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ABSTRACT

Article history:

In recent years, oral controlled release (CR) system is most acceptable dosage form by the
patients. Drugs having short biological half-life and poor water solubility are the suitable
candidate for development of CR system. They include dosage forms for oral and transdermal
administration as well as injectable and implantable systems. For most of drugs, oral route
remains as the most acceptable route of administration. Certain molecules may have low oral
bioavailability because of solubility or permeability limitations. Development of an extended
release dosage form also requires reasonable absorption throughout the gastro-intestinal tract
(GIT). Among the available techniques to improve the bioavailability of these drugs
fabrication of osmotic drug delivery system is the most appropriate one. The release of
drug(s) from osmotic systems follows zero order. It is mainly governed by various
formulation factors such as solubility and osmotic pressure of the core component(s), size of
the delivery orifice, and nature of the rate-controlling membrane. The present review
highlights an overview of OCDDS. And new technologies, fabrication and recent clinical
research in osmotic drug delivery. Further, the challenges of these technologies and its future
perspective are also discussed at length.
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Introduction
Novel drug delivery systems (NDDS) are the key area of
pharmaceutical research and development. The reason is
relatively low development cost and time required for
introducing a NDDS ($20-50 million and 3-4 years,
respectively) as compared to new chemical entity
(approximately $500 million and 10-12 years, respectively).
The focus in NDDS includes design of NDDS for new drugs
on one hand and on the other NDDS for established drugs to
enhance commercial viability [1]. During the past three
decades significant advances have been made in the area of
NDDS. Among the various NDDS available in market,
controlled drug delivery system has taken major role in the
pharmaceutical development. This is due to improved patient
convenience and compliance, reduction in fluctuation in
steady state plasma level so decrease intensity of local or
systematic side effects and increase safety margin of high
potency drugs. In control release (CR) systems, there is
maximum utilization of drug enabling reduction in total
amount of dose administered and possibility of delivering
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drugs having short biological half-life[2]. Various designs are
available to control or modulate the drug release from a
dosage forms. Majority of oral CR dosage forms fall in the
category of matrix, reservoir or osmotic systems.
Conventional matrix or reservoir type formulations exhibits
problem of bioavailability fluctuations due to gastric pH
variations. Moreover, the release of drugs from these systems
is affected by the hydrodynamic conditions of the body.
Osmotically controlled drug delivery systems (OCDDS) is one
of the most promising drug delivery technologies that use
osmotic pressure as a driving force for controlled delivery of
active agents[3]. Drug release from OCDDS is independent of
pH and hydrodynamic conditions of the body because of the
semi permeable nature of the rate-controlling membrane and
the design of deliver orifice used in osmotic systems, so a high
degree of in vitro/in vivo correlation is achieved. It is also
possible to obtain higher release rates through these systems
than through other diffusion-based systems [4,5]. There are
over 240 patented osmotic drug delivery systems. They are

Corresponding Author: Neetu R Gupta, Oriental college of pharmacy. Navi Mumbai, India. E-Mail:
neetu.041989@yahoo.com
117

