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Abstract: The impact of genomics and proteomics is additionally creating an explosion in the number of drug targets. This
leads  to  the  increasing  demands  for  new  small  molecules  in  a  very  short  period  of  time.  This  ultimately  demands  new
technologies in the field of medicinal chemistry. Microwave assisted organic synthesis (MAOS) is the medicinal chemists
friend  in  this  aspect.  Now  a  day  MAOS  is  rapidly  becoming  recognized  as  a  valuable  tool  for  slackening  some  of  the
bottlenecks in the drug discovery process. Also the advent of microwave technology has intensified the search for
pharmaceuticals amenable to microwave processing. The use of microwaves opens a new approach to control the
physicochemical properties and drug delivery profiles of pharmaceutical dosage form without the need of excessive heat,
lengthy process and toxic reactant. The goal of the present review is to present carefully scrutinized, useful, and practical
information for both beginners and practitioners of MAOS. In addition his paper reviews the basis of application of microwave
to develop pharmaceutical dosage forms.
Keywords: Microwaves, Medicinal Chemistry ,Drug Delivery Systems .

Introduction
Research and development (R&D) productivity
upgrading is one of the biggest tasks facing the
pharmaceutical industry. Advances in genomics and
proteomics in recent years have led to a flare-up in the
number of possible drug targets, and so pharmaceutical
companies have made major investments in high-
throughput screening and combinatorial chemistry to
identify more potential drug candidates for these novel
targets. Medicinal chemistry has benefited tremendously
from the technological advances in the field of
combinatorial chemistry and high throughput synthesis.
These new tools have had a significant impact on both
lead identification and lead optimization in the
pharmaceutical industry. Lead compound optimization
and medicinal chemistry are known to be the bottlenecks
in the drug discovery process, and so a need arises for
technologies that allow rapid synthesis of chemical
substances. Large compound libraries can now be

designed and synthesized to provide valuable leads for
new therapeutic targets. Once a chemist has developed a
suitable high-speed synthesis of lead, it is now possible to
synthesize and purify hundreds of molecules in parallel to
discover new leads and/or to derive structure-activity
relationships (SAR) in unprecedented timeframes.
Developing chemical compounds with the desired
biological properties is time-consuming and expensive.
Heat  can  be  a  chemist’s  friend  in  this  respect,  but  even
here problems can appear. Some organic constituents can
be highly unstable at high temperatures, and uneven
heating can lead to undesired side products. Thus,
chemist continues to search for a safer and better way of
performing efficient reactions. Consequently, there is
increased interest in technologies and concepts that
facilitate more rapid synthesis and screening of chemical
substances to identify compounds with appropriate
qualities. One such high-speed technology is microwave-
assisted organic synthesis (MAOS). Most people reading
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this article have no doubt used a microwave oven to
prepare food, so it is no great leap of logic to suppose that
the same energy used to heat bowl of soup could be
harnessed for microwave-assisted organic synthesis
(MAOS) reactions.

Microwave-assisted heating under controlled
conditions is an invaluable technology for medicinal
chemistry and drug discovery applications because it
often dramatically reduces reaction times, typically from
days or hours to minutes or even seconds1. Specifically,
microwave synthesis has the potential to impact upon
medicinal chemistry efforts in at least three major phases
of drug discovery process: lead generation, hit-to-lead
efforts, and lead optimization. In the recent decade, the
microwave has been utilized to process dosage form. The
drug delivery systems are processed and modified via the
heating and/or electromagnetic effects of microwave. The
microwave can be introduced during the preparation
process of dosage forms and/or directly onto the
preformed products. The physicochemical properties of
excipients can be specifically modified by microwave to
provide the intended release properties of drugs in dosage
form development.2

The goal of the present review is to present
carefully scrutinized, useful, and practical information for
both beginners and practitioners of MAOS. Also we hope
to demonstrate in this review the utility of this technique,
and the potential that this methodology can give to drug
discovery process.
Microwave Mayhem
A microwave (figure 1) is a form of electromagnetic
energy, which falls at the lower end of the
electromagnetic spectrum and is defined in a
measurement of frequency as 300 to 300,000 Megahertz,
corresponding to wavelengths of 1 cm to 1 m.
Wavelengths between 1 cm and 25 cm are extensively
used for RADAR transmissions and remaining
wavelength range is used for telecommunications. All
domestic kitchen microwave ovens and all dedicated
microwave reactors for chemical synthesis that are
commercially available today operate at a frequency of
2.45 GHz (corresponding to the wavelength of 12.25 cm)
in order to avoid interference with telecommunication
and cellular phone frequencies3.

