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ABSTRACT
Pulsatile Drug Delivery Systems are gaining a lot of interest as they deliver the drug at the right place, at
the right time and in the right amount, thus providing spatial, temporal and smart delivery and increasing
patient compliance. The use of pulsatile release of the drugs is desirable where constant drug release
is not desired. These systems are designed according to the circadian rhythm of the body. According to
Latin literature circa means about and Diem means day. This could be advantageous for many drugs or
therapies including asthma, peptic ulcer & arthritis etc. To correlate with our biological needs, “precisely
timed drug delivery,” which could be accomplished with “programmable dosage forms,” is desirable.
Precisely timed drug delivery may maximize therapeutic efficacy, minimize dose frequency, and may
reduce toxicity. This paper outlines the concepts that have been proposed to release drugs in a pulsed
manner from pharmaceutical device.

Keywords:Lag time, Pulsatile drug release, Circadian
rhythm, Single unit, Multiple units, Pulsatile release
pulsincap.
INTRODUCTION
Over the last 30 years the pharmaceutical market
has focussed increasing preferably for controlled and
targeted drug delivery system. Such systems have
been focused on constant, variable; sustain drug
release and/or targeting the therapeutic agent to a
specific site/tissue/ organ. However, recently there are
certain conditions for which such release pattern is
not suitable. Such conditions lead to the requirements
of a time programmed therapeutic system, capable
of releasing drug after predetermined time delay and
maintain constant drug levels throughout the day1, 2.
For bioactive agents such as hormones, many have
suggested that pulsed release may offer advantages
over continuous release as hormones are generally
secreted by the body in a pulsed manner3, 4. Also, a
pulsatile drug release pattern could be advantageous
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for drugs with an extensive first-pass metabolism, for
drugs that develop biological tolerance are constantly
needed to be present at their target site, and for drugs
that require dosing at night. “Pulsed drug release” is
defined as the rapid and transient release of a drug
after a predetermined off-release period5, 6. One way
to classify “pulsed drug delivery systems” is based
on the physicochemical and biological principles that
trigger the release. These devices are classified into
“programmed” and “triggered” drug delivery systems.
In programmed delivery systems, the release is
completely governed by the inner mechanism of the
device7 (i.e., the lag time prior to the drug release
is controlled primarily by the delivery system). In
triggered delivery systems, the release is governed by
changes in the physiologic environment of the device
(biologically triggered systems) or by external stimuli
(externally triggered systems). Some examples of
biologically triggered pulsed delivery systems include
the delivery of insulin in response to glucose levels 8, 9
and the delivery of anti-inflammatory drugs in response
to increased concentrations in hydroxyl radicals and
hyaluronidase as may occur at inflammatory sites 10 .
In externally triggered systems, external stimuli such
as magnetism, ultrasound, temperature changes,
electrical effects and irradiation activate the drug
5

release. Such systems are known as pulsatile drug
delivery systems (PDDS), time-controlled systems,
or sigmoidal release systems (Fig. 1).

There are three types of biological rhythms in our
body. They are:-13
1. Ultradian Rhythms: Oscillations of shorter
duration are termed Ultradian Rhythms (more
than one cycle per 24 h). E.g. 90 minutes sleep
cycle.
2. Infradian Rhythms: Oscillations that are longer
than 24 hours are termed as Infradian Rhythms
(less than one cycle per 24 hours). E.g., monthly
menstruation.

Fig. 1: Schematic representation of different drug
delivery systems where:
(A)
(B)
(C)
(D)

=
=
=
=

sigmoidal release after lag time,
delayed release after lag time,
sustained release after lag time,
extended release without lag time.

PDDS have been developed in close connection
with emerging chronotherapeutic views. In this respect,
it is well established that the symptoms of many
pathologies (fig. 2), as well as the pharmacokinetic
and pharmacodynamic profiles of most drugs, are
subject to circadian variation patterns. Circadian
rhythm regulates many body functions in humans,
viz., metabolism, physiology, behavior, sleep patterns,
hormone production, and other11, 12 .
To introduce the concept of chronotherapeutics,
it is important to define the following concepts.
“Chronopharmaceutics” consists of two words
chronobiology and pharmaceutics.
Chronobiology is a science concerned with the
biological mechanism of the diseases according to a
time structure shown in table I. ‘chrono’ pertains to
time and ‘biology’ pertains to the study, or science
of life.
Pharmaceutics is the discipline of pharmacy
that deals with the process of turning a new chemical
entity (NCE) into a medication to be used safely and
effectively by patients. It is also called the science of
dosage form design and deals with the formulation of
a pure drug substance into a dosage form.
6

3. Circadian Rhythms: Circadian rhythms are
self-sustaining, endogenous oscillations that
occur with a periodicity of about 24 Hours. The
term circadian is derived from the Latin circa
which means “about” and diem which can be
defined as “a day”. Normally, circadian rhythms
are synchronized according to internal biological
clocks related to the sleep wake cycle.
Table I: Diseases and Chronotherapeutics
Chronological
behavior
Acid secretion is
high in the afternoon
and at night
Precipitation of attacks during night or
at early morning
BP is at its lowest
during the sleep cycle and rises steeply
during the early
morning
Pain in the morning
and more pain at
night
Increase in blood
sugar level after
meal
Cholesterol synthesis is generally
higher during night
than day time.

Drugs used
H2 blockers

Diseases
Peptic
ulcer

β2 agonist,
Asthma
Antihistamines
Nitroglycerin,
calcium channel blocker,
ACE inhibitors

Cardiovascular
diseases

NSAIDs, Glucocorticoids

Arthritis

Sulfonylureas,
Insulin, pioglitazone

Diabetes
mellitus

HMG CoA
reductase
inhibitors

Hypercholesterolemia
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and vascular reactivity are higher in the morning and
decrease later in the day. It is the widely accepted
fact that majority of heart attacks occur in the morning
hours. The reason behind it is that the BP is at its
lowest during the sleeping period and rises steeply
during the early morning period.
Arthritis18, 19

Fig. 2: The circadian pattern of diseases

Disease Targeted for Pulsatile
Technology
Asthma14, 15
Of all the diseases studied, asthma may be the
most prominently circadian. The role of circadian
rhythms in the pathogenesis and treatment of
asthma indicates that airway resistance increases
progressively at night in asthmatic patients. Normal
lung function undergoes circadian changes and
reaches a low point in early morning hours. Therefore,
vast majority of bronchospastic attacks occur in the
early morning 2 a.m. and 6 a.m. each day. Thus
dosage forms should be designed to deliver the
active agent at the time of maximum possibility
of bronchospastic attack. In one study, use of
timed-release formulation of theophylline achieved
therapeutic drug concentrations during the night and
avoided toxic levels during the day when the dose
was ingested at 3 p.m.
Cardiovascular diseases16, 17
Several functions such as Blood pressure, heart
rate, stroke volume, cardiac output, blood flow of
the cardiovascular system are subject to circadian
rhythms. For instance, platelet aggregability is
increased and fibrinolytic activity is decreased
in the morning, leading to a state of relative
hypercoagulability of the blood capillary resistance
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Arthritic diseases such as rheumatoid arthritis,
osteoarthritis, ankylosing spondylitis and gout exhibit
profound circadian rhythms in the manifestation.
The symptoms of rheumatoid arthritis are always
worse in the morning. Ratings of the severity of
joint pain swelling and stiffness were about 3
times higher between 08:00 and 11:00 am. People
with osteoarthritis tend to have less pain in the
morning and more at night. ankylosing spondylitis
is prominent during 6 a.m. and 9 a.m. Taking non
steroidal anti-inflammator like flurbiprofen, ibuprofen
and ketoprofen and indomethacin once-a-day forms
optimizes their therapeutic effect and minimizes
their side effects.
Diabetes 20, 21
In type I diabetes the circadian rhythms of insulin
level varies throughout the day & Increase in the
blood sugar level after meal. The most widespread
application of chronotherapy is insulin pump, which
is used to administer insulin for the treatment of
diabetes mellitus. With the insulin pump, patients
can customize insulin delivery to meet their particular
requirements.
Hypercholesterolemia22, 23
Diverse directions of circadian changes in
lipid fractions in patients and normal subjects may
contribute to alteration in the rhythmicity of other
metabolisms. A circadian rhythm occurs during
hepatic cholesterol synthesis which is generally
higher during the night. The maximal production
occurs early in the morning, i.e. 12 h after the last
meal. Studies with HMG CoA reductase inhibitors
have suggested that evening dosing was more
effective.
7

Duodenal ulcer24

Advantages of Pulsatile Drug Delivery System25

Many of the functions of the gastrointestinal tract
are subject to circadian rhythms: gastric acid secretion
is highest at night, while gastric and small bowel
motility and gastric emptying are all slower at night.
Suppression of nocturnal acid is an important factor in
duodenal ulcer healing. Therefore, for active duodenal
ulcer, once daily at bedtime is the recommended
dosage regimen for an H2 antagonist.

1. Extended daytime or night time activity

Necessities of Pulsatile Drug Delivery
System 25
1. First pass metabolism: Some drugs, such
as beta blockers and salicylamide, undergo
extensive first pass metabolism and require fast
drug input to saturate metabolizing enzymes.
Thus, a constant/sustained oral method of delivery
would result in reduced oral bioavailability.

7. Drug adapts to suit circadian rhythms of body
functions or diseases.

2. Biological tolerance: Drug plasma profiles
are often accompanied by a decline in the
pharmacotherapeutic effect of the drug, e.g.,
biological tolerance of transdermal nitroglycerin,
salbutamol sulphate.
3.	Special chronopharmacological needs:
Circadian rhythms in certain physiological
functions are well established. It has been
recognized that many symptoms and onset of
disease occur during specific time periods of the
24 hour day, e.g., asthma and angina pectoris
attacks are most frequently in the morning
hours.
4. 	Local therapeutic need: For the treatment
of local disorders such as inflammatory bowel
disease, the delivery of compounds to the site
of inflammation with no loss due to absorption in
the small intestine is highly desirable to achieve
the therapeutic effect.
5. 	Gastric irritation or drug instability in gastric
fluid: Protection from gastric environment is
essential for the drugs that undergo degradation
in gastric acidic medium (e.g., peptide drugs),
irritate the gastric mucosa (NSAIDS) or induce
nausea and vomiting.
8

2. Reduced side effects
3. Reduced dosage frequency
4. Reduction in dose size
5. Improved patient compliance
6. Lower daily cost to patient due to fewer dosage
units are required by the patient in therapy.

8. Drug targeting to specific site like colon.
9. Protection of mucosa from irritating drugs.
10. Drug loss by extensive first pass metabolism is
prevented.
11. Patient comfort and compliance: Oral drug delivery
is the most common.
Limitations of Pulsatile Drug Delivery System25, 26
1. Multiple manufacturing steps in multiparticulate
pulsatile drug delivery system.
2. Low drug load.
3. Incomplete release.
4. In-vivo variability in single unit pulsatile drug
delivery system.
Types of pulsatile drug delivery systems27
Pulsatile drug delivery system can be broadly
classified into three classes;
I.

Time controlled pulsatile drug delivery

II. Stimuli induced pulsatile drug delivery
III. Externally regulated pulsatile drug delivery
I. 	Time controlled pulsatile drug delivery
A. 	Single unit pulsatile systems
1.	Capsule based systems
E.g. Pulisincap system
2.	Capsular system based on Osmosis
a. ‘PORT’ System
b. System based on expandable orifice
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c. Delivery by series of stops.
d. Pulsatile delivery by solubility modulation
3.

Pulsatile system with erodible or soluble
barrier coatings.

a. The chronotropic system
b. ‘TIME CLOCK’ System.
c.	Compressed tablets
d. Multilayered Tablets
4.

Pulsatile system with rupturable coating

B.	Multiparticulate / Multiple unit systems
1.

Pulsatile system with rupturable coating
E.g. Time –controlled explosion system
(TCES)

2.

Osmotic based rupturable coating system
E.g. Permeability controlled system

3.

Pulsatile delivery by change in membrane
permeability
E.g. Sigmoidal release system.

II.	Stimuli induced pulsatile drug delivery
1.

Temperature-induced pulsatile release:

2.	Chemical stimuli-induced pulsatile release:
a) Glucose-responsive insulin release
devices
b) Inflammation-induced pulsatile release
c) Drug release from intelligent gels responding
to antibody concentration.
d) Electric stimuli-responsive pulsatile release
III.	Externally regulated pulsatile drug delivery
1.

Magnetically induced release

2.

Ultrasound induced release

3.

Electric field induced release

4.

Light induced release

I.	Time controlled pulsatile release system
In time controlled drug delivery system
pulsatile release is obtained after a specific
time interval in order to mimic the circardian
rhythm.
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A.	Single unit pulsatile systems
Single-unit systems are mostly developed in
capsule form. The lag time is controlled by a plug,
which gets pushed away by swelling or erosion,
and the drug is released as a “Pulse” from the
insoluble capsule body.
1.	Capsule based systems28, 29
Pulsincap® system is one of the most used pulsatile
systems based on capsule illustrated in Fig. 3.
It was developed by R.P Scherer international
corporation, Michigan, USA. The Pulsincap®
system is an example of such a system that
is made up of a water-insoluble capsule body
filled with drug formulation. The body is closed
at the open end with a swellable hydrogel plug.
Upon contact with dissolution medium or gastrointestinal fluids, the plug swells, pushing itself out
of the capsule after a time lag. This is followed by
a spontaneous release of the drug. The lag time
can be controlled by manipulating the dimension
and the position of the plug.
Polymers used for designing of the hydrogel
plug:
1) Insoluble but permeable and swellable
polymers (e.g., polymethacrylates)
2) Erodible compressed polymers (e.g, HPMC,
polyvinyl alcohol, polyethylene oxide)
3)	Congealed melted polymers (e.g,saturated
polyglycolated glycerides, glyceryl
monooleate)
4) Enzymatically controlled erodible polymer
(e.g., pectin).
2.	Capsular system based on Osmosis
a) ‘PORT’ System
The Port system was developed by Therapeutic system research laboratory Ann Arbor,
Michigan, USA, and consists of a capsule
coated with a semi permeable membrane.
Inside the capsule an insoluble was plug
consisting of osmotically active agent and the
drug formulation. When capsule shell comes
9

Fig. 3: Design of Pulsincap system

in contact with the G.I fluid, the semi permeable membrane allows the entry of gastric
fluid. as a consequence the plug swells and
create osmotic pressure. when this pressure
exceeds the tensile strength of the membrane
it bursts out and time taken to rapture the
membrane is known as lag time. After lag
time the plug is expelled to release the drug
as shown in fig. 4. Methylphenidate used in
the treatment of attention deficit hyperactivity
disorder (ADHD) is presented as the pulsatile

Fig. 4: Drug release from PORT system
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port system. This system avoided second
time dosing, which was beneficial for school
children during daytime30.
b)

System based on expandable orifice
In order to deliver drug in liquid form, an osmotically driven capsular system was developed.
In this system, liquid drug is absorbed into
highly porous particles, which release the
drug through an orifice of a semi permeable
capsule supported by an expanding osmotic
layer after the barrier layer is dissolved 31.

Fig.5: System based on expandable orifice
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The capsule wall is made up of an elastic
material and possesses an orifice. The orifice is small enough so that when the elastic
wall relaxes, the flow of the drug through the
orifice essentially stops, but when the elastic
wall is distended beyond threshold value,
the orifice expands sufficiently to allow drug
release at a required rate proposed in fig. 5.
E.g. elastomers, such as styrene-butadiene
copolymer have been suggested 32.
c)

Most of the pulsatile drug delivery systems are
reservoir devices coated with a barrier layer. This
barrier erodes or dissolves after specified lag
period & drug is subsequently released rapidly.
The lag time depends on the thickness of the
coating layer35.
a)

Pulsatile delivery by solubility modulation
These systems contain a solubility modulator
for pulsed delivery of variety of drugs. The
system was especially developed for delivery
of antiasthematic drugs like salbutamol sulphate34. The compositions contain the drug and
a modulating agent, sodium chloride (NaCl).
The amount of NaCl was such that it was less
than the amount needed to maintain saturation
in a fluid that enters the osmotic device. The
pulsed delivery is based on drug solubility.
Salbutamol has solubility of 275 mg/mL in
water and 16 mg/mL in saturated solution of
NaCl, while NaCl has solubility of 321 mg/mL
in water, and its saturation solubility is 320
mg/mL. These values show that the solubility of the drug is a function of the modulator
concentration, while the modulators solubility
is largely independent of drug concentration.
By changing the ratio of drug modulator, zero
order release period and commencement of
pulse release can be controlled. After the period
of zero order release, the drug is delivered as
one large pulse.
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The Chronotropic® System36
The Chronotropic® system consists of solid
dosage form coated with hydrophilic swellable HPMC which releases drug after lag-time
depending on thickness of coat & viscosity
grade of HPMC (Fig. 6). The system is suitable for both tablet & capsule dosage form;
both in-vivo & in-vitro lag times shows good
correlation with the applied amount of the
hydrophilic retarding polymer.