Gupta et al. / Indian J. Pharm. Biol. Res., 2014; 2(2):117-129
also known as GITS (gastro-intestinal therapeutic system) [6]
and today, different types of osmotic pumps, of various drugs,
are available in the market to fulfil patient’s need and
requirement [7,8]. This review mainly focuses on the
theoretical aspects, basic components of OCDDS, factors
affecting OCDDS, different technologies, marketed products
and future asp.
Advantages
The following advantages have contributed to the popularity
of osmotic drug delivery systems [9,10].
The delivery rate of zero order is achievable with
osmotic system.
Delivery may be delayed or pulsed, if desired.
Higher release rates are possible with osmotic system
compared with conventional diffusion-controlled
delivery system.
The release rate of osmotic system is highly
predictable.
For oral osmotic system, drug release is independent
to gastric pH and hydrodynamic condition.
The release from osmotic system is minimally
affected by presence of food in gastrointestinal tract.
A high degree of in vivo-in vitro correlation is
obtained in osmotic system.
Improve patient compliance with reduced frequency.
Basic Concepts
Principle of Osmosis
Osmosis can be defined as the spontaneous movement of a
solvent from a solution of lower solute concentration to a
solution of higher solute concentration through an ideal semi
permeable membrane, which is permeable only to the solvent
but impermeable to the solute. The pressure applied to the
higher-concentration side to inhibit solvent flow is called the
osmotic pressure [11].
Delivery Rate
The OCDDS consists of an osmotic core containing drug and
an osmogen surrounded by a semi permeable membrane with
an aperture. A system with constant internal volume delivers a
volume of saturated solution equal to the volume of solvent
uptake in any given time interval. Excess solids present inside
a system ensure a constant delivery rate of solute. The rate of
delivery generally follows zero-order kinetics and declines
after the solute concentration falls below saturation [12]. The
solute delivery rate from the system is controlled by solvent
influx through the semi permeable membrane. The osmotic
flow of the liquid depends on the osmotic and hydrostatic
pressure differences across the semi permeable membrane of
the system. This phenomenon is the basic feature of no
equilibrium thermodynamics, which describes the volume flux
across the semi permeable membrane[13].
Formulation Considerations of OCDDS
Generally OCDDS consists of two parts: One of this is core
and another is semi permeable membrane (coating). Core of
OCDDS consists of drugs, osmotic agents, hydrophilic and
hydrophobic polymers, flux regulating agents, wicking agents,
while coating includes polymer, coating solvent, plasticizers
and pore forming.
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Basic Components Required for Osmotic Pump
a) Drug
b) Osmotic agent
c) Semi permeable membrane
d) Channelling agent or pore forming agent
e) Flux regulator
f) Wicking agent
g) Coating solvent
h) Plasticizer
a. Criteria for selection of a drug
• Short biological half life (2-6 hour)
• High potency
• Required for prolonged treatment (e.g.nifedipine,
verapamil, glipizide, chlorpromazine hydrochloride.)
Vyas.P. et al (2004) developed an oral osmotic system which
can deliver theophylline and salbutamol sulphate
simultaneously for extended period of time and characterized
it. An optimized system was selected to study the effect of
concentration of pore forming agents and orifice diameter on
the release of the drugs. The release profiles of both drugs
were satisfactory when compared with marketed controlled
release formulations [14].
Roger A. Rajewski et al (2004) investigated the application of
controlled-porosity
osmotic
pump
tablet
(OPT)
utilizing(SBE)7m --CD both as a solubilizer and an osmotic
agent for drugs with varying physical properties. OPTs
utilizing (SBE)7m--CD were prepared for five poorly soluble
drugs such as prednisolone, estradiol, naproxen, indomethacin
and chlorpromazine and for two highly water soluble drugs
such as diltiazem hydrochloride and salbutamol sulfate. It was
found that for the soluble drugs (SBE)7m --CD acts primarily
as an osmotic and an OPT control agent. Significantly, (SBE)
7m –CD not only enhances the delivery of poorly soluble
drugs from OPTs but acts as controlling excipients for soluble
drugs such that the release rate, corrected for tablet surface
area, of both poorly soluble and soluble drugs are similar[15].
Roger A. Rajewski et al (1999) studied the membrane
controlling factors responsible for drug release from a
controlled-porosity osmotic pump tablet (OPT) that utilizes
sulfobutyl ether--cyclodextrin, (SBE) 7m --CD, both as
solubilizing agent and osmotic agent. The release rate of
chlorpromazine (CLP) from OPTs containing (SBE) 7m –CD
