
INTRODUCTION

For several drugs or therapies, a pulsatile
release profile, where the drug is released
completely after a defined lag time, is
advantageous1, 2: for drugs which develop biological
tolerance, for drugs with an extensive first pass
metabolism, for drugs targeted to a specific site in
the intestinal tract, e.g. to the colon, protecting the
drug from degradation and for the adaptation of drug
needs to circadian rhythms of body functions or
diseases3,4. Several approaches to pulsatile drug
delivery exist. Most systems contain a drug
reservoir, surrounded by a barrier which either
erodes or dissolves5–10, or ruptures11–15. With eroding
or dissolving systems, a potential problem is the
retardation and therefore not immediate drug
release after the loss of the barrier function16 or a
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ABSTRACT

Pulsatile drug delivery systems (PDDS) are gaining importance as these systems deliver the
drug at specific time as per the pathophysiological need of disease, resulting in improved patient
compliance. Inorder to emulate innate circadian rhythms, a reasonable and generally accepted rationale
is a delivery system capable of releasing drugs in pulsatile fashion rather than continuous delivery at
predetermined times. PDDS are promising in diseases like asthma, peptic ulcer, arthritis, cardiovascular
diseases, attention deficit syndrome in children, hypercholesterolemia. PDDS can be classified into
time controlled systems and stimuli controlled systems. This article includes advantages, drawbacks,
methodologies, their applications in different pathological conditions.
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premature release, seen in particular with highly
water-soluble drugs.

Pulsatile drug delivery systems (PDDS)
are characterized by a rapid drug release after a
predetermined  lag time and can be classified as
single unit (e.g. tablet or capsule) or multiparticulate
(e.g. pellets) systems.

Pulsatile drug delivery systems release
active ingredient completely and rapidly after a
defined lag time17 Such systems are advantageous
for (i) drugs with an extensive first pass metabolism
and developed biological tolerance, (ii) the targeting
of locally absorbed or acting drugs to a specific site
in the intestinal tract (e.g. colon), (iii) the adaptation
of the therapy to chronopharmacological needs18,19.
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Drugs are released in an immediate or
extended fashion. However, in recent years, pulsatile
drug release systems are gaining growing interest.
A pulsatile drug release, where the drug is released
rapidly after a well defined lag-time, could be
advantageous for many drugs or therapies20-22.
Pulsatile release systems can be classified in
multiple-pulse and single-pulse systems23.

These systems constitute a relatively new
class of devices, the importance of which is
especially connected with the recent advances in
chronopharmacology24. Particular rhythms in the
onset and extent of symptoms were observed in
diseases such as, bronchial asthma ,myocardial
infarction, angina pectoris, rheumatic disease, ulcer,
diabetes, attention deficit syndrome,
hypercholesterolemia, and hypertension .

Time-delayed dosage forms permit the
delivery of drugs after a pre-determined lag-time25

and this can have clinical significance where a
disease state has shown circadian rhythm
dependency26. For example, there are morning
peaks in the onset of myocardial infarction, sudden
death and stable angina in coronary heart disease
patients27; provision of a suitable medication, such
as verapamil28, at the right time could potentially
alleviate these conditions.

The application of pulsatile release
systems can be advantageous to adapt a drug
therapy to chronopharmacological needs or to target
a drug to a specific site in the gastrointestinal tract
(GIT), e.g., to the colon.

Methodologies for pulsatile drug delivery

Methodologies for the pulsatile drug
delivery system can be broadly classified into three
classes
´ Time controlled
´ Stimuli induced
´ Externally regulated

Time controlled pulsatile release system
In time controlled drug delivery systems

pulsatile release is obtained after a specific time
interval in order to mimic the circadian rhythm. Such
type of pulsatile drug delivery system contains two

components: one is of immediate release type and
other one is a pulsed release type. Various
Methodologies that can be used for time controlled.
Pulsatile release systems are discussed in following
section.

Delivery systems with rupturable coating layer
These systems consist of an outer release

controlling water insoluble but permeable coating
subject to mechanically induced rupture
phenomenon. Recently different systems based on
hard gelatin capsules and tablet core were
described, all coated by inner swellable and outer
rutpurable layer. The film rupture may be attained
by including swelling, osmotic or effervescent
additives in the reservoir8. By optimizing the system,
drug release can be obtained at specific time
interval. Sungthongjeen et al developed a tablet
system consisting of core coated with two layers of
swelling and rupturable coatings wherein 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. Further Thombre
et al developed osmotic drug delivery using
swellable core technology wherein formulations
consists of a core tablet containing the drug and a
water swellable component, and one or more
delivery ports with rutpurable coating layer.