Delivery by series of stops33
In this system the capsule contains a drug &
water absorptive water engine that is placed
in compartment separated by a movable partition. These stops obstruct the movement of
partition but are overcome in succession when
osmotic pressure rises above threshold level
and this system is described for implantable
capsules

d)

3. Pulsatile system with erodible or soluble barrier
coatings

b)

‘TIME CLOCK’ System37
The Time Clock system consists of solid
dosage form coated with lipid barriers such as
carnuba wax & beeswax along with surfactants
like polyoxyethylene sorbitan monooleate.
When this system comes in contact with
the aqueous medium the coat emulsifies
or erodes after the lag-time depending on
the thickness of coat (fig. 7). The lag time of
system is independent of the gastrointestinal
motility, pH, enzyme & gastric residence
time. The major advantage of this system is
its ease of manufacture without any need of
special equipment. The disadvantage of this
system is a premature drug release when the
penetrating water dissolves the drug.

c)	Compressed Tablets
	Compression coating can involve direct
compression of both the core and the coat,
obviating needs for separate coating process
and use of coating solutions. The outer tablet
of the compression-coated tablet provides
the initial dose, rapidly disintegrating in the
stomach and the inner layer is formulated
with components that are insoluble in gastric
11

Fig.6: The Chronotropic system

Fig.7: ‘TIME CLOCK’ System

Fig. 8: Press-coated tablet

Fig. 9: Multi layered Tablet

Fig. 10: System with rupturable coating

media but are released in the intestinal environment (Fig. 8). The major drawbacks of the
technique are that relatively large amounts of
coating materials are needed and it is difficult
to position the cores correctly.
d)

Multi layered tablet38, 42
With the three layered tablet release pattern
with two pulses was obtained, two drug layers
are separated by a drug free gellable polymeric barrier layer. This three-layered tablet
was coated on three sides with in impermeable ethyl cellulose, and the top portion was
left uncoated. Upon contact with dissolution
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medium, the initial dose incorporated into
the top layer was released rapidly from the
noncoated surface as shown in fig. 9. The
second pulse was obtained from the bottom
layer after the gelling barrier layer of HPMC
was eroded and dissolved . The rate of gelling
and/or dissolution of the barrier layer control
the appearance of the second pulse.
4. Pulsatile system with rupturable coating39, 40
These systems are dependent on the disintegration
of the coating for the release of drug. The pressure
necessary for the rupture of the coating can
be achieved by the swelling, disintegrants,
effervescent excipients, or osmotic pressure
as illustrated in fig.10. Water permeation and
mechanical resistance of the outer membrane
are major factors affecting the lag time.
B.	Multiparticulate / Multiple unit systems
Recent trends indicate that multiparticulate
drug delivery systems are especially suitable
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for achieving controlled or delayed release oral
formulations with low risk of dose dumping,
flexibility of blending to attain different release
patterns as well as reproducible and short
gastric residence time (Fig. 11). The release of
drug from microparticles depends on a variety
of factors including the carrier used to form the
multiparticles and the amount of drug contained
in them. Advantages over single-unit systems
is of their small size, less inter and intra-subject
variability in gastrointestinal transit time, reduced
adverse effects and improved tolerability and
finally Improve stability However, there are some
draw backs in this system, which include lack
of manufacturing reproducibility, high cost of
production, multiple formulation steps and also
the need of advanced technologies.
1. Pulsatile System Based on Rupturable
Coating41
This is a multiparticulate system in which drug is
coated on non-pareil sugar seeds followed by a

swellable layer and an insoluble top layer. Upon
ingress of water, the swellable layer expands,
resulting in rupture of film with subsequent rapid
drug release. The lag time can be varied by
varying coating thickness or adding high amounts
of lipophilic plasticizer in the outermost layer.
	E.g. Time–controlled explosion system
(TCES)
This system is based on a combination of osmotic
and swelling effects. The core contains the drug,
a low bulk density solid and/or liquid lipid material
and a disintegrant. The core is further coated with
cellulose acetate. Upon immersion in aqueous
medium, water penetrates the core displacing the
lipid material. After the depletion of lipid material,
internal pressure increases until a critical stress
is reached, which results in rupture of the coating
material fig. 1239.
2. Osmotic based rupturable coating system
This system is based on a combination of osmotic
and swelling effects. The core containing the

Fig. 11: Hypothetical design and plasma drug profile of a multiparticulate pulsatile system. (A) Design of a pellet with
multiple coatings, and (B) Predicted bi-modal plasma concentration profile
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drug, a low bulk density solid and/or liquid lipid
material and a disintegrant was prepared. This
core was then coated with cellulose acetate.
Upon immersion in aqueous medium, water
penetrates the core displacing lipid material. After
the depletion of lipid material, internal pressure
increases until a critical stress is reached, which
results in rupture of coating43.
3. Pulsatile delivery by change in membrane
permeability
Sigmoid type of release pattern was obtained from
pellet core having drug and succinic acid coated
with amino methylacrylate copolymers. The water
in the medium dissolve succinic acid .The drug
inside and acid solution increase the permeability
of the polymer film. Actually permeability and
water uptake of acrylic polymers with quaternary
ammonium groups can be influenced by
the presence of different counter-ions in the
medium 44. Eudragit RS 30D is reported to
be a polymer of choice for this purpose. It
typically contains positively polarized quaternary
ammonium group in the polymer side chain, which
is always accompanied by negative hydrochloride
counter-ions. The ammonium group being
hydrophilic it facilitates the interaction of polymer
with water, thereby changing its permeability and
allowing water to permeate the active core in a
controlled.
Eg. Sigmoidal release system
II.	Stimuli induced pulsatile drug delivery
In these systems the polymer undergoes swelling
or deswelling phase in response of temperature,
chemical reaction with membrane, alteration of
pH and Inflammation induce, fig. 13 releases drug
from polymer by swelling the polymer is compiled in
table ii.
1.

Temperature-induced pulsatile release
This deviation sometimes can act as a stimulus
that triggers the release of therapeutic agents
from several temperature responsive drug
delivery systems for diseases accompanying
fever.

14

Fig.12: Time –controlled Explosion system (TCES)

Fig.13: Effect of different chemical stimuli on drug
release.

a) Thermoresponsive hydrogel systems
Thermo-responsive hydrogel systems
employ hydrogels which undergo reversible
volume changes in response to changes in
temperature. These gels shrink at a transition
temperature that is referred to the lower
critical solution temperature of the linear
polymer. Thermo-sensitive hydrosensitive
hydrogels have a certain chemical attraction
for water, and therefore they absorb water
and swell at temperatures below the
transition temperature whereas they shrink or
deswell at temperatures above the transition
temperature by expelling water.
2.	Chemical stimuli-induced pulsatile release
a) 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 already been
developed which are able to respond to
glucose concentration changes. One such
system includes pH sensitive hydrogel
containing glucose oxidase immobilized in
the hydrogel. When glucose concentration
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Table II: Effect of different chemical stimuli on the release of drug from hydrogels 45
Stimulus

Hydrogel

Type release mechanism

pH

Acidic or basic hydrogel

Change in pH—swelling—release of drug

Ionic strength Ionic hydrogel

Change in ionic strength—change in concentration of ions

Chemical
species

Hydrogel containing
electron-accepting groups

Electron-donating compounds—formation of charge-transfer
complexes—change in swelling—release of drug

Enzyme
substrate

Hydrogel containing
immobilized enzymes

Substrate present—enzymatic conversion—product changes
swelling of gel—release of drug

Magnetic

Magnetic particles dispersed Applied magnetic field—change in pores in gel—change in
in microspheres
swelling—release of drug

Thermal

Thermo-responsive hydrogel Thermal Thermo-responsive hydrogel Change in
temperature—change in polymer–polymer and water
–polymer interactions—change in swelling—release of drug

Electrical

Polyelectrolyte hydrogel

Applied electric field—membrane charging—electrophoresis
of charged drug—change in swelling—release of drug

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 include N, N-dimethylaminoethyl
methacrylate, chitosan, etc46.
b) Inflammation-induced pulsatile release
When human beings receive physical or
chemical stress, such as injury, broken bones,
etc., inflammation reactions take place at
the injured sites. At the inflammatory sites,
inflammation- responsive phagocytic cells,
such as macrophages and polymorphonuclear
cells play a role in the healing process of the
injury. During inflammation, hydroxyl radicals
are produced from these inflammationresponsive cells. Degradation via hydroxyl
radicals however, is usually dominant and
rapid when hyaluronic acid gel is injected
at inflammatory sites. Thus, it is possible to
treat patients with inflammatory diseases like
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rheumatoid arthritis; using anti-inflammatory
drug incorporated HA gels as new implantable
drug delivery systems 47.
c) Drug release from intelligent gels responding
to antibody concentration
Miyata et al. focused on the development of
stimuli responsive cross- linking structures
into hydrogels. Special care was given to
antigen-antibody complex formation as the
cross-linking units in the gel, since specific
antigen recognition of an antibody can provide
the foundation for a new device fabrication.
Using the difference in association constants
between polymerized antibodies and
naturally derived antibodies towards specific
antigens, reversible gel swelling/deswelling
and drug permeation changes could occur.
Thus, biological stimuli- responsive hydrogels
were created 48.
d) Electric stimuli-responsive pulsatile release
Kishi et al. developed an electric stimuli induced
drug release system using the electrically
stimulated swelling /deswelling characteristics
of polyelectrolyte hydrogels. They utilized a
chemomechanical system, which contained
a drug model within the polyelectrolyte gel
15

structure. These gels exhibited reversible
swelling / shrinking behavior in response to
on–off switching of an electric stimulus. Thus,
drug molecules within the polyelectrolyte
gels might be squeezed out from the electric
stimuli-induced gel contraction along with
the solvent flow. To realize this mechanism,
poly (sodium acrylate) microparticulate gels
containing pilocarpine as a model drug were
prepared 49.

3.

Electrically responsive delivery systems are
prepared by polyelectrolytes and are thus
pH- responsive as well as electro-responsive.
Under the influence of electric field, electroresponsive hydrogels generally bend, depending on the shape of the gel which lies
parallel to the electrodes whereas deswelling
occurs when the hydrogel lies perpendicular
to the electrodes. An electroresponsive drug
delivery system was developed using poly
(acrylamide-grafted-xanthan gum) hydrogel
for transdermal delivery of ketoprofen 52.

III.	Externally regulated pulsatile drug delivery
1.

Magnetically induced release
Magnetic carriers receive their magnetic response to a magnetic field from incorporated
materials such as magnetite, iron, nickel,
cobalt etc. Magnetic-sensitive behavior of
intelligent ferrogels for controlled release
of drug was studied by Tingyu Liu, et al50.
An intelligent magnetic hydrogel (ferrogel)
was fabricated by mixing poly (vinyl alcohol)
hydrogels and Fe3O4 magnetic particles
through freezing-thawing Cycles. Although
the external direct current magnetic field
was applied to the ferrogel, the drug got
accumulated around the ferrogel, but the
accumulated drug spurt to the environment
instantly when the magnetic fields instantly
switched “off”. Furthermore, rapid slow drug
release could be tunable while the magnetic
field was switched from “off” to “on” mode.

2.

Ultrasound induced release
Ultrasound is mostly used as an enhancer for
the improvement of drug permeation through
biological barriers, such as skin. The interactions of ultrasound with biological tissues are
divided into two broad categories: thermal
and nonthermal effects. Thermal effects are
associated with the absorption of acoustic
energy by the fluids or tissues. Non-thermal
bio-effects are generally associated with
oscillating or cavitating bubbles, but also
include noncavitation effects such as radiation pressure, radiation torque, and acoustic
streaming51.
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Electric field induced release

4.

Light induced release
Light-sensitive hydrogels have potential applications in developing optical switches, display
units, and opthalmic drug delivery devices.
The interaction between light and material
can be used to modulate drug delivery. When
hydrogel absorb the light and convert it to heat,
raising the temperature of composite hydrogel
above its LCST41, hydrogel collapses and
result in an increased rate of release of soluble
drug held within the matrix53.

Marketed Technologies of Pulsatile Drug Delivery
In examples of currently marketed
chronopharmaceutical dosage forms, the
manufacturing techniques applied, drug release
mechanisms, and the timing of drug administration
are collected and compiled in Table III.
1. PulsincapTM technology57
Pulsincap was developed by R.R. Scherer
International Corporation (Michigan). This device
consists of a non-disintegrating half capsule body
sealed at the open end with a hydrogel plug that
is covered by a water-soluble cap. The whole
unit is coated with an enteric polymer to avoid
the problem of variable gastric emptying. When
this capsule comes in contact with the dissolution
fluid, it swells, and after a lag time, the plug push
itself outside the capsule and rapidly releases
the drug. Study was to explore the time and pHINDIAN DRUGS 50(05) MAY 2013

Table III: Marketed Technologies of Pulsatile Drug Delivery54-59
Technology

Mechanism

API

Disease

References

OROS*

Osmotic mechanism

Verapamil HCL

Hypertension

54

Three dimentional
printing*

Externally regulated
system

Diclofenac sodium

Inflammation

55

DIFFUCAPS*

Multiparticulate system

Verapamil HCL,
propranol HCL

Hypertension

56

PulsincapTM

Rupturable system

Dofetilide

Hypertension

57

OROS*

Osmotic mechanism

Glipizide

Type II diabetes

58

Geomatrix technology

Swelling , gelling

Molsidomine

Chronic angina
pectoris

59

dependent controlled drug delivery of diclofenac
sodium using the pulsincap system illustrated in
Fig. 3 31-32.
2.	ORBEXA® Technology
Orbexa ® technology is a multiparticulate
system that enables high drug loading and
provides a formulation choice for products that
require granulation. This technology produces
beads that are of controlled size and density
and suitable for formulation as controlled
release multiparticulate using granulation,
spheronization and extrusion techniques as
shown in Fig. 14. The resultant beads can be
coated with functional polymer membranes for
additional release rate control and may be filled
into capsules or provided in sachet form.
3.	DIFFUCAPS  Technology
®

56

Diffucaps is a multiparticulate bead system
comprised of multiple layers of drug, excipients,
and release-controlling polymers is shown
in Fig. 15. The beads contain a layer of organic
acid or alkaline buffer to control the solubility of a
drug by creating an optimal pH microenvironment
for drugs that exhibit poor solubility in intestinal
pH, in environments with pH greater than 8.0.
Alternatively, the beads can contain a solidsolution of drug and crystallization inhibitor to
enhance bioavailability by maintaining the drug
INDIAN DRUGS 50(05) MAY 2013

in its amorphous state. Diffucaps technology is
especially suitable for drugs that traditionally
require multiple daily doses or drugs needing
customized release formulations.
4.	DIFFUTAB®
Diffutab® technology enables customized release
profiles and region-specific delivery. The Diffutab®
technology incorporates a blend of waxes and
hydrophilic polymers that control drug release
through diffusion and erosion of a matrix tablet
as shown in fig. 16. Diffutabs® are particularly
useful for high-dose products and drugs that
require sustained release and/or once-a-day
dosing. Eurand applied this technology to both
soluble and insoluble products 60.
5.	SODAS® Technology
SODAS® (Spheroidal Oral Drug Absorption System)
is Élan’s multiparticulate drug delivery system.
Based on the production of controlled release beads,
this technology is characterized by its inherent
flexibility, enabling the production of customized
dosage forms that respond directly to individual
drug candidate needs. This technology is based
on the production of uniform spherical beads of
1-2 mm in diameter containing drug plus excipients
and coated with product specific controlled
release polymers as proposed in Fig.17. Details
are described in Patent No: US6066339.
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Fig. 14: ORBEXA® Technology