increased with increasing amounts of micronized lactose and
decreasing amounts of triethyl citrate. The effect of lactose
particle size in the membrane on drug release was studied[16].
b. Osmotic agent
Polymeric osmogents are mainly used in the fabrication of
osmotically controlled drug delivery systems and other
modified devices for controlled release of relatively insoluble
drugs. Osmotic pressures for concentrated solution of soluble
solutes commonly used in controlled release formulations are
extremely high, ranging from 30 atm for sodium phosphate up
to 500 atm for a lactose-fructose mixture (table 1). These
osmotic pressures can produce high water flows across semi
permeable membranes [17].The osmotic water flow across a
membrane is given by the equation,
dv/dt=AQ∆θΠ/l
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Where dv/dt, is the rate of water flow across the membrane of
area A, thickness l,permeability ɵ in cm3.cm/cm2. h. atm, and
∆π[18].
Wright et al., (1992) studied an osmotic controlled release
bilayer tablet for water soluble drugs. In their device, the drug
compartment containing the drug and an osmo polymer, a low
molecular weight CMC(as thixotropic transport means), was
placed together side by side with the osmotic compartment
which had a higher molecular weight CMC as osmotic agent
preferably with another osmotically active compound.Both
low and high molecular weight CMCin the device cooperated
to exhibit a high level of hydrodynamic and osmotic activity
adequate for controlled delivery of the drug over the time with
minimum (as little as3.7%) residual drug left in the
device[19].
c. Semi permeable membrane
The membrane should be stable to both outside and inside
environments of the device. The membrane must be
sufficiently rigid so as to retain its dimensional integrity
during the operational lifetime of the device. The membrane
should also be relatively impermeable to the contents of
dispenser so that osmogent is not lost by diffusion across the
membrane. Finally, the membrane must be biocompatible.
Some good examples for polymeric materials that form
membranes are cellulose esters like cellulose acetate, cellulose
acetate butyrate, cellulosetriacetate, ethyl cellulose and
Eudragits [20].
Ideal properties of semi permeable membrane [21]
The semi permeable membrane must meet some performance
criteria,
a. The material must possess sufficient wet strength (10-5 psi)
and wet modules so (10-5 psi) as to retain its dimensional
integrity during the operational lifetime of device.
b. The membrane must exhibit sufficient water permeability
so as to attain water flux rates (dv/dt) in the desired range. The
water vapour transmission rate can be used to estimate water
flux rate.
c. The reflection co-efficient (ɵ) or “leakiness” of the osmotic
agent should approach the limiting value of unity. But
polymer membrane must be more permeable to water.
Hai Bang Lee et al (2000) studied the sandwiched osmotic
tablet system (SOTS). A sandwiched osmotic tablet core
surrounded by a cellulose acetate membrane with two orifices
on the surfaces of both sides was successfully prepared for the
purpose of delivering nifedipine. The appropriate orifice size
was observed in the range of 0.50 – 1.41 mm. It was also
found that the drug release rate of SOTS could be increased by
incorporating hydrophilic plasticizer in the membrane,
whereas it could be decreased by incorporating a hydrophobic
plasticizer[22].
Herbig S. M. et al (1995) found a new type of asymmetric
membrane tablet coatings offering significant advantages over
conventional osmotic tablets. These asymmetric-membrane
coatings can be used to make osmotic drug-delivery
formulations with several unique characteristics. The use of
asymmetric-membrane coatings on pharmaceutical tablets is
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described in this study; the coatings have also been applied to
capsules and multi-particulate formulations [23].
d. Channeling agent or leachable pore forming agents
These are the water-soluble components which play an
important role in the controlled drug delivery systems. When
the dissolution medium comes into contact with the
semipermeable membrane it dissolves the channeling agent
and forms pores on the semipermeable barrier. Then the
dissolution fluid enters the osmotic system and releases the
drug in a controlled manner over a long period of time by the
process of osmosis. Some examples of channeling agents are
polyethylene glycol (PEG) 1450, -mannitol, bovine serum
albumin (BSA), diethylphthalate, dibutylphthalate and
sorbitol[24-26].
Pradeep Vavia. R et al (2003) designed a controlled porosity
osmotic pump based on controlled release systems of
pseudoephedrine in which cellulose acetate was used as a
semipermeable membrane. The effect of pH on drug release
was also studied. This system was found to deliver
pseudoephedrine at a zero order rate for twelve (12) hrs
