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Session Objectives

After this session you will be able to

 Define biopharmaceutics

 Describe barriers of drug transport 

 Describe mechanisms of drug transport
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Introduction…

A young child given an IM injection who might ask "How 

will that 'ouch' get from there to my sore throat"? 
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Introduction…

Development of pharmaceuticals brought a revolution in 

human health

The drug in its dosage form is taken by the patient

The drug is released from the dosage form in a 

predictable and characterizable manner

Some fraction of the drug is absorbed from the site of 

administration

Then drug reaches the site of action

Pharmacologic response results
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Introduction…

Drugs ability to reach the site of action depends on;

 Physicochemical nature

The dosage form 

 Physiological factors

The nature of the drug molecule, the formulation of the dosage 

form and the route of delivery can determine whether an 

administered drug is therapeutically effective, toxic, or has no 

apparent effect at all
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Biopharmaceutics

 Biopharmaceutics concerned with the interrelationship

b/n the physicochemical properties of a drug, the dosage 

form in which the drug is given, and the route of 

administration on the rate and extent of systemic drug 

absorption

 Considers the properties of the drug and dosage form in a 

physiologic environment, the drug's intended therapeutic 

use, and the route of administration 
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Cont…

Biopharmaceutics involves factors that influence; 

 Stability of the drug within the drug product 

 Release of the drug from the drug product

 Rate of dissolution/release of the drug at the 

absorption site

 Systemic absorption of the drug
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Cont…

The aim of biopharmaceutics is to adjust the delivery 

of drug from the drug product in such a manner as to 

provide optimal therapeutic activity and safety for 

the patient

The study of biopharmaceutics is based on fundamental 

scientific principles and experimental methodology

In vitro (test apparatus and equipment) and

In vivo (laboratory animals or human subjects)
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Cont…
 Biopharmaceutic studies allow for the rational design of 

drug products based on;

The physical and chemical properties of the drug substance

The route of drug administration, including the anatomic and 

physiologic nature of the application site ( eg , oral, topical, etc)

Desired pharmacodynamic effect ( eg: immediate or prolonged 

activity)

Toxicologic properties of the drug

 Safety of excipients

 Effect of excipients and dosage form on drug delivery

9



Cont…

Biopharmaceutics is concerned with getting drug from 

its route of administration to blood

Pharmacokinetics is concerned with time course of 

drug absorption, distribution and elimination (ADME)

→ Effect of body on drug

Pharmacodynamics is concerned with relationship b/n 

concentration of drug at site of action and clinical response

→ Onset, duration, intensity of action

→ Effect of drug on body
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Cont…
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Biopharmaceutics
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Scope of  Biopharmaceutics

13

Encompasses all possible effects observed following 

the administration of the drug in the various dosage 

forms

Encompasses all possible physiological factors which 

may affect the drug in various dosage forms



Barriers of drug transport

 The plasma membrane

Composed primarily of phospholipids bilayer interdispersed

with carbohydrates and protein groups

Hydrophilic exterior and hydrophobic interior
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Barriers…
Are semi-permeable lipoidal sieve that act as selective 

barriers to the passage of molecules

Allows passage of small, lipid-soluble molecules across it 

Passage of water and small hydrophilic molecules through its 

aqueous pores

Highly charged and large molecules:

 Number of transporter proteins or carrier molecules transport 

materials back and forth across it

Trans membrane movement of drugs is influenced by the

composition and structure of the plasma membranes
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Barriers…

 Cholesterol

They are tucked in between the phospholipid molecules

 Interacts with the phospholipids, thereby changing the 

fluidity of the membrane

Prevent the fatty acid chains of the phospholipids from 

packing together and crystallizing

Help stabilize the phospholipid's position
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Barriers…

 Carbohydrates

Are present on the exterior surface of cells

Attach cells to one another

Act as receptor substances for binding hormones, such as 

insulin

Bind to proteins or lipids at the exterior surface to form 

glycoproteins or glycolipids, respectively 

Together, glycoproteins and glycolipids are referred to as 

the glycocalyx

Glycocalyx (hydrophilic) attracts large amounts of water to the 

surface of the cell
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Barriers…

 Membrane proteins

 Peripheral proteins 

Attached only to one surface of the membrane

Function as enzymes or as controllers of transport of 

substances through the cell membrane pore
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Barriers…

 Integral proteins 

 Protrude through the membrane, act as channel, carrier, cell 

recognition, receptor, and enzymatic proteins

Many of them provide structural channels (or pores) through which

water molecules and water-soluble substances, especially ions, can

diffuse between the extracellular and intracellular fluids

Other integral proteins act as carrier proteins for transporting

substances that otherwise could not penetrate the lipid bilayer
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Barriers…