Fig. 15: DIFFUCAPS® technology

Fig. 16: Diffutab® technology

Fig. 17: SODAS® Technology

6. PRODAS® Technology
Programmable Oral Drug Absorption System
(PRODAS®) is a multiparticulate technology,
which is unique in that it combines the benefits
of tabletting technology within a capsule. The
PRODAS® delivery system is presented as a
number of minitablets combined in a hard gelatin
capsule and can be used to pre-program the
release rate of a drug. It is possible to incorporate
many different minitablets, each one formulated
individually and programmed to release drug at
different sites within the gastro-intestinal tract.
Details are described in Patent No: US650045.
7.	CHRONOTOPIC® Technology
It is also described in system with erodible,
soluble or rupturable membrane system. It is
basically drug-containing core coated with an
outer release-controlling layer. Both single and
18

multiple-unit dosage forms such as tablets and
capsules or minitablets and pellets have been
employed as the inner drug formulation.
8.	Three-dimensional printing®55
Three-dimensional printing (3DP) is a novel
solid freeform fabrication technology that has
been applied to the fabrication of complex
pharmaceutical drug devices. Prototyping
involves constructing specific layers that use
powder processing and liquid binding materials.
3DP technology is flexible in that it can be used
in applications linked to linear drug delivery
systems, colon-targeted delivery systems, oral
fast disintegrating delivery systems, floating
delivery systems, time-controlled and pulse
release delivery systems as well as dosage
forms with multiphase release properties and
implantable DDS. In addition, 3DP can also
provide solutions for resolving difficulties relating
INDIAN DRUGS 50(05) MAY 2013

to the delivery of poorly water-soluble drugs,
peptides and proteins, highly toxic and potent
drugs and controlled release of multidrugs in a
single dosage forms.
Two types of zero-order tablets were invented
and fabricated by 3DP. These contained drug
concentration gradients designed to complement the
volumetric non-uniformity of eroding shells. Three
formulations showed constant release of diclofenac
sodium over 1–7 h (9.6 mg/hr), 1–15 h (6.8 mg/hr)
and 1–36 h (2.5 mg/hr)61.
9.	CODAS ® (chronotherapeutic oral drug
absorption system)
Elan Drug Technology developed
CODAS® technology to achieve this prolonged
interval. Advantages of the CODAS® technology
include a delivery profile designed to compliment
circadian pattern, controlled onset, an extended

release delivery system, rate of release essentially
independent of pH, posture and food, “sprinkle”
dosing by opening the capsule and sprinkling the
contents on food, reduction in effective daily dose
and drug exposure, gastrointestinal tract targeting
for local effect and reduced systemic exposure
to achieve a target profile62. Verelan® PM uses
the CODASTM technology, which is designed for
bedtime dosing, incorporating a 4 to 5 h delay
in drug delivery results in a maximum plasma
concentration of verapamil in the morning hours.
10.	OROS® technology54, 58
OROS delivery systems were adopted for poorly
water soluble drugs. The push-pull system is
comprised of a bilayer or trilayer tablet core
consisting of one push layer and one or more drug
layers. The drug layer contains the poorly soluble
drugs, osmotic agents and a suspending agent.
The push layer contains among
other things, an osmotic agent
and water swellable polymers.
A semipermeable membrane
surrounds the tablet core. A
variety of OROS® systems (ALZA
Corp.) have been developed:
P r o c a r d i a X L ®, D i t r o p a n
XL® and Concerta® are notable
examples. The recently developed
L-OROS ® SOFTCAP TM delivery
system combines the features
of a controlled-release and
bioavailability-enhanced delivery
system to enhance compliance and
therapeutic effect.
	Controlled Release of Non Aqueous
Liquid Formulation is shown
in Fig.18:
L-OROS Hard cap
L-OROS Soft cap
11.	IPDAS®

Fig. 18: OROS® Technology
INDIAN DRUGS 50(05) MAY 2013

The intestinal protective drug
absorption system is a new oral
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drug delivery approach that is applicable to
gastrointestinal irritant drugs, including the
nonsteroidal anti-inflammatory drug class.
This technology is composed of numerous
high-density, controlled-release beads, which
are compressed into a tablet form. Once an
IPDAS® tablet is ingested, it disintegrates and
disperses beads containing a drug in the stomach,
which subsequently passes into the duodenum
and along the gastrointestinal tract in a controlled
manner.

is designed for oral dosing at bedtime. Peak
concentration of Covera-HS is delivered in the
early waking hours, when blood pressure and
heart rate are rise at their highest rate.
14. GeomatrixTM
Geomatrix® Technology consists of a hydrophilic
matrix core, containing the active ingredient and
one or two impermeable or semi-permeable
polymeric coatings applied on one or both
bases of the core. This technology is applied to
achieve customized levels of controlled release
of specific drugs and can achieve simultaneous
release of two different drugs and different rates
from a single tablet. SkyePharma has developed
LodotraTM, containing a rheumathoid arthritis drug
that delivers the active pharmaceutical ingredient
at the most suitable time of day to treat the
disease.

12. 	Geoclock®
Geoclock® tablets have an active drug inside
an outer tablet layer consisting of a mixture of
hydrophobic wax and brittle material in order
to obtain a pH-independent lag time prior to
core drug delivery at a predetermined release
rate. This dry coating approach is designed to
allow the timed release of both slow release and
immediate release active cores by releasing the
inner tablet first, after which time, the surrounding
outer shell gradually disintegrates. In addition
to controlled release, the Geoclock® technology
also has applications for the improved release of
colonic drug delivery as well as for multiple pulse
drug delivery to deliver doses of a drug at specific
times throughout the day. Using SkyePharma’s
proprietary GeoclockTM technology, took the form of
a specially formulated tablet, which, once ingested,
did not release the active ingredient, prednisone,
until approximately four hours later 63.
13. 	Covera-HS
Covera-HS is the first once-daily formulation
of an antihypertensive/anti-anginal agent that
uses an advanced tablet coating and a novel
drug delivery system to mimic the body’s typical
24 h circadian variations in blood pressure and
heart rate. This unique delivery technology,
called COER-24TM (Controlled-Onset-ExtendedRelease), was developed in conjunction with Alza
Corp. Covera-HS is the only controlled-release
verapamil formulation that is currently approved
with an indication for the management of both
hypertension and angina pectoris. Covera-HS
20

CONCLUSION
Nowadays, pulsatile drug delivery is gaining
tremendous popularity. The prime advantage in this
drug delivery is that the drug is released when the
necessity arises. As a result the chance of development
of drug resistance, which is seen in conventional and
sustained release formulations, can be reduced. Now
many FDA-approved pulsaitle drugs are available in
the market. This therapy is mainly applicable where
sustained action is not required and the drugs are
toxic. Key point of development of this formulation
is to find out the circadian rhythm, that is, a suitable
indicator that will trigger the release of the drug from
the device. Pulsatile drug delivery is one such system
that, by delivering a drug at right time, right place, and
in right amounts, holds good promises of benefit to the
patients suffering from chronic problems like arthritis,
asthma, hypertension, etc. Since the drug delivery
would be in accordance with the actual concentration
judged as per the chronological need, pulsatile drug
release systems hold a promising future.
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NEW LANOSTENE-LINKED DEHYDROABIETIC ACID DERIVATIVES FROM THE
OLEO-RESIN OF PINUS ROXBURGHII SARG. (PINACEAE)
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Abstract
Pinus roxburghii Sarg.; syn. Pinus longifolia Roxb. (Pinaceae), found in the Himalayan region, furnishes
an oleo-resin which is used as insecticides, disinfectants and to treat boils and gastric troubles.
Phytochemical investigation of the oleo-resin gave four new triterpenic acids linked with dehydroabietic
acid derivatives characterised as lanost-5,20(21),22,25(27)-tetraen-26-oic acid-3β-olyl (3→19')-3'oxodehydroabietic acid (roxburghianoic acid A, 2), lanost-5,9(11), 20(21), 22,25(27)-pentaen-26-oic
acid 3β-olyl-(3→19')-3'-oxodehydroabietic acid (roxburghianoic acid B, 3), lanost-5,7,20(21),22,25(27)pentaenyl-26-oic acid (3→19')-3'-oxodehydroabietic acid (roxburghianoic acid C, 4), lanost5,7,20,22,25(27)-pentaen-26-oic acid 3β-olyl-(3→19')-3'-oxodehydroabietic 16'-dioic acid (roxburghianoic
acid D, 5) along with the known phytoconstituent identified a dehydroabietic acid (1). The structures of all
the isolated compounds were elucidated on the basis of spectral data analysis and chemical reactions.

Keywords: Pinus roxburghii, Pinaceae, Colophony,
Triterpene-linked dehydroabietic acids, structure
elucidation.
INTRODUCTION
Pinus roxburghii Sarg., syn. Pinus longifolia Roxb.
(Pinaceae), commonly known as chir pine, is a tall
tree with a spreading crown found in the Himalayan
from Kashmir to Bhutan, Afghanistan and in southern
Indian hills. The tapping of the stem produces a clear,
transparent oleo-resin with a pungent and bitter
taste. Distillation of the turpentine oil from the oleoresin leaves faintly aromatic and transparent rosin
(colophony)1. It is used in preparation of ointments and
plasters and in many products such as chewing gum,
polishes, and varnishes, but is a common cause of
contact allergy. The resin is applied to cure boils2 and
administered orally to combat gastric troubles3.
* For correspondence
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New Delhi - 110 062
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Native Americans have used pine resin to
treat rheumatism because of its anti-inflammatory
properties. The resin acts to remove the joint
inflammation caused by rheumatism, which helps to
restore movement and to alleviate pain. A traditional
use for pine resin has been as an external treatment
for burns and sores. The pine resin has stimulant,
diuretic and laxative properties. In China, the resin
from a particular pine tree is used to treat abscesses.
Resin from the spruce tree was used by colonial
Americans as a cold and cough remedy, as well as
straight from the tree as a cancer treatment4.
Different parts of the plant are prescribed to treat
cough, colds, influenza, tuberculosis, bronchitis,
as antiseptic, diaphoretic, diuretic, rubefacient,
stimulant and febrifuge5,6. Rosin consists mainly
a mixture of diterpenic acids. The principal acid is
abietic acid (37.5%) followed by isopimaric (20.9%),
neoabietic (15.1%), levopimaric (13.5%), pimaric
and dihydroabietic acids. In this paper, we report the
isolation and structure elucidation of four triterpenoic
acids linked with dehydroabietic acid derivatives
obtained from the colophony of Pinus roxburghii Sarg.,
collected from Haldwani (Uttarakhand).
23

MATERIAL AND METHODS
General experimental procedure
Melting points were determined on a Perfit
melting apparatus (Ambala, Haryana, India) and
are uncorrected. UV spectra were measured with a
Lambda Bio 20 spectrophotometer (Perkin-ElmerRotkreuz, Switzerland) in methanol. Infra red spectra
were recorded on Bio-Rad FTIR 5000 (FTS 135,
Kawloon, Hong Hong) spectrophotometer using
KBr pellets; γmax values are given in cm-1. 1H and 13C
NMR spectra were screened on advance DRX 400,
Bruker spectrospin 400 and 100 MHz instrument in 5
mm spinning tubes at 27oC, respectively (Karlsruhe,
Germany) using TMS as an internal standard. Mass
spectra were scanned by effecting FAB ionization at
70 eV on a JEOL-JMS-DX 303 spectrometer (Japan)
equipped with direct inlet probe system. Column
chromatography was performed on silica gel (60-120
mesh; Qualigen, Mumbai, India). TLC was run on silica
gel G (Qualigen). Spots were visualised by exposing
to iodine vapours, UV radiation, and spraying with
ceric sulphate solution.
Plant material
The oleo-resin was procured from a Rosin factory,
Haldwani, Uttarakhand. The sample was identified
on the basis of exomorphic characters, chemical
reactions and reviews of literature by Dr. H.B. Singh,
Taxonomist, NISCAIR, CSIR, New Delhi. A voucher
specimen of the sample (No. N/R/C/2007/08/851/35)
was deposited in the RHM Division, NISCAIR, New
Delhi-110012.
Extraction and isolation
The air dried oleo-resin (220 g) was coarsely
powdered and dissolved in methanol. The concentrated
solution was adsorbed on silica gel particles. It was
dried in the air and pulverized to get uniform particle
size and chromatographed over silica gel (60-120
mesh) column packed in petroleum ether (b.p. 6080 ºC). The column (1.6 m × 16 mm × 2 mm) was
eluted successively with petroleum ether, mixture of
petroleum ether and chloroform (9:1, 3:1, 1:1, and
1:3), chloroform and finally the mixture of chloroform
24