independent of the environmental pH [27].
Ji-Eon Kim et al (2000) studied the effect of various pore
formers on the controlled release of an antibacterial agent
from a polymeric device. Cefadroxil was chosen as the model
antibiotic and was incorporated into a polyurethane matrix by
the solvent casting method. Polyethylene glycol 1450 or mannitol, or bovine serum albumin (BSA) was used as a pore
former. The morphological changes in the matrices before and
after release studies were investigated by scanning electron
microscopy (SEM). Changing the weight fraction and particle
size of the pore formers/drug mixtures could control the
release of cefadroxil from the matrix. The release rate of
cefadroxil increased as the loading dose of the pore former
increased (15<20<25%) [28].
Gaylen Z M. et al (1985) studied zero-order release of watersoluble osmotically active agents from tablets coated with
controlled porosity walls. The walls were sponge like in
appearance and substantially permeable to both water and
dissolved solutes. The rate of release was a function of the
wall thickness and the level of leachable pore forming agents.
The concept of osmotically actuated drug delivery on an
equivalent mass per unit surface area basis was demonstrated
[29]
e. Flux regulators
Delivery systems can be designed to regulate the permeability
of the fluid by incorporating flux regulating agents in the
layer. Hydrophilic substances such as polyethethylene glycols
(300 to 6000 Da), polyhydric alcohols, polyalkylene glycols,
and the like improve the flux, whereas hydrophobic materials
such as phthalates substituted with an alkyl or alkoxy (e.g.,
diethyl phthalate or dimethoxyethylphthalate) tend to decrease
the flux. Insoluble salts or insoluble oxides, which are
substantially water-impermeable materials, also can be used
for this purpose[30].
f. Wicking agents
A wicking agent is defined as a material with the ability to
draw water into the porous network of a delivery device. A
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wicking agent is of either swellable or non swellable nature.
They were characterized by having the ability to undergo
physisorption with water. Physisorption is a form of
absorption in which the solvent molecules can loosely adhere
to surfaces of the wicking agent via Vander Waals interactions
between the surface of the wicking agent and the adsorbed
molecule. The function of the wicking agent is to carry water
to surfaces inside the core of the tablet, thereby creating
channels or a network of increased surface area. Materials,
which suitably for act as wicking agents include colloidal
silicon dioxide, kaolin, titanium dioxide, alumina,
niacinamide, sodium lauryl sulphate (SLS), low molecular
weight poly vinyl pyrrolidone (PVP), mpyrol, bentonite,
magnesium aluminium silicate, polyester and polyethylene.
g. Coating solvent
Solvents suitable for making polymeric solution that is used
for manufacturing the wall of the osmotic device include inert
inorganic and organic solvents that do not adversely harm the
core, wall and other materials. The typical solvents include
methylene chloride, acetone, methanol, ethanol, isopropyl
alcohol, butyl alcohol, ethyl acetate, cyclohexane, carbon
tetrachloride, water etc. The mixtures of solvents such as
acetonemethanol (80:20), acetone-ethanol (80:20), acetonewater (90:10), methylene
chloridemethanol (79:21),
methylene chloridemethanol- water (75:22:3) etc. can be
used[18].
h. Plasticizer
Different types and amount of plasticizers used in coating
membrane also have a significant importance in the
formulation of osmotic systems. They can change viscoelastic
behavior of polymers and these changes may affect the
permeability of the polymeric films [30]. Some of the
plasticizers used are as below:
• Polyethylene glycols
• Ethylene glycol monoacetate; and diacetate for low
permeability
• Tri ethyl citrate
• Diethyl tartarate or Diacetin- for more permeable
film
Factors influencing the design of osmotic controlled drug
delivery systems Drug Solubility
For the osmotic system, solubility of drug is one of the most
important parameters affecting drug release kinetics from
osmotic pumps. The kinetics of osmotic drug release is
directly related to the drug solubility within the drug core.
Assuming a tablet core of pure drug, the fraction of core
released with zero-order kinetics is given by equation [31].
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F(z) = 1 – S/ρ (1) Where, F(z) is the fraction released by zeroorder kinetics, S is the drug’s solubility (g/cm3), and ρ is the
density (g/cm3) of the core tablet. Drugs with a density of
unity and the solubility of ≤ 0.05 g/cm3 would be released
with ≥ 95% zero-order kinetics, according to Eq. (1). At the
same time, highly water-soluble drugs would demonstrate a
high release rate that would be zero-order for a small