 P-glycoprotein

P-glycoprotein is an ATP-dependent transporter which is

capable of transporting an extremely wide variety of drugs

out of the cell

Expressed in intestinal tract epithelia, liver, brain, adrenal

gland, kidney
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Barriers…
P-gp can transport a variety of compounds with very 

different chemical structures 

The number of drugs that can be effluxed from the cell by 

P-gp include 

 cyclosporin A, digoxin,  ß-blockers, erythromycin,  antibiotics, 

cimetidine

Over expressed in human cancer cells 

Contribution to the blood-brain barrier 

 many drugs are not efficiently delivered to the brain, despite the

fact that the drugs are hydrophobic enough to diffuse through the

membranes
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Barriers…

Epithelia

Cells closely packed and arranged in one or more 

layers

Specialised to form the covering or lining of all internal 

and external body surfaces

Epithelial cells are packed tightly together, with almost no 

intercellular spaces

 Only a small amount of intercellular substance
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Barriers…

Attached to the underlying tissue by a thin sheet of 

connective tissue; basement membrane (basal lamina)

 Functions: Protection, Secretion, Absorption, Excretion-

determined by the cell type and number of cell layers
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Barriers…

Classification 
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Barriers…

 Simple: 

One cell layer, provides a selective  barrier for diffusion, 

filtration, secretion, or absorption of selected substances

 Stratified: 

Epithelial with two or more cell layers
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Barriers…
Several morphologically distinct common epithelial types

 Simple squamous epithelium

a thin layer of flattened cells and consequently is relatively 

permeable

lines most of the blood vessels

 Simple columnar epithelium

 Single layer of columnar cells 

 Epithelium of organs such as the stomach and small 

intestine

 Transitional epithelium

composed of several layers of cells of different shapes 

lines epithelia which are required to stretch (eg. Urinary 

bladder, urethra, etc)
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Barriers…

 Stratified squamous epithelium

Several layers of cells, are found in areas which have to 

withstand wear and tear, (eg.  Mouth, throat, oesophagus, 

vagina and anal canal)

 In the skin the outer cells become filled with keratin, and 

then die and slough off from the outside 

 Termed keratinized and provides a major permeability barrier as 

well as protection from the environment
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Barriers…

Cell junctions

Epithelial cells are bonded together by a number of 

different types of junctions which prevent diffusion of 

solutes around the cells

The primary types are

Tight junctions

Gap junctions

Desmosomes
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Barriers…

 Tight junctions

A belt-like structure composed of many protein strands

completely encircles each cell in the epithelium, attaching

it to its neighbors and sealing the outer (luminal) space

from the interior of the tissue or organ

At a tight junction, the interacting plasma membranes are

so close

 No intercellular space and the membranes are within 2A° of 

each other
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Barriers…

Play a critical part in maintaining the selective barrier 

function of cell sheets 

Regulate the passage of ions, molecules and water through 

the paracellular pathway

Are key players in the blood-brain, blood-spinal cord, 

blood-retinal and blood-testis barriers
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Barriers…

 Gap junctions

A gap junction is a '' tunnel '' between cells in which 

messages and nutrients can be passed back and forth

Molecules up to 1200 Daltons can pass freely through the 

gaps
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Barriers…

 Desmosomes: 

Button like points between adjacent cells 

Bond adjacent cells together, enable groups of cells to 

function as structural units 

Most abundant in tissues that are subject to severe 

mechanical stress, such as cardiac muscle, skin epithelium 

and the neck of the uterus

PLASMA MEMBRANE
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Recap 

Define biopharmaceutics

 Describe barriers of drug transport 
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Mechanisms of drug transport

 Mechanisms of drug transport:

 Three broad categories of drug transport mechanisms 

involved in absorption are;

 Paracellular/ intercellular transport (between cells)

Transcellular/intracellular transport 

Vesicular transport 
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Mechanisms of drug transport across cell 

membrane

1. Paracellular (between cells)

2. Transcellular (across cells)

Simple passive diffusion

Facilitated diffusion

Active transport

Vesicular transport 

Pore transport

 Ion-pair Formation
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Mechanisms…

Paracellular pathway

Transport of materials in aqueous pores b/n cells

Cells are joined together via tight junctions

→ Intercellular spaces occupy ~ 0.01% of total SA of 

epithelium

 Tightness of junctions vary b/n different epithelia

→Absorptive epithelia, such as SI tend to be leakier
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Mechanisms…

