplasmic reticulum within the liver 
cells increase and cytochrome P 450 level 
also increases.



ENZYME INDUCTION ( CONTINUED )

 The extent of the induction depends on the 
drug and its dosage.

 it may take days or even 2-3 weeks to 
develop fully, and persist for similar length 
of time when the inducing agent is stopped.



ENZYME INDUCERS

 MANY DRUGS CAN ACCELERATE THEIR 
METABOLISM AND ALSO THAT OF OTHER DRUGS 
BY INDUCTION OF HEPATIC MICROSOMAL 
ENZYMES WHICH IN TURN INCREASE 
CLEARANCE AND RATE OF ELIMINATION

 THIS WILL DECREASE  CONCENTRATION        
AND THE EFFECTIVENESS OF CERTAIN OTHER 
DRUGS AND MAY HAVE LIFE-THREATENING 
CONSEQUENCIES IF  THE INDUCER IS 
DISCONTINUED WITHOUT CHANGING 
(LOWERING) THE DOSAGE OF THE SECOND 
DRUG



Examples of drugs that induce hepatic metabolism of other 

drugs 

Inducing agent Drug induced

Carbamazepine Oral anticoagulants, phenytoin

Cigarette smoking Theophylline

Griseofulvin Oral anticoagulants

Phenobarbital Chloramphenicol, chlorpromazine, cimetidine, 
digitoxin, griseofulvin, oral anticoagulants, 
phenylbutazone, phenytoin, theophylline

Phenytoin Carbamazepine, cyclosporine, diazepam, 
digitoxin, doxycycline, glucocorticoids,oral
anticoagulants, quinidine, theophylline, 
valproic acid



APPROACHES TO DRUG THERAPY

Langkah-langkah yg dpt dilakukan utk mengoptimal

kan terapi :

1. Utk obat yg dipengaruhi, pilih Ceff max dlm 
penentuan dosis

2. Monitor pasien thdp tanda-tanda sub-level 
terapi obat

3. Bila perlu hitung kembali kecepatan pemberian



INTERACTIONS DUE TO CHANGES IN 

EXCRETION

 Most drugs are excreted either in bile or in urine.

 Blood entering the kidneys along the renal arteries 
is, first of all, delivered to the glomeruli of the 
tubules where molecules small enough to pass 
through ( e.g. water, salts, some drugs ) are filtered 
through into the lumen of the tubules.

 Larger molecules, such as plasma proteins and blood 
cells, are retained.

 The blood flow then passes to the remaining parts of 
the kidney tubules where active energy-using 
transport systems are able to remove drugs and 
their metabolites from the blood and secrete them 
into the tubular filtrate.



FACTORS THAT AFFECTS DRUG EXCRETION

1. CHANGES IN URINARY pH
( Perubahan pH urine )

2. CHANGES IN LIVER BLOOD FLOW
(Perubahan aliran darah ke hati )

3. CHANGES IN KIDNEY BLOOD FLOW
( Perubahan aliran darah ke ginjal )

4. CHANGES IN ACTIVE KIDNEY TUBULE EXCRETION
( Perubahan eksresi tubule )



1. CHANGES IN URINARY pH

 Passive reabsorption of drugs depend upon 
the extent to which the drug exists in the 
non-ionized lipid-soluble form which in turn 
depend on its pKa and pH of the urine

 Only the un-ionized form is lipid-soluble and 
diffuses back through the lipid membranes 
of the tubule cells.

 At high pH value, weakly acid drugs (pKa 
3.0-7.5) largerly exist as ionized forms 
which are unable to diffuse in to the tubule 
cells

 The clinical significant of this interaction 
mechanism is small because almost all drugs 
are metabolized by the liver to inactive 
compounds 



2. CHANGES IN LIVER & RENAL BLOOD FLOWS

 The rate of presentation of a drug to an organ of 
elimination is the product of blood flow (Q) and the 
concentration in blood entering the arterial side 
(CA). 

Rate of presentation = Q . CA  ………………………(1)

 The rate at which the drug leaves on the venous 
side is the product of the  blood flow (Q) and its 
concentration in the returning venous blood (CV)

Rate of leaving on venous side = Q .CV  ………(2)

Rate of Extraction  = (1) – (2) = Q ( CA –CV )  

E ( Extraction Ratio ) = (CA –CV)/CA

 The value of E can lie between 0 and 1

If no drug is eliminated E = 0

If no drug escapes past the organ E = 1



CHANGES IN LIVER & RENAL BLOOD FLOWS .........

( CONT. )

Blood clearance = Blood flow . Extraction ratio

Average liver blood flow = 1.35 liters/minute

The following table shows changes in Clearance (Cl) 
and  Extraction ratio (E) with changes in blood flow :

Drug with Blood flow Extraction ratio Clearance

High E

Low E

Arrow shows the direction



NOTE

 By definition, when the extraction ratio is 
low, the venous drug concentration is 
identical with arterial concentration.

 This means changes in blood flow should 
produce no change in the drug 
concentration within the organ, the rate of 
elimination and clearance

 A caution is needed, because there are 
physiologic mechanisms that may

produce such an effect. 