and methanol (99:1, 97:3, 19:1, 23:2, 9:1, 3:1, 1:1,
1:3). Various fractions were collected separately
and matched by TLC to check homogeneity. Similar
fractions having same Rf values were combined
and crystallized. The isolated compounds were
recrystallized to get pure compounds. The following
compounds were isolated:
Dehydroabietic acid (1)
Elution of the column with petroleum ether
produced light brown amorphous powder of 1,
recrystallized with methanol-acetone (1:1), 0.24 g
(0.109 % yield). Rf: 0.86 (chloroform-methanol; 3:1);
m.p.: 295-297 ºC; UV λmax (MeOH): 214, 317 nm (log
ε 5.3, 4.7); IR νmax (KBr): 3432, 3020, 2974, 2853,
2360, 1705, 1599, 1526, 1424, 1215, 1043, 921 cm-1;
1
H NMR (DMSO-d6): δ 7.63 (1H, m, H-14), 7.11 (1H,
m, H-12), 7.06 (1H, d, J=9.3 Hz, H-11), 2.48 (2H, m,
H2-7), 2.25 (2H, m, H2-1), 2.19 (1H, m, H-15), 2.05
(1H, m, H-5), 1.52 (2H, m, H2-2), 1.31 (2H, m, H2-3),
1.29 (2H, m, H2-6), 1.21 (3H, brs, H3-19), 1.04 (3H,
brs, Me-20), 0.83 (3H, d, J=6.1 Hz, Me-16), 0.81 (3H,
d1 J=6.3 Hz, Me-17); +ve ion FAB MS m/z (rel. int.):
300 [M]+ (C20H28O2) (36.2), 168 (20.2), 154 (78.1),
153 (37.5), 146 (44.2), 139 (28.7), 136 (71.0), 132
(25.6), 122 (23.8), 118 (31.4), 114 (56.9), 108 (49.1),
106 (50.3), 91 (100).
Roxburghianoic acid A (2)
Elution of the column with petroleum etherchloroform (3:1) produced yellow sticky mass of 2,
recrystallized from acetone, 12.62 g (5.73% yield); Rf :
0.76 (petroleum ether-chloroform; 3:1); m.p.: 72-73 °C;
UV λmax (MeOH): 219, 266, 308 nm (log ε 3.2, 4.3,
3.5); IR νmax (KBr): 3420, 2931, 2852, 1701, 1696,
1645, 1529, 1459, 1386, 1218, 1187, 1040, 914 cm-1;
1
H NMR (CDCl3): 7.19 (1H, d, J=9.4 Hz, H-11′), 7.15
(1H, dd, J=2.7, 7.8 Hz, H-12′), 6.96 (1H, d, J=2.7 Hz,
H-14′), δ 5.87 (1H, d, J=10.8 Hz, H-22), 5.70 (1H,
ddd, J=8.4, 6.6, 10.8 Hz, H-23), 5.31 (1H, d, J=5.3
Hz, H-6), 4.87 and 4.86 (1H each, brs, H2-21), 4.93
and 4.92 (1H each, brs, H2-27), 4.33 (1H, dd, J=5.2,
9.1 Hz, H-3α), 3.41 (2H, brs, H2-19′), 1.28 (3H, brs,
Me-20′), 1.22 (3H, d, J=6.1 Hz, Me-17′), 1.19 (3H,
brs, Me-28), 1.17 (3H, d, J=6.3 Hz, Me-16′), 1.02
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(3H, brs, Me-19), 0.89 (3H, brs, Me-30), 0.84 (3H,
brs, Me-29), 0.75 (3H, brs, Me-18), 2.87-1.31 (29H,
m, 12×CH2, 5×CH); 13C NMR (CDCl3): Table I; +ve
ion FAB MS m/z (rel. int.): 766 [M]+ (C50H70O6) (1.3),
434 (13.8), 330 (14.9), 299 (73.5), 297 (15.3), 287
(30.1), 284 (38.5), 272 (33.1), 255 (78.3), 253 (55.2),
238 (34.6), 226 (22.2), 195 (20.1), 137 (32.6).
Roxburghianoic acid B (3)
Further elution of the column with petroleum etherchloroform (1:1) gave dark yellow sticky mass of 3,
recrystallized from methanol-acetone (1:1), 14.99 g
(6.81% yield); Rf : 0.79 (petroleum ether-chloroform;
1:1); m.p.: 70-71°C; UV λmax (MeOH): 221, 267, 309
nm (log ε 2.9, 4.5, 3.6); IR νmax (KBr): 3441, 2930,
2852, 23,60, 1694, 1642, 1524, 1461, 1385, 1278,
1218, 1151, 913 cm-1; 1H NMR (CDCl3): δ 7.23 (1H, d,
J=9.0 Hz, H-11′), 7.15 (1H, dd, J=2.5, 9.0 Hz, H-12e),
6.98 (1H, d, J=2.5 Hz, H-14′), 5.83 (1H, d, J=9.5 Hz,
H-22), 5.72 (1H, m, w1/2=10.3 Hz, H-23). 5.37 (1H, m,
H-11), 5.34 (1H, m, H-6), 4.95 and 4.90 (1H each,
brs, H2-21), 4.88 and 4.85 (1H each, brs, H2-27), 4.30
(1H, dd, J=5.3, 9.0 Hz, H-3α), 3.66 (2H, brs, H2-19′),
1.25 (3H, brs, Me-20′), 1.23 (3H, d, J=8.0 Hz, Me-17′),
1.19 (3H, d, J=6.6 Hz, Me-16′), 1.01 (3H, brs, Me-19),
0.91 (3H, brs, Me-28), 0.85 (3H, brs, Me-29), 0.83
(3H, brs, Me-30), 0.77 (3H, brs, Me-18), 2.87-1.21
(28H, m, 12×CH2, 4×H); 13C NMR (CDCl3): Table 1;
+ve ion FAB MS m/z (rel. int.): 748 [M]+ (C50H68O5)
(1.5), 449 (12.1), 432 (17.2), 316 (10.1), 301 (40.0),
295 (23.6), 285 (10.3), 270 (6.1), 258 (50.2), 255
(33.8), 239 (13.2), 224 (8.3), 137 (27.1).
Roxburghianoic acid C (4)
Elution of the column with petroleum etherchloroform (1:3) yielded dark yellow crystalline powder
of 4, recrystallized from methanol-acetone (1:1),
540 mg (0.245% yield); Rf : 0.90 (petroleum etherchloroform; 1:3); m.p.: 110-112°C; UV λmax (MeOH):
218, 267.5, 303 nm (log ε 3.2, 4.9, 4.2); IR νmax (KBr):
3260, 3017, 2934, 2845, 2361, 1694, 1645, 1527,
1462, 1385, 1279, 1216, 1125, 1042, 921 cm-1; 1H
NMR (CDCl3): δ 7.15 (1H, dd, J=2.8, 8.1 Hz, H-12′),
7.01 (1H, d, J=8.1 Hz, H-11′), 6.89 (1H, d, J=2.8 Hz,
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H-14′), 5.79 (1H, d, J=4.8 Hz, H-6), 5.76 (1H, d, J=4.8
Hz, H-7), 5.84 (1H, d, J=4.5 Hz, H-22), 5.67 (1H, m,
w1/2=10.8 Hz, H-23), 4.90 and 4.89 (1H each, brs, H227), 4.97 and 4.96 (1H each, brs, H2-21), 4.21 (1H,
dd, J=5.1, 8.8 Hz, H-3α), 3.52 (2H, brs, H2-19′), 1.26
(3H, d, J=6.6 Hz, Me-17′), 1.24 (3H, brs, Me-20′), 1.16
(3H, d, J=6.6 Hz, Me-16′), 0.92 (3H, brs, Me-19), 0.87
(3H, brs, Me-28), 0.84 (3H, brs, Me-29), 0.81 (3H,
brs, Me-30), 0.78 (3H, brs, Me-18), 2.88-1.37 (28H,
m, 12×CH2, 4×CH); 13C NMR (CDCl3): Table I; +ve
ion FAB MS m/z (rel. int.): 748 [M]+ (C50H68O5) (2.1),
449 (15.8), 432 (19.3), 312 (46.1), 299 (11.6), 295
(11.6), 256 (45.0), 254 (73.1), 137 (21.6).
Roxburghianoic acid D (5)
Further elution of the column with petroleum
ether-chloroform (1:3) furnished brown sticky mass
of 5, recrystallized from methanol, 4.73 g (2.15%
yield); Rf : 0.89 (petroleum ether-chloroform; 1:3);
m.p.: 66-67°C; UV λmax (MeOH): 220, 260, 306 nm
(log ε 2.3, 4.9. 3.7); IR νmax (KBr): 3485, 3016, 2936,
2845, 1695, 1645, 1460, 1386, 1217, 972, 916 cm-1;
1
H NMR (CDCl3): δ 7.16 (1H, dd, J=2.5, 8.1 Hz,
H-12′), 6.99 (1H, d, J=8.1 Hz, H-11′), 6.86 (1H, d,
J=2.5 Hz, H-14′), 5.81 (1H, d, J=5.8 Hz, H-22), 5.79
(1H, d, J=5.6 Hz, H-6), 5.73 (1H, d, J=5.6 Hz, H-7),
5.63 (1H, m, H-23), 4.93 and 4.92 (1H each, brs, H221), 4.88 and 4.87 (1H each, brs, H2-27), 4.16 (1H,
dd, J=5.5, 9.0 Hz, H-3α), 3.44 (2H, brs, H2-19′), 1.25
(3H, brs, Me-20′), 1.21 (3H, d, J=6.6 Hz, Me-17′),
1.19 (3H, brs, Me-19), 0.98 (3H, brs, Me-28), 0.89
(3H, brs, Me-29), 0.85 (3H, brs, Me-30), 0.75 (3H,
brs, Me-18), 2.86-1.33 (28H, m, 12×CH2, 4×CH); 13C
NMR (CDCl3): Table I; +ve ion FAB MS m/z (rel. int.):
778 [M]+ (C50H66O7) (1.7), 432 (25.3), 346 (9.9), 331
(13.1), 315 (24.3), 300 (40.8), 295 (35.2), 273 (11.2),
250 (14.6), 137 (11.5), 95 (52.6).
RESULTS AND DISCUSSION
Compound 1 is the known phytoconstituent
identified a dehydroabietic acid7,8,9.
Compound 2, named roxburghianoic acid A, was
obtained as a yellow sticky mass from petroleum etherchloroform (3:1) eluants. It produced effervescences
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with sodium bicarbonate solution. Its IR spectrum
displayed characteristic absorption bands for carbonyl
group (1701 cm-1), carboxyl functions (3420, 1696
cm-1), unsaturation (1645 cm-1) and aromatic ring
(1529 cm-1). On the basis of +ve FAB mass and 13C
NMR spectra its molecular ion peak was determined
at m/z 766 consistent with the molecular formula of
a triterpenoid linked with diterpenoid, C50H70O6. The
important fragment ion peaks generated at m/z 434
[C30H42O2]+ and 330 [C20H26O4]+ were due to ether
linkage cleavage. The subsequent ion fragments of
the diterpenic acid moiety arising at m/z 287 [330C3H7]+, 272 [287-Me]+, 226 [272-HCOOH]+, 195 [226CH2OH]+, 284 [330-HCOOH]+, 299 [330-CH2OH]+,
253 [299-HCOOH]+ and 238 [253-Me]+ suggested the
presence of one each isopropyl, carboxylic, ketonic
and oxygenated methylene groups in the molecule.
The ion fragments of the triterpenic moiety generating
at m/z 137 [C8H9O2, side chain, SC]+, 297 [434-SC]+
and 255 [297-ring D]+ suggested the presence of one
vinylic linkage in the triterpenic molecules and the
existence of tri-unsaturated C8-side chain with one
carboxylic group. The 1H NMR spectrum of 2 displayed
two doublets at δ 7.19 (J=9.4 Hz) and 6.96 (J=2.7
Hz) and a double-doublet at δ 7.15 (J=7.8, 2.7 Hz),
one-proton each, ascribed to ortho-coupled H-11’,
meta-coupled H-14’ and ortho-meta-coupled H-12’
aromatic protons, respectively. A two-proton broad
signal at δ 3.41 was ascribed to oxygenated H2-19’
methylene protons. Two doublets at δ 1.17 (J=6.3
Hz), 1.22 (J=6.1 Hz) and a broad singlet at δ 1.28,
three-protons each, were assigned correspondingly to
secondary methyl Me-16', Me-17' and tertiary methyl
Me-20' protons, respectively. Two doublets at δ 5.31
(J=5.3 Hz) and 5.87 (J=10.8 Hz) and a triple doublet
at δ 5.70 (J=8.4, 6.6, 10.8 Hz), one-proton each, were
ascribed correspondingly to cis-oriented vinylic H-6,
H-22, and H-23 protons of the triterpenic unit. Four
one-proton broad singlets at δ 4.87, 4.86 and at δ
4.93, 4.92 were assigned to unsaturated methylene
protons H2-21 and H2-27, respectively. A one-proton
double doublet at δ 4.33 [J=9.1, 5.2 Hz] was attributed
to α-oriented oxygenated methine H-3 proton. Five
three-proton broad singlets at δ 0.75, 1.02, 1.19, 0.84
and 0.89 were ascribed to tertiary Me-18, Me-19, Me26

28, Me-29 and Me-30 methyl protons, respectively.
The 13C NMR spectrum of 2 displayed signals for
carbonyl carbon at δ 206.71 (C-3'), carboxylic carbons
at δ 183.22 (C-26), 181.83 (C-18'), aromatic carbons
between δ 123.41-149.70; vinylic carbons at δ 145.03
(C-5), 120.74 (C-6), 137.38 (C-20), 112.27 (C-21),
134.02 (C-22), 128.06 (C-23), 145.70 (C-25), 108.88
(C-27), oxygenated methine carbon at δ 75.13 (C-3)
and oxygenated methylene carbon at 67.44 (C-19′).
The shifting of H2-19 methylene signal at δ 3.41in
the 1H NMR spectrum and its 13C NMR signal at δ
67.44 suggested linkage of the triterpenic moiety
C-3 with diterpenic residue at C-19′. The 1H and
13
C NMR spectral data of 2 were compared with the
values of the reported lanostene type triterpenoids.
The spectral data of the dehydroabietic acid unit
were compared with the reported values of the
similar compounds10-12. On the basis of the foregoing
account the structure of 2 has been established as
lanost-5,20(21),22,25(27)-tetraen-26-oic acid-3β-olyl
(3→19')-3'-oxodehydroabietic acid (Fig.1). This is
a new lanostenoic acid linked with dehydroabietic
acid moiety.
Compound 3, designated as roxburghianoic
acid B, was obtained as a yellow sticky mass from
petroleum ether-chloroform (1:1) eluents. It produced
effervescences with sodium bicarbonate solution
and exhibited IR characteristic absorption bands for
carboxylic groups (3441, 1694 cm1-), aromatic (1524
cm-1) and unsaturation (1642 cm-1). Its +ve FAB
mass and 13C NMR spectra suggested a molecular
ion peak at m/z 748 consistent with the molecular
formula of a triterpenic acid linked with a diterpene,
C50H68O5. The important fragment ions peaks arose
at m/z 432 [C30H40O2]+ and 316 [C20H28O3]+ and at
m/z 449 [C30H41O3]+ due to ether linkage fission. The
subsequent fragments of the diterpenic unit arising
at m/z 270 [316-HCOOH]+, 255 [270-Me]+, 224 [255CH2OH]+, 285 [316-CH2OH]+, 239 [285-HCOOH]+,
301 [316-Me]+ and 258 [301-C3H7]+ suggested the
presence of oxygenated methylene, carboxylic and
isopropyl groups in the diterpenic units. The ion
fragments of the triterpenic unit generating at m/z
137 [C8H9O2, side chain, SC]+ and 295 [432-SC]+
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indicated the presence of two double bonds in the
triterpenic unit with tri-unsaturated C8 side chain and
carboxylic group. The ion peaks also indicated the
existence of oxygenated methine carbon in ring A
which was placed at C-3 on the basis of biogenetic
consideration. The 1H NMR spectrum of 3 exhibited
three one-proton downfield signals consisting of a
double doublet at δ 7.15 (J=2.5, 9.0 Hz) and two
doublets at δ 6.98 (J=2.5 Hz) and 7.23 (J=9.0 Hz)
assigned correspondingly to ortho-, meta- coupled
H-12’, meta-coupled H-14’ and ortho-coupled H-11’
aromatic protons. A two-proton broad singlet at δ 3.66
was ascribed to H2-19’ oxygenated methylene protons.
Two doublets at δ 1.19 (J=6.6 Hz) and 1.23 (J=8.0
Hz) and a broad signal at δ 1.25, each integrating
for three protons, were assigned correspondingly to
secondary Me-16', Me-17' and tertiary Me-20' methyl
protons of the diterpenic unit. A one-proton doublet at
δ 5.83 (J=9.5 Hz) and three one-proton multiplets at
δ 5.72 (w½=10.3 Hz), 5.34 and 5.37 were ascribed to
cis-oriented vinylic H-6, H-7, H-22 and H-23 protons,
respectively. Four one-proton broad singlets at δ
4.95, 4.90 and at δ 4.88 and 4.85 were attributed to
H2-21 and H2-27 methylene protons of the triterpenic
unit. A one-proton double doublet at δ 4.30 (J=9.0,
5.3 Hz) was attributed to H-3α-carbinol proton. The
remaining methylene and methine protons resonated
between δ 1.48-2.84. Five three-proton broad singlets
at δ 0.77, 1.01, 0.91, 0.85 and 0.83 were accounted
correspondingly to tertiary methyl Me-18, Me-19,
Me-28, Me-29 and Me-30 protons of triterpenic
moiety. The 13C NMR spectrum of 3 displayed 50
carbon signals and important signals appeared for
carboxylic carbons at δ 182.91 (C-26), 184.33 (C-18');
aromatic carbons between δ 123.67-149.98; vinylic
carbons at δ 144.37 (C-5), 120.35 (C-6), 146.61
(C-9), 120.94 (C-11), 137.26 (C-20), 112.40 (C-21),
134.29 (C-22) and 128.74 (C-23), oxygenated methine
carbon at δ 76.63 (C-3) and oxygenated methylene
carbon at 68.23 (C-19'). The shifting of the C-19′
oxygenated methylene proton signal at δ 3.66 in the
1
H NMR spectrum and carbon signal at δ 68.23 in
the 13C NMR spectrum suggested the linkage of the
triterpenic unit at this carbon. The 1H and 13C NMR
spectral data of 3 were compared with the values of
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the reported lanostene type triterpenoids10-12. The
spectral data of the dehydroabietic acid unit were
compared with the reported values of the similar
compounds10-12. On the basis of above discussion
the structure of 3 was formulated as lanost-5, 9(11),
20(21), 22, 25(27)-pentaen-26-oic acid-3β-olyl
(3→19')-3'-oxodehydroabietic acid (Fig. 1). This is
a new triterpenoic acid linked with dehydroabietic
acid derivative.
Compound 4, designated as roxburghianoic
acid C, was obtained as a dark yellow crystalline
powder from petroleum ether-chloroform (1:3)
eluants. It produced effervescences with sodium
bicarbonate solution and displayed characteristic
IR absorption bands for carboxyl group (3260, 1694
cm-1), unsaturation (1645 cm-1) and aromatic ring
(1527 cm-1). On the basis of +ve FAB mass and 13C
NMR spectra, its molecular ion peak was determined
at m/z 748 consistent with the molecular formula of
triterpenoid with abietic acid C50H68O5. The important
fragment ion peaks arose at m/z 449 [C30H41O3]+ and
299 [C20H27O2]+ due to C3-C19′ bond cleavage. The
subsequent ion fragments of the diterpenic acid moiety
arising at 256 [299-C3H7]+ and 254 [299-COOH]+
indicated the presence of one each of carboxylic
and isopropyl groups in the diterpenic unit. The ion
fragments of the triterpenic unit generating at m/z
137 [C8H9O2, side chain, SC]+, 312 [449-SC]+, 432
[449-OH]+ and 295 [432-SC]+ suggested the presence
of two vinylic linkages in triterpenic skeleton and
the presence of a tri-unsaturated C8-side chain with
carboxylic group in the compound. The 1H NMR
spectrum of 4 displayed two downfield doublets at δ
7.01 (J=8.1 Hz), 6.89 (J=12.8 Hz) and a double doublet
at δ 7.15 (J=8.1, 2.8 Hz), one-proton each, ascribed
correspondingly to H-11’, H-14’ and H-12’ aromatic
protons, respectively. A two-proton broad singlet at δ
3.52 was attributed to oxygenated methylene H2-19′
protons. Two three-proton doublets at δ 1.16 (J=6.6
Hz) and 1.26 (J=6.6 Hz) were accounted to secondary
C-16′ and C-17′ methyl protons, respectively. Three
one-proton doublets at δ 5.79 (J=4.8 Hz), 5.76 (J=4.8
Hz), 5.84 (J=4.5 Hz) and one-proton multiplet at δ
5.67 (w1/2=10.8 Hz) were correspondingly attributed to
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cis-oriented vinylic H-6, H-7, H-22 and H-23 protons
of triterpenic unit. Four one-proton broad singlets at
δ 4.97, 4.96 and at δ 4.90 and 4.89, were assigned
to methylene protons H2-21 and H2-27, respectively.
A one-proton double doublet at δ 4.21 (J=5.1, 8.8
Hz) was due to oxygenated methine H-3α proton.
Five three-proton broad signals at δ 0.78, 0.92,
0.87, 0.84 and 0.81 were attributed to tertiary Me-18,
Me-19, Me-28, Me-29 and Me-30 methyl protons,
respectively. The 13C NMR spectrum of 4 displayed
signals for carboxylic carbons at δ 185.46 (C-26),
185.24 (C-18'); vinylic and aromatic carbons between
δ 150.18-109.23, oxygenated methine carbon at δ
75.69 (C-3) and oxygenated methylene carbon at
δ 67.58 (C-19′). The 1H and 13C NMR spectral data
of 4 were compared with the values of the reported
lanostene type triterpenoids13. The spectral data of
the dehydroabietic acid unit were compared with the
reported values of the similar compounds10-12,14. On the
basis of these results the structure of 3 was elucidated
as lanost-5,7,20(21),22,25(27)-pentaenyl-26-oic acid
(3→19')-3'-oxodehydroabietic acid (Fig. 1). This is a
new triterpenoic acid linked with dehydroabietic acid
derivative.
Compound 5, designated as roxburghianoic
acid D, was obtained as a brown sticky mass from
petroleum ether-chloroform (1:3) eluants. It produced
effervescences with sodium bicarbonate solution due
to the presence of carboxylic group and showed IR
absorption bands for carboxylic groups (3485, 1695
cm-1) and unsaturation (1645 cm-1). On the basis
of 13C NMR and +ve FAB mass spectra, molecular
weight of the 5 was established at m/z 778 consistent
with the molecular formula of a lanostenoic acid
linked with abietatrienoic dioic acid, C50H66O7. The
important fragment ion peaks arose at m/z 432
[C30H40O2]+ and 346 [C20H26O5]+. The subsequent
fragment ion peaks of the diterpenic unit appearing
at m/z 300 [346-HCOOH]+, 331 [346-Me]+, 273 [346
– CH(CH3)COOH]+ and 315 [346-CH2OH]+ suggested
the presence of one oxygenated methylene and two
carboxylic groups in diterpenic moiety. The fragment
ions of the triterpenic unit generating at m/z 137
[C8H9O2, side chain, SC]+ and 295 [432-SC]+ indicated
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the presence of two double bonds in ring A/B and a
tri-unsaturated C8-side chain with carboxylic group
and oxygenated methine carbon in ring A at C-3. The
1
H NMR spectrum of 5 displayed three one-proton
downfield signals consisting of two doublets at δ 6.99
(J=8.1 Hz), 6.86 (J=2.5 Hz) and a double doublet at
δ 7.16 (J=8.1, 2.5 Hz) ascribed correspondingly to
ortho-coupled H-11’, meta-coupled H-14’ and ortho-,
meta-coupled H-12’ aromatic protons. A two-proton
broad signal at δ 3.44 was assigned to oxygenated
methylene H2-19’ protons and its shifting in the lower
field indicated its linkage to C-3 of the triterpenic
moiety. The remaining methylene protons of the
diterpene unit resonated between δ 1.33-2.71. A
doublet at δ 1.21 (J=6.6 Hz), and a broad singlet at δ
1.25, three protons each, were ascribed to secondary
H-17' and tertiary H-20' methyl protons, respectively.
Three one-proton doublets at δ 5.79 (J=5.6 Hz),
5.73 (J=5.6 Hz), 5.81 (J=5.8 Hz) and a one-proton
multiplet at δ 5.63 were ascribed correspondingly
to vinylic H-6, H-7, H-22 and H-23 protons of the
triterpenic unit. Four one-proton broad signals at
δ 4.93, 4.92 and at δ 4.88, 4.87 were attributed to
methylene H2-21 and H2-27 protons, respectively.
A one-proton double doublet at δ 4.16 (J=5.5, 9.0
Hz) was accounted to H-3 α-carbinol proton. The
remaining methylene and methine protons resonated
between δ 1.42-2.86. Five three-proton broad signals
at δ 0.75, 1.19, 0.98, 0.89 and 0.85 were associated
with C-18, C-19, C-28, C-29 and C-30 methyl protons,
respectively. The 13C NMR spectrum of 5 exhibited
signals for carboxylic carbons at δ 185.01 (C-26),
185.23 (C-16'), 183.34 (C-18'), aromatic carbons
between δ 123.87-150.23 and vinylic carbons
between 112.86-153.01. The oxygenated methine and
oxygenated methylene carbons appeared at δ 75.19
(C-3) and 65.01 (C-19'), respectively. The shifting of
the oxygenated methylene carbon at δ 65.01 in the
deshielded field supported linkage of the triterpenic
moiety at C19′. The 1H and 13C NMR spectral data
of 5 were compared with the values of the reported
lanostene type triterpenoids13. The spectral data of
the dehydroabietic acid unit were compared with the
reported values of the similar compounds10-12,14. On
the basis of above discussion the structure of 5 was
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elucidated lanost-5,7,20,22,25(27)-pentaen-26-oic
acid 3β-olyl (3→19')-3'-oxodehydroabietic -16'-dioic