percentage of the initial drug load. Thus, the intrinsic water
solubility of many drugs might prohibit them from
incorporation into an osmotic pump[32]. Candidate drugs for
osmotic delivery have water solubility in the qrange 50–300
mg/ml. Some of the approaches that have been used to
modulate drug solubility within the core include:
(1) co-compression of the drug with excipients, which
modulate the drug’s solubility within the core[33-39].
(2) use of effervescent mixtures to speed up the release of
poorly soluble drug from the orifice[40].
(3) use of various cyclodextrin derivatives to solubilize poorly
water soluble drug [41-43].
(4) use of alternative salt form that has optimum water
solubility [44].
(5) use of encapsulated excipients [45]
(6) use of lyotropic crystals [46,47]
(7) use of wicking agents.[48,49]
Delivery orifice
Majority of osmotic delivery systems contain at least one
delivery orifice (preformed or formed in situ) in the membrane
for drug release. Size of delivery orifice must be optimized to
control the drug release from osmotic system. The size of the
delivery orifice must be smaller than a maximum size Smax to
minimize drug delivery by diffusion through the orifice.
Furthermore, the area must be sufficiently large, above a
minimum size Smin, to minimize hydrostatic pressure buildup
in the system. Otherwise, the hydrostatic pressure can destroy
the membrane and affect the zero-order delivery rate.
Therefore, the cross-sectional area of the orifice should be
maintained between the minimum and maximum values [50,
51]
Methods to create a delivery orifice in the osmotic tablet
coating are:
(1) Laser drill
This technology is well established for producing submillimeter size hole in tablets. Normally, CO2 laser beam
(with output wavelength of 10.6µ) is used for drilling purpose.
It offers excellent reliability characteristics at low costs
[52,53]
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Fig. 1: Laser drilling process[52]
In simple words, the tablets in which holes are to be formed
are charged in the hopper. The tablets drop by gravity into the
slots of the rotating feed wheel and are carried at a
predetermined velocity to the passageway forming station. At
the passageway forming station, each tablet is tracked by an
optical tracking system.
(2) Indentation that is not covered during the coating process
[54]
Indentation is made in core tablets by using modified punches
having needle on upper punch. This indentation is not covered
during coating process which acts as a path for drug release in
osmotic system.
(3) Use of leachable substances in the semipermeable
coating
Incorporation of water-soluble additives in the membrane wall
is the most widely reported method for the formation of pores
in CPOP take place. These water-soluble additives dissolve on
coming in contact with water, leaving behind pores in the
membrane through which drug release takes place [55]
(4) Systems with passageway formed in situ:
The system consists of a tablet core of the drug along with
water-swellable polymer and osmotic agents, which is
surrounded by a rate-controlling membrane. In contact with
the aqueous environment, water is imbibed osmotically at a
controlled rate and water swellable polymer expands as the
osmotic agents dissolves and increases the osmotic pressure
Compound or Mixture
Lactose-Fructose
Dextrose-Fructose
Sucrose- Fructose
Mannitol- Fructose
Sodium Chloride
Fructose
Lactose-Sucrose
Potassium Chloride
Lactose-Dextrose
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inside the tablet. This results in a rate-controlled slight
expansion of the partially hydrated core. The expansion of
core causes a small opening to form at the edge of the tablet
(weakest point in the membrane) from where the formulation
is released [56]
Osmotic pressure
The next release-controlling factor that must be optimized is
the osmotic pressure gradient between inside the compartment
and the external environment.
The release rate of a drug from an osmotic system is directly
proportional to the osmotic pressure of the core proportional to
the osmotic pressure of the core The simplest and most
predictable way to achieve a constant osmotic pressure is to
maintain a saturated solution of osmotic agent in the
compartment. If a saturated solution of the drug does not
possess sufficient osmotic pressure, an additional osmotic
agent must be added to the core formulation. The addition of
carbonate or bicarbonate salt to the drug chamber offers an
advantage since the effervescent action prevents the
precipitated drug from blocking the delivery orifice in the
tablet [57]. Polymeric osmagents are mainly used in the
fabrication of PPOPs and other modified devices for
controlled release of drugs with poor water solubility. These
are swellable, hydrophilic polymers that interact with the
aqueous fluids and swell or expand to an equilibrium state.