HEPATIC  EXTRACTION RATIO OF FEW  DRUGS AND 

METABOLITES

Extraction ratio

HEPATIC 
EXTRACTI
ON

Low

(<0.3)

Intermediate

(o.3 – 0.7)

High

(>o.7)

Carbamazepine

Diazepam

Digitoxin

Indomethacin

Phenbarbital

Phenytoin

Procainamide

Salicylic acid

Thephylline

Tolbutamide

Aspirin

Quinidine

Codeine

Nortriptyline

Desipramine

Doxepin

Isoproterenol

Lidocaine

Meperidine

Morphine

Nitroglycerin

Propranolol



RENAL EXCRETION RATIO OF FEW DRUGS

Extraction ratio

Renal 
extraction

Low

(<0.3)

Intermediate

(0.3 – 0.7)

High

(>0.7)

Atenolol

Cefazolin

Chlorpropamide

Digoxin

Furosemide

Gentamicin

Lithium

Phenobarbital

Sulfisoxazole

Tetracycline

Cimetidine

Cephalothin

Procainamide

Some Penicillins

Many 
Glucuronides

Some 
Penicillins



3. CHANGES IN ACTIVE KIDNEY TUBULE 

EXCRETION

 Drugs which use the same active transprt systems in 
the kidney tubules can compete with one another for 
secretion.

 For example, probenecid reduces the excretion of 
penicillin and other drugs by succesfully competing 
for an excretory mechanism, thus the “loser” ( 
penicillin )is retained. The “winner” ( probenecid ) is 
also later retained because it is reabsorbed further 
along the tubule.



II. PHARMACODYNAMIC

INTERACTIONS

• Pharmacodynamic interactions are those where 

the effects of one drug are changed by the 

presence of another drug at its site of action.

• Sometimes the drug directly compete for 

particular receptors but often the reaction is 

more indirect and involves the interference with 

physiological mechanisms. These interactions 

are more difficult to classify than those which 

are pharmacokinetic.



CLASSIFICATION OF 

PHARMACODYNAMIC INTERACTION

1. ANTAGONISTIC INTERACTION

2. SYNERGISTIC INTERACTION

3. POTENTIATION INTERACTION

4. AUGMENTATIVE INTERACTION

5. COPLEMENTARY INTERACTION



Drugs with Opposing Pharmacologic Effects

(Antagonistic Interactions)

 Interactions resulting from the use of 2 drugs with 
opposing pharmacologic effects should be among the 
easiest to detect

 various factors may preclude early identification of 
such antagonism. For example, thiazides (such as 
HCT) and certain other diuretics may elevate blood 
glucose levels. 

 When a diuretic is prescribed for a diabetic who takes 
insulin or an oral hypoglycemic agent, the 
hypoglycemic action of the antidiabetic drug may be 
partially counteracted.

 In this case, dosage adjustment is required.

http://www.krctraining.com/CRA Definitions/diuretic.htm
http://www.krctraining.com/CRA Definitions/diuretic.htm


ANTAGONISTIC INTERACTIONS ( CONT. )

 Adrenergic ( sympatomimetic drugs ) that act  to 
release catecholamines (norepinephrine, 
epinephrine and dopamine ) used for cardiovascular 
effects and bronchdilator, CNS stimulants, mydriatic 
and appetite suppressants

interact with :

adrenergic blocking agents ( such as phentolamine 
known as α receptor blocker, propranolol HCl  and 
metoprolol tartrate known as β receptoer blockers.

 Anticoagulants with vitamin K



SYNERGISTIC INTERACTIONS

The combined effect of two drugs which 
are given simultaneously is the algebraic 
sum of the individual actions.



Drugs with Similar Pharmacologic Effects 

(Synergistic Interactions )

 An example of this type of interaction is the 
increased CNS depressant effect that often 
occurs when persons taking antianxiety 
agents, antipsychotic agents, antihistamines, 
or other drugs having depressant effects 
drink alcoholic beverages.

 Many people risk these combinations without 
serious difficulty, but they can be lethal.

 Combining drugs with CNS depressant 
activity increases the risks of excessive 
sedation and dizziness.

http://www.krctraining.com/CRA Definitions/brain.htm


EXAMPLES OF SYNERGISTIC INTERACTIONS

( CONTINUED )

 Concurrent use of drugs such as an antipsychotic 
agent (e.g., chlorpromazine), an antiparkinsonian 
drug (e.g., trihexyphenidyl), and a tricyclic 
antidepressant (e.g., amitriptyline).

 In some individuals, particularly elderly patients, this 
additive effect may result in an atropine-like delirium 
that could be mistakenly interpreted as a worsening of 
psychiatric symptoms or the presence of dementia.

 Concurrent use of drugs with anticholinergic activity 
may also result in dry mouth and associated dental 
complications, blurring of vision, and hyperpyrexia in 
patients exposed to high temperature and humidity.



Examples of synergistic ( continued )

Commonly, a patient may unknowingly take 
several different products that contain the 
same nonsteroidal anti-inflammatory drug.
An arthritic patient, using prescribed 
ibuprofen (often at dosage levels at or near 
the recommended maximum), may purchase 
an OTC ibuprofen product for pain or 
discomfort not associated with the arthritis, 
not knowing that the 2 products contain the 
same drug and increase the risk of adverse 
effects.



POTENTIATION

One drug may increase the potency 
of another by interfering with its 
destruction or disposition, thus 
increase the effect of a given dose.

This term is interpreted differently by 
different people. 



Augmentative and Complementary 

Interactions

 Augmentative interaction means one 
drug prolongs the action of another 

 Complementary interaction means  
drugs complete each other ( saling 
melengkapi )

for example thiazids ( HCT and KSR )