acid (Fig. 1). This is a new triterpenic linked with
dehydroabietic acid derivative.

Fig. 1: Structures of abietatrien-18-oic acid (1), roxburghianoic acid A (2), roxburghianoic acid B (3),
roxburghianoic acid C (4) and roxburghianoic acid D (5)
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Table I: 13C NMR spectral values of compound 2, 3, 4 and 5
Sr.No.

2 δC

3 δC

4 δC

5 δC

No.

2 δC

3 δC

4 δC

5 δC

1

36.73

36.50

36.01

36.04

26

183.22

182.91

185.46

185.01

2

24.80

26.21

25.08

23.96

27

108.88

109.09

109.23

109.28

3

75.13

76.63

48.66

75.19

28

23.47

22.39

22.40

21.71

4

41.93

42.23

44.51

44.57

29

19.67

19.94

19.94

19.97

5

145.03

144.37

145.07

145.64

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

120.74
32.21
45.73
46.69
37.85
23.47
25.95
43.82
51.70
30.07
29.02
51.17
13.58
16.75
137.38
112.27
134.02
128.06
45.78
145.70

120.35
120.94
146.61
48.75
38.29
21.20
26.78
44.94
51.98
29.80
29.24
51.43
13.82
16.97
137.26
112.40
134.29
128.74
47.04
145.35

120.92
120.43
146.67
47.34
37.84
21.37
25.54
44.82
51.91
29.94
29.39
51.34
13.97
17.04
137.85
112.80
134.59
128.26
46.25
145.59

120.97
126.87
153.01
47.36
37.88
21.46
24.75
44.95
51.95
29.97
29.43
51.39
14.94
17.92
137.90
112.86
134.63
132.73
46.28
146.73

30
1′

14.73
36.25

14.98
36.73

15.22
36.73

16.17
36.77

2′
3′
4′
5′
6′
7′
8′
9′
10′
11′
12′
13′
14′
15′
16′
17′
18′
19′
20′

35.01
206.71
44.67
48.48
17.65
33.01
135.02
146.73
37.36
125.87
123.41
149.70
126.37
34.65
24.51
22.18
181.83
67.44

27.31
35.29
46.82
50.99
18.43
34.39
135.31
147.61
37.65
124.93
123.67
149.98
126.63
34.66
23.71
21.47
184.33
68.23

27.38
34.80
46.01
50.87
18.47
33.38
135.46
147.19
37.10
124.02
122.37
150.18
126.82
34.80
23.92
21.66
185.24
67.58

25.11
35.59
46.04
48.72
18.90
33.42
135.59
147.24
36.97
124.08
123.87
150.23
128.32
38.77
185.23
17.10
183.34
65.01

21.18

20.69

20.81

18.50

CONCLUSION
New phytoconstituents are reported from the
oleo-resin of Pinus roxburghii Sarg. for the first
time which may be used as chromatographic
marker of the drug and for medicinal importance
of the drug.
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ANALYTICAL METHOD DEVELOPMENT AND VALIDATION OF PERINDOPRIL
ERBUMINE AND AMLODIPINE BESYLATE IN BULK AND TABLET DOSAGE FORM
BY HPLC
Pattan S. R.*, Patni A.C., Mali R.A., Patni C.J. , Godge R.K., Bhawar H.S., Merekar A.N. and Marathe R.P.
(Received 24 December 2012) (Accepted 23 February 2013)
Abstract
The objective of this present work was to develop and validate analytical method for quantitative
determination of perindopril erbumine and amlodipine besylate in bulk as well as in tablet formulation. The
chromatographic separation of the two drugs was achieved on a Varian Microsorb-MV 100-5 C18 column
(150×4.6mm, 10 μm). The mobile phase constituted of acetonitrile: buffer (65:35) and pH adjusted to 2.6
with ortho- phosphoric Acid was delivered at the flow rate 1mL/min. Detection was performed at 210 nm.
Separation was completed within 6 min calibration curves were linear with correlation coefficient between
0.99 to 1.0 over the concentration range of 2.5 to 15 µg/mL of perindopril erbumine and 10 to 60 µg/mL
of amlodipine besylate The relative standard deviation (R.S.D.) was found <2.3%. The proposed method
is precise, accurate, selective and rapid for the simultaneous determination of perindopril erbumine and
amlodipine besylate.

Keywords: Perindopril Erbumine, Amlodipine
Besylate, validation.
INTRODUCTION1-7, 9-11
Perindopril erbumine (PE) and amlodipine
besylate (AB) are antihypertensive drugs. Perindopril
erbumine is an angiotensin converting enzyme
inhibitor. It is used in the treatment of hypertension.
It may be used alone or in the combination with
other antihypertensive agents. Amlodipine besylate
is a calcium channel blocker. It is also used as
antihypertensive agent and in the treatment of
angina. It lowers the blood pressure and relaxes the
heart muscles and dilates the heart blood vessels to
prevent the spasm.

Amlodipine Besylate

Perindopril Erbumine

The chemical name of perindopril erbumine is
2 – methyl propane-2- amine (2S, 3As, 7As)-1-[(2S)2-2[[(1S)-1-(ethoxycarbonyl)butyl]amine]propanoyl]
octahydro-1H-indol-2-carboxylate. The chemical

name amlodipine besylate is 3-ethyl 5-methyl
4RS-2-[(2-aminoethoxy)methyl]-4-(2-chlorophenyl)6-methyl-1,4-dihydropyridine-3,5-dicarboxylate
benzene sulphonate.

*For correspondence
Department of Pharmaceutical Chemistry
Pravara Rural College of Pharmacy, Pravaranagar
A/P-Loni, Tal- Rahata, Dist. - Ahmednagar
Pin- 413736, Maharashtra
E-mail: shashipattan@yahoo.com
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Instrumentation
The analysis was performed by using HPLC
(Spectrasystem), consisting of Spectra- Physics
INDIAN DRUGS 50(05) MAY 2013

P-4000 Pump, SP- thermosepration products AS3000 Auto-sampler Spectra Physics analytical UV2000 detector and Column used is Varian MicrosorbMV 100-5 C18 Column (150×4.6mm, 10 μm).
Buffer Preparation
6.8 gm of potassium dihydrogen phosphate is
dissolve in 1000 mL of Milli Q water and mixed.
Mobile Phase Preparation

performed with UV detector at 210 nm, peak area
recorded for all the peaks. The slope and intercept
value for calibration curve R2 = 0.9997 for perindopril
erbumine and R2 = 0.9999 for amlodipine besylate.
The results show that an excellent correlation exists
between peak area and concentration of drugs within
the concentration range indicated.
Assay

Mix of Acetonitrile: Buffer in the ratio of 65:35 V/V.
Adjust the pH to 2.6 with orthro-phosphoric acid.

50 μL of each standard and sample solutions were
injected and from the peak area of PE and AB, each
amount of drug in samples were computed.

Standard Preparation

Method Validation8

The gift samples of the drugs perindopril
erbumine and amlodipine besylate were received
from Kaytross ACG Life Sciences Pharmaceuticals
(Nashik), India. Standard stock solution of 400 µg/mL
and 1000µg/mL were prepared by dissolving 40mg
of perindopril erbumine and 100 mg of amlodipine
besylate in 100 mL of mobile phase respectively.
From this stock solution working standard solution
having concentration 40µg/mL and 100µg/mL were
prepared by appropriate dilution with mobile phase
for perindopril erbumine and amlodipine besylate
respectively.

Limit of Detection and Limit of Quantification

Sample Preparation
Weight accurately tablets powder equivalent to
about 40 mg and 100 mg of perindopril erbumine and
amlodipine besylate respectively. Mix it with 100 mL
of mobile phase to prepare stock solution. Working
sample solutions having concentration of 40µg/mL and
100µg/mL were prepared by appropriate dilution with
mobile phase for perindopril erbumine and amlodipine
besylate respectively.
Linearity
Several aliquots of standard solutions of
perindopril erbumine and amlodipine besylate were
taken in different 10mL volumetric flasks and diluted
up to the mark with mobile phase such that the final
concentrations were 2.5-15 μg/mL and 10-60 μg/
mL respectively. Evaluation of the two drugs was
INDIAN DRUGS 50(05) MAY 2013

The limit of detection (LOD) and limit of
quantification (LOQ) of the developed method
were determined by injecting progressively low
concentrations of the standard solutions using the
developed HPLC method. The LOD for perindopril
erbumine and amlodipine besylate were found to be
0.04 and 0.28 μg /mL respectively. The LOQ was
0.25 and 0.90 μg/mL for perindopril erbumine and
amlodipine besylate respectively.
Ruggedness and Robustness
The ruggedness of the method was determined by
carrying out the experiment on different instruments by
different operators using different columns of similar
types. Robustness of the method was determined
by making slight changes in the chromatographic
conditions. It was observed that there were no marked
changes in the chromatograms, which demonstrated
that the HPLC method so developed is rugged and
robust.
Recovery Studies
To study the accuracy and reproducibility of the
proposed method recovery experiments were carried
out. A fixed amount of preanalyzed sample was taken
and standard drug was added at 80%, 100% and
120% levels. Each level was repeated three times.
The contents of perindopril erbumine and amlodipine
besylate per tablet found by proposed method are
33

Table I: HPLC Conditions
Column

Detection wavelength
Injection Volume
Flow rate
Temperature
Run time
Mobile phase
pH

Varian Microsorb-MV
100-5 C18 Column
(150×4.6mm, 10 μm)
210 nm
20µL
1.0 min / min
Ambient
10 min
Acetonitrile: Buffer
(65:35V/V)
2.6

Fig. 1: Typical chromatogram of sample containing
Perindopril Erbumine and Amlodipine Besylate

Table II: System suitability parameters
Parameter
Retention Time(TR)
Theoretical plates(N)
Tailing factor(T)
Resolution(Rs)

PE
2.77 min
3498.23
1.09
0.00

AB
5.67 min
4897.89
1.39
11.68

Fig. 2: Typical chromatogram of the standard of
Perindopril Erbumine and Amlodipine Besylate

Table III: Validation Parameters
Parameter

Perindopril
Erbumine
2.5-15 µg/mL
0.9997

Linearity range
Correlation
coefficient
LOD
0.04
LOQ
0.25
Recovery(n=3)
100.98
Precission(% RSD)
Intra-day(n=3)
0.90
Inter-day(n=3)
0.81

Amlodipine
Besylate
10-60 µg/mL
0.9999
0.28
0.90
100.19
1.00
0.75

shown in Table III the lower values of RSD of assay
indicate the method is accurate. The mean recoveries
of PE and AB were in range of 100.98 % and 100.19%
that shows there is no interference from excipients.
RESULTS AND DISCUSSION
The HPLC procedure was optimized with a
view to develop accurate assay method in a tablet
dosage form using Varian Microsorb-MV 100-5 C18
34

Column (150×4.6mm, 10 μm) in isocratic mode,
with mobile phase composition of acetonitrile: buffer
(65:35V/V). The flow rate was 1mL/min and both the
components were measured with UV Detector at
210nm. The retention time of PE and AB was 2.77
and 5.67 min respectively. The method was linear
in the range of 2.5 – 15 μg/mL for PE and 10 – 60
μg/mL for AB with correlation coefficient 0.9997 and
0.9999 respectively with good linearity response
greater than 0.998. The % recovery was found to
be 100.98% for PE and 100.19% for AB. The %RSD
for intra-day and Inter-day precision is shown in
Table III. The sensitivity of method LOD and LOQ
is shown in Table III. Typical chromatograms of the
sample and the standard is shown in Fig. 1 & 2. The
assay procedures were repeated for Five times and
the percentage of individual rugs and the results were
found to give 101% of PE and 101.75% of AB.
Linearity of Perindopril Erbumine
Regression analysis of the calibration
curve for perindopril erbumine showed a linear
INDIAN DRUGS 50(05) MAY 2013

relationship between the Concentration and
Response factor, with correlation coefficients
higher than 0.9997.
Linearity of Amlodipine Besylate
Regression analysis of the calibration curve for
Amlodipine Besylate showed a linear relationship
between the Concentration and Response factor, with
correlation coefficients higher than 0.9999 .
CONCLUSION
Proposed study describes HPLC method for the
estimation of perindopril erbumine and amlodipine
besylate in bulk drugs as well as in tablet formulation.
The method was validated and found to be simple,
sensitive, accurate and precise. Therefore the
proposed method can be used for quantification of
perindopril erbumine and amlodipine besylate in
bulk drugs as well as for routine analysis in quality
control.
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Development of HPTLC method for simultaneous estimation of
Ciprofloxacin and Ornidazole in combined dosage form
Dighade N. R.*, Shende M. D. and Kasture A. V.
(Received 11 October 2012) (Accepted 23 February 2013)
Abstract
A simple and accurate high performance thin layer chromatographic (HPLTC) method has been
developed and validated as per ICH guidelines for estimations of Ciprofloxacin (CP) and Ornidazole
(ORN) in combined dosage form. The mobile phase was acetonitrile: toluene: water and triethylamine
(5.5:1.8:1.5:1.6 V/V) was found to be best which gave high resolution with Rf 0.16 and 0.84 for
ciprofloxacin and ornidazole respectively. The linearity of ciprofloxacin and ornidazole was found to be
in the range of 0.4 to 0.8 µg/mL and 0.4 to 0.8 µg/mL, respectively. The coefficient of correlation (r2) was
found to be greater than 0.989 for both the components by this method. The tablet analyses result (n =
5) were found to be > 100.84 % by HPTLC for both the components. The proposed method was found
to be simple, accurate and suitable for routine quality control of marketed formulations containing these
drugs.