Osmotic Pressure (atm)
500
450
430
415
356
335
250
245
225
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Mannitol-Dextrose
Dextrose-Sucrose
Mannitol-Sucrose
Sucrose
Mannitol-Lactose
Dextrose
Potassium Sulfate
Mannitol
Sodium
Phosphate
Tribasic.12H20
Sodium Phosphate Dibasic.7H20
Sodium
Phosphate
Dibasic.12H20
Sodium
Phosphate
Dibasic
Anhydrous
Sodium
Phosphate
Monobasic.H20

225
190
170
150
130
82
39
38
36
31
31
29
28

Table 1: Osmotic pressure of saturated solution of commonly used osmogents
possibly make it more resistant to mechanical stress. These
Semi permeable membrane [31,44]
Some of the membrane variables that are important in the
changes also affect the permeability of polymer films.
design of oral osmotic system are:
Types of osmotic pumps
Type and nature of polymer
Based on their design and the state of active ingredient,
Any polymer permeable to water but impermeable to solute
osmotic delivery systems can be classified as follows:
can be selected. Some of the polymers that can be used for
1. Osmotic delivery systems for solids
above purpose included in table 1.
a. Type I: Single compartment.
Membrane thickness
In this design, the drug and the osmotic agent are located in
Thickness of the membrane has a marked effect on the drug
the same compartment and are surrounded by the
release from osmotic system, which is inversely proportional
semipermeable membrane (SPM). Both the core components
to each other.
are dissolved by water, which enters the core via osmosis. A
Type and amount of plasticizer
limitation is the dilution of drug solution with the osmotic
In pharmaceutical coatings, plasticizers or low molecular
solution, which affects the release rate of the drug from the
weight diluents are added to modify the physical properties
system. Additionally, water-incompatible or water-insoluble
and improve film-forming characteristics of polymers.
drugs cannot be delivered effectively from a single
Plasticizers can change viscoelastic behavior of polymers
compartment configuration.
significantly. In particular, plasticizers can turn a hard and
b. Type II: Multiple compartments.
brittle polymer into a softer, more pliable material, and

Figure 2. Classification of osmotic delivery systems: types I and II.
In this design, drug is separated from the osmotic
compartment, which, in turn, displaces the drug solution or
compartment by an optional flexible film, which is displaced
suspension. The type II system inherently has greater utility
by the increased pressure in the surrounding osmotic
than type I systems and can deliver drugs at a desired rate
Review Article
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independent of their solubilities in water. One main advantage
of these systems is their ability to deliver drugs that are
incompatible with commonly used electrolytes or osmotic
agents.
2. Osmotic delivery systems for liquids
Active ingredients in liquid form are difficult to deliver from
controlled release platforms because they tend to leak in their

native form. Therefore, liquid active agents typically are
enclosed in a soft gelatin capsule, which is surrounded by an
osmotic layer that, in turn, is coated with a semipermeable
membrane. When the system takes up water from its
surroundings, the osmotic layer squeezes the innermost drug
reservoir. The increasing internal pressure displaces the liquid
from the system via a rupturing soft gelatin capsule [58].

Figure 3: Osmotic delivery system for delivery of a liquid active agent.

Elementary osmotic pump (EOP)
The was introduced in 1970s to deliver drug at zero order rates
for prolonged periods, and is minimally affected by
environmental factors such as pH or motility. The tablet
consists of an osmotic core containing the drug surrounded by
a semipermeable membrane laser drilled with delivery orifice.
Following ingestion, water in absorbed into system dissolving

the drug, and the resulting drug solution is delivered at the
same rate as the water entering the tablet. The disadvantages
of the elementary pump are that it is only suitable for the
delivery of water soluble drugs [59,60].

