
Lecture 4



Factors affecting Drug 

Dissolution:

a) Salt forms

b) Effective surface area

c) Crystal forms



A- salt forms

Salts of weak acids and weak bases generally have 

much higher aqueous solubility than the free 

acid or base.

Sodium salts of weak acids & Hcl salt of basic drug 

is the most commonly used salts 

Dissolution rate of novobiocin sod. salt fifty times 

than of free acids

Chlorpromazine HCl dissolve more rapidly than of 

free acid.



B& C- effective surface area and 

crystal forms

Is the surface area of the drug available to the dissolution fluid.

Micronized products have high surface area and hence high 

dissolution and absorption rate. 

Polymorphism:

 Some drugs exist in a number of crystal forms or polymorphs.

 These different forms may have different solubility properties

and thus different dissolution characteristics

 Chloramphenicol palmitate is one example which exists in three

crystalline forms A, B and C.



Crystal forms

A  → is the stable polymorph

B → is the metastable polymorph (more soluble) 

C  → is the unstable polymorph

Polymorphic forms A and B were investigated.

The extent of absorption of Chloramphnicol

increases as the Proportion of the polymorphic

form B is increased in each suspension.

This is attributed to the more rapid Dissolution of

the metastable Polymorphic form B.



Crystal form

Amorphous solid

The amorphous form dissolves more rapidly than the

corresponding crystalline form.

The amorphous form of novobiocin dissolve more rapidly

than the crystalline form of the drug.



D- Drug stability and hydrolysis 

in GIT

Drugs that are susceptible to acidic or enzymatic hydrolysis

in the GIT, suffer from reduced bioavailability.

How to protect drugs (erythromycin) from degradation in

gastric fluid ??

1- Preparing enteric coated tablets containing the free base

of erythromycin. The enteric coating resists gastric fluid but

disrupts or dissolves at the less acid pH range of The small

intestine.



2-The administration of chemical derivatives of the parent

drug. These prodrugs (erythromycin stearate) exhibit limited

solubility in gastric fluid, but liberate the drug in the small

intestine to be absorbed.

In some cases:

Hydrolysis of drug in GIT is very beneficial.

E.g. conversion of chloramphenicol palmitate or stearate to

the active parent chloramphenicol by esterase enzyme

before absorption.



E- Complexation

Complexation of a drug may occur within the dosage form

and/or in the gastrointestinal fluids, and can be beneficial or

deterimental to absorption.

1- Intestinal mucosa (mucin)    + Streptomycin  = poorly 

absorbed complex

2- Calcium    + Tetracycline = poorly absorbed complex

(Food-drug interaction)



E- Complexation

3-Carboxyl methylcellulose (CMC)  + Amphetamine    =

poorly absorbed complex (tablet additive – drug interaction)

4- Lipid soluble drug + water soluble complexing agent =

well - absorbed water soluble complex ( cyclodextrin)

Effect of surfactants:

Below CMC increase the absorption of drug but above CMC

may retard the drug absorption.



F-Adsorption

Certain insoluble substances may

adsorbed co-administrated drugs leading

to poor absorption.

Charcoal (antidote in drug intoxication).

Kaolin (antidiarrhoeal mixtures)

Talc (in tablets as glidant)



III- formulation factors affecting 

absorption

Solution > suspension > capsules > compressed tablets >

coated tablets



III- formulation factors affecting 

absorption



Once the drug enters the blood steam either by direct

vascular administration (I.V) or by absorption through any of

the extravascular routes, these molecules start to mix with

the body fluids, eventually distributing to the site of action.

Therefore:

The distribution process initiate the drug action

Distribution depends on the regional blood flow and on the

physical and chemical properties of the drug.





Distribution can be thought of as one of following 

four types of patterns.

1-The drug may remain largely within the vascular system.

Plasma substitutes such as dextran are an example of this

type, but drugs which are strongly bound to plasma protein

may also approach this pattern .

2-Some low molecular weight water soluble compounds

such as ethanol and a few sulfonamides become uniformly

distributed throughout the body water.



3- Most drugs exhibit a non- uniform distribution in the body

with variations that are largely determined by the ability to

pass through membranes and their lipid/water solubility.

4- A few drugs are concentrated specifically in one or more

tissues that may or may not be the site of action.

Iodine is concentrated by the thyroid gland.

The antimalarial drug chloroquine may be present in the 

liver at concentrations 1000 times those present in plasma. 

Tetracycline is almost irreversibly bound to bone and 

developing teeth. 





1- membrane permeability

Diffusion of the drug to the cellular compartment depends on the

various factors that affect the membrane permeability

I.e. lipid solubility, the extent of binding to plasma protein and the

degree of ionization.

Drug that has low lipid solubility, strong binding to plasma protein

and/or high degree of ionization has limited access to cellular sites

of action.

Capillary wall are quite permeable to lipid soluble drugs.

Water soluble compounds penetrate more slowly at rate depend

on their size.



Low molecular weight drugs pass through by simple diffusion

For drugs can be ionized the drug‘s pka and the pH of the blood

will have the largest effect on the transfer rate across the capillary

walls.

2- blood perfusion rate

the rate at which blood perfuses to the different organs varies

widely.