Keywords: High Performance Thin Layer
Chromatography, Ciprofloxacin and Ornidazole.
INTRODUCTION
Ciprofloxacin, (1-cyclopropyl-6-fluoro-1,
4-dihydro-4-oxo-7-(piperazin-1-yl) quinoline-3carboxylic acid (CP), a synthetic fluroquinolone, has a
bactericidal mode of action which is achieved through
inhibition of DNA gyrase, an essential component of
the bacterial DNA replication system. Ornidazole,
(RS)-1-chloro-3-(2-methyl-5-nitroimidazol-1-yl)
propan-2-ol (ORN), is an antiamoebic and is indicated
in intestinal and extraintestinal amoebiasis, as
prophylaxis after abdominal surgery. The structures
of these drugs are given in Fig. 1.
Methods such as spectrophotometric 1-3 ,
NMR4, spectrofluorimetric assay5, capillary zone
electrophoresis 7 and TLC- fluorimetry8 are reported
for determination of ciprofloxacin alone or in
combination with other agents. The literature survey
revealed methods for determination of ornidazole
*For correspondence
Institute of Diploma in Pharmacy
Wanadongri, Hingna Road, Nagpur (M.S.) 441 110.
E-mail: narendra_dighade@rediffmail.com
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Fig. 1: Structures of CP and ORN

individually or in combination with other drugs include
spectrophotometric9-12, HPLC 13-14, RP-HPLC 15 and
electrochemical method 16.
A literature survey revealed that no HPTLC
method has been reported for analysis of ciprofloxacin
and ornidazole in pharmaceutical preparations. In
the present study, attempts were made to develop
a rapid, economic, precise and accurate method
INDIAN DRUGS 50(05) MAY 2013

for estimation and validation of ciprofloxacin and
ornidazole in combination
Materials and methods
Reagents
Ciprofloxacin and ornidazole standard were
obtained form Zim Laboratories, Kalmeshwar,
Nagpur and Vapi Care Pharma Pvt. Ltd., Gujarat.
Analytical and HPLC grade chemicals and solvents
of Merck and Qualigens Fine Chemicals were used.
Ocimix tablets, were procured from the local market
containing ciprofloxacin (500 mg) and ornidazole
(500 mg) per tablet.
Instrumentation
CAMAG HPTLC system consisting of CAMAG
LINOMAT-IV as sample applicator was used for
HPTLC analysis. CAMAG TLC SCANNER III
(densitometer) with CAT’s 4.0 version software for
scanning and documentation, UV cabinet fitted with
dual wavelength 254/366 nm, sw, uv lamp for visual
inspection of HPTLC plates and CAMAG TWIN
TROUGH glass chamber with stainless steel lids
were used for chromatographic development.
Preparation of mobile phase: Mobile phase
consisted of acetonitrile, toluene, water and
triethylamine in the ratio of 5.5: 1.8: 1.5: 1.6 V/V.
Preparation of standard solution
i) Solution A: An accurately weighed equivalent
quantity of about 25 mg of CP was transferred to
25 ml volumetric flask (29 mg of Ciprofloxacin
hydrochloride ≅ 25 mg of Ciprofloxacin) and
was dissolved in 1 mL of water and 10-15 mL
of methanol. Volume was made up to the mark
with methanol (conc. 1 mg/mL). 1 mL of above
solution was transferred to 10 mL volumetric
flask and volume was made up to the mark with
methanol (conc. 0.1 mg/mL).
ii)	Solution B: An accurately weighed quantity of
about 25 mg of ORN was transferred to 25 ml
volumetric flask and was dissolved in 10-15 mL
methanol and volume was made up to the mark
INDIAN DRUGS 50(05) MAY 2013

with methanol (conc. 1 mg/mL). 1 mL of above
solution was transferred to 10 mL volumetric
flask and volume was made up to the mark with
methanol (conc. 0.1 mg/mL).
iii)	Solution C: An accurately weighed equivalent
quantity of about 25 mg of CP and 25 mg of ORN
was transferred to 25 mL volumetric flask and
was dissolved in 1 mL of water and 10-15 mL
of methanol. Volume was made up to the mark
with methanol (conc. CP 1 mg/mL and ORN 1
mg/mL). 1 mL of above solution was transferred
to 10 mL volumetric flask and volume was made
up to the mark with methanol (conc. 0.1 mg/mL
of CP and ORN).
Chromatographic conditions
The following chromatographic conditions were
optimized by trial and error for effective separation
and densitometric evaluation of drugs.
Stationary phase

Aluminium plates
precoated with silica gel
60 F254 (Merck)

Mobile phase

Acetonitrile:Toluene:
Water:Triethylamine
(5.5:1.8:1.5:1.6 V/V)
10 cm x 10 cm,
Thickness: 200 µm
Band
4 mm
6 mm

Plate size

Mode of application
Band size
Distance between
two bands
Sample volume
4 µL
Developing chamber Twin-trough glass
chamber, 10 cm x 10 cm
with stainless steel lid.
Saturation time

10 minutes

Separation technique
Migration distance
Temperature
Scanning mode
Slit dimensions
Scanning wavelength

Ascending
70 mm
20 ± 50c
Absorbance/ Reflectance
5 x 0.45 mm
299 nm
37

Selection of wavelength for densitometric
evaluation of separated spots
After the application of standard solution C with
the help of CAMAG LINOMAT-IV applicator, the
plate was chromatographed in twin-trough glass
chamber saturated with mobile phase for 10 minutes.
After chromatographic development, the plate was
removed and air dried. The separated bands on the
TLC plates were scanned over the wavelength range
of 200-360 nm. The wavelength 299 nm was selected
for densitometric evaluation of separated bands. The
overlay spectrum obtained is depicted in Fig. 2.

Peak height and peak area were recorded for
each drug concentration and the calibration curves of
concentration vs peak height/ area were constructed
for both the drugs.
The calibration curve for CP and ORN are depicted
in Fig. 3 and 4, respectively.
Analysis of laboratory mixture
i)	Standard solution: Standard solution C was used
(conc. CP 0.1 mg/mL and ORN 0.1 mg/mL).

Preparation of calibration curve

ii) Preparation of laboratory mixture (sample):
Five samples of laboratory mixture were prepared
as follows:

The standard solution C containing mixture of
CP and ORN was applied on the TLC plate in the
range of 1-10 µL with the help of microsyringe using
LINOMAT-IV automatic sample applicator. The plate
was then developed and scanned under the above
mentioned chromatographic conditions.

Sample solution: An accurately weighed
quantity equivalent of about 25 mg of CP and 25
mg of ORN was transferred to 25 mL volumetric
flask and dissolved in 1 mL of water and 10-15 mL
of methanol. The volume was made up to the mark
with methanol. 1 mL of above solution was transferred

Fig. 2: Overlay Spectra of Ciprofloxacin and Ornidazole
38
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Fig. 3: Calibration Curves for CP

Fig. 4: Calibration Curves for ORN

to 10 mL of volumetric flask and volume was made
up to mark with methanol. This solution was used as
sample solution.

Amount of both the drugs present in applied volume
of sample solution was obtained by comparison
between peak height and peak area of standard and
sample bands.

On TLC plate two bands of standard and eight
bands of sample solution, 4 µL each, were applied
and the plate was developed and scanned under
the optimized chromatographic conditions. After
scanning, the chromatograms obtained for standard
and sample were integrated.

The total amount of CP and ORN estimated in
laboratory mixture was calculated by using following
formula:

Typical densitograms obtained for standard and
laboratory mixture (sample) are shown in Fig. 5.

The results of estimation of CP and ORN in
laboratory mixture are shown in Table I.

The amount of CP and ORN present in applied
volume of standard solution was fed to the computer.

The results obtained indicate that CP and ORN
can be estimated accurately in laboratory mixture.
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Standard

through Whatman grade 1 filter paper. 1 mL of above
filtrate was transferred to 10 mL volumetric flask and
volume was made up to the mark with methanol. This
solution was used as a sample solution.
On TLC plate two bands of standard and eight
bands of sample solution, 4 µL each, were applied
and the plate was developed and scanned under
the optimized chromatographic conditions. After
scanning, the chromatograms obtained for standard
and sample were integrated.

Marketed Formulation

The amount of each drug present in applied
volume of standard solution was fed to the computer.
Amount of both the drugs present in applied volume
of sample solution was obtained by comparison
between peak height and peak area of standard and
sample bands.
Amount of each drug estimated in average weight
of tablet was calculated by following formula:

Fig. 5: Densitograms of Ciprofloxacin (1) and
Ornidazole (2) for Standard and Marketed Formulation
(Ocimix)

Thus, it was thought worthwhile to extend the same
method to marketed formulation.
Application of proposed method to marketed
formulation
Standard solution: Standard solution C was used
(conc. CP 0.1 mg/mL and ORN 0.1 mg/mL).
Sample preparation
Twenty tablets were accurately weighed and
average weight was calculated. The tablets were
then crushed to obtain fine powder. An accurately
weighed quantity of tablet powder equivalent to about
25 mg of CP was transferred to 25 mL of volumetric
flask and shaken with 1 mL of water and 10-15 mL of
methanol for 10 minutes. The volume was made up to
the mark with methanol and then solution was filtered
40

The results of estimation of CP and ORN in
marketed formulation are shown in Table I.
System Suitability
The system suitability test was performed
by few repeated application for the standard
solution containing 100 µg/mL of ciprofloxacin and
ornidazole. The results obtained by repeating the
estimation procedure five times were observed to
be good.
Validation
It was carried out for the following parameters as
per USP guidelines.
A. Accuracy: Accuracy of proposed method was
ascertained on the basis of recovery studies
performed by standard addition method.
Accurately known amounts of standard drugs
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Table I: Summary of results of Laboratory Mixture and Marketed Formulation
Sr. No.

Sample

Statistical Data

Results (% Estimated* / % Label Claim**)
CP

1

2

Laboratory* mixture

Marketed**
formulation Ocimix

ORN

By Height

By Area

By Height

By Area

Mean

99.31

100.50

100.4

99.45

± SD

0.3024

1.2232

1.1816

1.0709

CV

0.3045

1.2171

1.1769

1.0767

RSD

0.0030

0.0121

0.0117

0.0107

Mean

100.25

100.84

100.82

99.22

± SD

0.4936

0.6531

1.0039

1.4656

CV

0.4923

0.6477

0.9957

1.4770

RSD

0.0049

0.0064

0.0099

0.0147

Table II: Summary of Results of Validation
Sr. No.
1

Parameter

4

% Label Claim
By Area

ORN
By Height
By Area

Mean
RSD

100.01
0.0091

99.37
0.0099

99.89
0.0093

99.06
0.0065

Mean
RSD

100.25
0.0049

100.84
0.0064

100.82
0.0099

99.22
0.0147

Acid hydrolysis

100.16

102.17

102.17

99.19

Alkali hydrolysis

82.91

74.23

88.29

87.36

Oxidation

99.86

100.8

96.32

94.0

Heat degradation

100.42

98.60

100.52

98.14

UV Photolysis

97.89

97.03

97.47

95.83

100.22
0.0061
100.88
0.0025
99.30
0.0026

100.08
0.0136
99.27
0.0168
100.17
0.0135

100.00
0.0038
99.8
0.0078
100.47
0.0014

98.77
0.0057
98.63
0.0076
99.33
0.0108

Precision
Ocimix

3

By Height

CP

Accuracy
Ocimix

2

Statistical data

Specificity

Ruggedness
Different Times
Different Days
Different Analyst
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Mean
RSD
Mean
RSD
Mean
RSD
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Table III: Results of Linearity Studies

Drug

Linearity range (µg)
BY Height

By Area

Coefficient
correlation

Y-Intercept

BY Height

By Area

BY Height

By Area

BY Height

By Area

CP

0.4 - 0.8

0.9894

0.9922

186.15

12235.35

386.37

6835.87

ORN

0.4 - 0.8

0.9935

0.9942

341.13

12114.22

183.65

3180.12

were added to known amount of pre analyzed
tablet powder and it was analyzed by the proposed
method to ascertain if there are positive or
negative interferences from excipients present in
formulation. The per cent recovery was calculated
by using following formula.
A-B
% Recovery = ---------- x 100
		
C
Where A = total drug estimated in mg; B= amount
of drug contributed by tablet powder (as per
proposed method); C= amount of pure drug
added.
The results of accuracy studies are shown in
Table II.
B. Precision: Precision of an analytical method
is expressed as S.D. or R.S.D. of series of
measurements. It is ascertained by replicate
estimation of the drug by proposed method. The
results are shown in Table II.
C. Specificity: The specificity studies were carried
out by attempting deliberate degradation to the
tablet sample with exposure to stress conditions
like acidic (0.1 M HCl), alkaline (0.1 M NaOH),
oxidizing (3% H2O2), heat (60oC), and UV.
i)	Standard solution: Solution C was prepared
as described under preparation of standard
solutions (conc. CP 0.1 mg/mL and ORN
0.1 mg/mL).
ii)	Sample solution: An accurately weighed
quantities of preanalyzed tablet powder
equivalent to 25 mg of CP were taken in five
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Slope

different 25 mL volumetric flaks and were
stored for 24 hours under different conditions
as follows.
i)

At 50 o C, in 1 mL 0.1 M HCl (Acid) – Acidic
Hydrolysis

ii) At 50oC, in 1 mL 0.1 M NaOH (Alkali) –
Alkaline Hydrolysis
iii) At 50oC, in 1 mL 3% H2O2 (Oxide) Oxidation
iv) At 60oC (Heat) – Thermal degradation
v) UV-chamber - Photolysis
After 24 hrs, all the flasks were removed and
allowed to cool. The samples were then analyzed
in similar manner as described under marketed
formulation. The results of specificity studies are
shown in Table II.
	Linearity and Range: The study was performed
by applying different volumes of standard solution
on TLC plate, developing and scanning the plate
as per the optimized chromatographic conditions.
The concentration vs response curves were
plotted as per area and height. The results are
recorded in tabular form in Table III.
D.	Ruggedness: The ruggedness of the proposed
method was ascertained by carrying out the
analysis of marketed formulation in the similar
manner as described earlier, under three different
conditions i.e., on different times (morning,
afternoon and evening) on the same day, on
different days and by different analysts.
The results are shown in Table II.
INDIAN DRUGS 50(05) MAY 2013

Results and Discussion
The mobile phase consisting of acetonitrile:
toluene: water: triethylamine in the ratio 5.5: 1.8: 1.5:
1.6 V/V was found suitable as it gave good resolution
of both drugs. The Rf values were found to be 0.16
and 0.84 for CP and ORN respectively.
The densitometric evaluation of chromatogram
was carried out at 299 nm as both the drugs have
sufficient absorbance showing better sensitivity.
CONCLUSION
The proposed HPTLC method was simple, rapid,
precise and accurate and can be conveniently adopted
for the routine quality control analysis of ciprofloxacin
and ornidazole from its pharmaceutical formulation
and bulk drug. The highlight of the method is short run
time which significantly reduces the analysis time.
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Antibacterial activity of bark extractS of Ficus glomerata Roxb
against some Gram positive AND Gram negative Bacteria
Bhinge S. D.*, Hogade M. G., Savali A. S., Chitapurkar H. R., and Magdum C. S.
(Received 23 November 2012) (Accepted 16 March 2013)
Abstract
Petroleum ether, ethanol and aqueous extracts of the bark of Ficus glomerata (Urticaceae) were
screened for their antibacterial activity using agar diffusion method. They were tested against six bacteria;
three Gram-positive bacteria (Bacillus subtilis, Bacillus aureus and Staphylococcus aureus) and three
Gram-negative bacteria (Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa). The
susceptibility of the microorganisms to the extracts of these plants was compared with each other and
with selected antibiotics.

Keywords: Antimicrobial activity, Gram positive
bacteria, Gram negative bacteria, Ficus glomerata
INTRODUCTION
The bark of Ficus glomerata, Roxb. (Family Urticaceae), locally known as Gular, is abundantly
available in India. It has been used since olden times
in the ethnomedicine for many varied medicinal
purposes including as a remedy of diabetes mellitus1.
In addition, they are known to possess tonic,
expectorant, emollient, stomachic and carminative
properties2. The sap extracted from trunk of the tree
is also considered curative in diabetes. Moreover,
the powdered seeds mixed with pure bee-honey
are prescribed in diabetes in folklore medicine3, 4. It
is used in dental preparations5, 6. It is also useful in
treatment of asthma, piles and skin diseases. The
tree is found to be stomachic, carminative and useful
in the treatment of menorrhagia. The bark is useful
in treating diabetes7.