Figure 1│ Microwave: a form of electromagnetic energy

 Microwave energy consists of an electric field and a
magnetic field, though only the electric field transfers
energy to heat a substance. The magnetic field is latent.
The energy in microwave photons is very low relative to
the energy required for molecular bonding. The typical
oxygen, hydrogen-oxygen or carbon-carbon bond falls in
the range of 80-120 kcal/mol: microwave energy is an
order of less magnitude. Thus, microwaves will not affect
molecular structure. In the excitation of molecules, the
effect of microwave absorption is purely kinetic4.
Traditionally, chemical synthesis has been achieved
through conductive heating with an external heat source,
where the temperature is elevated because of DT and heat
is driven into the substance, passing first through the wall
of the vessel in order to reach the solvent and reactants
(figure 2a). This is a slow method for transferring energy
into the system, because it depends on the thermal
conductivity of the various materials that must be

penetrated. It also results in a higher external temperature
than the final internal temperature, which is problematic
as the required internal temperature can only be reached
by sufficiently increasing the surface temperature of the
material over the desired temperature. Microwave heating
(figure 2b) is a very different process: the microwaves
couple directly with the molecules that are heating,
leading  to  a  rapid  rise  in  temperature.  Because  the
process is not dependent upon the thermal conductivity of
the materials, the result is an instantaneous heating of
anything that will react to either, dipole rotation or ionic
conduction, the two fundamental mechanisms for
transferring energy from microwaves to the substance
being heated5. Dipole rotation (figure 2c) is an interaction
in which polar molecules or polar species try to align
with the rapidly changing electric field of the microwave.
The motion of the molecule as it tries to orient to the field
results in a transfer of energy. It is the electric field



A.R. Tapas et al /Int.J. PharmTech Res.2009,1(4) 1041

component of the microwave irradiation, rather than the
magnetic field component, that is responsible for the
effect. When a dipole tries to re-orientate itself with
respect to an alternating electric field, it loses energy in
the form of heat, by molecular friction. The heat
generation is dependent on the nature of the dipole and
the frequency of the applied radiation. If the frequency of
the radiation is too high, the dipole does not have time to
align itself with the field before the field changes
direction again. In these circumstances, no motion and
consequently no heating occurs. Similarly, no heating
occurs if the dipole aligns itself perfectly with the
alternating electric field and, therefore, follows the field
fluctuations. However, if the applied field is in the
intermediate frequency region (e.g. microwave radiation),
a phenomenon occurs that lies between these two
extremes. In this situation, the dipole has time to respond
and align itself with the field, but the fluctuations of the

field are so rapid that the dipole does not follow it
perfectly. This results in the generation of heat. The
second way to transfer energy is ionic conduction (figure
2d), which results if there are free ions or ionic species
present in the substance being heated. The electric field
generates ionic motion as the molecules try to orient to
the field, causing rapid heating. The temperature of the
substance also affects ionic conduction; as the
temperature increases, the transfer of energy becomes
more efficient. Also one of the most important thing is
that as microwave heating is generated from within the
sample, the reactants experience fewer hot spots than
they would in an immersion bath, where the walls of that
reaction vessels are warmer than their cores. This
homogeneous heating allows the reaction temperature to
rise quickly (up to 10 0C/s) and minimizes the generation
of side product6.

Figure 2│ Working mechanism of Microwave Chemistry: 2a│Schematic of sample heating by conduction:
Temperature on outside surface is in excess of boiling point of liquid, 2b│Schematic of sample heating by
microwaves, 2c│Dipole rotation: Microwave electric field interaction with Water molecule, 2d│Ionic
conduction