Figure 4: Elementary osmotic pump
Push–Pull Osmotic Pump (PPOP)
The two-layer push–pull osmotic tablet system appeared in
1980s. Push pull osmotic pump is a modified elementary
osmotic pump through, which it is possible to deliver both
poorly water-soluble and highly water soluble drugs at a
constant rate. The push–pull osmotic tablet consists of two
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layers, one containing the drug and the other an osmotic agent
and expandable agent. A semipermeable membrane that
regulates water influx into both layers surrounds the system.
While the push–pull osmotic tablet operates successfully in
delivering water-insoluble drugs, it has a disadvantage that the
complicated laser drilling technology should be employed to
drill the orifice next to the drug compartment [61].
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Figure 5: Push pull osmotic pump
Controlled Porosity Osmotic Pump
A controlled porosity osmotic pump-based drug delivery
system Unlike the elementary osmotic pump (EOP) which
consists of an osmotic core with the drug surrounded by a
semipermeable membrane drilled with a delivery orifice,
controlled porosity of the membrane is accomplished by the
use of different channeling agents in the coating[62]. The
CPOP contains water soluble additives in coating membrane,
which after coming in contact with water; dissolve resulting in
an in-situ formation of microporous membrane. Then the

resulting membrane is substantially permeable to both water
and dissolved solutes and the mechanism of drug release from
these system was found to be primarily osmotic, with simple
diffusion playing a minor role [63,64]. Drug delivery from
asymmetric membrane capsule is principally controlled by the
osmotic pressure of the core formation. In-situ formed
delivery orifice in the asymmetric membrane in mainly
responsible for the solubilization in the core for a drug with
poor water solubility [65].

Figure 6: Controlled porosity osmotic pump
Osmotic bursting osmotic pump

Telescopic capsule for delayed release

This system is similar to an EOP expect delivery orifice is
absent and size may be smaller. When it is placed in an
aqueous environment, water is imbibed and hydraulic pressure
is built up inside until the wall rupture and the content are
released to the environment. Varying the thickness as well as
the area the semipermeable membrane can control release of
drug. This system is useful to provide pulsated release [66].

This device consists of two chambers, the first contains the
drug and an exit port, and the second contains an osmotic
engine. A layer of wax like material separates the two
sections. To assemble the delivery device, the desired active
agent is placed into one of the sections by manual or
automated fill mechanism. The bilayer tablet with the osmotic
engine is placed into a completed cap part of the capsule with
the convex osmotic layer pointed in to the closed end of the
cap and the barrier into the closed end of the cap and the
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barrier layer exposed towards the cap opening. The open end
of the filled vessel is fitted inside the open end of the cap, and
the two pieces are compressed together until the cap, osmotic
bilayer tablet and vessel fit together tightly. As fluid is
imbibed the housing of the dispensing device, the osmotic
engine expand and exerts pressure on the slidable connected
first and second wall sections. During the delay period the
volume of reservoir containing the active agent is kept
constant, therefore a negligible pressure gradient exists
between the environment of use and interior of the reservoir.
As a result, the net flow of environmental fluid driven by the
pressure enter the reservoir is minimal and consequently no
agent is delivered for the period [67,68].

OROS-CT
OROS-CT (Alza corporation) is used as a once or twice a day
formulation for targeted delivery of drugs to the colon. The
OROS-CT can be a single osmotic agent or it can be
comprised of as many as five to six push pull osmotic unit
filled in a hard gelatin capsule. After coming in contact with
the gastric fluids, gelatin capsule dissolved and the enteric
coating prevents entry of fluids from stomach to the system as
the system enters into the small intestine the enteric coating
dissolves and water is imbibed into the core thereby causing
the push compartment to swell. At the same time flowable gel
is formed in the drug compartment, which is pushed out of the
orifice at a rate, which is precisely controlled, by the rate of
water transport across the semi permeable membrane.
Incorporation of the cyclodextrin-drug complex has also been
used as an approach for delivery of poorly water soluble drugs
from the osmotic systems. Ex. Sulfobutylether-Bcyclodextrin
sodium salt serves as a solubilizer and osmotic agent [69]

Figure 7: OROS-CT
Sandwiched Osmotic Tablets (SOTS)
In this a tablet core composed of polymeric push layer
sandwiched between two drug layers with two delivery
orifices. When placed in the aqueous environment the middle

push layer containing the swelling agent swells and the drug is
released from the two orifices situated on opposite sides of the
tablet and thus SOTS can be suitable for drugs prone to cause
local irritation of the gastric mucosa [61].