Sangli (Maharashtra, in Dec 2009); and a voucher
specimen no BHISOFIR2 has been deposited at
the herbarium by Botanical Survey of India, Pune
(Maharashtra).
Preparation of the crude extracts
The plant material was washed with distilled
water, dried in shade and powdered with the help of
an electric grinder. The coarse material was extracted
successively with petroleum ether, ethanol and
water. The extracts were dried at 50°C in a water
bath. The percentage yields obtained of the different
successive extracts were 10.20% and 8.50%, w/w
respectively.
Preparation of test samples

MATERIALS AND METHODS

Stocks of petroleum ether (60 to 80oC fraction),
ethanol and aqueous extracts of Ficus glomerata
were prepared in sterile distilled water (1mg/mL).
Further test dilutions were made ranging from 10µg/
mL to 100µg/mL in sterile distilled water8.

Plant materials

Test Bacteria

The bark of Ficus glomerata (Family Urticaceae) was collected from Atpadi, Dist

The bacterial cultures employed in this study are
Bacillus subtilis, Bacillus aureus, Staphylococcus
aureus, Escherichia coli, Klebsiella pneumoniae
and Pseudomonas aeruginosa obtained from the
department of Microbiology, Gulbarga University,
Gulbarga (Karnataka).

*For correspondence
Dept. of Pharmaceutical Chemistry
Rajarambapu College of Pharmacy, Rajaram Nagar
Kasegaon – 415 404, Maharashtra
E-mail : somu1245@yahoo.co.in
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Preparation of bacterial suspension

were transferred to incubation chamber for 24hr at
370C. The diameter zone of inhibition in mm was
measured10, 11.

The bacterial suspension was prepared by
transferring a loopful of inoculum into 1ml sterile
saline solution from the stock culture maintained at
40C in 10mL nutrient broth8.

RESULTS AND DISCUSSION
The petroleum ether, ethanol and aqueous
extracts of the bark of Ficus glomerata were subjected
to a preliminary screening for antimicrobial activity
against six bacteria i.e. Bacillus subtilis, Bacillus
aureus, Staphylococcus aureus, Escherichia
coli, Klebsiella pneumoniae and Pseudomonas
aeruginosa. It is clear from Tables I, II and III that
petroleum ether extract of the bark of Ficus glomerata
did not show any activity against all organisms tested.
The ethanol extract showed low activity against B.
subtilis, B aureus and S. aureus and significant activity
against E. coli, K. pneumoniae and P. aeruginosa.
Aqueous extracts shown the low activity against
B aureus and S. aureus and high activity against
E.coli, K. pneumoniae and P. aeruginosa, and it is
inactive against B. subtilis. This antibacterial activity
might be supported by these chemicals i.e alkaloids,
glycosides, saponins, cardiac glycosides, tannins,
fixed oils, tannic acid and simple phenol compounds
present in plants material. 100μg/mL ethanolic

Preparations of Plates
Nutrient agar medium was sterilized at 15lb/cm2
pressure for 20 min in an autoclave. Then 15mL of
medium was poured in each petri plate under sterile
conditions9.
Antibacterial Assay
Each extracts were tested against Grampositive bacteria (Bacillus subtilis, Bacillus aureus
and Staphylococcus aureus) and Gram-negative
bacteria (Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa). Antibacterial activity was
determined by pour plate method in sterile nutrient
agar medium plate. The 6.0 mm wells were made
on each petri plate. Plate were allowed to stand for
1hr and inoculated with 1ml extract. Respective
dilutions ranging from 10µg/mL to 100 µg/mL were
prepared. The applied sample extracts were allowed
to diffuse properly by keeping the petri plates in
refrigerators at 40C for 4hr. Then the petri plates

Table I: Preliminary screening for antimicrobial activity of Bark of Ficus glomerata against Standard Gram
Positive organisms
Test Samples

Zone of Inhibition (mm)

Concentration
(µg/mL)

B. subtilis

25
50
75
100
25
50
75
100
25
50
75
100

---------8
8.5
10

Petroleum
Ether

Aqueous Extract

Ethanol Extract
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B aureus
-----2
7
9
-7
7.3
9

S.aureus
-----2
6
8
--6.5
8
8
45

Table II: Preliminary screening for antimicrobial activity of Bark of Ficus glomerata against Standard Gram
Negative organisms
Test Samples

Petroleum
Ether

Aqueous Extract

Ethanol Extract

Zone of Inhibition (mm)

Concentration
(µg/mL)

E.coli

K. pneumoniae

P. aeruginosa

25
50
75
100
25
50
75
100
25
50
75
100

-----9
8
9
11
12
15
19

----7.5
10
10.1
10
9
12
13
15

-----11
10
11
8
12
12.2
14

Table III: Screening of antibacterial activity of Gentamycin and Tetracycline against standard organisms
Test
Samples

Conc.
(µg/mL)

Zone of Inhibition (mm)

Gentamycin

25
50
75
100

19
21
23
25

12
15
18
20

15
17
22
25

22
27
30
32

14
15
17
20

15
17
19
21

Tetracycline

25
50
75
100

18
21
23
25

15
19
23
25

--------

18
19
24
27

19
21
22
25

25
28
30
32

E.coli

K.pneumoniae P.aeruginosa B.Subtilis B.aureus

extract showed comparable activity at 25μg/mL of
gentamycin and 25μg/ml tetracycline against E coli.
The ethanol extract at 100μg/mL concentration was
effective as 25μg/mL and 50μg/mL gentamycin and
25μg/mL tetracycline against Klebsiella pneumoniae.
The ethanolic extract at 100μg/mL concentration
was effective as 25μg/mL gentamycin against P.
aeruginosa. The ethanolic extract is less active against
Bacillus subtilis, Bacillus aureus; Staphylococcus
aureus as compared to standard drugs. The aqueous
extract is less significant against all test organisms
as compared to standard drugs.
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S.aureus

CONCLUSION
Microbial resistance to Ficus glomerata Roxb.
has not been reported earlier, which makes it a very
promising topical antimicrobial agent against the
infection of antibiotic-resistant bacteria. Extracts
(aqueous and ethanolic) of Ficus glomerata Roxb.
in this study demonstrated a broad-spectrum of
activity against both gram-positive and gram-negative
bacteria. The potency of Ficus glomerata Roxb.,
against microorganisms suggests its potential to be
used as an alternative therapeutic agent in certain
medical conditions.
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DEVELOPMENT OF VALIDATED RP-HPLC METHOD FOR THE QUANTITATIVE
ANALYSIS OF CHROMIUM PICOLINATE III IN A DIET VINEGAR FORMULATION
Lodhi A., Jain A.* and Biswal B.
(Received 04 January 2013) (Accepted 12 February 2013)
Abstract
A validated high performance liquid chromatographic method was developed for the determination of
chromium picolinate in pharmaceutical dosage forms. The analysis was performed at room temperature
using a reversed-phase ODS, 5µm (250×4.6) mm column. The mobile phase consisted of acetonitrile:
buffer (60:40 V/V) at a flow rate of 0.5 mL/min. The PDA-detector was set at 264 nm. The developed
method showed a good linear relationship in the concentration range from 1.5 – 12.5 µg/mL with a
correlation coefficient from 0.999. The limit of detection and limit of quantification were 0.0540513 and
0.1637919 µg/mL respectively.

Keywords: Chromium Picolinate (III), Liquid
Chromatography, Diet Vinegar Formulation, RPHPLC, Validation, Quantitative Analysis.
INTRODUCTION
Chromium picolinate (III) is very well known as an
essential mineral. It is suggested as a cofactor in the
maintenance of both normal lipid and carbohydrate
metabolism by assisting the action insulin on a cell
membrane. Chromium picolinate (III) is lipophilic,
which facilitates its entry in to and through the
plasma membrane of cells1, 2. In the skeletal muscle
cells, the rate of insulin was increased and the
uptake of both glucose and lucine was improved.
Chromium picolinate (III) as a nutritional supplement
(Diet Vinegar Formulation) and weight-loss agent
has been commercially successful and known to
have beneficial effects on carbohydrate and lipid
metabolism alleviating symptoms associated with
adult-onset diabetes3, 4, 5.
The identification of chromium picolinate (III) has
been carried out using FT-IR. FT-IR usually detects
the functional groups of the investigated material and
*For correspondence
B.R. Nahata College of Pharmacy
Mhow- Neemuch Road, 458001
Mandsaur.
E-mail: anurekha@brncop.com
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is generally compared with the standard material. In
the present research, we studied the determination
of chromium picolinate (III) using RP-HPLC and
determined the chromium picolinate (III) in diet vinegar
formulation6.
EXPERIMENTAL
Reagents & Apparatus
Diet vinegar formulation, chromium picolinate were
obtained from ZIM Laboratories Ltd., Nagpur, Acetonitrile
used for HPLC analysis was of chromatographic
grade and purchased from merck. Water was puried
by doubled distilled system. The octadecyl bonded
column was used. HPLC was performed using Waters
High Performance Liquid Chromatography with PDAdetector. Optimal conditions of high performance liquid
chromatography were found to be; flow rate = 0.5 mL/
min, wavelength = 264 nm, column oven temperature =
25-30oC, and mobile phase composition = acetonitrile
: buffer = 60:40.
Instrumentation
Waters 600E HPLC system and column was used.
Separation and quantitation was done on C8 column
i.e., (250 X 4.6 mm 5 μm particle size) column
Chromatographic Conditions
Using C8 column i.e., (250 X 4.6 mm 5 μm particle
size) column. The mobile phase was prepared by
INDIAN DRUGS 50(05) MAY 2013

mixing sodium dihydrogen phosphate buffer (pH 2.8),
acetonitrile in the ratio of 40:60 %.
Standard and working solution
Standard solution of dipyridamole was prepared at
the concentration of 10 μg mL-1 dissolving appropriated
amount of standard in the mobile phase. This standard
solution was used to quantify active and final product
taken and diluted to 10 mL with the mobile phase to
yield dilution of 10 µg/mL. Then the final solution was
filtered through 0.45 micron Whatman filter paper and
sonicated for HPLC analysis.

Method Precision: Analyzing six replicate
injections of chromium picolinate standards and
sample solution. Percentage assay of sample to
that of label claim was calculated by comparing the
sample solution response to that of standard solution
response. %RSD of assay result was calculated.
Intermediate Precision: Intermediate precision
express within laboratory variation. Two analyst on
different HPLC system conducted and analyst to
analyst variability study by assaying six different test
preparations of chromium picolinate8.

Method Validation

Robustness

Method validation was done as per ICH guidelines
and accordingly the parameters evaluated were: 7

The robustness of analytical procedure is a
measure of its capacity to remain unaffected by small,
but deliberate variation in method parameters and
provides an indication of its reliability during normal
usage and done by changing,

1.

Linearity

2.

Precision

3.

Robustness

4.

Ruggedness

1. Influence of variation of pH in the mobile phase
(±0.2).

5.

Accuracy

2. Influence of variation of flow rates (±10%).

6.

System suitability

Linearity
The linearity of analytical procedure is its ability
(within given range) to obtain test results which are
directly proportional to concentration in sample. This
was studies by analyzing ten concentrations within
the range of 1.5 – 12.5 μg/mL solution of chromium
picolinate. A graph was plotted in μg/mL on X axis
versus response on Y axis.
Precision
The precision of analytical procedure express the
closeness of agreement (degree of scatter) between
series of measurement obtained from multiple
sampling of the same homogeneous sample under
prescribed condition. The precision of the method
was demonstrated by:
System Precision: Standard solution of chromium
picolinate was injected in 10 replicate injections and
%RSD was calculated.
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Ruggedness (system to system variation)
Ruggedness of analytical method is degree of
reproducibility of test result obtained by the analysis
of the same sample under verity of condition such as
laboratory, analyst and instruments. System to system
variation was conducted on two HPLC systems by using
the same column by assaying six different test preparation
of chromium picolinate (10μg/mL) as per method9,10.
Accuracy
Recovery study performed for the accuracy.
Recovery spiked placebo was conducted. Sample
solution was analyzed in triplicate for each
concentration level and assayed as per method. The
results from recovery study for accuracy determination
are depicted in the Table I.
System Suitability
All the values of parameter i.e. USP plate count,
USP tailing and %RSD of system suitability were
determined.
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RESULT AND DISCUSSIONS

Intermediate Precision

HPLC method development and optimization of
following parameters are shown in Fig. 1 & Table I.

The data obtained in linearity experiments was
subject to linear regression analysis. The coefficient
of regression (r2) was found to be 0.9997. Linearity
data and plot are reported in the Table I and Fig. 2.

Two analyst on different HPLC system conducted
analyst to analyst variability study by assaying six different
test preparation of chromium picolinate. The average %
assay obtained by both analysts was found to be 98.7
and 98.7 with RSD of 0.4% and 0.3% respectively.The
system suitability parameter were evaluated as per
method by both analyst and found to be within limits.
The limits are summarized in the Table I.

Method Precision

Robustness

The precision of test method was evaluated by
assaying six sample of chromium picolinate (10μg/
mL). %RSD of assay was found to be 0.076885.
Results are given in the Table I.

No significant change in the chromatographic
parameters were observed when change in the
optimized condition like change in the pH and flow
rates. The results are summarized in the Table I.

Linearity

Fig. 1: Representative chromatogram of the chromium picolinate (III) (standard) under
optimized condition, concentration: 10 µg/mL in mobile phase (ACN;buffer = 60:40) ; flow
rate : 0.5 mL/min, Rt = 4.226

L

Fig. 2: Calibration curve of chromium picolinate (III)
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Ruggedness

System Suitability

System to system variability was conducted
by two HPLC systems by using same column by
assaying six different test preparation of chromium
picolinate in same condition. The system suitability
parameter was found to be within limits. The average
assay for system was found to be 98.7 and 98.7 with
values between centrifuged and filtered samples to
be within limits. This study indicates that both filters
are suitable for filtration.

All the values of parameter i.e. USP plate count,
USP tailing (1.3) and %RSD of six replicate injections
(0.1%) of system suitability were found to be within
in the acceptable limits. It is concluded that the
method and systems are adequate for the analysis
to be performed.

Accuracy
The results from recovery study for accuracy
determination are depicted in the Table I. Recovery
from spiked placebo was conducted. Sample
solution was analyzed in triplicate for each
concentration level and assayed as per method.
The percentage recovery was found to be within
the limits (97.5-100.4%). The mean recovery of
chromium picolinate should not be less than 97%
and not more than 103%.

CONCLUSION
The developed method was validated in terms
of specificity, precision, accuracy, LOD and LOQ
as per ICH guidelines and it was found that all the
parameter lie within the limit prescribes by ICH. LOD
& LOQ was found to be 0.0540513 and 0.1637919
respectively.
The proposed analytical method has been
proved to be simple, specific and accurate which
fulfill all the parameters of the validation. Therefore
this method has been successfully applied to diet
vinegar formulation.

Table I: Validation Parameter
Parameter
r2
Accuracy (%RSD)

Precision (%RSD)

Robustness (%RSD)

Recovery levels

Assay
System precision
Intermediate Precision
Method Precision
Effects of variations in
pH.
Effects of variations in
flow rate.

Ruggedness (%RSD)

System to system
variability
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80 %
80 %
100 %
100 %
120 %

Analyst 1
Analyst 2
pH 2.8
pH 3.0
pH 3.1
0.8 mL/min
0.5 mL/min
1.0 mL/min
System1
System2

Obtained Results
0.9997
96.7± 0.21
97.7± 013
96.5± 0.87
95.3± 0.60
96.9 ± 0.78
98.67% w/w
1.5%
1.6%
1.3%
0.160.07%
0.10%
0.20.07%
0.07%
0.09.07%
0.07.07%
1.4.%
1.3 %
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Short Notes
A METHOD FOR PREPARATION OF DROSERONE FROM PLUMBAGIN
Abstract
Droserone (2,5-dihyrdoxy-3-methyl-1,4- naphthoquinone) was prepared from naturally occurring
naphthoquinone plumbagin. Plumbagin was isolated from roots of Plumbago zeylanica. Plumbagin
was first brominated at C-3 which was subsequently substituted with hydroxy group by a nucleophilic
substitution to obtain Droserone. The synthesized compounds were characterized by IR, MS, 1H and 13C
NMR spectral data. RP-HPLC was used to ascertain the purity of the obtained compound.