One of the most important things in MAOS is the choice
of solvent7. All conventionally used solvent can be used
for microwave-mediated transformations. However one
must aware that solvent interact differently with
microwaves, according to their dielectric properties.
When comparing the ability of different solvents to
interact with microwave radiation, two important
considerations are (1) the solvent’s ability to absorb
microwave energy and (2) its ability to convert the
absorbed energy into heat. The interaction of a solvent
with microwave irradiation is highly complex. As well as
being dependent on the solvent’s dielectric properties,
which are in turn dependent on the temperature of the
solvent and the frequency of the applied radiation, the

interaction is also dependent upon the viscosity of the
solvent (which is also temperature dependent). The best
approximation for the comparison of different solvents is
to compare their loss tangent values. The loss tangent
(tand) is defined as the tangent of the loss angle (d),
which is the ratio between the dielectric constant, e’
(which describes the solvent’s ability to absorb
microwave energy) and the loss factor e’’ (which
quantifies the efficiency with which the absorbed energy
is converted to heat)8 (Eqn 1).
tan d = e’’/e’   [Eqn 1]
Values of solvent loss tangents can be found in Table 1
below.
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Table 1│Physical properties of common solvents

Low absorbing solvents may also be treated with
microwaves,  but  are  poorly  heated  if  they  are  used  in
pure form. However, as reaction mixtures are often
composed of different (polar) reagents, there should
always be enough potential for efficient microwave
coupling. Also if only small amounts of polar reagents
are used, the low absorbing solvent may acts as a “heat
sink”, drawing away the thermal heat from the reagents,
thereby protecting thermally labile compounds and
keeping the reaction temperature low9. When the
dielectric properties of the sample are too poor to allow
efficient heating by microwave radiation, the addition of
small amounts of additives (e.g ionic salts) that have
large loss tangent values can significantly overcome these
problems and enable adequate heating of the whole
mixture. One phenomenon encountered when performing
microwave heating is that the boiling points of solvents
can  be  raised  up  to  26 0C above their conventional
values; this is known as the superheating effect. This
higher boiling point can be maintained in pure solvents
for as long as the microwave radiation is applied10.
Microwave Reactors
Two types of MAOS reactors are available: multimode
units and monomode units11. The multimode unit is best
described by the standard kitchen microwave oven.
Although this unit is relatively inexpensive, the
distribution of electric field is heterogeneous, leading to
the formation of hot spots in the chamber. Also, because
it is difficult to set the temperature in such a unit, reaction
reproducibility is poor. For this purpose the microwaves
that enter, are reflected by the walls of the cavity or built-
in magnetic stirrers, and therefore interact with the
sample in a chaotic manner12. In monomode unit,
however the electromagnetic energy is focused by a
waveguide, which leads to a more homogeneous
distribution of the energy in the chamber. Thus, by using
fiber-optic probes, infrared sensors, or even a digital
thermometer and software it is possible to regulate the
reaction temperature and pressure13. In perspective of
drug discovery, there is a key difference between the two
types of reactor systems: in multimode cavities several
reaction vessels can be irradiated simultaneously in
multi-vessel rotors or deep-well microtitre plates; but in
monomode units only one vessel can be irradiated at any

time. However, high throughput can be achieved in
monomode systems by using integrated robotics.

Figure 3 │ The CEM ExplorerTM instrument
Microwave Impact on Drug Discovery Process
The increasing demand for new molecules led to the
invention of new technologies in the field of medicinal
chemistry. The impact of MAOS is not only limited to
organic chemistry but it now also being used in the areas
like lead discovery and optimization, drug development
and even in the clinics.
Lead Discovery
Nowadays, MAOS is gaining a wide spread acceptance in
drug discovery laboratories. The current trend in the
pharmaceutical industry is to generate comparatively
small, focused libraries containing ~30-300 compounds
for a typical drug discovery project. With the competitive
nature of the drug discovery industry, lead discovery
groups are challenged to develop promising programmes
rapidly and secure a strong intellectual position early.
Productivity crisis which are arising because of rising
cost  of  R  &  D  and  decreases  in  the  number  of  FDA
approvals can be minimized through microwave
technology, by accelerating the chemical reaction from
hours or days to minutes. Because of its speed MAOS or
more correctly Microwave-assisted parallel synthesis is
tool that is ideally suited to combinatorial chemistry14.
The microwave-assisted combinatorial synthesis
(MICROCOS) was first developed by Khmelnitsky et al.