Paracellular absorption is important for transport of:

Ions such as calcium, sugars, amino acids and peptides at 

conc. above carrier capacity

Small hydrophilic and charged drugs cross via paracellular

pathway

Molecular weight cut-off ~ 200 Da

Absorption is quite limited because the paracellular

pathway comprises a very small percentage of the total 

surface area(~ 0.01% )

39



Mechanisms…

Transcellular /intracellular transport 

Movement across the intracellular space 

Passage of drugs across the GI epithelium 

 Permeation of GI epithelial membrane 
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Mechanisms …

 Passive diffusion

Net movement of molecules (ions) from a region of  higher

to lower concentration

 No energy source is required 

Preferred for relatively low molecular weight lipophilic 

molecules and gases

The major absorption process for most drugs
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Mechanisms…

The driving force is higher  drug concentrations on the 

mucosal side compared to the blood

Low conc. is maintained by blood flow (Sink Condition)

⇒ From lumen to blood
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Mechanisms…

Described mathematically by Fick's first law of diffusion

→ Rate of diffusion (dC/dt) ∝ conc. gradient across

membrane

Where: C g - C b =difference between the concentrations 

of drug in the gastrointestinal tract and in the plasma
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Mechanisms…

 k incorporates diffusion coefficient in GI membrane (D), thickness (h) 

and SA of membrane (A)

 Where: D = diffusion coefficient in GI membrane, h= membrane thickness, 

A= SA of membrane, C GIT - C p =difference between the 

concentrations of drug in the gastrointestinal tract and in the plasma

44

 
h

CCDA

dt
dC PGIT 



Mechanisms…

 Rate of passive diffusion depends on

 Physicochemical properties (molecular size, partition coefficients, ...)

 Many drugs are weak electrolytes

→ Exist as unionized and ionized species (pKa, pH)

→ GI membrane is more permeable to unionized form 

(greater lipid solubility)

→ Non-polar molecules diffuse more easily than polar 

molecules 

⇒ Rate is related to fraction of unionized form

Drug having molecular weight between 100- 400 Daltons are 

effectively absorbed passively
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Mechanisms…

Diffusion coefficient(D)

 Is related to the size and lipid solubility of the drug

As lipid solubility increases or molecular size decreases 

then D increases and thus dC/dt also increases

D is a constant (for a specific molecule in a specific 

environment)
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Mechanisms…

 Nature of membrane (SA and thickness of 

membrane)

Greater the area and lesser the thickness of the 

membrane, faster the diffusion

 Surface area

As the surface area increases the rate of diffusion also 

increase

The surface of the intestinal lining (with villae and 

microvillae) is much larger than the stomach 

Generally absorption is faster from the intestine compared 

with absorption from the stomach47
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Mechanisms…

Membrane thickness (h) 

The smaller the membrane thickness the quicker the 

diffusion process

Eg. The membrane in the lung is quite thin thus inhalation 

absorption can be quite rapid 
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Mechanisms…

Concentration difference (C GIT – Cp ) 

 The rate of drug transport is directly proportional 

to the concentration gradient

 The bigger the difference between the two sides of 

the membrane the quicker the rate of diffusion

Equilibrium is attend when the concentration on 

either side of the membrane become equal
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Mechanisms…

Often, CP <<CGIT, blood acts as 'Sink' for absorbed drug

It is this concentration gradient which allows the rapid 

complete absorption of many drugs 

Because for given membrane, D, A and h are constants:

A first-order kinetic process

→ Rate ∝ conc. in GI fluids

→Valid for most drugs
50
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Mechanisms…

 Carrier-mediated transport

Most drugs are absorbed from GIT via passive 

diffusion

Few lipid insoluble drugs and many nutrients are 

absorbed by carrier-mediated transport

→ Carrier binds drug and transports it across membrane
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Mechanisms…

Explained by shuttling process across epithelial membrane

→ Drug forms complex with carrier

→ Drug-carrier complex moves across membrane

→ Drug liberated on other side

∗ Free carrier returns to initial position in cell membrane 
adjacent to GI lumen
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Mechanisms…

Carrier-mediated transport:

• Active transport

• Facilitated transport
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Mechanisms…

Active transport

Energy-dependent movement of compounds across 

membranes

Against their concentration gradient 

Active transport; 

• Requires energy from the cell in the form of ATP

• Requires specialized proteins (carrier) to bind with 

the particle and transport  
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Mechanisms…