Keywords: P. zeylanica, Plumbagin, Droserone,
semi–synthesis.
1, 4-Naphthoquinones can be viewed as derivatives
of naphthalene obtained through the replacement of
two hydrogen atoms by two ketone groups. Naturally
occurring naphthoquinone derivatives have significant
pharmacological properties. They are cytotoxic, they
have significant antibacterial, antifungal, antiviral,
insecticidal, anti-inflammatory and antipyretic
properties1. Plants with naphthoquinone content
are widely used in China and the countries of South
America, where they are used to treat malignant
and parasitic diseases. Plumbagin and droserone
are naturally occurring antifeedant compounds
occurring in carnivorous plants like Drosera burmanii2,
Dionaea muscipula3,Triphophyllum peltatum4 and
Nephthensis khasiana5. Amongst the two naturally
occurring quinones, the content of plumbagin is found
to be significantly high in these plants. Droserone
occurs in a relatively lesser concentration making
it difficult to isolate from plant sources and more
expensive when compared to plumbagin. Because
of its non-availability, it is much less studied when
compared to plumbagin. Hence an attempt was
made to isolate plumbagin and synthesize droserone
from the same. Droserone has been reported to be
synthesized from plumbagin using epoxidation of C-2
C-3 double bond and subsequent hydrolysis in about
31% yields6 and from naturally occurring juglone and
chlorplumbagin7.
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Plumbago zeylanica L. is a semi-climbing,
perennial and sub-scandent shrub with semi woody
stem and numerous branches that grows in tropical
and subtropical regions of Asia, Australia and Africa
and also found wild in peninsular India, Uttar Pradesh,
West Bengal and cultivated in gardens throughout
India8,9,10. A wide range of chemical compounds
including plumbagin, plumbagic acid, chitranone,
elliptinone, isoshinanolone, zeylanone, isozeylanone,
plumbazeylanone, seselin, suberosin, β-sitosterol etc.
have been isolated from this species in recent times11.
The roots of plant are reported to contain about 0.2%
w/w of plumbagin and hence was preferred choice as
a natural source for isolation of plumbagin12.
The dried roots of P. zeylanica were obtained
from local market of Jaipur, India and authenticated
using microscopical and chemical evaluation, which
was confirmed by Prof. H. M. Pandit, Khalsa College,
Mumbai; a voucher specimen was deposited in
Medicinal Natural Products Research Laboratory,
ICT, Mumbai. Potassium hydroxide and Light
petroleum ether (60-80°C) were obtained from
S. D. Fine Chemicals Limited, Mumbai. HPLC-grade
Methanol was sourced from Merck (India). Distilled
water was filtered through 0.45 µm filter. The roots
were powdered and used for extraction purpose.
Mass spectrum was recorded on Micromass Q-TOF
MS Mass Spectrometer. All 1H and 13C-NMR spectra
were recorded on a JOEL 400-MHz instrument with
an internal standard of tetramethylsilane (TMS).
UV/Vis Spectrum was recorded on a JASCO V-530
Spectrophotometer. TLC was performed on 0.20 mm
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silica gel G60 F254 (E. Merck) aluminum-supported
plates. Compound was visualized either under UV
light at 254 nm or with Borntrager’s reagent; Reagent
grade solvents were used for extraction; HPLC
grade solvents were employed for chromatographic
analysis. HPLC analysis was performed with a
JASCO (Hachioji, Tokyo, Japan) system, using 250
mm × 4.6 mm i.d., RP-18 (5-μm particle size) Merck
Purospher star column, an intelligent pump (PU-1580,
PU-2080), a high-pressure mixer (MX-2080-31), a
manual sample injection valve (Rheodyne 7725i),
with a flow rate of 1.00 mL/min, Injection volume
loop: 20 μL., monitoring at 250 nm (UV-1575), and
elution program: 15 min isocratic, Methanol : Water
containing 0.1% v/v of o-phosphoric acid (65 : 35).
Chromatographic data were processed with software
(Borwin).

Conversion of 3-bromo-plumbagin to
droserone

Isolation of plumbagin from roots of Plumbago
zeylanica

Plumbagin (5-Hydroxy-2-methyl-1,4naphthoquinone) :Infra red (IR) spectrum of the
isolated plumbagin showed a broad peak at 3434
cm-1(hydroxyl) and 1604, 1641 cm-1 (carbonyl) 1604
characteristic of (C=C) in quinones. Molecular ion
peak at 188 m/e gave the molecular weight of the
compound. The UV/Vis maxima in methanol were
found to be at 214, 264, 340,400 and 417 nm. The
1
H NMR (400 MHz, CDCl3) shows δ 2.1 (s, 3H,
R-CH3), 5.3 (s, 1H, Ar-OH), 7.2(m, 3H, Ar-H), 7.5(s,
1H, Ar-H); 13C NMR( MHz, CDCl3) 16.4 (C11), 129
(C9), 133 (C10), 119 (C8), 124 (C6),132 (C3),136 (C7),
150 (C2), 161 (C5), 184 (C1),190 (C4). The isolated
compound melts at 76°C. Plumbagin showed 98 %
purity by HPLC.

Powdered dried roots of P. zeylanica (750
g) were subjected to Soxhlet extraction using
chloroform. The chloroform fraction thus obtained
was concentrated, loaded on silica and subjected
to column chromatography using light petroleum
ether: ethyl acetate as eluent. A 5% fraction of ethyl
acetate in light petroleum ether yielded 270 mg of
plumbagin.
Preparation of 3-bromo-plumbagin from
plumbagin
Plumbagin (120 mg) was added to a 10 mL
solution of bromine in chloroform and stirred for 30
minutes at room temperature. A mixture of 5 mL of
ethanol and 5 mL of glacial acetic acid was added to
it and the reaction mixture was refluxed for additional
2 h. The progress of the reaction was monitored using
TLC. The reaction mixture was cooled and transferred
into a separating funnel and partitioned with water;
the organic layer was separated and allowed to
evaporate. The residue so obtained was loaded on
silica and purified by column chromatography, using
light petroleum ether: ethyl acetate (97: 3) as eluent
to yield 80 mg of 3-bromoplumbagin.
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3-Bromo-plumbagin (80 mg) dissolved in 20 mL
of ethanol to which a 5 mL of 10% sodium hydroxide
solution was added. The reaction mixture was refluxed
on water bath for 90 min. The reaction mixture was
then allowed to cool and poured in 50 mL of dilute
hydrochloric acid solution and kept aside for 2 h.
Yellowish brown precipitate was formed. The solution
containing the fine precipitate was partitioned with light
petroleum ether. The organic layer was concentrated
and the residue obtained was loaded on silica and
purified using column chromatography using light
petroleum ether and ethyl acetate (90:10) as eluent
to yield 10 mg droserone.
Spectroscopic data

Bromo-plumbagin (3-bromo-5-Hydroxy2-methyl-1,4-naphthoquinone): Infra red (IR)
spectrum of the isolated plumbagin showed a broad
peak at 3456 cm-1(hydroxyl) and 1662, 1636 cm-1
(carbonyl), 1636 characteristic of (C=C) in quinones,
748 (bromo). Molecular ion peak at 266,268 m/e
gave the molecular weight of the compound. The 1H
NMR (400 MHz, CDCl3) shows δ 2.1 (s, 3H, R-CH3),
5.3 (s, 1H, Ar-OH), 7.2(m, 3H, Ar-H) 13C NMR( MHz,
CDCl3) 16.4 (C11), 129 (C9), 133 (C10), 119 (C8),
124 (C6),124 (C3),136 (C7), 150 (C2), 161 (C5), 184
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Fig. 1: Structure of Plumbagin and Droserone

Fig. 2: HPLC chromatograph of Droserone

(C1),184 (C4). The synthesized compound melts at
82°C. 3-Bromoplumbagin showed 98 % purity by
HPLC. Yield 47%.
Droserone (3,5-dihydroxy-2-methyl-1,4naphthoquinone): Infra red (IR) spectrum of the
synthesized droserone shows a broad peak at
3454 and 3434 cm-1(hydroxyl) and 1744, 1712 cm-1
(carbonyl), 1625 characteristic of (C=C) in quinones.
Molecular ion peak at 204 m/e gave the molecular
weight of the compound. The UV/Vis maxima in
methanol were found to be at 250 and 402 nm.
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The 1H NMR (400 MHz, CDCl3) shows δ 2.1 (s, 3H,
R-CH3), 5.3 (s, 1H, Ar-OH), 6.2 (s, 1H, Ar-OH); 7.2(m,
3H, Ar-H), 13C NMR( MHz, CDCl3) 19 (C11), 115
(C2), 122(C8), 126 (C6) 130 (C10), 133 (C7),140 (C9),
156 ( C5), 160 (C3),184 ( C1), 188 (C4).The isolated
compound melts at 76°C. Yield 16.3%. Droserone
shows 95 % purity by HPLC.
RESULTS AND DISCUSSION
Plumbagin was isolated from roots of P. zeylanica.
Droserone was synthesized from plumbagin by
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bromination of plumbagin at C-3 using bromine in
chloroform and glacial acetic acid and subsequently
substituted with a hydroxyl group using nucleophilic
substitution. The reaction of plumbagin with bromine
in chloroform in presence of glacial acetic acid and
dry chloroform afforded the 3- bromoplumbagin in
45-47% yields. The bromine was then substituted by
hydroxyl using neucleophilic substitution with sodium
hydroxide to obtain droserone in about 16% yield.
All the reported compounds were purified over silica
gel column and characterized spectroscopically. The
TLC of plumbagin and droserone was carried out
using toluene: formic acid:: 99: 1 and the Rf values
were found to be 0.45 and 0.3 respectively. Both
these compounds gave a positive Borntrager’s test
indicating the presence of hydroxyquinoid moiety.
The yield of the above method is less when compared
to other methods reported in literature however this
method can be optimized for enhancement of yield.
The spectral data confirmed the formation of desired
products. The purity of compound was analyzed
using HPLC and was found to be 95 %. Droserone
thus synthesized can find various applications in
pharmaceutical and other allied fields.
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IDMA takes pleasure in announcing the much
awaited “16th PAC-2013” : Kindly block your dates
INDIAN DRUG MANUFACTURERS’ ASSOCIATION

“16th PHARMACEUTICAL ANALYSTS’ CONVENTION”
on 27th & 28th September 2013
at Hotel Hyatt Regency, Sahar Airport Road, Mumbai

We are pleased to inform you that Indian Drug Manufacturers’ Association (IDMA) and Association of Pharmaceutical
Analysts (APA) have pleasure in announcing the 16th Pharmaceutical Analysts’ Convention (PAC) 2013 on Friday &
Saturday, 27th & 28th September 2013, at Hotel Hyatt Regency, Sahar Airport Road, Andheri, Mumbai.

The main theme for this year is: “GENERICS THE GAME CHANGER”
THE ORGANIZER:
IDMA is recognized as the Voice of the National Sector with over 700 members comprising Large, Medium and Small manufacturers
spread across the length and breadth of the country. IDMA works with the Government on the industry’s development plans and
various public matters, also conducts seminars, workshops, training programmes etc.
At this prestigious Convention, Eminent technical personnel from Indian Pharmaceutical Industry, Research and Academic will
converge and get-together to interact on various recent developments.

The topics & speakers would be finalized shortly.
OBJECTIVE:
IDMA-APA has successfully organized Fifteen Pharmaceutical Analysts Convention (PACs) since the year 1997. This year’s convention
theme is “GENERICS THE GAME CHANGER” in order to update and exceed the current regulatory requirement & Science based
systems approach in Pharmaceutical Industry.
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 Early Bird Discounts (IDMA / Non-IDMA Members)
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¾ For every 3 delegates registered from the same organization, 1 delegate registration is complimentary
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7ZRGHOHJDWHVRQO\ 2QH&RPSOLPHQWDU\DGYWLQVRXYHQLU
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ADVERTISING OPPORTUNITIES IN SOUVENIR:
(i) Back Cover
- ` 30,000/(iv) Full Page Colour - ` 15,000/-

(ii) Inside Front
(v) Bookmark

- ` 20,000/- ` 40,000/-

(iii) Inside Back - ` 20,000/-

For registration & sponsorship details etc, please contact:
9 Ms. Prachi (Cell +91 9867634383) email: ppr@idmaindia.com
9 Mr. Anup Shetty (Cell +91 9892207797 ) email: publications@idmaindia.com

INDIAN DRUG MANUFACTURERS’ ASSOCIATION

%$:LQJ3RRQDP&KDPEHUV'U$QQLH%HVDQW5RDG:RUOL0XPEDL²,1',$
7HO)D[
Email: ppr@idmaindia.compublications@idmaindia.com Web: www.idma-assn.org

INDIAN DRUGS

PUBLISHED ON 28TH OF EVERY MONTH

ADVERTISEMENT TARIFF (With effect from 7th August, 2012)
Magazine size :21.5 cm x 27.5 cm

Position
(Print Area Dimensions)
Full Page (18 cm x 23.5 cm)
Half Page(19 cm x 11.5 cm) (Horizontal)
Half Page (9 cm x 23.5 cm) (Vertical)
Quarter Page (9 cm x 11.5 cm)
Inside Front Cover
Inside Back Cover
Back Cover

(Rates in Rupees per insertion)
B/W

Colour

5,000
2,000
2,000
1,000
10,000

7,500
5,000
5,000
4,500
10,000
7,500
15,000

Terms and Conditions
a) All payments by DD in advance only to be made in favour of Indian Drug Manufacturers’ Association,
payable at Mumbai
b) 25% discount for IDMA members on display advertisements
c) Series discounts of 10% available for 12 or more insertions for Non Members (valid for 12 months from
date of release)
d) Please provide Positives/Artwork/Typeset matter for advertisements.
e) Advertisement material must reach us 7 days before the date of publication
f)

Positioning of the Advt. other than Cover Positions will be at our discretion.

g) Only Colour Advts will be entertained on Cover Positions.
CONTACT: PUBLICATIONS DIVISION. Ms. Prachi

indian Drug Manufacturers' Association

102-B, Poonam Chambers, Dr A B Road Worli, Mumbai 400 018 Tel: 24944624/24974308 Extn: 103 Fax: 24950723
Email: ppr@idmaindia.com Website: www.idma-assn.org
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INDIAN DRUG MANUFACTURERS’ ASSOCIATION
QUALITY EXCELLENCE AWARDS SCHEME 2013
TO REINFORCE OUR STATUS OF
“PHARMACY TO THE WORLD”
WE NEED TO RAISE THE BAR
of
PERFORMANCE & PRACTICES.

“FROM MEETING STANDARDS
to

SETTING STANDARDS”
WE INVITE OUR MEMBERS TO PARTICIPATE IN THIS UNIQUE SCHEME
l
l

MOTIVATE YOUR TECHNICAL PERSONNEL

INNOVATIVE IDEAS FOR UPGRADATIONS DESPITE CONSTRAINTS
l
l
l

IMBIBE LATEST INTERNATIONAL PRACTICES

ACCELERATE APPROVALS BY USFDA, MHRA,WHO…

ADD A USP TO YOUR COMPANY IN ATTRACTING PERSONNEL
l

QUALIFY for PLATINUM, GOLD or SILVER AWARDS.
CHALO KUCH KHAS KARAIn
YES, WE NEED TO DO SOMETHING SPECIAL!

WE CAN DO IT

A confidential report on some salient improvement suggestions will be made available to MD/CEO
after the visit by the experts to the participating units
DETAILS will BE ANNOUNCED SHORTLY

Drugs (Prices Control) Order 2013 notified
The much-awaited Drugs (Prices Control) Order 2013 has been notified by the Department of
Pharmaceuticals vide S.O. 1221(E) dated 15th May 2013. The DPCO 2013 is available for download on our
website: www.idma-assn.org.

have you renewed your membership for the current year 2013-2014?
if not, please do so :
Kindly Contact: Tel.: 022 - 2494 4624 / 2497 4308 /Ext.: 103 / Fax: 022 - 2495 0723
E-mail: ppr@idmaindia.com
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For Advertising in the Classified
Columns and Series Advertisement
discount Please contact :
Advertising Dept.

INDIAN DRUGS
Tel.: 022 - 2494 4624 / 2497 4308
Ext.: 103 Fax: 022 - 2495 0723
E-mail: ppr@idmaindia.com
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RNI REGN.NO.11547/63
REGD.NO.MH/MR/WEST/98/2012-2014
Published and Posted on 28th of Every Month
This issue posted at Mumbai Patrika Channel Sorting Office on 28.05.2013

ONE BRAND TOTAL SOLUTION
Immediate
Release

Extended
Release

Moisture
Barrier

Delayed
Release

READY-TO-USE FILM COATING SYSTEMS
NEUTRAL SPHERES

R&D COATER

FILM COATING FOR NUTRACEUTICALS

PHARMA ACRYLIC POLYMERS
CONTROL RELEASE PRODUCTS
COOLING COMPOUNDS

Open QR reader application
on your smartphone and scan

Tel: +91-22-42688700 Fax: +91-22-42688713 E-mail: info@idealcures.co.in Website: www.idealcures.co.in
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