Solvent b.p. (0C) e’ e’’ tan d Microwave absorbance

Ethylene Glycol 197 37.0 49.950 1.350 Very Good
DMSO 189 45.0 37.125 0.825 Good
Ethanol 78 24.3 22.866 0.941 Good
Methanol 63 32.6 21.483 0.659 Good
Water 100 80.4 9.889 0.123 Medium
DMF 154 37.7 6.070 0.161 Medium
Acetonitrile 81 37.5 2.325 0.062 Medium
MDC 40 9.1 0.382 0.042 Low
THF 66 7.4 0.348 0.047 Low
Toluene 110 2.4 0.096 0.040 Very Low
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in which reactions were performed in a 96-well microtitre
plate15. The method was able to produce libraries of
diverse pyridines high throughput, automated, single step,
and parallel synthesis16. Today the main use of MAOS
for combinatorial chemistry and high speed parallel

synthesis is in the area of multi-component reactions such
as Bibinelli reaction. Kappe has published a effective
Biginelli synthesis assisted by microwaves (Figure 3a)17.
Brain et al. have devised a rapid and efficient synthesis of
1,3,4-oxadiazole in high yield and purity (Figure 3b)18.

3a

 3b

Figure 3│Examples for the Lead Discovery, 3a│Biginelli synthesis of tetrahydropyrimidines, 3b│MW
synthesis of 1,3,4- Oxadiazole synthesis

Lead Optimization
Microwave-assisted heating has been shown to be an
invaluable optimization method since it reduces reaction
times dramatically, typically from days or hours to
minutes or seconds. Many reaction parameters can be
evaluated in a few days to optimize the desired
chemistry. Kidwai et al. have shown microwaves to be
effective in the synthesis of the novel antibacterial β-
lactams  (figure  4; 1), quinolines (figure 4; 2) and
ciphalosporins.(figure 4; 3)19-22. Ley and his group have
discovered the convenient and efficient microwave
synthesis of the well known commercially available

important pharmaceutical drug sildenafil
(ViagraTM).(figure 5)23. Also microwave technology has
been applied for the synthesis of inhibitors of malerial
proteases plasmepsin I and II (PlmI and PlmII,
respectively). The recent publication of the genome of
Plasmodium falciparum, the most lethal protozoan
parasites causing malaria, has revealed a number of new
targets for drug intervention. Among these are the
haemoglobin-degrading aspartic proteases PlmI and
PlmII24,25.
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Figure 4│Examples of the compounds synthesized with the use of microwave assisted medicinal chemistry

Figure 5│Microwave-assisted Sildenafil (ViagraTM) synthesis.

Microwave Impact on Drug Development
Development of Active Drug Isomer
Microwave is beginning to play a greater role in process
of drug development, especially in cases where classical
methods require prolonged reaction times and forced
conditions. A most interesting and important application
of microwave activation is the epimerization of optically

active compounds. A wide range of amino acids has been
epimerized quantitatively within two minutes, thus
avoiding the decomposition that is associated with the
use of classical heating. Similarly, the complete
epimerization of (-)-vincadifformine (figure 6) is
achieved in <20 minutes to generate (+) isomer26.

Figure 6│Epimeization of  (-)-vincadifformine.
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Microwaves in Processing of drug delivery system
Microwaves in recent years can be used during the
preparation process of dosage form and/or directly onto
the preformed products. Alternatively, the microwave can
be applied to process the excipients prior to their use in
the formulation of drug delivery systems27. Also it is
possible to modify the physicochemical properties of
excipients to provide the intended release properties of
drugs in dosage forms. Following subsection will
describe the application of microwaves in drug delivery
system.
Drying of Agglomerates
In recent years, microwave drying has gained greater
interest. When moist material is subjected to microwave
that selectively excite the polar molecules and ions
causing them to align with rapidly alternating electric
field. The frictional heat generated as a result of these
rapid molecular rotations promotes evaporation of water.
Microwave assisted drying of agglomerates can provide
the faster drying at less energy expenditure. The rate of
drying of agglomerates by means of microwave is largely
governed the loss factor (loss tangent, tan d)28,29. The loss
factor of agglomerate is lower than that of solvents. The
microwave energy is preferentially absorbed by solvent
molecules. The solvent molecule has greater inclination
to be heated under the inductive effects of microwave.
This in turn results in quick drying of agglomerates at
reduced energy expenditure. The use of high loss
excipients as the granulation materials may delay the
process of drying as such excipients could absorb
microwave readily when compare to that of solvent. The
efficiency of
microwave
drying is
material

dependent with a heavy reliance on the moisture content
and physical properties of the moistened material. This
distinguishes microwave drying from conventional
drying methods such as vacuum, conductive or
convective mode of drying where the exposed surface
area of the wet material remains the overriding factor
affecting the efficiency of heat transfer and drying
performance30. When drying is carried out under
microwave-assisted conditions, materials with higher
moisture contents interact more readily with the waves as
they possess higher dielectric constants and losses.31,32