Total blood flow is the greatest to brain , kidney, liver and muscles

with the highest perfusion rate to brain, kidney, liver and heart.



Distribution Patterns

• drug stays within vascular system

• drug distributes throughout body water

• drug concentrates in specific tissues

• drug distributes throughout body and tissue



Drug Stays in Vascular System

• Large molecular weight or tightly bound to plasma protein

– e.g. plasma substitutes

Drug Distributes in Body Water

• Low molecular weight molecules

– e.g. ethanol, water (D20)



Drug Concentrates in Specific Tissues

• Chloroquine in liver – concentration 1000 times plasma

concentration

• Tetracycline to bone, teeth

• Radiopharmaceuticals

• Iodine in thyroid glands



Drug Distributes throughout  Tissues and Body Fluids

• Distribution determined by ability to pass through membranes, 

and lipid/water partition

• A common distribution pattern

• Highest concentration often in organs of elimination

– kidney, liver, intestine, heart, brain



i) Plasma protein binding

Albumin for acidic drugs

globulins for steroids , vitamins and metal ions

α1 acid glycoprotein for basic drugs

binding is usually reversible.

 the fraction of drug that is bound to plasma protein cannot 

diffuse from the vascular space and is pharmacologically inactive.

 free and unbound fractions are in equilibrium and if the free drug 

removed from the plasma by metabolism or excretion is replaced by 

drug release from the bound fraction

I.e. bound fraction is considered as drug reservoir



Binding to plasma protein is rather non selective and many

drugs can compete with each other and with the

endogenous substances for theses binding sites

These competition for the binding sites may results in:

↑ in the free concentration of one drug .

Binding to plasma protein is rapidly reversible process.

Binding involves:

Ionic, Van der waals, hydrogen bonds



When the concentration of the plasma protien is low ( as in

hepatic disease, renal disease or malnutrition) highly bound

drug should be administered in less than normal doses.

Some drugs as digoxin binds to heart muscles







1- Albumin:

Comprises about half of total plasma protein

In disease state its conc. is altered, it decreases:

In acute injury due to increased filtration and degradation

In burns, due to direct loss of protein

In neoplastic diseases and acute viral hepatitis due to

reduced synthesis and accumulation of biochemical inhibitors

as bilirubin

Binds for acidic drugs as sulfonamides, phentyoin,

salisylates, colfibrate and barbiturates.



2- α1 acid glycoprotein

Binds for basic drugs as imipramine, lidocaine,

propranolol and quinine.

Its conc. increases in inflammation (arthritis),

malignant diseases and stress

Conc. decreases in hepatic disease.



2- α1 acid glycoprotein

Binds for basic drugs as imipramine, lidocaine,

propranolol and quinine.

Its conc. increases in inflammation (arthritis),

malignant diseases and stress

Conc. decreases in hepatic disease.



Increased binding to protein the drug takes longer

time to equilibrate, the intensity of response is

diminished and the effect is prolonged.

E.g. ampicillin and cloxacillin

Both penetrate well to synovial fluids but ampicillin

is preferred in the treatment of rheumatic arthritis.



For drugs excreted via golmerular filtration route,

binding decreases excretion

But drugs which are mainly excreted by an active

tubular secretion mechanism the excretion is

increased as a result of increased protein binding

E.g. highly protein binding diuretics; fursemide and

bumetanide



Eg1 : warfarin displaced by salisylates and aspirin 

hemorrhage

Eg2 : phenytoin displaced salisylates phenylbutazone,….

Eg3 :tolbutamide displaced by sulfonamides, phenylbutazone 

and salisylates                    hypoglycemia



Sulfonamide and salisylates contraindicated

to young infants ands neoborn ?

These drugs displaced bilirubin from

bindings sites since these drugs have higher

affinity to albumin binding sites resulting in

hyperbilirubinemia and a condition of

jaundice may develop.



Other structures besides plasma may bind drugs.

The affinity of a tissue for a drug may be for any of

several reasons including binding to:

Tissue protein (as albumin)

nucleic acids

Adipose tissue



The concentration of chloroquine in the liver is

due to the binding of the drug to DNA.

Barbiturates distribute extensively into adipose

tissue, because of high lipid solubility.

Tetracycline binds to bone

Less known about tissue binding than plasma

binding because tissue samples can be obtained

only by invasive biopsy.



Termination of drug effect is accomplished

by biotransformation and excretion, it may

be also result from redistribution of the drug

from its site of action into other tissues.

Thiopental is short acting general anesthesia

( duration 20-30 min.) ??



Thiopental is highly lipid soluble and following

single iv injection it is immediately taken to the brain

due to its high blood flow.

It reached the maximum conc. within a minute.

Followed by redistribution and the thiopental

leaves the brain unchanged i.e. In an active form and

diffuses in other tissues as muscles and slowly to

fat depots where they stored.

The conc. in the brain falls and consciousness

returns



When successive dose of thiopental is given :

Accumulation of thiopental in the storage sites

muscles and fats reaches saturation; the plasma

conc. Rises and the brain conc.

So the duration of thiopental is prolonged and

recovery may required several hours.



Thank You