Delivery systems provided with erodible coating
layers

In such systems the drug release is
controlled by the dissolution or erosion of the outer
coat which is applied on the core containing drug.
Time dependent release of the active ingredient can
be obtained by optimizing the thickness of the outer
coat developed an oral dosage form devised to
release drugs following a programmed time period
after administration based on this concept. System
is composed of a drug-containing core and a
hydrophilic of delaying the drug release through slow
interaction with aqueous fluids. There are two types
of eroding systems.They are

Bulk eroding systems
Poly(lactide-co-glycolide)PLGA is a bulk

eroding polymer, where the ingress of water is faster
than the rate of degradation. In this case,
degradation takes place throughout the polymer
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sample, and proceeds until a critical molecular
weight is reached, at which point degradation
products become small enough to be solubilised.
At this point, the structure starts to become
significantly more porous and hydrated, and it is
possible for drug dissolved in the polymer matrix to
be released, corresponding to the time required for
critical molecular weight to be reached. Hence there
is a time lag before the drug can be released,
corresponding to the time required for critical
molecular weight to be reached.

Surface eroding systems
 Certain polymers such as poly(ortho)

esters and poly anhydrides, degrade by surface
erosion. This means that the rate of degradation of
the polymer is such that mass loss is faster than the
ingress of water in to bulk. Hence the sample is
eroded from the surface, at controlled and predictable
rate. Drug dissolved in the polymer is released at
constant rate as the erosion progresses, provided
that the device surface area does not change.

Capsule shaped system provided with release
controlling plug

These systems contain release controlling
plug between immediate release compartment and
pulsed release compartment. On contact with
aqueous fluids,the cap rapidly dissolves thereby
releasing the immediate release component
followed by pulsed release component. The lag time
is provided by the plug which is inserted in to the
body. In an approach used by Jimoh et al, pulsatile
release was achieved by generation of hydrostatic
pressure inside the capsule. A hollow biodegradable
capsule of poly(lactic acid) (PLA) containing the drug
along with citric acid / sodium bicarbonate and
glucose was prepared. Thin poly(lactide-co-
glycolide) (PLGA) membrane (to allow water
penetration inside the capsule) was utilized on one
end. Water penetrates into the capsule through the
thin poly(lactide-co-glycolide) (PLGA) membrane
side, which generates effervescence due to reaction
caused between the citric acid and sodium
bicarbonate, generating carbon dioxide gas that
accumulates in the capsule and finally ruptures the
thin membrane.

Stimuli induced pulsatile drug delivery systems
In these systems there is release of the

drug after stimulation by any biological factor like
temperature, or any other chemical stimuli. These
systems are further classified in to temperature
induced systems and chemical stimuli induced
system, on the basis of stimulus.

Thermo –responsive hydrogel systems
This system uses hydrogels that undergo

reversible volume changes in response to changes
in temperature .These  gels shrink at a transition
temperature that is related to the lower critical
solution temperature(LCST) of the linear polymer
from which the gel is made. Therm-sensitive
hydrogels have a certain affinity for water and thus
swell at temperatures below the transition
temperature, where as the expel water and thus
shrink at temperature above the transition
temperature.

Chemical stimuli induced Pulsatile systems
Glucose-responsive insulin release devices

In case of diabetes mellitus there is
rhythmic increase in the levels of glucose in the body
requiring injection of the insulin at proper time.
Several systems have been developed which are
able to respond to changes in glucose concentration.
One such system includes pH sensitive hydrogel
containing glucose oxidase immobilized in the
hydrogel. When glucose concentration in the blood
increases glucose oxidase converts glucose into
gluconic acid which changes the pH of the system.
This pH change induces swelling of the polymer
which results in insulin release. Insulin by virtue of
its action reduces blood glucose level and
consequently gluconic acid level also gets
decreased and system turns to the deswelling mode
thereby decreasing the insulin release. Examples
of the pH sensitive polymers includes
N,Ndimethylaminoethyl methacrylate, chitosan,
polyol etc. Obaidat and Park prepared a copolymer
of acryl amide and allyl glucose. The side chain
glucose units in the copolymer were bound to
concanavalin A18. These hydrogels showed a
glucose-responsive, sol–gel phase transition
dependent upon the external glucose concentration.
Okano et al developed the system based upon the
fact that boronic acid moiety forms reversible bonds
with polyol compounds including glucose. They used
water-soluble copolymers, containing phenylboronic
acid side chains which showed formation of a
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Fig. 1: Pulsatile drug release from erodible matrix

Fig. 2: Design of Pulsincap® System

reversible complex gels with polyol compounds such
as poly(vinyl alcohol) (PVA)19. Such complexes
dissociated after the addition of glucose in a
concentration dependent manner

Inflammation-induced pulsatile release
On receiving any physical or chemical

stress, such as injury, fracture etc., inflammation
take place at the injured sites. During inflammation,
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A. Pulsatile drug delivery system
B. conventional
C. Extended drug release