Figure 8:Sandwiched osmotic tablets
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Longitudinally
formulation

compressed

tablet

(LCT)

multilayer

The LCT multilayer formulation is the advanced design. As
with the push-pull system it consists of an osmotic push layer
and can be configured to contain several drug layers. The
opinion of multiple drug layers provides increased flexibility
and control over the pattern of release of medication from the
system, as opposed to the single layer used in the push-pull
system, which can deliver a drug only in a zero order fashion.
For example, two drug layers could be formulated with

different drug concentration to provide modulation in the
release rate profile. As with the push-pull formulation,water is
absorbed through the exposed semipermeable tablet shell,
expanding the push compartment and releasing the drug
primarily through the first compartment through the laser
drilled orifice at a predetermined controlled rate. After most of
the drug release begins from the second compartment at a
different rate. Varying the relative viscosity and hydrophilicity
of the drug layer components can control the amount of
mixing between the multiple drug layers. This allows even
greater flexibility to achieve the target release profile.

Figure 9: Multilayer osmotic pump
The LCT multilayer formulation can also be formulated with
different drugs in different layers to provide combination
therapy. Similar to the push-pull system, drug delivery by the
LCT multilayer formulation can be unaffected by gastric pH,
gut motility and the presence of food, depending on where in
the GI tract the drug is released [70].
Pulsatile delivery system
Pulsatile systems are gaining a lot of interest as theydeliver the
drug at the right site of action at the right time and in the right
amount, thus providing spatialand temporal delivery and
increasing patient compliance. These systems are designed
accordingto the circadian rhythm of the body. The principle
rationale for the use of pulsatile release is for the drugs where
a constant drug release, i.e., a zeroorder release is not desired.
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The release of the drug as a pulse after a lag time has to be
designed in such a way that a complete and rapid drug release
follows the lag time. This type of tablet system consist of core
coated with two layer of swelling and rupturable coatings
herein they used spray dried lactose and microcrystalline
cellulose in drug core and then core was coated with swelling
polymer croscarmellose sodium and an outer rupturable layer
of ethylcellulose. Pulsatile systems can be classified into
singleand multiple-unit systems. Single-unit systems are
formulated either as capsule-based or osmosisbased systems.
Single-unit systems are designed by coating the system either
with eroding/soluble or rupturable coating. In multiple-unit
systems, however, the pulsatile release is induced by changing
membrane permeability or by coating with a rupturable
membrane [71,72]
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Marketed Product
Table 2: List of marketed product

Trade Name
Alpress LP
Acutrim
Cardura XL
Covera HS
Ditropan XL
Dynacirc CR
Invega
Efidac 24
Glucotrol XL
Minipress XL
Procardia XL
Sudafed 24

Active ingredient
Prazosin
Phenylpropanolamine
Doxazosin
Verapamil
Oxybutinin chloride
Isradipine
Paliperidone
Chlorpheniramine maleate
Glipizide
Prazocine
Nifedipine
Pseudoephedrine

Conclusion
Osmotic pumps have come a long way in the field of drug
delivery, starting from complex systems developed for
research purposes to the osmotic pumps used for humans. In
osmotic delivery systems, osmotic.pressure provides the
driving force for drug release. Increasing pressure inside the
dosage form from water incursion causes the drug to release
from the system. The major advantages include precise control
of zero order or other patterned release over an extended time
period—consistent release rates can be achieved irrespective
of the environmental factors at the delivery site. Controlled
delivery via osmotic systems also may reduce the side-effect
profile by moderating the blood plasma peaks typical of
conventional (e.g., instant release) dosage forms. Moreover,
since efficacious plasma levels are maintained longer in
osmotic systems. Further, with the discovery of newer and
potent drugs by the biotechnology industry, the need to deliver
such compounds at a precise rate certainly will pave the way
for osmotic delivery systems to play an increasingly important
role in drug delivery.
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