As a result, these materials may potentially experience
greater heating and drying rates than those which are
comparatively drier. Such moisture-targeting effects are
beneficial when drying products of large volumes since
moisture is seldom uniformly distributed within the
product load undergoing drying. This selective nature of
microwave energy enables moisture leveling and
maintenance of overall product quality.33 McLoughlin
and other coworkers found that the moisture content
variation within the material undergoing drying with
microwave was lower than a conventionally dried
product.34 Thus microwave drying is especially useful for
moisture sensitive materials. In addition, microwave
drying technology is useful for production of very high
potency dosage forms because it provides the possibility
of drying in same production container. Thus, it reduces
the likelihood of cross contamination and human contact
with high potency drug.

Table 2 │Loss Factor Values of Some Pharmaceutical Materials and Solvents

Effect on Drug Release Properties
Carbohydrate polymers such as pectin and alginate have
been widely employed as the matrix carrier for small
molecule drugs.35-40 The wide application of biopolymers
is attributed to their biodegradability and low oral
toxicity. On the other hand the embedded drug molecules

exhibit a fast rate of drug release via diffusion through
the pores of matrix. Such rate of drug release is
undesirable in the case of the need to target the drugs to
lower part of gastrointestinal tract, particularly, the colon.
Over the last 10 years, various approaches were made to
reverse the rate of drug release from these matrices like

Solvent Loss Factor
Ethanol 8.60

Iso-propanol 2.90
Acetone 1.25

Pure Water 6.10
Pharmaceutical Material Loss Factor

Lactose 0.02
Maize Starch 0.41

Microcrystalline Cellulose 0.15
Mannitol 0.06

Calcium phosphate 0.06

Calcium Carbonate 0.03
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use of high concentration of multivalent metallic or non-
metallic cation as crosslinking agents41,42, effect of
drug:polymer ratio, effect of molecular weight and chain
conformation, also attempts have been made to
coacervate pectin and alginate with chitosan  to form the
polyelectrolyte complex to get higher drug release
retardation.43 More recently Wong T.W. et al. describe
that microwaves can also be utilized to modify the state
of molecular interaction between chains of alginate and
pectin, with aim to further delay the release of small
molecule drugs such as diclofenac sodium and
sulphathiazole from gel beads prepared from these
polymers44. According to the studies under the influence
of microwave, the aged gel beads give rise to different
drug release profiles than those of freshly prepared
samples. The aged alginate gel beads require intermittent
cycles or longer duration of microwave irradiation to
retard  the  release  of  drug  from the  matrix  in  contrast  to
freshly prepared matrix.  Unlike the alginate gel beads,
the drug release retardation property of aged alginate-
chitosonium gel beads can be significantly enhanced
through subjecting these beads to a single cycle or a
shorter duration of microwave irradiation. There is no
further change in drug release profile from these gel
beads beyond one cycle of microwave irradiation.45

Gelatin has been largely investigated for the preparation
of nano- and micro-particles because of its non-toxic,
biodegradable, biocompatible, non-carcinogenic, non-
immunogenic, and inexpensive nature. As gelatin is
soluble in aqueous solutions gelatin-based delivery
systems have to be crosslinked to control the drug
release. The crosslinking over the years has been done
with chemical and thermal methods. The safety of
chemically crosslinked gelatin is still a concern as the
presence of residuals of the crosslinking reaction
(crosslinker) and the risk of formation of toxic products
between the gelatin and the crosslinker, which could be
released after ‘‘in vivo’’ biodegradation, may provide a
restriction in using these crosslinker agents.46 In thermal
crosslinking the rate and extent of crosslinking are
markedly governed by process temperature and time.
Typically, more than one day is needed to generate an
adequate level of crosslinkages needed for dosage form
design.47,48 As a result, the thermal crosslinking method
is unattractive for the application in pharmaceutical and
allied industries. The microwave has been investigated as
the alternative mode to crosslink the gelatin matrix which
is available as microspheres suspended in a polar liquid
medium such as acetone. It is found that a period as short
as 10 min is sufficient for effective crosslinking of gelatin
microspheres.49

Microwaves in preparation of Solid Dispersion
The poor dissolution characteristic of relatively insoluble
drugs is the rate limiting step in the absorption of a drug
from a solid dosage form. In recent years there is a rising
interest to design solid dispersion whereby one or more
active ingredients are embedded in an inert solid matrix
by the melting, solvent or melting-solvent method.50-52