Fig. 3:

Fig. 4: Release of a drug from a bulk eroding polymer system

hydroxyl radicals are produced from these
inflammation-responsive cells. Yui and co-workers
focused on the inflammatory induced hydroxyl
radicals and designed drug delivery systems, which
responded to the hydroxyl radicals and degraded
in a limited manner. They used hyaluronic acid (HA)
which is specifically degraded by the hyaluronidase

or free radicals. Degradation of HA via the
hyaluronidase is very low in a normal state of health.
Degradation via hydroxyl radicals however, is usually
dominant and rapid when HA is injected at
inflammatory sites. Thus, it is possible to treat
patients with inflammatorydiseases like rheumatoid
arthritis;using anti-inflammatory drug incorporated
HA gels asnew implantable drug delivery systems.

Drug release from intelligent gels responding
to antibody concentration

There are numerous kinds of bioactive
compounds which exist in the body. Recently, novel
gels were developed which responded to the change
in concentration of bioactive compounds to alter
their swelling/de swelling characteristics. Special
attention was given to antigen-antibody complex
formation as the cross-linking units in the gel, since
such interaction is very specific. Utilizing the
difference in association constants between
polymerized antibodies and naturally derived
antibodies towards specific antigens, reversible gel
swelling/deswelling and drug permeation changes
occurs

pH sensitive drug delivery system
Such type of pulsatile drug delivery system

contains two components one is of immediate
release typea nd other one is pulsed release which
releases the drug in response to change in pH. In
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Fig. 6: Temperature sensitive pulsatile systems

Fig. 5: Release of a drug from a Surface eroding system

case of pH dependent system advantage has been
taken of the fact that there exists different pH
environment at different parts of the gastrointestinal
tract. By selecting the pH dependent polymers drug
release at specific location can be obtained.
Examples of pH dependent polymers includes
cellulose acetate phthalate, polyacrylates, sodium
carboxymethylcellulose. Thesepolymers are used
as enteric coating materials so as to provide release
of drug in the small intestine. Yang et al developed
pH-dependent delivery system of nitrendipine in
which they have mixed three kinds of pH dependent

microspheres made up of acrylic resins Eudragit
E-100, Hydroxypropylmethylcellulose phthalate and
Hydroxypropylmethylcellulose acetate succinate as
pH dependent polymers. In one of the study carried
out by Mastiholimath et al attempt was made to
deliver theophylline into colon by taking the
advantage of the fact that colon has a lower pH
value (6.8) than that of the small intestine (7.0–
7.8). So, by using the mixture of the polymers, i.e.
Eudragit L and Eudragit S in proper proportion, pH
dependent release in the colon was obtained.
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Externally regulated systems
For releasing the drug in a pulsatile

manner, another way can be the externally regulated
systems in which drug release is programmed by
external stimuli like magnetism, ultrasound,
electrical effect and irradiation. Magnetically
regulated system contains magnetic beads in the
implant. On application of the magnetic field, drug
release occurs because of magnetic beads.
Saslawski et al. developed different formulation for
in vitro magnetically triggered delivery of insulin
based on alginate spheres23. In case of
ultrasonically modulated systems, ultrasonic waves
causes the erosion of the polymeric matrix thereby
modulating drug release. Miyazaki et al evaluated
the effect of ultrasound (1 MHz) on the release rates
of bovine insulin from ethylenevinyl alcohol
copolymer matrices and reservoir-type drug delivery
systems in which they found sharp drop in blood
glucose levels after application of ultrasonic
waves24. Also irradiation with light rays the desired
drug release pattern. Mathiowitz et al developed
photochemically controlled delivery systems
prepared by interfacial polymerization of polyamide
microcapsules. For this purpose,  azo bis
isobutyronitrile (AIBN), a substance that

photochemically emanates nitrogen gas, was
incorporated. Due to exposure of
azobisisobutyronitrile to light, causing release of
nitrogen and an increase in the pressure which
ruptures the capsules thereby releasing the drug.

CONCLUSION

 Sustained release formulations are not efficient in
treating the diseases especially diseases with
chronological pathopysiology, for which, pulsatile
drug delivery is beneficial. Various methodologies
are employed for developing pulsatile drug delivery
like time controlled PDDS which includes delivery
systems with rupturable coating layer or with
erodible coating layers or with release controlling
plug, stimuli induced PDDS less temperature
induced and chemical stimuli induced systems and
externally regulated system. A significant amount
of progress has been made towards achieving
pulsatile drug delivery systems that can effectively
treat diseases with non-constant dosing therapies,
such as diabetes. Products that are currently under
development for commercialization are for the
delivery of proteins, harmones, pain medications
and other pharmaceutical medications
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