Drug combines with a specific carrier protein, on one side 

of the membrane

Binding stimulates breakdown (hydrolysis) of ATP

Complex formed diffuses across the membrane to the 

opposite side, where the complex dissociates, thus 

releasing the drug

 The carrier protein then return to its initial side to bind 

more drug
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Mechanisms…

Large number of active transport systems in SI

 Peptide T, nucleosideT, sugarT, bile acidT, amino acid T, organic 

anion T and vitamin T

Each carrier system is concentrated in specific segment 

of GIT and has its own substrate specificity

Eg: Bile acid transporters only found in ileum

Developed for nutrients and chemicals essential to life

 Electrolytes, nutrients, vitamins, bile salts
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Mechanisms…

Drug structurally resembling natural substance that is 

actively transported is likely to be transported by same 

carrier

 Penicillins, cephalosporins, ACE inhibitors and renin inhibitors 

rely on peptide transporters for efficient absorption

 Nucleosides and their analogues for antiviral and anticancer 

drugs depend on nucleoside transporters

 5-fluorouracil is transported by pyrimidine transport 

system

 L-dopa and α-methyldopa are transported by amino acid 

transporters
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Mechanisms…

Rate of absorption ∝ conc. of absorbable species 

only at low conc.

 Becomes saturated at higher concentration

 Capacity limited process

 Further increase in conc. will not increase rate of 

absorption

58

(Passive process) 

(Carrier-mediated Process) 



Mechanisms…

 Characteristics of active carrier-mediated 

transport:

 Transportation against concentration gradient

 Selectivity to substrate

 Specific location in GIT

 Saturability

 Competitive inhibition by substrate analogues
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Mechanisms…

Facilitated diffusion

The process where molecules combine with membrane 

bound carrier proteins to cross the membrane

Solutes are transported downhill but at much faster rate 

based on molecular size and polarity

Does not require energy input

→ Require conc. gradient as driving force

Examples: absorption of steroids, amino acids & glucose 

from the gut lumen
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Mechanisms…

Like active transport, it is saturable, substrate selective, subject 

to inhibition by competitive inhibitors and specific in GI location

Plays very minor role in drug absorption
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Mechanisms…

 Vesicular transport

Large macromolecules (e.g., proteins, lipoprotein

particles)

Require more complex mechanisms to traverse

membranes,

 Are transported into and out of cells selectively via

endocytosis and exocytosis

 It is the process of engulfing particles or dissolved 

materials by the cell
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Mechanisms…

63

1. Cell membrane invaginates 
to surround the material, 

2. Engulfs the material 
into the cell

3. Cell membrane containing 

the material forms a vesicle or 

vacuole within the cell



Mechanisms…

 Pinocytosis: causes a small amount of extracellular fluid 

to enter the cell

 Phagocytosis: the engulfment of larger particles or 

macromolecules

Usually used for molecules that are too large to traverse the membrane 

easily via another mechanism

E.g. Vesicular transport is the proposed process for the 

absorption of Vitamin A, D, E, and K, peptides in newborn
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Mechanisms…

 Pore (convective) transport

Transport protein may form an open channel (narrow 

pores) across the lipid membrane of the cell

Very small molecules, such as urea, water and sugars are 

able to rapidly cross the cell membrane through these pores

Facilitate the trafficking of hydrophilic and charged 

molecules

Does not require an additional input of energy

Carry out passive transport
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Mechanisms…

Channels have an advantage over carrier proteins in terms 

of the speed of transport

Up to a hundred million ions can pass through an ion channel 

per second

Drugs do not typically rely on ion channels for transport 

(the channel opening is too small)
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Mechanisms…

 Ion-pair formation

Strong electrolyte drugs, such as quaternary nitrogen 

compounds, are highly ionized or charged ionized over 

entire GI pH

Cannot partition directly into lipoidal membrane

Too large to pass through aqueous filled pores in membrane

When linked with an oppositely charged ion, an ion pair is 

formed in which the overall charge of the pair is neutral

This neutral complex diffuses more easily across the 

membrane

e.g. the formation of an ion pair for propranolol with oleic acid, 

quinine with hexylsalicylate
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Mechanisms…
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Quize1 (5%)

1. Define biopharmaceutics (1 point)_____________

2. Compare Facilitated diffusion and passive diffusion (2 points) 

(write ‘yes’ or ‘no’)

3. For which types of drugs are the following transport 

mechanisms used?(2points)

a. Ion-pair formation:________________________

b. Vesicular transport:________________________
69

properties Facilitated 

diffusion 

passive diffusion 

1.Use energy

2.Saturable

3.Againist concentration gradient

4.Down concentration gradient
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