The dissolution of poor water soluble drugs can be

greatly enhanced through reducing the particle size
and/or crystallinity of drug during the preparation of solid
dispersion. Preparation of solid dispersion by melting
method involves heat, which may lead to decomposition
or evaporation of the drug particles and/ or matrix
former. Alternatively, solvent method demands a high
operating cost for solvent, flame proof facilities, solvent
removal and recovery system. The environmental
problem of the use of organic solvent is also the problem
of major concerned. Also physicochemical stability and
dissolution properties of these prepared solid dispersion
are affected appreciably by the storage conditions.53

Recently, Kerc et al.54, Bergese et al.55, and Moneghini et
al.56 have explored the usefulness of microwave as the
alternative mode of preparation for solid dispersion. Kerc
et al. describe the method in which physical mixture of
both felodipine drug and porous amorphous silicon
dioxide carrier is subjected to microwave treatment at
500 W for different periods of time, between 5 and 15
min. The drug release propensity is higher in samples
subjected to microwave irradiation for a longer period of
time. The drug release propensity of microwave-treated
physical mixture is greatly higher than those of pure
drug, physical mixtures which are untreated by
microwave or treated by vacuum at 100°C, or obtained
using solvent deposition method. These observations are
ascribed to a reduction in the level of crystallinity of drug
following its treatment by microwave in the form of a
physical mixture. Similarly Moneghini et al. prepared
microwave activated solid dispersion systems in different
ratios of Ibuprofen to PVP/VA 64 or HP-β-CD by
irradiating these physical mixtures to microwave at 600
W for 6 and 15 min. These activated systems were able to
remarkably increase the dissolution profile of poorly
soluble Ibuprofen.
In another study by Bergese et al. the microwave has also
been utilized to produce solid dispersion using the
concept of hybrid heating. Low loss pharmaceutical
materials have a poor electrothermal coupling capacity
with microwave. They are difficult to be heated by
microwave at room temperature. Nevertheless, they could
absorb the microwave energy upon preheating to a
suitable temperature and beyond which they will couple
with the microwave. Using a high loss reactor, the reactor
could absorb the microwave energy readily at a low
temperature, convert the energy to heat, and transfer the
heat to the low loss pharmaceutical materials by diffusion
which in turn promotes the coupling capacity of
processing mass with microwave. The solid dispersion
prepared thusfar via hybrid heating includes nanomatrix
with nanocrystals and molecular clusters of drug
embedded in the core, and microcrystals of drug adhered
onto the surfaces of matrix. This in turn is envisaged to
enhance the dissolution propensity of water-insoluble
drugs.

Effect on Tablet and Film Coating
The use of microwave has a strong implication in design
of sustained-release drug delivery system such as matrix
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and coated tablet. Ispaghula husk, the dried seed coats of
Plantago ovata, has been employed in the manufacture of
matrix tablet. But the poor gel forming tendency and
formation of soft tablet limits its use. Also modification
of Ispaghula husk by hot air oven treatment does not
appear to be able to induce rigid gel formation. Also
prolong heating may degrade polymer and thus the
network of polysaccharide needed to sustain the release
of drug is lost. Treatment of Ispaghula husk by
microwave has shown to introduce superior swelling and
rigid gel formation properties to the husk, in both
distilled water and simulated gastric fluid (pH 1.2). The
matrix tablets prepared from microwave-treated
Ispaghula husk swell considerably and do not erode
during the in vitro dissolution testing.57

The drug release property of a tablet is modified by the
addition of a polymeric coat onto the matrix. The
polymer coat is commonly introduced to the tablet from
aqueous solution or suspension of polymer. The drying of
polymer coat can be effected by microwave and/or hot
air. The film coat dried using microwave is more elastic,
has more tensile strength than oven or air dried films and
faster rate of drying, but possesses slightly lower level of
tensile strength than that dried using hot air current.58

Other Application of Microwaves
Microwaves in Plant Drug Extraction
Conventional techniques i.e. Soxhlet extraction, for the
extraction of active constituents are time and solvent
consuming, thermally unsafe and the analysis of
numerous constituents in plant material is limited by
extraction step. High and fast extraction ability with less
solvent consumption and protection offered to
thermolabile constituents are the attractive features of this
new promising microwave assisted extraction (MAE)
technique59. This technology is particularly useful in the
extraction of particulate-associated and semi-volatile
compounds collected on filters and adsorbents such as
polyurethane foam.
Microwaves in Analytical Chemistry
Microwave assisted differential thermal analysis (MW-
DTA) is a new technique that combines the advantage of
MW heating with the benefits of differential temperature
measurement to give a sensitive means of probing the
thermal properties of materials as a function of
temperature is developed by Parkes et al.60 The coupling
of microwave based devices to the steps of analytical
procedure, such as pre-concentration, chromatographic
separation or detection, which allow total or partial
automation of the whole analytical process is reported by
J. L. Luque-Garcia et al.61 Various  methods  are  now  a
days possible with this coupling such as a microwave-
ultrasound combined reactor, a focused microwave-
assisted Soxhlet extractor, a microwave-assisted dryer
and a microwave-assisted distiller which provide a good
prospects for the use of microwave radiation in analytical
chemistry. Above specific features of analytical
operations with microwave treatment provide the trends
for development of analytical methods using
microwaves62.

Microwave heating in Immunohistochemistry
Temperature controlled microwave technology has been
used to accelerate immunohistochemistry. The time
required for the immunostaining procedures can be cut by
atleast 20 times with help of microwave irradiation63.
Concluding Remarks
In the recent years, the use of microwaves has become
very attractive in organic chemistry. Infact with respect to
conventional heating i.e. conduction, convention or
radiation with infrared light, microwave irradiation offers
several advantage such as rapid volumetric heating, no
overheating at the surface, addressable heating, energy
saving and low operating cost. However, its acceptance
and evolution are progressing at furious rate. The main
advantages of MAOS are faster and cleaner reactions,
higher yields, development of new pathways and green
chemistry. In past microwaves, were often used only
when all other options to perform a particular reaction
had failed, or when exceedingly long reactions times or
high temperature were required to complete a reaction.
This practice is now slowly changing and because of the
growing availability of microwave reactors in many
academic and industrial laboratories, routine synthetic
transformations are now being carried out by microwave
irradiation. Recently it is discovered that in situ
monitoring of microwave-assisted reactions is possible
by Raman spectroscopy which will facilitate a further
increase in efficiency and speed64. In the today’s
competitive era MAOS is one of the major tool for the
rapid lead generation and optimization through which
medicinal chemists will able to deliver critically needed
new chemical entities (NCEs) and candidate drug. In
recent years, the microwave is utilized to process drug
delivery system such as agglomerates, gel beads,
microspheres, nanomatrix, solid dispersion, tablet and
film coat. Practically, the microwave could induce
drying, can change drug release properties by polymeric
cross linkages and drug-polymer interaction, and also
improve drug dissolution via modifying the structure of
drug crystallites. The use of microwave opens a new
route to control the physicochemical properties and drug
delivery profiles of pharmaceutical dosage forms. It
provides the intended release characteristics of drugs in
dosage forms without the need for excessive heat, lengthy
process and/or toxic reactants.
The most disadvantageous thing regarding microwaves,
especially for drug discovery industry, is scalability.
Scaling up syntheses from gram quantities to kilograms is
essential for drug development, as this is a discouraging
bottleneck for present-day process chemists. Many
milligram- and gram-scale syntheses cannot be
replicated, or even attempted for safety reasons, on larger
scales. Microwave technology provides the possibility
that the same chemistries used in the initial route can be
safely scaled up, enabling chemists to spend their
valuable time creating novel synthetic methods, not
recreating them. Currently there are no documented
published examples of the use of microwave technology
for organic synthesis on a production scale level. So, the
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scalability of microwave reactions still requires more
development, especially in the technology and
engineering field. Till now, there are a limited number of
studies which focus on the effects of microwave on the
physicochemical properties of excipients and drugs, as
well as, the drug release properties of the formed
products. The data of microwave influence on effect of
loss factor, thermal conductivity, electrical conductivity,
specific heat, moisture content, porosity, size, shape,

temperature and other physicochemical attributes of
pharmaceutical formulations on drug release are lacking.
So it is therefore imperative to conduct research for the
need to scale up syntheses from gram quantities to
kilogram and to further understand the mechanism of
action of microwave in modifying the drug release
properties of dosage forms, as well as, to justify the
advantages of microwave for use in processing of drug
delivery systems.
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